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2
Background on Information Behavior

The work in this thesis on developing tools and algorithms to support humanities re-
searchers draws on background material from several areas. In particular, it builds on
work from the field of information behavior, which is the study of human interaction
with information, and on work in information retrieval, which concerns the development
of efficient and effective systems to search and manage information. In this chapter
we provide an overview of research from three areas in information behavior and cover
models of information seeking behavior, information needs and habits in the humanities,
and work on interactive information retrieval, see Figure 2.1. Interactive information re-
trieval has roots both in information behavior and information retrieval. Our discussion
here focuses on interfaces that support particular types of user interaction with retrieval
systems and not on the underlying retrieval algorithms. In Chapter 6 we provide further
background on traditional information retrieval systems, tasks that go beyond document
retrieval, and algorithms that support semantic search.

We start with a brief overview of the origins of the field of information behavior in
Section 2.1. We then discuss work dealing with various models of information behav-
ior in Section 2.2, which provides the theoretical background for the investigation of
research behavior in the humanities. In Section 2.3 we cover work dealing with informa-
tion needs, habits, and tools in the humanities, which provides insights in the practical
issues involved in specific areas of humanities research. These parts provide the nec-
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Figure 2.1: Overview of the order in which background material for the work in this thesis
is provided.
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2. Background on Information Behavior

essary background for part I of the thesis and for Chapter 3 in particular. Finally, in
Section 2.4 we discuss work from the area of interactive information retrieval. We focus
on studies that investigate factors related to the search task, the user, and the interface,
which informs the design of our experiments in Chapter 4 and 5.

The vastness of the body of literature that constitutes the field of information behavior
prohibits the inclusion of a complete review of the work within the scope of this thesis.
We refer the reader to overviews in the ARIST series [105, 119, 242, 261] for earlier
work on information behavior. For a more recent review see [88].

2.1 A Brief History of Information Behavior

Interacting with information is a part of human nature. It allows us to learn about our
environment and make decisions beneficial to our survival. In the early days of hu-
man evolution, information was passed along through speech and signaling [212]. Later,
written language systems developed that allowed asynchronous exchange of information
through symbols on physical objects such as clay tablets and papyrus scrolls [367]. As
the production of these records became cheaper and more widespread a new problem
emerged: finding a piece of information within newly emerging and expanding collec-
tions of records.

To facilitate the retrieval and storage of records, libraries were created and librari-
ans started developing new ways of organizing and indexing these collections of records.
One of the first known instances of a tool to support search is an index dating back to 300
BC [260, 265]. An index provides a mapping from representative keywords to records
and enables the lookup of records through searching by keyword. Through the ages the
creation and maintenance of indexes remained a manual effort. This changed halfway
during the 20th century when the topic of automatic indexing received increased atten-
tion. Driven by the vision of automatic systems that support information access [79],
researchers set out to create more efficient and effective information retrieval systems.
This development gave rise to two new areas of study: information retrieval, which con-
cerns the study of systems [251] and information science, which concerns the theory and
practice of information and its relation to the world [61, 146, 297].

During the 1950s work in information science focused on identifying scientists’ use
of and satisfaction with information systems in order to derive requirements for the de-
velopment and improvement of information systems [242]. In the years that followed
the focus started to broaden from the delivery of information by a system to a user, i.e.,
retrieving, to include the theory of information, communication, and interaction between
information and users [3]. In this thesis we do not address theoretical studies of infor-
mation or social studies of inter human communication. Instead, we focus on human
behavior in relation to information, an area known as information behavior [365].

Meanwhile, the number of studies on the subject of information behavior rapidly
increased and a 1986 review of the information science literature [119] brought to the
attention a split between empirical and theoretical studies that divided the research field.
The more prevalent empirical studies of that time perceived users as passive receivers
of objective information independent of the search environment [119]. These studies
typically investigated the information used by a particular group of users to arrive at a set
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2.2. General Models in Information Behavior
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Figure 2.2: Wilson [364]’s nested model of studies focusing on particular sub-sets of infor-
mation behavior.

of requirements for tools and search strategies. This led to numerous studies investigating
increasingly diverse groups of users interacting with different systems and engaging in
different tasks [105].

In contrast, theoretical studies in information behavior sought to bring order to the
disarray of empirical studies and set out to develop models that incorporate and explain
findings regarding specific groups of users. These models moved away from the idea of a
static user unaffected by the information he/she encounters. As a result, a user’s cognitive
states and the ways in which these are affected by the user’s interaction with information
were considered as factors in models of information behavior. We adopt this cognitive
view on information interaction and in the rest of the thesis will consider information as a
thing [76], i.e., recorded knowledge that is collected and processed, thereby transforming
the information into a user’s knowledge [176].

2.2 General Models in Information Behavior

In this section we provide an overview of generally accepted theoretical models of infor-
mation behavior and identify where we place our investigation of the research behavior
of humanities researchers against this background.

An early version of a general model of information behavior introduced two new no-
tions: (i) it made a distinction between the user, his/her need, the information source or
service, and use of the information; and (ii) it regarded the interaction between these con-
cepts as an iterative process [362]. Here, the concept information need is defined as the
desire to locate and obtain information to satisfy a conscious or unconscious need [317].
In a revision of his information behavior model, Wilson [364] added a number of con-
textual factors that influence the user in engaging in or stopping the process of satisfying
his/her information need. For example, stress factors that prevent a user from engaging in
information seeking, task, or role related factors that intervene with the search process,
and reward factors that motivate continuation of search. The models identified a void
in studies of information behavior, i.e., the journey of the user towards resolving his/her
information need. The sense-making theory characterized this as the sense of uncertainty
and incompleteness that users experience in the gap between a situation in which an in-
formation need arises and its resolution [117]. In the same publication a methodology for
the investigation of information behavior was introduced, based on asking detailed inter-
view questions about a user’s subsequent activities conducted to resolve an information
need.
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2. Background on Information Behavior

These general models of information behavior gave rise to more specific studies on
specific types of information behavior. Figure 2.2 shows Wilson’s nested model of stud-
ies focusing on particular sub-sets of information behavior, i.e., information seeking be-
havior and information search behavior, which are discussed below.

2.2.1 Information Seeking Behavior
Models that focus on the process that spans from a user engaging in information related
activities in response to a need until its resolution, are known as models of information
seeking behavior [363] and are more prevalent than the information behavior models.

A series of studies into the information seeking behavior of users in a variety of disci-
plines, e.g., social scientists, engineers, and physicists, revealed a set of typical behaviors
that these users engage in to resolve an information need [128, 130]. Specifically, these
search behaviors are: (i) initiating search, e.g., asking a colleague (starting); (ii) follow-
ing footnotes and citations (chaining); (iii) semi directed searching (browsing); (iv) filter-
ing sources based on known characteristics (differentiating); (v) keeping up to date with
a topic (monitoring); (vi) selecting relevant material (extracting); (vii) determining the
accuracy of information (verifying); (viii) a final search, making sure nothing was missed
(ending). Starting and ending hints at an order for these behaviors, but no particular order
was suggested.

In later views these behaviors were seen as part of a larger behavioral process in
which a user explores an unknown information space and applies various search be-
haviors influenced by the information encountered. For example, the “berry picking”
model in which a user’s query evolves and different behaviors alternate, e.g., chaining
and browsing [41]. Russell et al. [291] associated costs to activities as finding and access-
ing information during a exploration of an information space. This notion was elaborated
on in the hunter-gatherer culture inspired theory of information foraging, that explains
changes in search, gathering, and consumption behavior through people’s motivation to
engage in the behavior that maximizes their rate of gaining valuable information in a
specific environment [272]. O’Day and Jeffries [258] described the process of a user
execurting incremental steps in order to find an answer to an information need as orien-
teering. Instead of trying to jump to the answer directly with a long precise query, i.e.,
teleporting [318], users start with a general query and use information from their current
search to determine their next steps.

Through a series of studies Kuhlthau [197] arrived at a model of information seeking
behavior as an overarching process and named it the information search process (ISP).
The model connected several behaviors to stages in the ISP of library users: initiation,
recognition of a need, selection and identification of a topic, exploration of relevant in-
formation, formulation of a focused topic, collection of relevant information, and presen-
tation of search results. To corroborate and refine this work, Vakkari [338] integrated the
findings of a longitudinal study into the ISP model. In this study students’ information
seeking behaviors were monitored during the proposal writing phase for their theses.
Fine-grained activities were observed in the search behavior of students and identified
as search tactics. In particular, students changed the information they sought for, their
criteria to determine relevance, and their search terms at various stages of the process.
Search tactics were introduced earlier by Bates [42] in the context of bibliographic and
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2.2. General Models in Information Behavior

reference searches and are defined as the low level actions that constitute search, e.g.,
adding search terms to a keyword search or inspecting results.

The above discussion illustrates that there are views of information seeking behaviors
at different levels of granularity. Several propositions for the number of levels and their
scope have been made in the literature. Bates [43] identified four levels: (i) a move is
the smallest unit consisting of an identifiable thought or action in information searching;
(ii) one level up a tactic consists of a move or a number of moves applied to advance the
search process; (iii) a stratagem combines multiple tactics that exploit a specific system
or source with a specific mode of searching; and (iv) a strategy represents a plan build
up from moves, tactics, and/or stratagems to complete a search process. Similarly, Mar-
chionini [230] proposed four levels of behavior with on the lowest level moves, followed
by tactics, i.e., choices for a particular sequence of moves. The other two levels, how-
ever, do not align exactly with those of Bates as the concept of strategy is defined as a set
of ordered tactics to solve a search process and patterns are combinations of strategies
and tactics favoured over time and across search processes.

In this thesis we view the information seeking process as consisting of all the thoughts,
actions, and feelings a user goes through from the conceptualization of an information
need until its resolution. The information seeking process consists of search processes
with a certain system, source, and goal. The particular search move and tactics exhibited
during the search process are determined by the strategy for the search process.

In Chapter 3 we identify how the behavior of a group of humanities reseachers during
a research project aligns with these models of information behavior.

2.2.2 Information Search Behavior
As technological developments continued, the focus of models of information seeking
behavior shifted focus towards the information retrieval system as an important factor
that influences the strategies applied in the information seeking process. Studies in infor-
mation search behavior focus on models that capture the interaction between the user, a
system and how this interaction influences user behavior.

An early model taking the system perspective describes information needs as anoma-
lous states of knowledge which the searcher attempts to resolve through various inter-
action strategies with a retrieval system [46, 47]. Belkin et al. [48] later proposed the
episode model in which the interaction of the user with an information retrieval system
is guided through scripts. A script specifies the interactions between a user and a sys-
tem necessary to complete a certain search strategy and can be combined in sequences
of search strategies (episodes). Other work reflects the same focus on interaction, e.g.,
Spink [310] described search strategies as sequences of cycles in which search tactics,
interpretation, and user feedback alternate.

Saracevic [298] summarizes the dimensions involved in the information seeking pro-
cess as: (i) informational resources; (ii) computational resources; (iii) interface; (iv) query
characteristics; (v) user knowledge; (vi) situation; and (vii) environment. Marchionini
[230] describes a similar set of dimensions but adds task as a factor influencing behavior
in the information seeking process.

Ingwersen and Järvelin [175] provide a comprehensive model of the information
seeking process. Their model describes several dimensions each containing additional
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Figure 2.3: Simplified version of Ingwersen and Järvelin [175]’s model of the dimensions
involved in the information seeking process. Lines indicate possible paths of interaction
between dimensions.

factors that influence the information seeking process. A simplified version of the model
showing the dimensions and their interactions is presented in Figure 2.3. The dimensions
are: (i) the information retrieval system; (ii) the interface; (iii) the information objects;
(iv) the information seeker; and (v) the social, organizational, and cultural context. The
lines represent interactions between dimensions, e.g., an information seeker is influenced
by the type of interface he/she is presented with. Ingwersen and Järvelin [175] further
argue that an information seeking process does not stand on itself and needs to be con-
sidered in the context of other information seeking processes as part of a larger work
task, which in itself is part of a social, organizational, and cultural context. Byström
and Hansen [81] share this view and provide a conceptual model of the work task. In
their model the work task consists of multiple information seeking tasks, each further
consisting of multiple information retrieval tasks.

These conceptual models provide the ‘big picture’ of the dimensions involved in
the information seeking process. However, to develop hypotheses and design experi-
ments these dimensions need to be instantiated with details to arrive at a scenario involv-
ing a specific type of information seeker (a humanities researcher), system (a specific
tool/interface), and environment (a particular type of information object or habit the sys-
tem supports). In §2.3 we discuss previous work on the information needs, research
habits, and tools of humanities researchers. This is complemented by our investigation
in Chapter 3 on a specific group of researchers, i.e., media studies researchers. To-
gether, these provides the necessary details to instantiate the scenario of the humanities
researcher as information seeker used in the experiments in Chapter 4 and 5. In §2.4 we
discuss specific experiments investigating scenarios closely related to ours, e.g., the use
of the same type of interface within a different context.

2.3 Humanities Researchers’ Needs, Habits, and Tools
The theoretical models of information behavior in the previous section generalize over
studies and observations of users in different environments. They provide a theoretical
framework to organize existing work, but lack the details necessary to design effective
tools [60, 324, 336]. Although models of information seeking behavior are more detailed
in describing tactics and search moves, specific instantiations of these depend on the spe-
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2.3. Humanities Researchers’ Needs, Habits, and Tools

cific group of users under study, their context such as the task, and the environment in
which the information seeking processes take place. The empirical line of research in
information behavior investigates the specific information needs and habits of various
groups of users. The long tradition of this work and continued study of specific groups
is further motivated by the observation that the needs and behaviors of researchers con-
tinually change as new technologies are introduced [60, 241, 336].

The work in this thesis is focused on the development of tools and algorithms to sup-
port humanities researchers. Therefore, in our discussion of information needs, habits,
and tools, we limit ourselves to studies involving the humanities and leave out work
on the information needs and habits of other groups, e.g., social scientists or engineers.
Below we organize our discussion in three parts and start with investigations of the infor-
mation needs of humanities researchers, followed by studies of the humanities’ research
cycle, and end with a review of tools developed to support humanities research practices.

2.3.1 Information Needs in the Humanities
Although there is no consensus on which disciplines constitute the humanities, generally
included are fields of philosophy, religion, languages and literature, linguistics, music,
art, history and media studies [311, 359].

Work investigating the information needs of humanities researchers has primarily
focused on the study of information needs through observations of library use. In an
overview of research on information needs and uses in the humanities from 1970 to
1982, Stone [311] observed that humanities researchers tend not to use databases or
electronic tools, that they work alone, primarily use books and journals, and to a lesser
extent primary source material, such as photos and diaries.

In a 1988 assessment of information needs in the humanities, a broadening of interest
to include popular culture as well as high culture across all disciplines is observed. This
had an effect on the types of materials studied by researchers. In history, comic books
and radio shows became objects of study; art scholars started to consider the culture
surrounding the production of art; literary scholars interested in the historical context of
literary works began seeking out court records, medical texts, and contemporary accounts
of witchcraft and exorcism; and in music, composers became an object of study [151].
This change in interest towards primary source materials, e.g., films, photographs, video-
tapes, prints, and works of art, suggested the need for more sophisticated descriptions of
and access to these materials.

In a study following 11 scholars between the 1980s and 1990s it was found that in
accessing primary source materials, such as stored in archives, scholars relied heavily on
archivists for support in their search for material [360]. In contrast, researchers in search
of bibliographic material are self reliant. This illustrates the difficulty humanities schol-
ars have in discovering primary source material in archives as compared to bibliographic
material.

In an overview of studies published from 1983 through 1992 some additional obser-
vations are made about the information needs and habits of humanities scholars [351].
Citation analyses show that both primary source material and bibliographic (secondary)
materials are frequently used. The primary source materials are the central focus, while
secondary material provides facts or opinions. To identify relevant material for a new
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2. Background on Information Behavior

research topic, browsing was found to be a popular strategy, e.g., going through ref-
erences, browsing library shelves, and scanning periodicals. Feelings about the use of
electronic tools were mixed, some researchers confirmed the need, but expressed diffi-
culties in keeping up to date with the technology, while others preferred to rely on their
knowledge of the field and using references in books and journals.

As electronic library database systems became available, the use of these tools by
researchers became the subject of study. Bates [44] observed the search behavior of a
small group of scholars with the bibliographic and full text search system DIALOG. The
scholars in the study did not make frequent use of the system and continued to use books
and articles to locate related literature. There were some positive reactions to the system
regarding its support for exploring and discovering unexpected material.

The rapid technological changes of the last 15 years have motivated numerous studies
on how these changes have impacted the information seeking habits of scholars. A sum-
mary of studies investigating electronic text usage up to 2002 through citation analyses
found that use of electronic texts among humanities researchers increased [245]. Re-
searchers noted as advantages the accessibility and additional features, e.g., hyperlinks.
Disadvantages included inadequate indexing and lack of standardization. In a compari-
son of the information needs and habits of historians observed in 1981 and 2004 it was
found that characteristics such as informal means of discovery through book reviews and
browsing did not change. An increased use of electronic resources to access primary and
secondary sources was observed [109]. In a 2007 case study of the information use of
Jewish Studies scholars it was found that they had a positive attitudes towards technology
and use of electronic channels [39]. Similar results were reported in studies of literature
researchers [129] and students in the humanities [38]. These findings suggest a trend in
the humanities towards a positive attitude regarding information technology.

The above discussion illustrates how the information needs of humanities researchers
have changed over time. In Chapter 3 we investigate the current information needs and
information gathering challenges faced by media studies researchers.

2.3.2 Models of the Humanities’ Research Cycle
Complementary to studies of the need for and use of material, models of the research
cycle provide insight in why and how certain materials are used, the contexts in which
information needs arise, and the various other processes surrounding researchers’ infor-
mation seeking behavior.

Work in the 1970s identified three stages in the research cycle of economists: (i) the
problem stage, in which an idea is developed and hypotheses are formulated; (ii) the
methodology stage, in which first the technique for collecting data is determined and
then the data is gathered; and (iii) the presentation stage, in which the data is analyzed,
interpreted, and disseminated [353]. During these stages several research processes were
observed: (i) perception of idea; (ii) definition of problem; (iii) development of method-
ology; (iv) provision of data; (v) suggestion of information source; (vi) analytical assis-
tance; and (vii) practical assistance. Although the processes imply a certain order, they
are recurrent and each process is observed during all three research stages. Subjects in
the study became more purposeful in their search in the second stage. This observation is
consistent with earlier findings that researchers become better at formulating their infor-
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mation need and determining relevance at later stages of their research [159]. A similar
division of the research cycle in stages was proposed in the field of psychology, i.e., idea
generation, development of the problem, and presentation of results [142].

In the 1980s Stone [311] suggested five steps that scholars go through during re-
search: (i) thinking and talking to people about the topic; (ii) reading what has already
been written on it; (iii) studying original sources of information and making observations
and notes; (iv) drafting a document on what is found, and (v) revising the draft into a final
document.

Regarding historians Uva [337] identified five stages in the research cycle: problem
selection; detailed planning of data collection; data collection; analysis and interpreta-
tion; writing-rewriting. In the data collection stage historians expressed the importance
of obtaining primary source materials. The need for archival search to locate primary
source materials was recognized in several earlier studies [89, 151, 351]. Contrary to
the attention that users of library systems received from research on information behav-
ior, few studies examined users’ information seeking behavior in the context of archives
and electronic archival search tools. Duff and Johnson [123] identified four types of
information-seeking activities exhibited by historians, including (i) orienting oneself to
archives, finding aids, sources, or a collection; (ii) seeking known material; (iii) building
contextual knowledge; and (iv) identifying relevant material. During the research cycle
these activities of revisiting material and (re-)examining finding aids lead to refinement
of the questions as historians build their contextual knowledge and increase their under-
standing of the research topic. This contextual knowledge is imperative to historians,
without it interpretation of the material under study is pointless. Use of archival research
tools was found to be limited. The most popular aids to locate relevant material were
published finding aids, citations in published resources, and colleagues.

Cole [98] described a particular (recommended) way in which history students should
access archival material. A student would start by reading secondary literature, becoming
familiar with the topic of interest, and noting down all proper names. Only then is it
recommended to start the search for these names in finding aids and the student is warned
not to expect relevant material to be accessible by subject.

Case [89] studied the motivations behind the needs for primary and bibliographic
material. He observed that the steps in the research cycle of historians are not sequential.
Rather, historians embed themselves in material related to a general topic and are guided
through their knowledge, intuitions, and interests that continue to shape and focus their
questions. This process of embedding oneself in material is a purposeful process in
which historians meticulously review and structure material. Historians organize primary
sources according to topic, period, or person, and move back and forth between writing
and inspecting material in order to arrive at a holistic view of the topic.

Chu [91] investigated another humanities discipline, i.e., literary criticism, and in-
troduced a model of the research cycle with six stages: idea, preparation, elaboration,
analysis and writing, dissemination, and further writing and dissemination. He described
several variants of the model with three, four, and five stages to accommodate the var-
ious behaviors exhibited by individual critics. A model of the research cycle of music
scholars identified similar stages [73]. The model contained an additional stage to cat-
egorize activities related to preparation and organization of controlled experiments and
interviews.
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Table 2.1: Overview of the models proposed for the research stages of various disciplines.

economists
White [353]

humanities
Stone [311]

historians
Uva [337]

literary critics
Chu [91]

music scholars
Brown [73]

media studies
Lunn [222]

1 problem thinking; talking problem selection idea
generation

idea generation overview of
broadcasts

2 methodology reading literature planning data
collection

preparation background
work

selection for
analysis

3 presentation studying original
material; notetaking

data collection elaboration preparing;
organizing

identify
exemplars

4 drafting analysis;
interpretation

analysis;
writing

analyzing verification of
facts

5 revising writing; rewriting dissemination writing;
revision

6 writing;
dissemination

dissemination

Lunn [222] studied the information needs of users of an audiovisual archive. He
identified four phases in the information needs of one group of users, i.e., media studies
researchers: (i) getting an overview of broadcasts; (ii) selection of specific broadcasts for
analysis, (iii) identification of borderline exemplars, (iv) verification of facts. However,
the focus of his work are the information needs and not the relation between these phases
and the overall research cycle.

Table 2.1 provides an overview of the various stages in the research process of hu-
manities researchers. Although some of these stages appear to be a single activity, each
stage is associated with several activities, e.g., the idea generation stage of Brown [73]
consists of activities such as studying previous work, reading (music) literature, and dis-
cussions with colleagues. The specific activities that occur during these stages depend on
the discipline, e.g., listening to music is particular to the research cycle of music scholars.

The above discussion shows that models of the research process of several humanities
disciplines share similar stages. In Chapter 3 we investigate how the research cycle of
media studies researchers aligns with existing models of the humanities research cycle.

2.3.3 Development and Adoption of Tools in the Humanities
The discipline, the research topic, and characteristics of the individual humanities re-
searcher all play a roll in determining the sequences of stages observed during research.
Depending on the stage certain research activities are more or less prominent. Unsworth
[335] proposed a list of research processes or so called scholarly primitives that hu-
manities researchers engage in: discovering, annotating, comparing, referring, sampling,
illustrating and representing. In 2003 Unsworth [336] observed that 10 years of tool de-
velopment for the humanities had yet to result in portable, reliable, and extensible tools.
He advocated building a modular and extensible toolkit that supports the scholarly prim-
itives of humanities researchers. Toms and O’Brien [324] also noted a lack of support
offered by tools that were being developed for humanities researchers and listed a num-
ber of requirements for such tools: (i) scanning and browsing to enable exploration of a
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text or set of texts; (ii) providing access and overviews of resources via links and portals;
(iii) supporting downloading, storing, and organizing texts; and (iv) enabling note taking,
text analysis, and communication with colleagues.

Palmer et al. [263] provided an updated overview of the various types of activities
humanities researchers engage in during the research cycle. She defines six categories of
scholarly primitives: searching, collecting, reading, collaborating, writing, and cross-
cutting primitives. Primitives associated with searching correspond to search strate-
gies [41] such as directed searching, chaining, browsing, probing, and accessing. In
Chapter 4 and 5 we investigate whether interfaces designed for exploration can provide
support for primitives such as directed searching, browsing, and probing.

Other primitives are not search activities but are considered to be on the same level
as search tactics and several of these primitives can take part in a scholars’ information
seeking behavior. Search leads to discovery of relevant material and information gather-
ing. The collected material becomes part of humanities researchers’ personal collections.
Material is gathered through, for example, visiting a library, archive, or downloading. To
facilitate access to and re-finding of material humanities researchers organize material
into a structure that suits their research purpose. Depending on the type of material
reading or viewing activities are part of the research cycle. Humanities researchers scan
material, assess its value, and reread or review material in depth. These activities are
also described as differentiating, comparing, and sifting. Although collaboration is ob-
served less in the humanities than in other disciplines, this activity still occurs. Primitives
involved in collaboration are coordinating, networking, and consulting. Humanities re-
searchers’ writing activities are aimed at composing their thoughts regarding the material
and topic of study. The goal of assembling is to obtain an overview of the concepts and
relationships that exist within the domain of a research topic. In Chapter 8 and 9 we look
into methods that support this type of activity.

Cross-cutting primitives are scholarly primitives that may occur in any of the above
categories. Monitoring is the activity of maintaining awareness of current developments
in the field. Note-taking occurs in all stages as it helps researchers to order their thoughts.
Translating occurs in cross-disciplinary studies when researchers need to learn the con-
cepts and research practices of another discipline. Finally, data practices are the activities
related to generating, managing, and sharing of data studied or produced by humanities
scholars.

Rather than supporting existing practices, however, most tools demonstrate novel
ways to apply technology to transform practices in the humanities. An exception is Pliny,
which is a tool developed to support existing practices of humanities researchers, i.e.,
interpretation of texts [62]. It supports actions associated with a model consisting of
three research phases: (i) annotations and note taking during reading; (ii) developing
interpretation by organizing texts and annotations; and (iii) publishing through exporting
representations of annotations and organized material.

MONK1 is a data analysis laboratory that provides visualizations and data mining
tools. It supports the analysis of datasets that have been collected and transformed in the
appropriate format. Similarly, TaPoR2 is a portal for a variety of indexing, searching, and

1http://monkproject.org/
2http://portal.tapor.ca/
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text-analysis tools. Another example of this type of visualization laboratory is Manyeyes,
a web service that allows humanities researchers to upload data sets and select various
visualization options [343]. Turknett et al. [333] are exploring new visualization possi-
bilities with large displays. They provide a high level programming interface that allows
humanities researchers to visualize data on multi panel screens.

The Google ngram viewer3 is a tool that enables comparison of trends in term oc-
currences on a timeline in a large book collection supporting cultural analytics [243].
A limitation of this tool is is the lack of support for exploration or inspection of the
actual books. In the DARIAH project a general framework to support virtual research
environments is under development [59]. In this framework scholarly practices are sup-
ported through collaborative text editors, text analysis, and communication modules. To
support a certain research cycle an environment is constructed by combining various
modules [58].

Amin et al. [8] proposed a number of tools to support the information seeking tasks of
experts in the cultural heritage domain. One tool focused on supporting source selection
by displaying credibility ratings for each source [10]. Other tools supported comparison
of data and autocompletion of search terms based on thesaurus information [9, 11].

Despite efforts towards the development of effective tools, use remains sporadic.
Borgman [60] made a call to action for the humanities. She invited more behavioral
research in the humanities as the discipline is evolving rapidly. Regarding the infras-
tructure she notes that it has been designed for the sensor based data common to data
intensive disciplines such as astronomy. Now, it is time for the humanities research com-
munity to articulate its requirements.

Others seek the reason for the lack of adoption of tools in the theory of satisficing,
i.e., people will make a trade-off between effort and reward and settle for something that
is good enough [319]. Information management students were observed to whenever
possible select search strategies and information sources that they are comfortable with
and only engage in more complex search strategies if it was required by the assignment.
Wiberley and Jones [358] make a similar observation in a 10 year study of a group of
humanities researches. They point out that researchers stick to existing practices unless a
gain in time is demonstrated. If this gain in time is marginal or perceived not to outweigh
the start-up time to learn the new technology, the researcher is not inclined to adopt the
tool.

From the above discussion we learn that the success or failure of tools to support
the humanities depends on how well they support the scholarly primitives. Further, the
adoption of tools depends on whether tools are perceived to save humanities researchers
time and are easy to use. In Chapter 4 we investigate whether the preference of media
studies students for a particular tool changes during a research project. As this has impli-
cations on its perceived usefulness. In Chapter 5 we address the challenge of supporting
a particular scholarly primitive, i.e., comparing, with a novel type of interface.

3http://books.google.com/ngrams
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2.4 Interactive Information Retrieval
The conceptual models of information seeking from §2.2 provide an overview of the
various dimensions involved in the information seeking process. The studies from §2.3
provide insights in the practices of humanities researchers and the context in which they
work. From these discussions a picture emerges of humanities researchers who place
different demands on search systems at different times depending on the stage of the
research cycle. The development of successful search systems to support humanities
researchers, therefore, depends on whether these systems provide the right support at
the right time under the appropriate circumstances. In our discussion below we review
experiments that investigate specific factors related to the interaction of the user with
a particular search system, in a specific environment, and how these affect each other
during the information seeking process.

Kelly [190] characterizes interactive information retrieval studies by placing them
on a continuum bounded on one side by studies focused on system factors, such as in-
formation objects and retrieval functions, and on the other side by studies focused on
human and search environment factors. On the one hand, focusing on the system side
allows experiments to be carefully controlled, but leads to rigid assumptions about the
human and search environment. On the other hand, the number of factors involved when
considering the user and his/her search environment prohibit controlled experimentation.
Typical interactive information retrieval experiments balance between the two extremes
by investigating the support that a particular system or interface provides for a particular
user involved in a particular task. We focus here on studies that investigate one of the
following dimensions: (i) the influence of the task on a user’s interaction with a search
system; (ii) the differences in behavior of different types of information seeker with the
same system; and (iii) the benefits of one type of search interface over another. These
studies inform the development of our experiments in Chapter 4 and 5.

2.4.1 The Task
One way of defining tasks is by their goal. With the rise of the Web, an increasing num-
ber of studies has focused on web search task goals. Broder [64] introduced a taxonomy
of web search goals and identified three types of need: (i) navigational, i.e., reach a
particular site; (ii) informational, i.e., obtain information assumed to be available some-
where on the Web; and (iii) transactional, i.e., perform some web based activity. Kellar
et al. [188] classified web behaviors as tasks and defined five types: fact finding, e.g.,
looking up a phone number; information gathering, e.g., searching for summer school
courses; (iii) browsing, e.g., looking for something to read; (iv) transactions, e.g., bank-
ing; and (v) other, i.e., meta behavior such as viewing web pages during development.
Several other classifications of web search task types [90, 252, 289, 292] and web search
goals [180, 288] have been proposed.

In general, depending on the context and the goal, a task may be characterized as sim-
ple, e.g., looking up an information object of which the distinguishing characteristic are
already known, i.e., title, location, or author. Other tasks are more complex, e.g., when
information seekers are unable to specify their information need before hand and itera-
tively search for and process information about a topic before resolving the task [356].
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The complexity of a task tends to be attributed to the level of structure (familiar patterns),
uncertainty, and cognitive effort involved. Byström and Järvelin [82] identified five levels
of increasing task complexity: (i) automatic information processing tasks, which have the
lowest complexity as they are a-priori completely determinable; (ii) normal information
processing tasks, which are almost completely determinable but require some judgement
or reasoning; (iii) normal decision tasks, which are structured tasks according to a famil-
iar pattern but require major reasoning or judgement steps, e.g., grading a student term
paper; (iv) known, genuine decision tasks, which have a clear goal but the procedures to
arrive at the goal have not emerged, e.g., deciding on a location for building a factory; and
(v) genuine decision tasks, which are unexpected, new, and unstructured, e.g., a research
project.

Li and Belkin [210] provide a faceted classification scheme for tasks. According to
this scheme a research task such as engaged in by humanities researchers is classified
as: (i) having originated and being conducted by the task doer; (ii) a long term task
consisting of several stages; (iii) delivering an intellectual product; (iv) consisting of
multiple and repeated processes; (v) and a concrete goal. Attributes of this type of task
are that it is complex and has low dependence on collaboration. The influence of specific
instantiations of particular facets of tasks have been investigated and found to influence
the information seeking process. Aula et al. [21] found that when the difficulty of a task
increases users tend to formulate more queries, use more advanced operators, and spend
more time on search result pages. Wu et al. [368] had similar findings and related the
difficulty of the task to its cognitive complexity. In Chapter 5 we simulate the task of
exploring a new research topic by asking a particular group of humanities researchers to
develop a research question based on the information found using an experimental search
system. As we will see, users spent a great amount of time using the system using various
interaction styles. This may not be a bad thing as the goal is to learn about and explore
information available about a topic to arrive at a research question.

A task, such as writing a term paper, may also consist of multiple sessions. In such
a task an information seeker engages in multiple information seeking tasks spread over
several time periods, and possibly with various systems [81]. Liu and Belkin [215] mim-
icked a multi-session search task by asking subjects to complete a journalists’ assign-
ments, i.e., write a feature story on hybrid cars for a newspaper consisting of three sec-
tions. Two task types were used: a dependent condition where the information from one
sub-task, i.e., writing one section, was related to information in the following sub-tasks,
while in the independent condition the topics covered in the sub-tasks were independent.
The relative complexity of the tasks was kept constant. During this type of multi-session
tasks users’ behavior changes. For example, depending on the stage of a task, the time
taken to inspect a relevant document changes, e.g., in earlier stages useful documents are
inspected longer than in later stages [215]. Others found that during the stages of a task
users’ judgement of document usefulness changes as well as their query modification
patterns [197, 338]. In Chapter 4 we investigate how these changes in behavior during a
multi-session search task affect user preferences for particular types of display.

Tasks do not exist independently of the environment and may originate from the en-
vironment or the environment may shape an information seekers’ personal interests and
ambitions to undertake a certain task. Marchionini [230] identifies two of these factors
to be the domain and the setting. The domain determines the extent to which information
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in the environment is available and potentially relevant to the information seeker. The
domain will differ per discipline, for example, for a historian information will often be
limited to the primary source materials in archives, while in the data intensive disciplines,
e.g., astronomy, information is available in the form of measurements. The setting deter-
mines the social limitations and pressures explicitly or implicitly put on the information
seeker. For example, researchers tend to conduct more extensive and prolonged searches
for information than the average web searcher. They are concerned with the novelty, and
completeness of the information they find as it influences the quality of their work and
the chance it gets published.

This has implications for the design of experiments to investigate the usefulness of
interactive information retrieval systems for humanities researchers. Whether a system
is used in a naturalistic setting, e.g., during a research project, or in a laboratory setting
influences the validity of the study. We take this in consideration in the design of our
experiments in Chapter 4 and 5, where we endeavor to assign subjects realistic tasks in
natural settings.

2.4.2 Information Seekers
To facilitate experimentation with various system and interface features, studies adopt
a static model of a prototypical user. Users of information systems, however, all differ
in their capability, knowledge, and preferences, making a particular variant of a system
more suitable for some than for others. For example, Duggan and Payne [124] found that
users’ knowledge about a topic influences their ability to search for answers to questions
about that topic on the web. Users with greater knowledge of a topic were better able to
find answers to questions on that topic, they spent less time inspecting documents, used
shorter queries, and gave up a line of search faster. Similar effects of domain expertise
on search effectiveness were found in a large scale log analysis [357]. Not just domain
expertise but also expertise and experience in performing searches have been found to in-
fluence search performance [170]. Tabatabai and Shore [315] discovered that especially
the use of cognitive and meta cognitive strategies, such as using clear criteria to evaluate
sites, reflecting on strategies, and monitoring progress, determined search effectiveness.
In the design of our experiments in Chapter 4 and 5 we take these characteristics into
account and ask subjects about these factors.

Other characteristics are more difficult to elicite from users. For example, in an eye
tracking study of users of a standard web search interface Aula et al. [20] found that
searchers differ in the way they inspect result lists and identified two types of searchers:
economic and exhaustive. Economic searchers spent less time to decide on the next
action such as query reformulation or following a link after result presentation. As a
result only some of the top most results are inspected, while exhaustive searchers inspect
more results and scroll down the result page before their next action. In a study of
intelligence analysts persistence was found to be a deciding factor that determined search
performance. Analysts that read more documents and spent more time on the task out
performed those who did not [266]. We discuss inherent differences in search strategies
and persistence between users as possible confounding variables in Chapter 4.

User factors are further shaped by task context factors and may change over time.
Kelly [189] identified five measures for the effect of task context on users: (i) task en-
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durance, i.e., expected time to complete a task; (ii) persistence, i.e., time a user expects to
remain interested in a task; (iii) progress of the task; (iv) frequency, i.e., number of times
subjects expect to conduct information seeking activities related to a task; and (v) famil-
iarity, i.e., current state of knowledge of a topic. In a naturalistic study following seven
users during a 14-week period the self reported ratings of users for these measures were
found to change from week to week, e.g., for familiarity as users became more familiar
with a topic. Further, the frequency with which information seeking activities were con-
ducted tended to cluster together in intense episodes. Liu et al. [216] investigated to what
extent users’ knowledge of a topic increased during a multi-session search task. Users’
topic knowledge was generally found to increase although for some participants a ceiling
effect was observed. In Chapter 4 we investigate the effects of subjects that work with
the same topic during all sessions of a multi-session search task compared to subjects
that change topic in each session.

2.4.3 The Search Interface
The familiar design of web search interfaces allows the user to input a keyword-based
query via a single search box and presents results as a ranked list of snippets. This type
of interface is optimized for looking up facts. A user’s information seeking process,
however, does not necessarily stop after submitting a query and inspecting some results.
Depending on the characteristics and stage of a task a user engages in various other types
of search. In this section we discuss various interface features designed to support al-
ternative search tasks. Specifically, we discuss interfaces that support aggregated search,
which provides the necessary background for our investigation of aggregated search dis-
play preferences in Chapter 4. This is followed by a discussion of interfaces that support
exploratory search, which informs the design of our subjunctive exploratory search inter-
face investigated in Chapter 5.

Aggregated Search Systems

Search engines use crawlers to discover and download documents on the web. Docu-
ments that are missed as they are not linked, behind a login, or contain dynamic content,
are absent from search results [278]. The number of documents in this so called hidden
web is estimated to be many times larger than the number of visible pages [52]. In-
stead of indexing the hidden web, federated search systems pass a users’ query to the
search service of each source individually. Techniques are focused on selecting the most
promising results from each source and merging results in a single result list. This type of
search is often seen in the context of digital libraries to enable searching across multiple
catalogues [306].

Aggregated search originated as a new direction of web search as aggregated search
systems aim to integrate results from various heterogeneous sources (called verticals),
e.g., images, videos, and news collections, next to general web pages. It can be seen
as an instance of federated search as studies investigate which vertical to present given
a query and where to present it in the result list. Two general presentation styles for
aggregated search results exist: tabbed and blended [203]. Tabbed interfaces provide
access to each source in separate tabs, while blended interfaces combine multiple sources
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into a single result page, see Figure 1.1. Within the blended display style a distinction is
made between presenting results from each vertical per group or by interleaving results.
Seo et al. [301] investigated the use of click through data (clicks on vertical results) to
optimize vertical presentation. The top 5 results for a query are retrieved from each
vertical. The top 5 results are ranked and presented per group on the result page. It was
noted that the limited number of results returned by each vertical introduced a bias in
the click counts towards only the top ranked results for each vertical. Arguello et al.
[14] studied approaches that learn how to mix results from different verticals in a single
result page. The best approaches learned to interpret the relation between features and
relevance for each vertical individually. For example, temporal features are effective for
a news vertical but not for a question answering vertical.

Other work focuses on evaluating the quality of aggregated search result pages. A
common approach is to obtain pair-wise judgements of blocks of results by human an-
notators and then evaluate pages based on whether the preferred blocks are ranked closer
to the top of the page [15, 379]. Another possibility is to simulate result pages and to
evaluate based on the number of relevant results visible on the screen of a device [220].
Santos et al. [296] noted the need for result diversification across verticals and extended
existing diversification metrics to account for aggregated search.

Next to techniques for selecting verticals and merging results, however, increased at-
tention is paid to the effects of presentation style on vertical use [203]. Previous studies
in aggregated search have investigated whether users prefer tabbed or blended displays
for single-session search tasks of varying complexity. In a study with sixteen participants
Sushmita et al. [313] found that in complex tasks blended displays in which vertical re-
sults are presented per group are preferred over a tabbed display. Additionally, subjects
preferred multimedia verticals over textual verticals. In a follow-up study a blended dis-
play with grouped results was compared with a blended display with an interleaved result
presentation. Results showed that using vertical specific wording in tasks influenced click
through rates on the mentioned vertical. With respect to complexity a later study con-
firmed that more verticals are clicked when task complexity increases, but that users do
not necessarily prefer a blended or tabbed display [16]. As a possible explanation the
search experience of the subjects is suggested. As we will see in Chapter 4 we find that
the users actually switch between display types during a multi-session search task and
investigate factors that influence this behavior.

Exploratory Search Systems

When a user’s information need is vague or a user does not know how to accurately
describe his/her information need, the simplicity of the standard interface becomes a
limitation. Instead, a user requires support for exploration to better understand his/her
problem before engaging in more focused search activities [231, 356]. White and Roth
[354] proposed a set of eight features that increase the support systems provide users
in resolving exploratory information needs: (i) support querying and rapid query refine-
ment; (ii) offer facets and metadata-based result filtering; (iii) leverage search context,
e.g., query expansion; (iv) offer visualizations to support insight and decision making;
(v) support learning and understanding; (vi) facilitate collaboration; (vii) offer search
histories, workspaces, and progress updates; and (viii) support task management, e.g.,
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store previous search tasks. We discuss a number of interfaces developed to support
exploratory search below, see Hearst [164], Shiri [305], White and Roth [354] and Wil-
son and White [361] for more complete reviews of various types of exploratory search
systems.

Relevance feedback techniques support querying and query refinement by using terms
from initially retrieved documents to enhance a users query. Explicit relevance feedback
techniques expect users to indicate the relevant terms themselves [294], while implicit
relevance feedback techniques automatically select terms from documents examined in a
previous search [191].

Result filtering based on facets provides users with the ability to quickly zoom in on
a particular topic. Facets must be a set of meaningful labels that reflect the concepts rele-
vant in a domain. One way of selecting which labels to use is to base facets on metadata.
Flamenco is an example of a tool that provides hierarchical faceted browsing of museum
collections [372]. Lin et al. [214] extracted named entities from a document collection to
enable faceted filtering over entity types. Capra and Marchionini [86] provide an option
to preview the result of clicking a facet by means of a mouse hover. Showing facets or
automatically generated term suggestions from a set of result documents is considered
to be helpful to give insight in the topics discussed in a set of documents as well as for
naviational pruposes. Presentation as an orderly list, however, is preferred over a “cloud”
visualization [166].

Golovchinsky and Pickens [148] investigated various visualizations to give the user
insight in his/her search context. For example, showing the rank at which a document
was returned for previous queries or when entering a query showing the overlap between
the documents returned for the current query and previous queries.

Visualizations should allow users to quickly gain insight in the characteristics of the
collection they are searching in and the results they obtain for a query. FeatureLens is
an example of a dashboard like system that allows users to explore and analyze patterns
in a collection of documents. It provides charts showing query term distribution across
documents in the collection and the distribution per document as well as provides filters
based on frequent patterns [122]. Another example of such an analysis tool is TAKMI,
which additionally shows the distribution of concepts in result sets over time [253]. A
problem with this type of analysis, however, is that knowledge is required about how
the collection is created or obtained in order to interpret patterns, e.g., a peak in the
occurrence of a topic may indicate increased attention to that topic or an artifact of the
collection.

Other visualizations serve to provide insight in the occurrence of query terms in result
documents. Hearst [163] uses a tilebar visualization to indicate for each document the
presence or absence of query terms, their proximity, and the length of the document.
The length of a bar indicates the document length, while grayscale scores indicate the
occurrence of query terms. In a comparison of various visualizations techniques for
query terms in retrieval results Reiterer et al. [279] found that users preferred tilebars over
histogram visualizations and histograms over a scatterplot visualization. Visualizations
are also helpful in navigating within documents. For example, Byrd [80] proposed a
visualization that highlights the position of query terms in documents the position of
query terms in a document.

Another way to support insight generation is to enable users in comparing alterna-
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tives. Subjunctive interfaces have been suggested for this purpose as this type of interface
allows a user to perform multiple actions in parallel and compare the results, i.e., editing
a document or searching a database. Typically multiple versions of a standard interface,
e.g., a standard document editor, are presented side-by-side to create a subjunctive inter-
face [223]. In a web search context Villa et al. [344] proposed a browser that presents
multiple traditional web search interface displays side-by-side to allow users to explore
more aspects of a topic than a single view variant.

The experimental interfaces to support humanities researchers described in Chapter 5
incorporate these elements of exploratory search systems, e.g., faceted filtering, and vi-
sualizations of result set statistics. In the aggregated search interfaces in Chapter 4 we
also provide metadata-based filtering to supplement keyword search for various verticals.

To evaluate the benefits of these interfaces for the humanities we study their use by
a particular group of humanities researchers, i.e., media studies researchers. In the next
chapter we introduce the field of media studies and investigate their research practices in
detail.
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