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Abstract

Studies of online search behaviour have found that searchers often face difficulties
formulating queries and exploring the search results sets. These shortcomings may be
especially problematic in digital libraries since library searchers employ a wide variety
of information-seeking methods (with varying degrees of support), and the corpus to
be searched is often more complex than simple textual information. To address these
problems, an interactive Web-based library search interface is presented, which has
been designed to support strategic retrieval behaviour of library searchers. This
system takes advantage of the rich metadata associated with academic documents
aild employs information visualization techniques to provide searchers with additional
information-seeking tools. These tools are designed to facilitate visual and interactive
query refinement, search results exploration, and citation navigation. User evaluations
illustrate the potential benefits of the design choices in comparison to a list-based

digital library search interface.
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cess [49]. This lack of support can be especially problematic in digital libraries, where

the existence of diverse metadata elements (e.g., title, authors, venues, keywords, and
abstracts) has led to a wide variety of information-seeking methods in library searches.
Meanwhile, digital libraries are becoming the main repository of mankind’s knowl-
edge, and the primary means of accessing them are search systems [12]. It has been
reported that almost 70% of faculty and students use Web-based search engines daily
to access North American research libraries, while about 90% of college students start
their information seeking process with search engines [26]. Thus, in order to take ad-
vantage of the wealth of information existing in digital libraries, further research to
improve digital library search interfaces is required.

In studies on search behaviour, it has become evident that queries crafted by
scarchers are often poorly formulated and do not reflect their information needs
properly and accurately. This may be due to searchers’ tendency to formulate short
queries (67, 83, 104], their incomplete knowledge about their information needs [38},
or their inability to express their information needs due to a lack of terminology [38].
Searchers’ inabilities to specify accurate queries has long since been documented as
one of the main issues in traditional libraries, with reference librarians reporting that
few people know how to ask reference questions {69]. In traditional libraries, the
active engagement of reference librarians in the search process may enable searchers
to subsequently express their information needs properly. However, in the context
of digital libraries, little assistance is provided for searchers to craft and reformulate
their queries.

Similar problems exist with the interfaces for presenting search results, where the

simple list-based format is commonplace. Such a representation requires searchers to



extensively utilize their cognitive abilities to evaluate and compare result items by

reading document surrogates (i.e., titles, snippets or abstracts, and URLs) one-by-
one. In addition, since the list-based representation provides only a few rudimentary
interaction mechanisms, there is little support for navigation and exploration within
retrieved documents. This lack of support is even more problematic for large and
complex information structures such as content-rich metadata-enhanced digital li-
braries, where more advanced exploration features are needed to support different
search activities.

Although an effective ranking mecthod can help searchers for targeted queries,
there is still a cognitive burden for exploratory searches. Exploratory search tasks
are often motivated by a complex information need, a poor understanding of termi-
uology and the information space [117], or a desire to learn [84]. Such conditions are
common starting points for library searchers, resulting in their desire to initiate a
search process.

Given that current search interfaces lack the ability to support exploratory search
tasks, the design and study of useful interfaces which aid searchers in their search
activities is a vital concern in the digital library context. Hence, with the aim of pro-
moting searchers’ information-seeking behaviour in an academic digital library, this
thesis outlines a new approach called Bow Tie Academic Search. The main purpose
of this approach is to support the key search activities of search results exploration
and query reformulation. Bow Tie Academic Search moves beyond the traditional
information retrieval interfaces, and instead provides a “metadata-enhanced visual in-
terface” that aims to incorporate the human element into library search systems [99].

The main goal is to allow searchers to take an active role within the search process,



which is particularly beneficial for exploratory search tasks [49].

1.2 Approach

In this research, a structured approach has been employed to alleviate the problems
associated with the current list-based search interfaces. As the first step, the ex-
isting literature on online search behaviour as well as library search strategies has
been reviewed and surveyed to identify the difficulties searchers may encounter dur-
ing their library search process. Next, the previous approaches that provide visual
and intcractive support for information retrieval tasks has been surveyed. Then,
the knowledge gained from prior literature has been used to design a library search
interface intended to promote searchers’ information-seeking behaviour by utilizing
effective visualization and interaction techniques.

Finally, an empirical evaluation was conducted with users in order to explore the
effectiveness of the specific design choices in comparison to the current search inter-
faces. Moreover, this user study was designed to validate the hypotheses made re-
garding the use of visualization and interaction in search interfaces to support library
retrieval tasks. Overall, a design-oriented research methodology [36] was employed in
which the main contribution is the knowledge gained form studying and evaluating
a designed artifact. This methodology is in contrast to research-oriented process in
which the product development is the focus of study.

The resulting interface, called Bow Tie Academic Search, has heen designed and
developed to facilitate exploratory searches by providing interactive query refinement

and interactive search results exploration support. Considering the significant role of




metadata elements for retrieval purposes [99] and the great potential of information

visualization to improve user experience [110], Bow Tie Academic Search makes use
of the rich metadata associated with academic documents and employs information
visualization techniques to support searchers during their search process.

This system provides additional interface extensions to the conventional list-based
format. Visual representations of citation metadata are added to the search results
list, allowing searchers to visually scan, evaluate, and compare search result items
in order to find the potential documents based on their citation characteristics. In
addition, when a particular document is selected, searchers are provided with an
interactive exploration tool to navigate within the citations of the document. The in-
teractive query refinement is supported by providing a visual and interactive overview
of the keywords associated with the top search results. These representations pro-
vide concise and compact visual encodings of the metadata, and were designed to be
lightweight representations in order to prevent searchers from getting overwhelmed
with visual complexity.

Incorporating such metadata visualizations into the library search interface sup-
ports searchers in their retrieval tasks by enhancing their abilities to perceive, inter-
pret, and understand features and relationships among the search results and their
associated metadata. In addition, by providing interaction methods, an effective
combination of searcher control and system retrieval power can be achieved. This
is an example of next-generation information retrieval systems supporting the search

process beyond the simple query box and search results list [49, 51].



1.3 Research Questions

The main objective of this research is to address the fundamental issues associated
with the library search interfaces that follow the traditional paradigm of query box
and search results list through the use of visualization and interaction techniques.
Since this approach moves beyond the traditional search paradigm, it leads to some
fundamental research questions related to the value of the design and prototype im-
plementation of Bow Tie Academic Search:

How can metadata visualizations and metadata-based interactions be
designed to support interactive search results exploration and interactive
query refinement in digital library search interfaces?

The value of information visualization to improve different aspects of digital li-
braries is well-recognized [123, 11, 8], with information access and retrieval being one
of the potential directions. Even though a variety of interactive and visual tools have
been designed and proposed to support information retrieval activities, not all of them
have shown to be effective [43]. These differences can be attributed to the specific
design choices used in these approaches, indicating the challenges and complexities
associated with the design of useful and effective visual representations for search
mterfaces. Therefore, it is necessary to investigate the best ways to design interactive
and visual tools that can effectively support search activities of search results explo-
ration and query refinement. This research question will be answered via the design
of Bow Tie Academic Search (Chapters 3 and 4).

What is the impact of Bow Tie Academic Search on efficiency, effec-

tiveness, and subjective impressions of the search process?



Bow Tic Academic Search includes some interactive and visual tools that allow
searchers to take an active role in their information seeking process. As such, it
can be classified as an interactive information retrieval system. In human-computer
interaction studies, a key research purpose is to investigate the usability of interactive
systems [G1], which is defined as “the capability to be used by humans easily and
effectively” [98]. Therefore, one of the research questions of this thesis is to explore
the impact of Bow Tie Academic Search on the usability measures of efficiency and
effectiveness. In this research, “retrieval efficiency” refers to the time it takes for
searchers to complete their retrieval tasks, and “retrieval effectiveness” refers to the
quality of the search outcome.

Sometimes quantitative measures may not reflect the user experience, particularly
when the scarch tasks are vague or ambiguous [50]. Since the approach for represen-
tation and exploration of search results is particularly targeted at exploratory tasks,
subjective measures can also be helpful in validating the potentii benefits that the
system may provide. This research question will be answered by the user study
(Chapter 5).

What are the searchers’ perceptions of the usefulness and ease of use
of each specific component of Bow Tie Academic Search?

Beside the possible impacts of the entire system on the retrieval process, it is criti-
cal to explore the potential benefits and drawbacks of each of the specific components
of the proposed interface. The Technology Acceptance Model (TAM) [28] has been
tested in many empirical studies and is considered a robust and reliable instrument to
measure user’s acceptance of an information technology [47]. As such, TAM measures

arc used to assess the searchers’ perception of ease of use and usefi 1ess of each of the



components of Bow Tie Academic Search. This research question will be answered

via the user evaluation as well (Chapter 5).

1.4 Organization of the Thesis

The remainder of this thesis is organized as follows: An overview of the related work
is provided in the next Chapter. Chapter 3 explains the approach used to support
search results visualization and exploration, and Chapter 4 outlines the techniques
used to support visual and interactive query refinement. The design and results of the
user evaluation are provided in Chapter 5. The thesis concludes in Chapter 6 with
a summary of the research contributions, along with an overview of future rescarch

activities.



Chapter 2

Related Work

2.1 Information Visualization

Information visualization is defined as the use of computer supported, interactive,
visual representations of abstract data to reinforce human cognition [17]. The main
purpose of information visualization is to transform abstract information into a vi-
sual representation that takes advantage of rapid processing capal:  ties of the human
visual perception. Considering the abilities of human visual system in rapid interpre-
tation of specific visual features, information visualization can be seen as an effective
and a useful tool. As Ware [116] stated: “Combining a computer-based information
system with flexible human cognitive capabilities, such as pattern finding, and using
the visualization as an interface hetween the two is far more powerful than an unaided
human cognitive process.”, information visualization can be seen as a visual tool that
aims at supporting the cognitive system of the user.

The human visual processing system operates so fast that it is for all intents



and purposes parallel processing of information. Information visualization systems

use some basic visual features to represent multiple dimensions or attributes of the
data. Examples of such features include colour, size, shape, and spatial proximity.
These visual attributes can be used to devise an information intensive visualization;
however, it should be noted that not every possible permutation of these features
can be easily and separately decoded by the human visual processing system [L115].
For instance, since colour and spatial location can be easily separated by the visual
system, they can be utilized siimultaneously to represent different attributes of the
data, but the use of colour and shape for the same purpose is not as easily decoded
[115].

There are a number of well-known theories and design principles that can be used
to design effective visual representations of information. Based on human perceptual
capabilities, Cleveland and McGill [25] have provided a ranking of the most effective
visual features to represent quantitative information. Mackinlay [80] has extended
this ranking to include more data types (i.e., ordinal and nominal). For instance,
according to this ranking, position and length are the most effective visual features to
encode quantitative data, while position and colour hue are the most effective ones to
represent nominal information. When designing visual representations of information,
this ranking can be used to assess the relative effectiveness and accuracy of alternative
design choices.

In information visualization, the use of colour is extremely useful as it supports
visual distinction of objects based on their colour differences [115]. Drawn from
physiological features of the human vision, the opponent process theory of colour

provides a solid foundation for effective use of colour to represent data attributes [115].
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According to this theory, there are six elementary colours, which are perceptually
opponent pairs along three axes. These colour pairs are black-white, red-green, and
yellow-blue [115]. As such, these six distinct colours are the most effective choices

when encoding nominal information with colour hue. In addition to this theory,

suggestions by Tufte [109] can guide the colour selection process as he recommends
the use of soft colours instead of using strong and bright ones.
The pre-attentive processing principle introduces a specific set of visual features
that can be identified even after a brief exposure by human visual perception [115].
These features include visual form (e.g., line length, line width, and size), colour |
|
(hue and intensity), motion (flashing and direction of motion) [115], and spatial posi-
tion (e.g., 2D position and stereoscopic depth) [115]. These visual attributes can be
used to encode the most important aspects of information, facilitating their easy and
instantaneous identification and distinction from the surrounding area.
The other fundamental aspect of computer-mediated visualizations, in addition to
envisioning information, is interaction. Interaction is highly intertwined with visunal
representation as an interaction with a system may trigger a change in representation
[122]. Interaction techniques can enhance users’ cognitive abilities by allowing them
to manipulate and control information being visually represented. Visualizations
without interaction would become a static image which can only address a very limited
number of tasks [31], and its usefulness may be adversely affected as the underlying
collection becomes large and dense [122].
Yiet al. [122] categorized the interaction methods in information visualization into
seven categories based on users’ intention of performing a method. The first method

is called select by which the user is able to mark a set of data items to keep track of

11



them in different stages of interaction. Ezplore method allows users to navigate and

examine different subsets of large information spaces. Reconfigure provides users with
the ability of viewing information from different perspectives by re-arranging the data
points. Encode technique allows users to change the way that information is encoded
such as transforming a pie chart to a histogram. Abstract/Elaborate enables users
to specify the level of detail to be represented in the visualization. Filter method
allows users to narrow the represented dataset down to a subset based on a criterion.
Although filtering is categorized as a different technique, it can be seen as an ex-
ploration method since iterative filtering allows the investigation and exploration of
different subsets of a dataset. Finally, connect shows relationships among data items
or shows the hidden items related to a specified one. An examnple of this category is
a brushing and linking technique using which allows identification of a selected data
item in different views of a dataset.

I order to design any visual interface, special care should be taken to select and
use both effective visual features and useful interaction techniques as two core com-
ponents of information visualization. Even with the guidance of the aforementioned
theories and principles, designing useful interactive and visual tools is a challenging
task that requires careful consideration and investigation of the potential effects of
choosing a design alternative on the effectiveness of the other design choices. Due
to the complex interaction among design choices, in addition to design development,
conducting thorough evaluations through user studies is now an expectation in the

Information visualization field.
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2.2 Citation Visualization

In library collections, academic documents are often linked together as scientific liter-
ature refer to or cite one another. The information associated with such relationships
has always been considered valuable as it can be used to assess the importance of
authors, documents, and topics; and to interpret how these elements relate to each
other over the time. Although displaying citation information is a challenging task, a
number of approaches have been proposed to visually represent documents’ citations,
their relations, and their characteristics.

The most common way of representing citation information is the use of node-link
diagrams, which have been used for the purpose of citation analysis for years [39].
Despite efforts to create more innovative views of node-link diagrams to represent
citation information [102, 7], there are inherent issues associated with such views
for large and dense datasets, and it has been shown that users are not particularly
comfortable with them [113]. In addition, citation graphs fail to provide other critical
metadata, such as documents’ titles and authors within the graph representation,
and they nornally require user actions to provide such information on demand. As
such, users’ initial evaluations and comparisons can only be base on a small set of
metadata, which may adversely affect information seeking efficiency and effectiveness.

Therefore, some researchers have moved beyond node-link diagrams, and employed
other visualization methods to represent citation metadata. For example, Butterfly
[81], which is a 3D search interface, uses a butterfly layout, where a document meta-
data is shown at its head in a textual format (see Figure 2.1). One wing of the

butterfly includes a list of backward citations (i.e., documents referenced by the orig-
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Figure 2.2: A screenshot from PaperLens [77].

views including timeline displays that show the general chronology and importance
of docuimnents and authors in a citation network, and a node-link diagram of keyword
and authorship metadata to let searchers gain insight into this metadata. In addition,
the growing polygons technique [34] is adopted and enhanced to represent the citation
information of a particular subset of documents. These visualizations are augmented
with some interaction techniques to support navigation among the citation network
and details-on-demand of the entire citation chain for a document of interest. Even
though preliminary user studies of CiteWiz provided positive results, the citation
visualization component becomes difficult to understand as the selected document
set, grows.

Even though these approaches replace common node-link diagrams with novel
visualization methods to represent citation metadata, there are still complexity and
scalability issues that need to be addressed. Considering the rapid growth of scientific
literature, and the value of citation metadata for evaluation, comparison, and naviga-

tion purposes, compact and scalable visualizations are required to support document

15



discovery and navigation in digital library collections.

2.3 Search Results Visualization

In recent years, many visual interfaces have been designed and developed to provide
a better representation of search results and to support exploration and navigation
within the search results set. These interfaces employ a number of different approaches
when visualizing the search results, including augmentation of the list with visual rep-
resentations that encode query-document relationships, spatialization of documents
in a 2D or 3D interface, representation of document collections (flat or hierarchical),
and visualization of auxiliary information derived from the search results set. Each

of these approachies will be explained in more detail in the sections that follow.

2.3.1 List Augmentation

In some studies on search results visualization, researchers have proposed adding
interface extensions to the conventional list-based interface in order to address its
shortcomings to some degree. In most of these approaches, the search results list
is augmented by adding small visual representations alongside each document, with
each representation visualizing the relation of query terms with that document.

One of the early attempts at list augmentation is the TileBars interface [45] which
simultaneously and compactly shows relative document length, query term frequency,
and explicit query term distribution in a full text information access environment
(see Figure 2.3). In the TileBars visualization, a rectangular icon is shown beside

each search result item. The rectangle length represents the relative length of the
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relationships is to show miniaturized and small versions of the visual appearance of

the document, known as thumbnails. Thumbnails typically include highlighted colour
coded query terms [91]. While this approach provides little support for the manipu-
lation and exploration of search results, it has shown to be beneficial when searchers
want to re-find a document from a previous session [119].

These approaches take advantage of the list simplicity, consistency, and scalability,
and add extra visual representations in order to better support search activities.
For search interfaces, which are being used by millions of people daily, a drastic
change may cause problems of adoption [43]. One of the notable advantages of list
augmentation methods is that they avoid this issue by keeping the list as the main part
of the search interface. However, in these approaches, designing information-bearing

visual representations is a challenging task due to the space limitations.

2.3.2 Document Spatialization

Many rescarchers have proposed spatialization of documents or document surrogates
to a 2D or 3D visual overview, wherein spatial proximity indicates docuinents’ sim-
ilarity {43]. The main differences between these approaches is how they specify and
calculate document similarity and how they organize and represent the documents in
2D and 3D spaces. In most of these interfaces, documents are represented as simall
glyphs mapped to a specific point in the spatially-oriented interface based on two
or three of their attributes. In addition, more attributes of the documents can be
depicted through visual features of the glyph itself such as its colour, shape, and/or

size.
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Approaches using spatialization mainly use a 2D scatterplot where documents are

plotted based on two of their attributes corresponding to the x and y axis. Early
attempts include systems such as xFind [3], Envision [90], and FilmFinder [1]. As
these interfaces may overwlieln some searchers, Shneiderman et al. proposed a sim-
plified display called Hieraxes [100] (see Figure 2.5). This display uses categorical and
hierarchical axes in which documents are represented in a grid using either a set of
colour-coded dots or a bar chart. Also, the mapping of particular attributes to visual
representations such as the x-axis, y-axis, icon size, and icon shape, is customizable
using drop-down menus.

In Citiviz [68], an interactive animated scatterplot is used with a hyperbolic tree
in a single interface, wherein each document is represented in the scatterplot by a
tower of colour-coded cylinders (see Figure 2.6). Each level of a tower represents
a category to which a document belongs; therefore, the taller a tower is, the more
categories the document belongs to. Citiviz uses a city skyline metaphor in which

documents metadata can be shown simultaneously; however, there are problems with
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Figure 2.5: A screenshot from Hieraxes [100].
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intended to help searchers gain insight into the relationships between docwunents in the
search results set, grasp potentially unexpected patterns in docunient collections, and
find iniportant documents that otherwise miglt be missed [43]. However, these kinds
of graphical overviews of large document spaces have to be proven useful and under-
standable by scarchers. Evaluations conducted so far mostly indicate that searchers

face difficultics understanding such spatialized representations [43].

2.3.3 Document Cluster Visualization

Some attenipts have been made to organize scarch results into meaningful groups, and
then visually represent these collections in order to help searchers gain an overview of
the search results and easily deterinine their next step in the search process. One way
to classify a docnment space is through clustering. Document clustering refers to the
grouping of documents based on some nieasures of similarity. Some of the clustering
algorithms create hierarchical clusters. This section deals with non-hierarchical clus-
tering while the following section deals with hierarchical clustering as well as other
approaches for generating hierarchies from search results.

I most of the systems described in the previous section, in addition to docu-
ment spatialization, the thematic groups or topics are derived from the text based on
some nicasurcments and are further displayed graphically by adding visual cues. For
example, in Envision [90]. similarly sized elliptical icons represent a set of relevant
documents while the number of documents is shown side the ellipse, and labels
below these icons indicate the rank of the two most relevant documents in the cluster

(see Figure 2.7). In the enhanced version of Envision for digital libraries [114], the
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cluster centroids are randomly mapped to the display, and then documents are located

in a ring around the corresponding cluster while documents that are more similar are
placed closer to each other. This procedure finally leads to a representation in which
related topics are displayed as islands.

Kohonen's self-organizing feature map algorithm [72] is used to organize docu-
ment collections in number of studies [21, 78]. For example, in [78], self-organizing
clusters are shown as adjacent polygons in a 2D map in which their size and shape
indicate how frequently documents are assigned to the corresponding cluster. The
adjacency of regions reflects semantic relations of clusters within the collection. More-
over, when searchers hover the mouse cursor above any polygon, a pop-up window
will be displayed showing the titles of documents closely linked to the correspouding
cluster.

Clustering can clarify new and interesting patterns and trends hidden in the docu-
ment space, and it can be done automatically on any text collection. However, choos-
ing understandable and descriptive labels for clusters is a challenging task, which can
be problematic in search results exploration [43]. Moreover, clustering may make it
difficult for searchers to compare documents within different clusters, and searchers
may neglect very small clusters even though they might contain the most relevant

documents.

2.3.4 Document Hierarchy Visualization

Another method to classify document collections is the use of category systems. In

category systems, documents are assigned to some organized and meaningful labels
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that represent the domain concepts. Category system structures are usually either
lierarchical, or faceted (which is discussed further in Section 2.4.1). As mentioned,
some clustering algorithms also build a hierarchy of clusters. Hierarchical clustering

is often considered as the better quality clustering approach, but it is computationally

expensive as the size of the collection increases [106]. Although category systems are

only applicable in well-structured collections and their automated methods are about
75% correct on average [97], their superiority to clustering methods has been shown
in terms of usability [43].

Traditional methods of presenting hierarchical information, namely listing, out-

lines, and static tree diagrams are not feasible because the extraction of information

from large hierarchies is quite difficult since the navigation is a great burden, and
contents of information are often hidden within nodes [65]. In addition, visualization
of large hierarchies in a limited-size screen is a serious challenge.

One of the fundamental ways of hierarchy representation is the table-of-contents
view used in books and other information systems [43]. Such a tree-based hierarchy
outline has been used with hyperlinked Web pages to support both search results
organization and navigation [22, 20]. More sophisticated variations of tree diagrams
have been also proposed and used in search results visualization. For example, Cat-
a-Cone [44] makes use of available subject headings in library systems and represents
categories associated with highly ranked documents in the search results as well as
their ancestors and siblings using a 3D ConeTree [94] (see Figure 2.9). In Citiviz [68],
a hyperbolic tree is used to show the hierarchical structure of documents using the
ACM Computing Classification System.

One of the well-known techniques for representing hierarchical information is the
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Figure 2.10: A screenshot from ResultMaps [24].

show those documents in the search results that match this information.

As TreeMap is a space-filling approach, it can show large trees containing thou-
sands of branches, and the amount of information on each branch of the tree can be
easily visualized, which makes it suitable for library collections. In addition, naviga-
tion among branches is fairly easy. However, in TreeMaps, the hierarchical structure
is not clear [115], and they have not been proven to be successful for representing

textual information [43].

2.3.5 Visual Representation of Auxiliary Information

In another set of approaches to support search results exploration, rather than visual-
izing documents themselves, a visualization of auxiliary information derived from the
search results set is offered to the searcher independent of the results list. Those search
systenis augmented with such interface extensions often include interaction tools to
let. searchers dynamically filter or re-sort search result items. Moreover, many of

these visual representations of auxiliary information support query forniulation and
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reformulation, which will be discussed in more detail in the next section.

Tag clouds allow searchers to quickly perceive frequent and potentially valuable
terms used in the text. In the information retrieval context, tag clouds have been
used on the available text material related to the highly ranked documents, such as
document surrogates, in order to provide a visual summary of the search results. For
instance, PubCloud [75], supports the visual exploration of search results from the
PubMed database of biomedical literature by providing tag cloud representations of
documents’ abstracts. In addition, selecting a term allows the searcher to navigate to
the relevant subject matter that otherwise might be hidden far down in the ranked
list. Tag clouds have also been used for explaining the underlying personalization
approach [52] in which searchers are able to see the rationale behind the personalized
ranking, and interactively re-rank the scarch results list by clicking on the term found
as the relevant one to their information need.

In VisGets [32], in addition to tag clouds as a topical overview of the results set,
two other visual representations are designed to show a summary of the amount of in-
formation published in different periods, and the geographic location of search result
iteins. These three coordinated views allow searchers to identify the interrelation-
ships between these attributes while performing multidimensional exploration in the
underlying collection.

In WordBars [53, 57|, a histogram is used to visually depict the most frequent
terms found in the highly ranked search result items retrieved by the initial query
(see Figure 2.11). This vertically oriented histogram, which is incorporated in the
main interface, allows the searcher to grasp an overview of the frequent and potentially

prominent topics used in the search results. In addition, if the searcher clicks on the
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Figure 2.11: A screenshot from WordBars [53, 57].

potential term. the search results set is re-sorted based on the frequency of the selected
term within the titles and snippets of the search result items. This feature supports
interactive scarch results exploration process. The interactive exploration capability
of this system is empowered in subsequent modifications as the searcher is able to
highlight relevant and non-relevant terms in WordBars2 [56], and visually specify a
utility function in WordBars3 [48], both within the histogram view.

The visual represeutations of auxiliary information provide searcliers with a sum-
mary of search results, allowing them to interpret the overall properties of the search
results set. Providing such an overview may allow searchiers to cuickly evaluate
whether the retrieved set fulfill their inforimation needs. Even though these tools
wsually provide exploration support as well, their exploration feature is of little value
for those searches where the initial query is poor and no relevant document is re-

trieved.
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2.4 Query Representation and Visualization

The first step of the information retrieval process is query formulation or query speci-
fication, in which searchers convert internalized abstract concepts into language, and
further convert the expression of language into a query format in order to express
their information needs [43].

Since searchers are often unable to craft and formulate queries that accurately
reflect their information needs [43], a number of approaches exist to visually help
thiem reformulate their initial query to provide a better description of the information
they are seeking. In general, there are two types of approaches to visually support
query reformulation: visualizing faceted navigation and providing additional relevant

terms for the purpose of query expansion.

2.4.1 Faceted Navigation Visualization

One of the main research directions for the application of information visualization to
queries is on faceted search systems. Faceted search systems use faceted classification
in which documents can be assigned to any number of categories (flat or hierarchical)
based on the existing metadata within the collection. These categories are referred
to as facets. In faceted search, searchers are able to navigate within the underlying
collection by applying different orders of the facets. In addition, it allows searchers to
elaborate their queries progressively, seeing the effects of each choice in one facet on
the available choices in other facets [111]. Since this approach makes use of available
netadata to filter the search results, it can be seen as an interactive query construction

method.
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category within each facet at a time by using a left-to-right set of columns, where the

left-most coluinn is the top level of the hierarchy and the right-most is at the bottom.

VisGets [32] supports searchers to dynamically construct their queries by pro-
viding a set of coordinated visual representations designed to represent three major
dimensions of information, namely publication date, geographic location, and author-
supplied tags. Searchers are able to incrementally specify their queries by manipulat-
ing these three aspects visually, and immediately see the visual evidence of the query
manipulation in provided views.

Although faceted search systems have shown great potential, and have been used
successfully over some document sets, there are some challenges for assigning quality
meta-data to every document in large collections and for applying the same meta-data

to every result and every query in heterogeneous collections [107].

2.4.2 Candidate Terms Visualization

One of the most important query reformulation techniques is query expansion, which
is the process of appending meaningful terms to the initial query in order to obtain
useful results. Query expansion can assist searchers in their query reforinulation stage
by using either automatic or interactive techniques. In interactive query expansion,
automatically derived terms are offered as candidates to the searchers, allowing them
to choose the terms of interest for the query modification purpose.

Different ways have been proposed to extract the most useful and relevant terms
for the purpose of query reformulation. Oue of the major techniques is relevance feed-

back. In the relevance feedback process, searchers evaluate retrieved documnents, and



mark those considered to be relevant. Then features derived from selected documents

are used to modify the initial query. This method places the burden of relevance judg-
ment tasks on the searchers, and might not be desirable from the searchers’ point of
view.

Potential query terms can be also extracted from knowledge structures. In these
approaclies, queries are simply expanded by looking up related terms in the appro-
priate structure. Knowledge structures can be either collection-independent such as
manually constructed thesauruses or ontologies (e.g., Wikipedia and WordNet [87]),
or collection-dependent which are constructed automatically by discovering words
relationships based on corpus analysis. This method is also referred to as global anal-
ysis technique. Different ways have been proposed to construct these structures such
as stemming, clustering, and term co-occurrence. The effectiveness of collection-
dependent knowledge structures highly depends on the corpus structure as it only
works if there are sufficient relevant documents to work with, and also that these
documents contain a reasonable set of terins that represent the subject area for the
queries [10].

In local analysis, instead of the whole corpus, the top-ranked documents retrieved
by the original query are involved in the term extraction process. Similar to global
analysis, different statistical techniques have been used to choose potential terms from
retrieved documents. For example, the frequency of terms used in the initial search
results set has been considered as a good criteria to choose and weight those terms as
useful candidates for query expansion. Xu and Croft [120] compared local and global
analysis using different query sets and corpora, and they found that although global

analysis has some advantages; local analysis is generally more effective. However, it
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should be noted that their effectiveness depends on the quality of the initial query.

Query logs have been also exploited as a valuable source from which expansion
terms can be selected. Many search engines are accumulating a large amount of
query logs daily. These logs typically contain searchers’ IP address, submitted queries,
timestamps, and the URL of the clicked documents. If searchers click on a result item,
it is likely that the document is relevant to the query at least to some degree. Thus,
search logs can indicate documents’ relevancy implicitly. As such, some probabilistic
correlations between query terms and document terms can be established and further
used for selecting expansion terms from documents for similar queries [27, 88].

In interactive query expansion, in addition to choosing the most effective and effi-
cient approach to extract candidate terms, it is necessary to explore different methods
to effectively present these terms to the searcher. However, in current search systems,
extracted candidate terms are often presented in a simple list in which searchers are
just able to select a term of interest in order to add it to the initial query.

There are number of studies focusing on interactive query expansion, and exploring
visual and interactive ways to present the candidate terms to the searcher. For
instance, Joho et al. [66] used cascading menus to visually represent hierarchically
structured expansion terms (see Figure 2.13). These terms are automatically derived
based on co-occurrence of terms from a set of documents retrieved from an original
query.

In VisiQ [59, 60] a knowledge base containing relationships between terms and
concepts has been used to visually represent the relationships between the initial
query and suggested terms. The system first searches the knowledge base to derive

relevant concepts to query terms. Then additional terms that have been used to
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Figure 2.13: A screenshot from the work of Joho et al. [66].

describe these concepts arc extracted. VisiQ) further generates a graph-based visual
representation of these terms and concepts, allowing searchers to quickly understand
how their initial query is related to other concepts and terms. Searchers are able to
add terms to their query by double-clicking on the node representing that term. By
doing so, the visual representation is updated by newly extracted concepts and terms.

WordBars [53, 57], which was also discussed in Section 2.3.5, supports interactive
query refinenient. Using a histogram, whichi contains all the unique words found in
the top search results, the searcher is able identify the potential terms and interpret
their relative frequencies. In addition, the re-sort feature allows searchers to see and
evaluate whetlier the selected term can bridge the gap between the issued query and
their information need. Searchers are able to remove and add terms to the query
from this histogram view.

It has been argued that interactive query expansion can significantly increase re-
trieval effectiveness [82] as it supports recognition of relevant terms instead of requir-

ing searchers to remember them. In addition, these approaches incorporate human
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control and decision making in the process of query reformulation, which is inher-

ently a human activity [53]. However, by providing a static and simple list of terms,
searchers may not be able to make effective decisions [82, 96]. As sucly, it is necessary
to investigate potential visual and interactive methods to let searchers choose effec-
tive termis among the provided alternatives. Interactive query expansion methods

may not be useful where the searcher is unfamiliar with the domain terminology.

2.5 Discussion

In this Chapter, the benefits and advantages of utilizing information visualization to
enharnce human cognitive abilities were discussed. In addition, primary design princi-
ples and guidelines that can assist in effective visualization and interaction design were
explained. Moreover, an overview of the previous approaches that provide citation
visualization, search results organization and visualization, and query representation,
along with their advantages and disadvantages, were provided. The purpose of this
Section is to explain and justify the design decisions made in this thesis in light of
these studies.

As explained in Section 1.2, Bow Tie Academic Search provides visual representa-
tions of available metadata eleinents in library collections. In order to provide effec-
tive metadata visualizations, the guidelines provided by Mackinlay [80] are followed
to represent different types of metadata. In addition, the opponent process theory
of colour [115] as well as Tufte’s suggestions [109] guide the colour encodings in the
system. As well, to represent more important metadata elements, the pre-attentive

processing theory is used to choose those visual attributes that can be pre-attentively
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perceived.

These visual representations are further augmented with interaction methods to let
searchers perform more information retrieval activities. Following the classification
provided by Yi et al. [122], the abstract/elaborate method is provided to enable
searchers to view a more detailed representation of a document. The explore method
is used to let searchers navigate within and examine different subsets of the underlying
collection. This exploration feature is facilitated by the support provided for iterative
filtering of documents. In addition, searchers are provided with the connect method
using which enables them to view a different representation of a document. These
interaction methods are facilitated by simple and easy to learn low-level interaction
mechanisims such as the well-known point-and-click technique [95].

As noted in Section 2.2, a large portion of citation visualization studies provides
citation graphs using node-link diagrams. Even though citation relations can convey
valuable information to the searcher, there are many issues associated with their node-
link representations (as discussed in Section 2.2). To overcome these problems, Bow
Tie Academic Search provides an ahstract visual representation of the citation graph
associated with each document. This visual representation is intended to allow easy
and fast comparison and evaluation of documents based on their citation information.

In addition to the abstract visualization of citation metadata, Bow Tie Academic
Search provides a detailed representation of this information. This representation is
similar to the approach provided by Buttery [81] (see Section 2.2). However, it uses a
2D layout to avoid the problems associated with 3D representations [115]. Moreover,
it includes extra visual and interaction methods to facilitate more search activities

and to alleviate the scalability problem of Buttery.
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Section 2.3 provides an overview of the studies on search results visualization. As

discussed in Section 2.3.2, searchers normally face difficulties using spatially-oriented
visual representations of documents. In addition, as discussed in Sections 2.3.3
and 2.3.4, there are some drawbacks associated with visualization of document col-
lections in search interfaces. Considering the issues associated with such visual repre-
sentations of search results and the advantages of the list augmentation (discussed in
Section 2.3.1) and visualization of auxiliary information (discussed in Section 2.3.5),
these two sets of approaches can be considered as the most effective ones. Hence, in
Bow Tie Academic Search, the list-based format is augmented with the abstract en-
codings of documents’ citation information. Moreover, keyword mctadata associated
with the highly ranked documents is used as auxiliary information and is visually
represented independent of the list.

In Section 2.4, different techniques to visually support query formulation and
reformulation are reviewed. Since there are some issues in extending faceted search
systems to lieterogeneous and large information spaces, candidate terms visualization
is chosen to support visual query refinement. Among the term extraction techniques
(discussed in Section 2.4.2), local analysis has been shown to be more effective as it is
query-oriented. Therefore, Bow Tie Academic Search uses the keyword information
of the top retrieved documents to provide candidate terms to the searcher. These
terins are provided in a visually enhanced list to facilitate an effective decision-making
process. In addition, intuitive interaction mechanisms are added to the terms using

which searchers are able to modify their queries.
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finding the most relevant documents buried deep in the ranked list. Scarchers may
find this shortcoming more problematic in digital libraries as studies on information-
seeking behaviour indicate that library scarchers may emiploy a variety of information-
seeking methods to explore document collections [33, 4].

To address these shortcomings, a library search interface, called Bow Tie Academic
Search, has been designed and developed. This interface provides an augmented list
of search results, wherein the citation metadata of documents are visually provided.
The motivation for this work is based on the value of citation metadata for evaluat-
ing and comparing library documents. In addition, since browsing within citations
is known as one of the most commouly employed information-secking strategies in
library collections [33], searchers are provided with an interactive tool to navigate
within backward and forward citations of documents.

In this Chapter, in addition to the data source features, the visual and interactive
conmiponents of Bow Tie Academic Search that support search results visualization and
navigation are described in detail. Where necessary, illustrative examples are provided
to depict the potential benefits these tools may provide in the retrieval process. In
addition, the implementation details are described. At the end of the chapter, the

potential advantages, issues, and limitations of this approach are discussed.
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this document.

Metadata Description Usage

1D A unique identity among all documents. No

Forward Citation Count The number of forward citations. Yes

Backward Citation Count | The number of backward citations. Yes
The list of documents that have cited this

Forward Citation List Yes
document.

Backward Citation List The list of documents cited by this document. | Yes
The type of this document; for example,

Type No
paper, book, poster, etc.

Year The publication year of this document. Yes

Title The title of this document. Yes
The abstract of this document. When a full
text search term is provided, only a

Abstract contextually relevant portion of the abstract is | Yes
returned. In other cases, only the first 60
words of the abstract is provided.

Author The authorship of current document. Yes

Venue The venue where this document is published. Yes
A list of author-specified keywords of this

Keyword Yes
document.

URL A list of URLs that can be used to download Yes

Table 3.1: Metadata elements that MAS API provides to describe document features.
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searchers distinguish newly cited documents from potentially obsolete ones.

These bow tie representations visually convey citation metadata to the searcher,

and can readily be interpreted with little training. Table 3.2 contains different pos-

sible forms of bow tie representations as well as their corresponding interpretations.

Locating these representations alongside the search results list may provide searchers

with the ability to perceive and interpret this metadata, and then to make judgments

on the suitability of each document to their given retrieval purpose.

Figure 3.2 provides an example of the bow tic representations within a set of

search results. As can be seen, by comparing the widths of bow tie representations,

the third item can be easily identified as a seminal work since it is cited mnany times.

Table 3.2: Based on citation information of a document, different forms of bow tie

representations can be generated, with each bow tie conveying specific characteristics

of the corresponding document.

Backward Citations

Forward Citations

> Many backward citations o\/ j Many forward citations
that cover a long period. that cover a long period.

[ Many backward citations o] Many forward citations
that cover a short period. that cover a short period.

}v A few backward citations q A few forward citations
that cover a long period. that cover a long period.

=0 A few backward citations o= A few forward citations

that cover a short period.

that cover a short period.
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tie visualization of the document citation information is shown in a new page. The
visual and interactive features of the detailed bow tie representations are explained

in the following section.

3.2.3 Document Focus with Detailed Bow Ties
3.2.3.1 Detailed Visualization of Citation Metadata

The detailed representation of the selected document consists of the detailed bow tie
representation of citation metadata and a description of the other metadata elements
associated with the document in a textual format. Two columns containing the lists
of backward and forward citations of the document are also provided (see Figure 3.3).

For designing a detailed visualization of documents, the premise is that the dis-
tribution of citations through different years is an important criterion for evaluating

individual documents. For example, among two documents that have been cited an

.........

Figure 3.3: Detailed representation of the document containing the detailed bow
tie visualization and citation lists, along with the filtering feature, facilitates further

evaluation of individual documents and navigation among citations.
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equal number of times, the one that has the greater number of recent forward cita-
tions may better represent a hot topic. Perceiving this valuable information in textual
format is a difficult task that requires careful consideration and evaluation of each
document in the citation list. Instead, a visual representation of this information is
offered to the searchers, allowing them to evaluate each document in more detail.

In order to visually convey this information to the searcher, the number of back-
ward and forward citations in each year is extracted from the metadata of the doc-
ument and is counted. The height of the bow tie representation of the selected
docunient, which represents the publication period, is subdivided into bars, each rep-
resenting one year in that period. The number of citations published in each year
is mapped to the length of these bars, providing a detailed bow tie representation
(Figure 3.4). In addition, hovering the mouse over a year bar activates a tooltip,
which shows the correspouding year and the number of citations published in that
year. As the human visual system can assess relative length quickly and precisely
[115], searchers are able to understand how citations of a document are distributed
in different years.

In current search interfaces, if searchers want to view backward or forward citation
list of an article, they need to click on a link which shows a new page containing just
the requested list, while the original document is left behind. Providing document
mformation in detail on top of the citation lists enables searchers to navigate through

these hists witliout losing focus on the original document.
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Figure 3.5: The filtering operation allows searchers to navigate within the backward

and forward citation lists.

operation causes the backward or forward citation list to be filtered to only show the
corresponding data. When a filter is requested, the colour of the year bar is changed
as a visual reminder that the filter is in effect (see Figure 3.5). Re-clicking on the
already selected bar deactivates the filter.

Providing this interaction technique promotes searchers’ involvement in the in-
formation retrieval process and facilitates navigation within citations of documents.
It also allows searchers to narrow down the scope of their search to a manageable
set of documents, enabling them to focus on documents of interest. This tool can
be particularly helpful for the documents that have many backward or forward cita-
tions. Although these kinds of documents are often good starting points for finding
other relevant ones, it might be heyond the searchers’ tolerance to search within their

citations without exploration support.
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3.3 Example

In order to illustrate the value and benefits that the bow tie representations and the
detailed bow tie visualization can provide to a searcher, an example is provided here.
This exaniple shows how a searcher can use these tools to evaluate and compare the
scarch results in order to find a potentially relevant document and then explore within
this document’s backward and forward citation lists. These information retrieval
steps are supported by the visualization of the citation metadata associated with
each document.

Suppose a searcher starts with an initial query “content based image retrieval”
with the goal of finding a set of interesting documents in the field. When the searcher
submits the query, the system retrieves the documents, along with their metadata
from MAS API, and then provides an augmented list of search results to the searcher.
Figure 3.6 shows the interface after submitting the query.

By scanning the augmented list, the searcher is able to visually evaluate and com-
pare documents based on their citation metadata as well as the information provided
in the regular list-based representation. The searcher may quickly identify seminal
documents that are being cited over a long period as well as important published
works that have many backward citations. For instance, as can be seen in Figure 3.6,
the searcher can easily realize that the first and the third documents of the page are
relatively old documents that are cited many times. In addition, the fourth docu-
ment’s bow tie representation indicates that this document is providing an extensive
coverage of the previous work with many backward citations covering a long period.

During the search process, the searcher may decide that a particular document is
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Using the detailed bow tie representation, the searcher can observe how the back-
ward citations of the docurnent are distributed in different years and how it is being
cited over the years. By examining this information as well as the detailed metadata
clements provided in a textual format, the searcher may conclude that the clicked
document is relevant and may select it as the first choice.

Moreover, by interpreting the information provided in the detailed bow tie repre-
seutation, the searcher may conclude that the current document is also suitable for
the citation navigation purpose. Therefore, the searcher may decide to explore those
citations published in the similar timeframe to the publication year of the document
of focus to find some other relevant document. As such, the searcher may filter the
backward citations of the document to the most recent ones by selecting the lower bars
in the right side of the detailed bow tie, and filter the forward citations to the oldest
ones by selecting the upper bars of the left side of the detailed bow tie representation

(Figure 3.8).

Figure 3.8: The searcher may filter the citation lists to the documents that are pub-

lished in the similar timefranie to the document of interest.
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Performing these information retrieval steps with the assistance of bow tie repre-

sentations and the detailed bow tie visualization has guided the searcher in compar-
ing and evaluating the search results, inspecting a particular search result in detail,
and performing further exploration of the citation information. Performing similar
activities with current search interfaces would require significant cognitive effort as

searchers have to perform them manually due to the limited support provided.

3.4 Implementation Details

3.4.1 Platform and Web Technologies

Bow Tie Academic Search is a Web-based application developed using JavaServer
Pages (JSP). The system is built on Java Development Kit 1.7, and it is developed
using Eclipse as the integrated developnment environment and Tomcat as the Web
application server.

The visualization and interaction features of Bow Tie Academic Search are de-
veloped by means of JavaScript and CSS. In particular, the methods provided by
D3 [14] and jQuery libraries are used to dynamically access and alter Document Ob-
ject Model (DOM) elements. These visual representations are rendered using Scalable

Vector Graphics (SVQ) as it creates resolution independent graphical representations.

3.4.2 System Architecture

The system architecture of Bow Tie Academic Search consists of five primary compo-

neuts. The meta-search component retrieves documents, along with their metadata




elements, from MAS API. The backward citation analysis component performs calcu-
lation and analysis on the backward citations retrieved by the meta-search component.
The forward citation analysis component analyzes the retrieved sets of forward cita-
tions. The data integration component combines the information provided by these
three components. Finally, the data visualization component generates visual rep-
resentations of these metadata elements. This system architecture is illustrated in
Figure 3.9.

Once a query is submitted by the searcher, the meta-search component retrieves
the first 10 documents (documents of the first page) as well as their metadata elements
from MAS API. For cach of these documents, this component also sends two other
calls containing document’s ID to the API in order to retrieve its backward and
forward citation lists. Then the meta-search component passes backward citation
sets and documents’ year information to the backward citation analysis component.
It also sends forward citation sets as well as publication years to the forward citation
analysis component. In addition, it directly passes documents’ titles, authors, years,
URLs, abstracts, and citation counts to the data integration component.

In order to find the oldest backward citation of each document, the backward
citation analysis component searches into the corresponding list of backward citations.
Then it calculates the period between the document publication year and its oldest
backward citation. When the backward citation sets of all documents are processed,
this component passes a list of the calculated citation metadata to the data integration
component. Meanwhile, the forward citation analysis component finds the most recent
forward citation for each document, calculates the period between the publication

year of this citation and the document publication year, and then passes a list of the
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ment. Then these records are passed to the data visualization component, which uses
the aforementioned Web technologies to generate visual representations of citation
information and to create the augmented list of search results.

Using the augmented list, searchers may request to view another page of search
results. Once a page button is clicked, the current query, along with the requested
page number, is sent to the meta-search component. The meta-search component
then uses this information to retrieve the new set of documents from MAS APL

In addition, when a bow tie representation is clicked by the searcher, using the ID
of the corresponding document, the meta-search component retrieves the document’s
metadata clements in more detail as well as its backward and forward citation lists.
At this point, in addition to the publication period, the citation analysis components
count the number of citations in different years. Then the data integration and data
visualization components perform the sanie processes explained above to provide the
detailed representation of the document. Moreover, when a filter is requested, the
correspouding citation analysis component receives the selected year and filters the

citation set.

3.5 Discussion

In this Chapter, an approach for incorporating search activities of library searchers to
digital library search interfaces was described. In particular, this approach supports
two fundamental activities of citation-hased evaluation and comparison of documents
as well as citation navigation and manipulation by providing visual representations

of citation informmation.
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As noted in Section 2.2, one of the main challenges in creating visualizations
of citation metadata is to overcome the scalability and complexity issues associated
with the current approaches. Bow tie representations compactly and simultaneously
convey backward and forward citation metadata as well as document year information
to the searcher and can represent documents with a large number of citations.

The design of these bow tie representations was guided by the information visual-

ization principles and theories. Mackinlay [80] ranking was used to map quantitative

information to visual representations. According to his ranking, position is the best
visual form to represent quantitative data. However, using position to simultaneously
encode two attributes, results in a 2D spatialization of documents, which requires a
relatively large space. In addition, the spatialization of documents cannot be eas-
ily interpreted by the searcher (as discussed in Section 2.3.2). As such, length, as
the second visual form in the ranking, has been chosen to represent quantitate data
including citation counts and publication periods. According to the pre-attentive

processing theory, length can also be pre-attentively perceived.

Due to space limitations in the bow tie representation, the exact values of citation
counts and publication periods could not be precisely mapped to length. Instead.
binning is used to encode these two values. However, since the citation counts may
cover a wider range of values compared to the publication periods, they are grouped
into larger bins. This difference in binning scales is not expected to be problematic as
they encode differ  t pieces of information. As such, even though searchers may not
be able to quantify exact values, they are still able to interpret the relative differences
of these two features for different documents, which may lead them to an efficient and

cffective preliminary analysis of documents. Even so, there may be issues with the
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scalability of the approach in extreme situations.

Since bow tie representations simultaneously convey a collection of metadata ele-
ments, the use of other visual features such as colour to encode further information
can be overwhehning for the searcher. Therefore, colour is not used as a visual en-
coding mechanism, but is used to only label bow tie representations. Using strong
and bright colours for visual representations has been shown to produce unpleasant
effects [109]. Instead, these bow ties representations are labeled with a relatively soft
colour, while having enough contrast to be easily distinguished from the background.

Given the advantages of the list augmentation approaches to visualize the search
results (as discussed in Section 2.3.1), these bow tie representations are added to
the list-based format. The integration of these two forms of representations allows
searchers to visually compare and evaluate documents based on their citation infor-
mation while they can still benefit from the list advantages of clarity and consistency
in further evaluation of individual documents. Furthermore, searchers may not feel
comfortable using search interfaces that are drastically different from what they nor-
mally use [43]. This approach avoids this problem by keeping the list as the central
component of the interface.

The initial visualization of citation information is an abstract representation of
this metadata element. In order to facilitate detailed evaluation of documents, the
abstract /elaborate interaction method is provided, letting searchers request and view
a more detailed representation of individual documents. This interaction method can
be employed via the simple mechanism of single clicking on the bow tie representation
of a potentially interesting document.

The detailed bow tie representations provide searchers with the opportunity to



evaluate backwar and forward citation sets and to use this information to evalu-

ate the document of focus. The structural similarity between the detailed bow tie
visualization and 1e bow tie representations added to the list is meant to enhance
the learnability of the system. Moreover, the detailed bow tie representation uses a
space filling approach by which the available space is optimally used. Counsidering
the need for compact representations in search interfaces (see Section 2.3), such a
representation can be a better choice in comparison to the alternatives such as a bar
chart.

In addition to revealing citation patterns over the time, the detailed bow tie
representation is augmented with the explore interaction method, supporting flexible
navigation within citations. This exploration support is provided by the metadata-
based filter method that can be iteratively applied by the searcher. Metadata-based
filtering lhias been shown to be an effective way to support exploratory searches [118].
The year metadata has been chosen for classification and filtering purposes as it can
be an importaut criteria in judging the suitability of documents. Moreover, unlike
some other metadata elements, the publication year is consistently available in all of
the metadata standards.

The low-level interaction method used to activate and deactivate filters has been
chosen to be the intuitive and easy-to-perform point-and-click technique. However,
in space-filling ra al layouts, as the number of bars grows, their size decreases. This
limitation may make it hard for searchers to click on year bars and to apply filters
when the citations are distributed over many different years.

In addition, when a filter is requested, the colour of the selected year bar is changed

to let searchers easily perceive which filters are in effect. As the colour of the detailed
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reformulation of more effective queries that better represent searchers’ information

needs. Term suggestion approaches have been studied frequently [19], with the focus
being on the methods to generate and rank the candidate terms. Even though an
important aspect of these approaches is the incorporation of human decision-making
and control in the query reformulation process, less effort has been made to explore
different methods to better present these terms to the searchers. Given that searchers
are not necessarily able to choose effective terms when they are simply presented in
a list [82, 96], sophisticated tools are required to enhance searchers’ abilities to make
better decisions when reformulating their queries [53, 57, 59, 60].

With the aim of promoting human decision-making in the query reformulation
process, Bow Tie Academic Search provides a visual and interactive tool, allowing
searchers to evaluate and compare the suggested terms and to refine their initial
queries. This tool, which also uses MAS API data, consists of a histogram of the most
frequently used keywords in the top search results and a compact visual encoding that
represents document similarities based on the co-use of keywords.

The use of a histogram to support query refinement process was inspired by Word-
Bars [53, 57]; however, here, the histogram is enhanced with visual encodings of ad-
ditional information. Using this enhanced histogram, searchers are able to explore
the search results and refine their queries by adding, removing, or replacing the terms
with the initial query. Once the searcher submits the refined query, an updated
histogram will be generated, facilitating iterative query reformulation, which is a
common activity in exploratory searches [118].

This Chapter provides a detailed explanation of the visual and interactive fea-

tures of the enhanced histogram. An example is provided to illustrate how it can
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support searchers in exploring the search results set and in formulating better queries.

Moreover, an updated version of the system architecture is described. Finally, the

advantages, issues, and limitations of this approach are discussed.

4.2 Approach

4.2.1 Visual Representation of Keyword Metadata

In academic libraries, some terms are often assigned to documents in order to rep-
resent the core concepts of the documents. Representing such keyword information
associated with retrieved documents can support identification of important aspects
of the search results set. As such, a compact visualization of keyword metadata
is offered to the searchers. This visual representation allows searchers to recognize
the most frequent keywords used in the top search results, to perceive their relative
frequencies, and to understand keyword-document relationships.

As the documents are retrieved from the MAS API, the system couuts the key-
words associated with the top 200 documents. The keyword frequencies are visually
represented using a vertically oriented histogram located at the right side of the
search results list, where the size of each bar represents the frequency of the associ-
ated keyword (Figure 4.1). Due to the space limitations, only the first 25 keywords
are displayed in the histogram. This method is similar to the approach provided in
WordBars {53, 57] in the Web search context.

By browsing this information, searchers arc able to understand the general topics

of the retrieved documents. This information along with the keyword frequencies
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the searcher to jump from one document to another in order to further examine its

relevance.

4.2.1.2 Interactive Query Refinement

Further interaction techniques are provided to support interactive query refinement
by allowing searchers to iteratively convert their initial queries to a well-defined one.
Wheun searchers start with a vague and underspecified query, it may be difficult for
them to determine alternative ways to improve the query. Here, the histogram assists
searchers in identifying useful alternative terms.

Providing candidate keywords to the searchers supports recognition of relevant
terms instead of requiring searchers to remember them [53, 57]. Providing the keyword
frequencies offers additional support in the term selection process. In addition, using
the relation grid allows searchers to quickly jump to the documents that are using
a particular keyword, and then to evaluate its relevance to their information need.
Assuming that searchers start with an initial query that is at least somewhat relevant
to their information needs, the enhanced histogram may allow them to find more
accurate descriptions of what they are seeking.

Using the checkbox provided at the left side of each keyword, the searcher is able
to add or remove terms from the current query. The keywords that consist of multiple
terms are added in quotes, allowing searchers to focus on a more specific set of search
results. In addition, the searcher is able to change the focus of the search by single
clicking on any keyword, which replaces the current query with the selected keyword.
After refining the query, searchers can click on the search button to indicate the end

of the query refinement process and to retrieve a new set of search results.
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documents based on their keyword metadata. The searcher may decide to first look

down the document columns in the relation grid to find the documents that have
most of their keywords among the most frequent ones. By employing this method,
the searcher can find potentially relevant documents that may not be identified by
considering their citation information.

Then the searcher may look for the terms of interest in the histogram and may
want to inspect the documents using these terms. For example, the searcher may
recognize “relevance feedback” as a relevant term and may click on the seventh docu-
ment cell to further evaluate it (Figure 4.3). At this point, the searcher may find this
document relevant and may wish to check for the other documents using the same
keyword as this document.

After reviewing the first set of results, the searcher may wish to refine the query
and explore the underlying collection. Considering keyword frequencies as well as the

relevancy of the documents using “relevance feedback” as their keyword, the searcher

-

Figure 4.3: The searcher can use the enhanced histogram to explore the search results

and to Ispect an individual document in more detail.
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designed based on information visualization theories and guidelines. The mapping of
keyword frequencies, as quantitative information, to bar lengths, allows searchers to
accurately and pre-attentively understand and perceive relative keyword frequencies
in the top and potentially prominent retrieved documents [115].

The use of the relation grid instead of a node-link diagram provides searchers
with a compact visual representation of keyword-document relations. In addition,
the relation grid has been shown to outperform node-link diagrams for the purpose
of understanding relations between nodes [40]. The incorporation of the relation
grid into the histogram provides a unified representation of keyword information,
allowing searchers to perceive and understand both keyword frequencies and keyword-
document relationships.

Since the histogram and the relation grid represent two different pieces of informa-
tion, they are labeled with different colours. Guided by the opponent process theory
of colour [115], green is used to highlight cells as the human visual system can easily
separate it from the blue colour used to show the histogram bars. Moreover, the
highlighted cells are tagged with a number, which is the document rank in that page,
to facilitate quick identification of the corresponding documents.

Search results exploration support is provided by the coordination between the
augmented list of search results and the relation grid, allowing searchers to focus on
particular clements of their information needs. This coordination is provided by the
connect interaction method [122], enabling searchers to view a detailed representation
of a potentially interesting document identified in the enhanced histogram. Even
though this exploration support may not be useful for very poor queries, using the

information provided in the enhanced histograin, searchers might be able to evaluate
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whether the retrieved set contains what is being sought.

One of the well-known usability principles is recognition rather than recall, which
aims at minimizing users’ memory load by facilitating recognition of information
rather than requiring users to recall it [89]. Providing a list of frequently used key-
words, promotes this principle and supports searchers in recognition of potentially
relevant topics without the need to remember the terms and topics that are relevant
to their information needs. Moreover, the intuitive interaction mechanisms added
to these terms let searchers “see-and-point” instead of “remember-and-type” when
refining their queries [89].

Even though providing a list of potentially relevant keywords allows recognition of
relevant topics, the overall effectiveness of the query refinement process is impacted
by the searchers’ ability to choose appropriate terms. The extra visual information
of keyword frequencies and keyword-document relationships, along with the knowl-
edge that may be gained through the exploration activities, can help searchers make
informed decisions when choosing terms for the query modification purpose.

However, as these terms are extracted using a local analysis approach (see Section
2.4.2), their quality and usefulness depends on the quality of the initial query and the
retrieved documents. Therefore, the query refinement process may not be effective
when a very poor initial query is provided. However, the lack of relevant terms in the
histogram may inform searchers that the initial query cannot reflect what they are

looking for and needs to be manually refined.
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Chapter 5

User Study

5.1 Purpose

User studies are now an integral part of any user-oriented research field such as
human computer interaction or information visualization [18]. User studies let re-
searchers verify their design choices, confirin or reject hypotheses, and make compar-
isons between different systems [50]. In the last few decades, an increasing number of
interactive information retrieval systems have been developed that enhance the hu-
man element of search systems by promoting searchers’ control in the search process.
Therefore, the incorporation of searchers into the evaluation of search systems has
become an important part of the interactive information retrieval research [70, 15].
Designing and conducting user-centered evaluations of information retrieval sys-
tews is a difficult task due to the complex cognitive steps that normally take place
during the retrieval process. Especially for exploratory search systems that promote

high levels of interaction, searchers miay perform a series of unobservable cognitive

5]



activities that may affect their subsequent interactions and behaviour [70]. The inclu-
sion of all of these parameters within the design of a user study may not be feasible.
Therefore, in most studies, researchers make simplifying assumptions about searchers,
their information needs, and the complex concept of relevance [70].

Despite all these challenges and complexities, it is necessary to understand the
behaviours, experiences, and preferences of searchers engaged in search processes. It
is also necessary to explore the retrieval effectiveness as well as subjective iinpressions
of the specific features of information retrieval systems. As such, to obtain empirical
evidence regarding the potential benefits of Bow Tie Academic Search in comparison
to a baseline system, a user study was conducted in a controlled laboratory setting.

The Web-based interface to MAS provides document snippets when presenting
search results in the list, while MAS API provides document abstracts. Due to this
difference in document representation, the default MAS interface could not be used as
a baseline system. Instead, a list-based interface was developed using MAS API data
and functions. This interface consists of a query box, a list of document surrogates
(including their title, number of forward citations, authors, and an abstract), a link
to the actual document, and a link to a list of forward citations. These features
resemble a typical library search interface, making this interface a reliable baseline
system. Figure 5.1 shows a screenshot of this system after submitting a query.

In order to compare and evaluate documents based on their backward citation
information or to navigate within backward citations, searchers are required to click
on the docwunents’ URL, view documents, and then use the backward citation list
provided in the actual document. To compare and cvaluate documents based on

their forward citation counts, searchers can use the search results list to read forward
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Figure 5.1: Following the general features of a typical library search interface, the

list-based interface is developed as a baseline system.

citation counts provided beside document titles in a textual format. However, in
order to understand other features of forward citation sets or to explore within forward
citations, they are required to click on the hyperlinks associated with forward citation
counts, which loads a new page containing a list-based representation of forward

citations. Query refinement can only be performed manually by the searcher.

5.2 Hypotheses

Based on the observations and knowledge about the two library search interfaces
under study here (i.e., the list-based interface and Bow Tie Academic Search), two
sets of hypotheses were formulated. The first set predicts the impacts of Bow Tie
Academic Search on efficiency, effectiveness, and subjective measures on exploratory
search processes (named as H1), while the second set predicts participants’ subjective

opinions about each of the components of the system (named as H2).
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The first set of hypotheses are as follows:

H1.1: Participants will find relevant documents faster with the list-based inter-
face than with Bow Tie Academic Search.

The list-based interface uses a static and simple list, and provides little interac-
tion and exploration support compared to Bow Tie Academic Search. As such, we
expect that the participants will immediately start working on the task rather than
interacting with the interface and exploring the search results. On the other hand, as
Bow Tie Academic Search provides analysis and exploration support, it is expected
that participants will spend more time perforining their information retrieval tasks.

H1.2: Participants wnll be able to find documents that are more relevant using
Bow Twe Academic Search than using the list-based interface.

As Bow Tie Academic Search provides participants with additional information
about documents, participants will be able to judge a result’s relevancy more effec-
tively by considering multiple features of the documents (e.g., citation inforination,
keyword frequencies, and keyword-document relations). Furthermore, using visual
features to represent metadata supports easier comparison and evaluation of docu-
ments, resulting in a better assessment of search results before completing the search
tasks, and the filtering function may enable participants to find the relevant cita-
tions buried deep in the citation lists that otherwise might remain unnoticed. As
such, it 1s expected that participants will complete their search tasks with a better
set of selected documents using Bow Tie Academic Search than using the list-based
interface.

H1.3: Participants will be able to reformulate their queries more effectively using

Bow Tie Academic Search than using the list-based interface.
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To reformulate queries, the list-based interface provides a simple query box that

requires participants to articulate their information needs based solely on what they
have been able to learn while doing the search. Bow Tie Academic Search, however,
provides query reformulation support via the enhanced histogram, allowing partici-
pants to recognize potentially relevant keywords and inspect documents that use these
keywords when deciding whether to choose them to refine their queries. Consequenntly,
it is expected that Bow Tie Academic Search may positively affect participants’ ability
to refine their queries in comparison to the list-based interface.

H1.4: Participants will report a higher level of confidence in finding relevant
documents using Bow Tie Academic Search than using the list-based interface.

We expect that visualizations of metadata elements, along with exploration and
navigation support provided by Bow Tie Academic Search, will allow searchers to
better evaluate and compare search results during their search process. Thus, it is
expected that participants’ feelings of confidence in finding relevant documents will
be more positive for Bow Tie Academic Search than for the list-based interface.

H1.5: Participants will report that the list-based interface is easier to use than
Bow Tie Acadernic Search.

The list-based interface provides a simple representation of search results and sup-
ports a few basic interaction methods. Therefore, the expectation is that participants
will report more positive impressions of the ease of use of the list-based interface in
comparison to Bow Tie Academic Search, which is a relatively complex interface.

H1.6: Participants will report that Bow Tie Academic Search is more useful for
finding academic documents than the list-based interface.

It is expected that participants will be able to find documents that arc more rele-
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vant using Bow Tie Academic Search than using the list-based interface (hypothesis

H1.2). In addition, the expectation is that participants will be able to construct better
queries using Bow Tie Academic Search than using the list-based interface (hypothe-
sis H1.3). Therefore, it is expected that they will be able to conduct their information
retrieval tasks more effectively with Bow Tie Academic Search, and they will provide
more positive feedback regarding the usefulness of this system in comparison to the
list-based interface.

H1.7: Participants will prefer Bow Tie Academic Search over the list-based in-
terface.

Even though it is expected that participants will be faster using the list-based
interface and will find it easier to use, their enhanced ability in finding a good set
of documents and in crafting better queries, along with their positive impressions of
the usefulness of the system will outweigh these drawbacks. Therefore, it is expected
that participants will prefer Bow Tie Academic Search over the list-based interface.

The following are the second set of hypotheses formulated to predict the perceived
ease of use and perceived usefulness of the specific features of Bow Tie Academic
Scarch:

H2.1: Participants will report that bow tie representations are easy to use.

We expect that the various forms of bow tie representations can readily be in-
terpreted by searchers with little training. In addition, the simple point-and-click
interaction method supported by bow tie representations does not require much ef-
fort to be learned and used. Therefore, it is expected that participants will have a
positive perception of the ease of use of bow tie representations.

H2.2: Participants will report that bow tie representations are useful for finding
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academic documents.

Bow tie representations convey backward and forward citation metadata as well as
document, year information to the searcher. Since citation metadata provides valuable
information for scholarly searches, we expect that participants will provide positive
teedback regarding the usefulness of this component of the system.

H2.3: Participants will report that the detailed bow tie representation s easy to
use.

It is expected that once participants become familiar with the detailed bow tie
visualization and interaction methods, they can interpret the citation information of
individual documents and explore within the citations with little effort. Therefore,
we expect that participants will find the detailed bow tie representations easy to use.

H2.4: Participants will report that the detailed bow tie representation is useful for
finding academic documents.

The detailed bow tie representation allows detailed evaluation of an individual
document, and it simplifies two common library search strategies of backward and
forward chaining. As such, it is expected that participants will have a positive per-
ception of the usefulness of detailed bow tie representatioiis.

H2.5: Participants will report that the enhanced histogram 1s easy to use.

The enhanced histogram uses relatively simple visualization and interaction meth-
ods to encode keyword metadata and to support query refinement activity. Moreover,
it is coordinated with the list of search results. Therefore, we expect that participants
will provide positive feedback regarding its ease of use.

H2.6: Participants will report that the enhanced histogram is useful for finding

academic documents.
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The enhanced histogram allows searchers to recognize the most frequent keywords
used in the top search results, to perceive their relative frequencies, to understand
keyword-docuinent relationships, and to explore within the search results. In ad-
dition, it supports the common search activity of query refinement. Because of all
the information-seeking supports it provides to searchers, we expect the participants’

perception of its usefulness to be positive.

5.3 Methodology

The user study was designed as a within-subject study to facilitate direct comparisons
of the two interfaces (i.e., the list-based interface and Bow Tie Academic Search).
Even though search tasks are not treated as independent variables, they function
as variables due to their learning effects. Therefore, each participant was asked to

perform a different exploratory search task with each interface.

5.3.1 Tasks

In order to successfully evaluate exploratory search interfaces, it is important to spec-
ify well-grounded and realistic exploratory search tasks. Exploratory search tasks
should indicate ambiguity in information need, suggest knowledge acquisition, com-
parison, and discovery, and provide a low level of specificity about the information
and how to find it [73, 74]. They also need to provide enough imaginative context
for participants, allowing them to relate to the situation and apply their knowledge
to it [73]. To evaluate Bow Tie Academic Search, as an exploratory search interface,

the tasks were designed to have these desirable characteristics of exploratory search
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tasks.

In order to ensure that participants have a basic knowledge and experience in
scholarly scarch, a purposeful sampling approach [93] was followed by recruiting par-
ticipants from the computer science and computer engineering graduate student body.
The tasks were designed to ask these graduate students find nmltiple documents for
writing research papers [73, 74]. The following are the two composed exploratory
search tasks, with each task consisting of descriptions of the information needs and
the corresponding initial queries:

Task 1: Imagine you are taking a class called “Information Visualization.” For this
class you need to write a research paper about visualization and interaction techniques
to represent graph layouts. Use the assigned academic library search interface to find
highly relevant research articles as the starting point for your research paper.

inttial query: “graph visualization”

Task 2: Imagine you are taking a class called “Information Organization and
Retrieval.” For this class you need to write a research paper about methods to retrieve
multimedia information. Use the assigned academic library search interface to find
highly relevant research articles as the starting point for your research paper.

initial query: “multimedia retrieval”

These scarch tasks are intended to let us understand whether the new features of
Bow Tie Academic Search are indeed an improvement over the current search inter-
faces. As such, the tasks are followed by four sub-tasks specified to ask participants
use the metadata elements available within the search interfaces (or to manually find

the metadata from within the document if is not provided in the interface):
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1. Find three highly relevant documents in the first set of search results retrieved

by the given query.

2. Using document #n, perform backward chaining and find three highly relevant

documents.

3. Using document #n, perform forward chaining and find three highly relevant

documents.

4. Refine the initial query. Then review the new set of search results and judge

the quality of the refined query.

The documents that were selected for the citation navigation sub-tasks (the second
and the third sub-tasks) were highly relevant documents selected from the first page
of search results. In addition, they had a similar number of forward citations and
backward citations to further control the potential effects of the task complexity on

the results.

5.3.2 Procedure

As the first step of the study, pre-study questionnaires were administered to de-
termine participants’ educational background, their prior experience with scholarly
search, and their scholarly search behaviour. After the completion of pre-study ques-
tionnaires, a brief description of the new features of Bow Tie Academic Search was
provided to ensure that each participant had a preliminary understanding of the

nterface.
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Participants were asked to perform a different exploratory search task with each

interface. In order to alleviate the biasing effects of the task order as well as the
interface order, such as the impact of learning and fatigue, a Graeco-Latin Square
design was used to systematically rotate task and interface variables in the study
(Table 5.1). To control the potential impacts of the participants’ individual differences
on the results of the study, they were assigned to different groups in a round-robin
fashion.

Participants were then asked to follow the sub-tasks and find highly relevant doc-
uments. During each sub-task, participants were asked to verbally indicate the docu-
ments they deemed relevant to the investigator, who was responsible for noting them
in the questionnaire. To avoid the potential learning effects that may be caused by
reading the documents’ content, participants were asked to only consider the docu-
ment surrogates for relevance assessments. However, to perform backward chaining
with the list-based interface, they could use the list of backward citations at the end
of the actual documents since it is not possible to directly perform backward chaining

using niost of the current search interfaces.

Participant Groups | Time 1 | Time 2
Gy L, | LT,
Go LT | LT
Gy LT | LT,
Gy LT, | LT

Table 5.1: Graeco-Latin Square rotation of search tasks and search interfaces.




During each task, efficiency measurements of the overall time to complete the task

and the amount of time to complete each of the sub-tasks were made. At the end of
each task, participants were provided with an in-task questiounaire to measure their
confidence in finding a relevant set of documents, their topical familiarity with the
search task, as well as their perceptions of the quality of the refined query.

Once both tasks were complete, post-study questionnaires designed based on the
guidelines of the Technology Acceptance Model (TAM) [28] were given to the partici-
pants, collecting their subjective opinions of the ease of use and usefulness of the both
interfaces. Moreover, questions were asked regarding the ease of use and usefulness
of the specific features of Bow Tie Academic Search. Finally, the participants were
asked to indicate their preference for a library search interface, and to provide com-
ments about the features of the interfaces and the tasks. Video and audio recording
was used during the study to facilitate further analysis of the participants exhibit-
ing exceptionally successful or unsuccessful performance. This entire procedure took

about 60 minutes for each participant.

5.3.3 Analysis

To compare retrieval efficiencies of the two interfaces, the overall time to complete
the tasks as well as the time to complete each of the sub-tasks were used. Since these
measures are quantitative, they were analyzed via analysis of variance (ANOVA).
The ANOVA results of retrieval efficiency are analyzed and reported independently
for each task.

Another aspect of usability measured in this study is the retrieval effectiveness.
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Siuce measuring the quality of the outcome is a common method to assess the effec-

tiveness of a system [61], retrieval effectiveness is measured based on the quality of
the sub-tasks’ outcomes.

For the first three sub-tasks, the participants were asked to select highly relevant
documents to a specified information need. The quality of the selected documents
are measured based on experts’ judgment of the relevancy of the document to the
specified topic. As the task topics are highly related to the research areas of the
author and her thesis supervisor, the documents selected by the participants were
inspected by them as experts to verify their relevance to the information needs.

Evaluating document surrogates independently, cach expert assigned relevance
scores to the selected docuinents using the four-point relevance scale [103, 50| (see Ta-
ble 5.2). In case of any conflict in these scores, documents were re-evaluated and
discussed to reach an agreement. Documents that were assigned a relevance score of
one or two were considered relevant. This process results in ground truth relevance
scores [50]. To analyze the quality of the selected documents ANOVA is used, and
the results are independently analyzed and reported for each task.

In the query refinement sub-task, the participants were asked to refine their queries

Score | Description

1 This document is relevait.
I would probably click on it.

2 This document is probably relevant.
I would likely click on it.

3 This documnent is probably not relevant.
I might click on it

4 This document 1s not relevant.
I would not elick on it.

Table 5.2: The relevance scores used to rate document surrogates.
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Table 5.3: Features of the participant demographics.

Scholary Searcnes

0 times per week: 0%

1-5 times per week: 33%
6-10 times per week: 25%
11-15 times per week: 25%
15+ times per week: 17%

Use of Forward Citation Metadata

Never: 0%
Seldom: 8%
Sometimes: 42%
Often: 37%
Always: 13%

Use of Backward Citation Metadata

Never: 4%
Seldom: 8%
Sometimes: 29%
Often: 38%
Always: 21%

Use of Keyword Metadata

Never: 8%
Seldom: 17%
Sometimes: 13%
Often: 54%
Always: 8%

Use of Backward and Forward Chaining

Never: 0%
Seldom: 0%
Sometimes: 4%
Often: 67%
Always: 29%

Likelihood of Refining a Query

Never: 0%
Seldom: 0%
Sometimes: 17%
Often: 33%
Always: 50%

Most of the participants reported the use of forward citation, backward citation,
and keyword metadata for evaluating and comparing search results, although there
was some variability in these results. They also reported a frequent use of backward
and forward chaining methods when searching for academic documents. Similarly,
query refinement was reported as a cominon search activity among the participants.
Therefore, according to the discussion on information retrieval behaviour in Section

1.1. it can be assumed that they were representative of the real-world academic library
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using these features, their efficiency may further improve.

5.4.3 Retrieval Effectiveness
5.4.3.1 Selected Documents Quality

Based on the features of the both interfaces, it was hypothesized that participants
will be able to find a better set of documents using Bow Tie Academic Search than
using the list-based interface (hypothesis H1.2). The ability of the participants to
find a good set of documents was evaluated based on the experts assessments of
the documents’ relevancies. The percentage of the relevant documents to the total
selected documents (known as precision within the information retrieval literature) is
provided in Figure 5.5, for different sub-tasks and different interfaces. Except for the
initial selection sub-task, the number of relevant documnents selected using Bow Tie
Academic Search is more than the relevant documents selected using the list-based
interface. However, the results of ANOVA tests indicate that these differences are
statistically significant only for the backward chaining sub-task of Task 1 and the
entire set of documents selected in this task (see Table 5.5).

When performing the initial sub-tasks, most of the participants only considered
the first page of the search results (10 documents) using either the list-based interface
or Bow Tie Academic Search. Given that they were provided with the same set of
documents, the negligible differences in the number of relevant documents selected
in this sub-task can be explained. However, these differences are more considerable
for the citation navigation sub-tasks and even statistically significant in one case

(backward citation sub-task of Task 1). This improvement may be a result of the
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Table 5.6: Statistical analysis (Wilcoxon-Mann-Whitney tests) of the responses for

the perception of the quality of the refined query in comparison to the initial one.

Task |List-based interface vs. Bow Tie Academic Search
Task 1 Z=-329,p<0.001
Task 2 Z=-289 p <0.001

Although the group of the participants that performed Task 2 with Bow Tie Aca-
demic Search reported a lower level of familiarity with this task in comparison to those
that used the list-based interface (see Figure 5.3b), they could still perform better in
the query refinement step. This finding implies that regardless of the searchers’ prior
kinowledge of the search topic, the enhanced histogram can improve searchers’ ability

to better refine their queries.

5.4.4 Confidence

Due to the extra visual and interactive features of Bow Tie Academic Search, the
expectation was that participants will report a higher level of confidence in finding
relevant documents using Bow Tie Academic Search than using the list-based inter-
face (hypothesis H1.4). Using in-task questionnaires, the participants reported their
confidence level in selecting a highly relevant set of documents (Figure 5.7). For both
tasks, the participants expressed a higher degree of confidence using Bow Tie Aca-
demic Search than using the list-based interface. However, the results of Wilcoxon-
Mann-Whitney tests indicate that these differences are not statistically significant
(see Table 5.7).

Even though Bow Tie Academic Search improved this aspect, its superiority over
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Search. They also indicated their perceptions of these measures for the specific com-
ponents of Bow Tie Academic Search, namely bow tie representations, detailed bow
tie representations, and the enhanced histogram. This data was collected through
post-study questionnaires using the TAM instrument. The TAM instrument uses
multiple questions to measure the different aspects of ease of use and usefulness.
In this study, the data collected from these questions was aggregated based on the

purpose of the questions.

5.4.5.1 List-based interface vs. Bow Tie Academic Search

For the perceived case of use, it was expected that participants will report that the list-
based interface is easier to use than Bow Tie Academic Search (hypothesis H1.5). For
the perceived usefulness, however, it was expected that participants will report that
Bow Tic Academic Search is more useful for finding academic docuiments than the list-
based interface (hypothesis H1.6). Figure 5.8 shows the frequency of respounse to the
different statements asked about the perceived ease of use and perceived usefulness.
For both tasks, the participants reported that Bow Tie Academic Search is easier
to use than the list-based interface. As well, they found Bow Tie Academic Search
more useful for retrieving academic docuinents. Wilcoxon-Mann-Whitney tests were
performed using a pair-wise grouping of the interfaces. Statistical significance was
found for both measures and for both tasks (See Table 5.8).

These results indicate the superiority of Bow Tie Academic Scarch over the list-
based interface for the perceived ease of use nicasure. This finding is better than what
was expected prior to the study. The conventional list-based interface i1s designed to

be easy to use. while the Bow Tie Academic Search is a relatively complex interface.
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5.4.5.2 Bow Tie Academic Search Components

In the second set of hypotheses formulated to predict the perceived ease of use and
perceived usefulness of the individual components of Bow Tie Academic Search, it
was hypothesized that participants will find bow tie representations easy to use (hy-
pothesis H2.1). Moreover, it was expected that participants will find bow tie repre-
sentations useful in the document retrieval process (hypothesis H2.2). Similarly, for
the detailed bow tie representation, the expectation was that participants will find it
easy to use (hypothesis H2.3) and useful (hypothesis H2.4) when retrieving academic
documents. The enhanced histogram was also expected to be perceived as an easy to
use (hypothesis H2.5) and useful (hypothesis H2.6) retrieval tool.

The frequency of response to the perceived ease of use and perceived usefulness
of the different components of Bow Tie Academic Search is shown in Figure 5.9. As
can be seen, the participants either “strongly agreed” or “agreed” with the majority
of the statements of the TAM questionnaire. These results are consistent for both
measures and for all of the interface features.

This finding confirms the hypotheses formulated about the ease of use and use-
fulness of bow tie representations (hypotheses H2.1 and H2.2), suggesting that the
participants found the encoded citation information useful for academic scarch. They
were also able to easily understand and perceive this information from the visual
features of bow tie representations.

The results for ease of use and usefulness of the detailed bow tie representation
are also consistent with prior expectations (Lypotheses H2.3 and H2.4). This finding

indicates that providing detailed information of citation metadata as well as citation
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5.4.6 Preference

It was expected that participants will prefer Bow Tie Academic Search over the
list-based interface for retrieving academic documents (hypothesis H1.7). In post-
study questionnaires, the participants were asked to indicate their preference for an
academic library search interface. 22 out of 24 participants indicated that they pre-
fer Bow Tie Academic Search (92%) over the list-based interface for their scholarly
secarches. A Wilcoxon signed rank test proved this measure to be statistically sig-
nificant (Z = —4.89, p < 0.001). This result can clearly coufirm the hypothesis for-
mulated regarding the participants’ preference of Bow Tie Acadeniic Search over the

list-based interface.

5.4.7 Open-ended Questions

At the end of post-study questionnaires, the participants were asked to provide their
commients about the features of the interfaces and the tasks. However, all of the
cominents provided by the participants were about the visual tools of the Bow Tie
Academic Search.

In general, the comments were positive about these tools. For bow representations,
the general consensus was that it is useful and helpful during the retrieval process.
The participants appreciated the unified representation of backward and forward
citation lists and the interactive citation exploration feature of the detailed bow tie
representation. Regarding the citation navigation support, it was mentioned that
“having a quick way to filter based on both citations and references is very helpful.”

The keyword histogram was also mentioned to be very useful in the query refinement
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process by some of the participants. One of these participants particularly liked the
ability of the enhanced histogram “to provide proper terminology related to the body
of work without the searcher explicitly knowing about it or having to search for it.”

While the detailed bow tie representation was appreciated by most of the partici-
pants, a few mentioned that it was difficult for them to select filters due to the small

size of the year bars. These comments suggest the need to provide a method to make

this task easier such as binning the years when citations are distributed over many

different years.

Some of the participants provided suggestions for improvement in the system. It
was noted that adding an undo button that deactivates all the filters at once in the
detailed bow tie representation would be useful. The undo button was also asked
to be added to the enhanced histogram to enable searchers to use their previously
formulated queries. In addition, it was mentioned by a participant that it would
be helpful to separately provide a list of the years that are selected as filters in the

detailed representation of documents.

5.5 Discussion

In this evaluation, a user study was conducted in a controlled laboratory setting to
validate the potential value of Bow Tie Academic Search compared to a baseline
system (the list-based interface). Moreover, the specific design decisions incorporated
in the Bow Tie Academic Search tools were evaluated. This study was designed to
minimize the potential biasing effects by providing two different search tasks and by

varying the order in which the participants were exposed to the tasks and to the
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interfaces.

By providing an imaginative context and ambiguous information needs as well as
asking the participants to find multiple documents in the search tasks, their active
engagenient and exploration during the retrieval process could be ensured. In ad-
dition, to ensure that participants have a basic knowledge to judge the documents’
relevancy, the participants were recruited from computer science and computer engi-
neering students to perform tasks that they might be required to do as part of taking
a graduate course in these disciplines.

For the coniparison between the two interfaces, the usability measures of retrieval
effectiveness (quality of the selected documents and the quality of the refined query)
and retrieval efficiency as well as the subjective measures of confidence, perceived ease
of use and perceived usefulness were made. The analysis of the retrieval efficiency
data provided better results than our prior expectation, indicating that searchers may
not necessarily perform slower with Bow Tie Academic Search although they have
extra features to use. Another interesting finding was about the perceived ease of
use measure. Even though it was expected that participants will find the list-based
interface easier to use, they reported a higler degree of ease of use for Bow Tie
Academic Search.

The results for the quality of the refined query are consistent with what was
expected, as the analysis indicates that the participants were able to refine their
queries more effectively using Bow Tie Academic Search. Similarly, as expected, the
participants reported niore positive perceptions of the usefulness of Bow Tie Academic
Search for retrieval purposes. Another measure for which the results confirim our

expectation is the preference. As an answer to their preference of a library search
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interface, 92% of the participants preferred Bow Tie Academic Search.

The analysis of the quality of the selected documents provided mixed results for
different tasks. Even though the improvement is consistent for the two tasks, the
differences are only statistically significant for the backward chaining sub-task of
Task 1 and the entire set of documents selected in Task 1. Although the tasks were
designed to be similar in terms of complexity, this difference in statistical significance
can be attributed to the potential differences in the tasks and in the retrieved sets of
documents. As such, further study with a more comprehensive set of tasks may reveal
what features of a search task lead to a better performance with Bow Tie Academic
Secarch.

Following each task, the participants were asked to rate their degree of confidence
in sclecting a good set of documents. For both of the tasks, the results of the confi-
dence are slightly skewed more positively for Bow Tie Academic Search compared to
the list-based interface. However, the differences are not statistically significant and
the corresponding hypothesis could not be confirmed.

To evaluate our specific design choices, the perceived ease of use and perceived
usefulness for each of the features of Bow Tie Academic Search were measured. As
expected, when asked to assess these two measures, the participants reported a high
degree of their feelings about the ease of use and usefulness of all of the extra features
of the systeni,

Overall, the results of this user study provide evidence regarding the positive im-
pacts of Bow Tie Academic Search on exploratory search processes, and it supports
the design assumptions incorporated in each of the tools of the system. More im-

portantly, it validates the fundamental assumption regarding the value of metadata
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Chapter 6

Conclusions and Future Work

The main objective of this research has been to promote and incorporate the be-
haviours and exploratory activities of library searchers engaged in research using dig-
ital library search interfaces. In order to accomplish this goal, visual representations
of widely used metadata elements were designed to provide a novel search interface
intended to let searchers intuitively perform common library search strategies. By
utilizing citation metadata, an approach was proposed to enable citation-based eval-
uation and comparison of documents as well as forward and backward citation navi-
gation (Chapter 3). To let searchers subsequently elaborate and refine their queries,
keyword metadata was used to provide a visual and interactive query refinement tool
(Chapter 4). Finally, a user study was conducted to answer the research questions
about the impacts of the proposed tools on the library information retrieval tasks
(Chapter 5). The primary contributions of this research as well as the potential

future directions are outlined in the reminder of this Chapter.
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6.1 Research Contributions

6.1.1 Design of Bow Tie Academic Search

While the Web facilitates fast and direct access to large collections of academic re-
sources, the ways people obtain information from these collections are based on Web
search technologies and interfaces. One of the main contributions of this research
is the design and development of a novel search interface that can support library
exploratory search processes by addressing the fundamental issues of current search
interfaces. This support is provided through the visualization of metadata elements
to enable fast and easy interpretation of document features as well as the incorpo-
ration of metadata-based interactions to enable manipulation and exploration of the
retrieved set.

A fundamental researcli question raised about providing such support was, how
can metadata visualizations and metadata-based interactions be designed to support
interactive search results exploration and interactive query refinement in digital library
search interfaces? To answer this research question, library search behaviour studies
were reviewed to identify what nietadata elements library searchers commonly use and
what search activities they normally perform using these metadata elements. Using
the knowledge drawn from these studies, citation and keyword metadata was chosen
to form the basis of the new interface components. Information visualization and
human-computer interaction principles and guidelines were followed in the design of
visual and interactive representations of these metadata elements, allowing searchers
to iteratively explore the search results set and refine their queries.

Bow tie representations were designed to visually represent citation information
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of each document, providing searchers with the ability to make quick judgments
about the potential importance and relevance of the documents. The detailed bow
tie representations depict the distribution of citations of a docunent over different
years, allowing searchers to visually evaluate an individual document based on the
characteristics of its backward and forward citation sets. The filtering operation of
the detailed bow tie representation lets searchers navigate within the citation sets of
a document, aiding them in employing the common backward and forward chaining
strategies.

The enhanced keyword frequency histogram was designed to provide a visual
overview of the search results, letting searchers evaluate the overall relevance of the
retrieved set, interpret the relevance of each keyword, and perceive document simi-
larities based on the co-use of keywords. Interactive query refinement is supported
through the interaction methods of the histogram by which searchers are able to add,
remove, or replace the suggested keywords with the initial query.

Even though these tools are designed based on information visualization and
human-computer interaction principles and theories, Bow Tie Academic Search is
still one of the many possible designs to represent these metadata elements. In order
to validate the specific design choices that were made, a user study evaluation was
conducted. The main contributions made from the findings of this user study are

explained in the next section.
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6.1.2 User Study Findings

After the design and development of Bow Tie Academic Search, the second research
question emerged as What is the impact of Bow Tie Academic Search on efficiency,
effectiveness and subjective impressions of the search process? In order to answer this
question, a user study was conducted to compare Bow Tie Academic Search with a
list-based interface in a controlled laboratory setting.

The results of this study show that although the participants were expected to
spend more time using Bow Tie Academic Search, they could complete the assigned
tasks in similar times with both interfaces. As discussed in Section 5.4.2, it can be

expected that as searchers become experienced with Bow Tie Academic Search, they

may be able to perform their tasks even faster. In termns of retrieval effectiveness,
the participants were able to find a more relevant set of documents using Bow Tie
Academic Search and these differences are statistically significant for the backward
citation navigation sub-task of Task 1 and the entire set of documents selected in this
task. They also were able to construct more effective queries using Bow Tie Academic
Search than using the list-based interface. Moreover, Bow Tie Academic Search could
positively affect participants’ perceptions of the case of use and usefulness of a search
interface. Furthermore, the participants reported that they prefer Bow Tie Academic
Search for library retrieval tasks over the list-based interface.

As a result of this user evaluation, it can be concluded that Bow Tie Academic
Search is capable of improving retrieval effectiveness without a negative impact on
retrieval efficiency. As well, it can positively affect searchers’ subjective opinions of a

search interface. Overall, these results support the fundamental hypothesis regarding
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the effectiveness of metadata-based visual and interactive tools in exploratory search

processes.

Finally, regarding the subjective opinions of the specific components of the system,
the research question was, What are the searchers’ perceptions of the usefulness and
ease of use of each specific component of Bow Tie Academic Search? By analyzing
the results of the user evaluation, it was concluded that the participants reported a
high level of the ease of use and usefulness for all of the components of the system.

This finding confirms our decisions made in regard of the metadata elements to
be visually represented as well as the metadata-based explorations to be interactively
supported. Moreover, it validates our design choices made in the creation of each of

the Bow Tie Academic Search components.

6.2 Future Work

6.2.1 Further Enrichment of the Proposed Tools

The results of the user study have shown that the participants found Bow Tie Aca-
demic Search and its individual components easy to use, and they did not encounter
any difficultics using them (see Section 5.4.5). This finding indicates that there is an
opportunity to further enhance the Bow Tie Academic Search tools with extra visual
and interactive features in order to support more retrieval activities.

For instance, bow tie representations can be augmented with extra visual cues,
such as small dots in bow tie sides, to show if a document’s backward or forward

citation set includes another document retrieved by the given query. Such a visual
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to the search interface to support this strategic behaviour. Another example of a

frequently used method is “author searching” [5], which can be supported by proving
visual representations of author relations in terms of citation links or co-authorship.
Metadata elements associated with authors such as their h-index or research interest
can also be visualized to support evaluation and comparison of authors, which may

lead to a more effective evaluation and comparison of documents.

6.2.3 Further Evaluations

In this research, Bow Tie Academic Search was evaluated in a controlled laboratory
setting. Laboratory studies allow researchers to control the potential impacts of
the unwanted variables; hence, they can facilitate a more accurate comparison [18].
However, their ability to capture subjective measures is limited to a small set of
participants and a small number of pre-specified tasks. As such, additional evaluation
methods are needed to gain an insight into the potential effects of the system on a
more comprehensive set of measures such as learning, cognitive load, engagement,
and enjoyment, which are the recommended metrics to assess the performance of
exploratory search systems [118]. In addition, further studies against a wider range
of approaches may be of value to better assess the effects of the system.

In this context, field trials may be helpful as the evaluation is based on the real
world tasks. However, for Bow Tie Academic Search, which is particularly designed
to support exploratory tasks, longitudinal evaluations may be more effective as they
measure change over an extended period of time [118, 70]. An appealing alternative

is to follow the structured and systematic approach of the stepped evaluation model
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[55], which includes multiple evaluation methods as well as multiple refinements of

thie system based on the outcome of each evaluation.
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Appendix A

User Study Documentation

This appendix includes the formal approval received from the Interdisciplinary Com-
mittee on Ethics in Human Research (ICEHR) for the user evaluation and the eval-

uation documents.
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ICEHR Number: 20130340-SC

Approval Period: July 20,2012 — July 31, 2013

Funding Source: Supervisor's NSERC funding

Responsible Dr. Orland Hoeber

Faculty: Department of Computer Science

Title of Project: A comparison of list-based and visuul search
interfaces in digital libraries

July 20,2012

Mrs. Taraneh Khazaei
Department of Computer Science
Memorial University of Newfoundland

Dear Mrs. Khazaei:

Thank you for your submission to the Interdisciplinary Committee on Ethics in Human Research
(ICEHR) seeking ethical clearance for the above-named research project.

The Committee has reviewed the proposal and appreciates the care and diligence with which you have
prepared your application. We agree that the proposed project is consistent with the guidelines of the 7ri-
Council Policy Statement on Ethical Conduct for Research Involving Humans (TCPS2).  Full ethics
clearance is granted for oni from the date of this letter.

However, the Committee requires that you make the following clarifications:
a. In the consent form, on data storage specify “a minimum of five years, as per Memorial
University policy on Integrity in Scholarly Research.”
b. [n the recruitment poster: [i] add the ICEHR approval statement; (2] relocate the compensation
information so that it is not at the top of the document; [3] correct typlng and spelling errors.
Please forward the revised documents to Theresa Heath at 1w v /i

If you intend to make changes during the course of the project which may give rise to ethical concerns,
please torward a description of these changes to Theresa Heath at oo oo for the Committee’s
consideration.

The TCPS2 requires that you submit an annual status report on your project to ICEHR, should the
research carry on beyond July 31, 2013. Also, to comply with the TCPS2, please notify us upon
completion of your project.

We wish you success with your research.
Yours sincerely,

2 LAz

Michael Shute, Th.D.
Chair, Interdisciplinary Committee on
Ethics in Human Research
MS/th

copy:  Supervisor — Dr. Orland Hoeber Department of Computer Science, Faculty of Science

Director, Office of Research Services

Office of Research Services, Bruncau Centre for Research & Innovation Page | of |
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Informed Consent Form
Title: A comparison of list-based and visual search interfaces in digital libraries

Researchers:  Taranch Khazaei, Depr. of Computer Science, Memorial University of

Newfoundland; coooni !0 i
Dr. Orland Hoeber, Dept. of Computer Science, Memorial University of
Newfoundland: hoeber@mun.ca

You are invited to take part in a research project entitled “A comparison of list-based and visual
search interfuces in digital libraries”.

This form is part of the process of informed consent. It should give you the basic idea of what
the research is about and what your participation will involve. It also describes your right to
withdraw trom the study at any time. In order to decide whether you wish to participate in this
research study, you should understand enough about its risks and benefits to be able to make an
informed decision. This is the informed consent process. Take time to read this carefully and to
understand the information given to you. Please contact the researcher, Taraneh Khazaei, it you
have any questions about the study or for more information not included here before you
consent.

It is entirely up to you to decide whether to take part in this research. I1f you choose not to take
part in this research or if you decide to withdraw from the research once it has started, there will
be no negative consequences for you, now or in the future.

My name is Taranch Khazaei and | am a graduate student in Computer Science. As part of my
Master’s thesis, 1 am conducting research under the supervision of Dr. Hoeber.

The user study will help in analyzing the value of using visualization techniques in library search
interfaces. The primary objective of the study is to determine the benetits of the specific design
choices used in our proposed search interface in comparison to the traditional list-based search
intertaces.

In this study, you will be asked to complete two information retrieval tasks using two difterent
search interfaces. For each task, you will be given a specified information need and an initial
query to start the search process. Each task consists of four information-seeking sub-tasks in
which you will be asked to identity highly relevant documents for the assigned information need
in the first three sub-tasks, and then refine the query and indicate its quality in the final sub-task.
You will be asked to perform each task with only one of the interfaces.

Three different sets of questionnaires will be administrated in this study. A pre-study
questionnaire will be used to ask about your prior experience with scholarly search and your
educational background. In-study questionnaires, which will be administrated following each
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task, will be used to assess your familiarity with the topic of the search task and to evaluate your
confidence in finding and selecting documents. A post-study questionnaire will be used to
capture your feelings and experiences with using the interfaces.

In a nutshell, you will be required to perform two retrieval tasks, and answer pre-task, in-task,
and post-task questionnaires. These activities will require approximately 60 minutes of your
time, and will be conducted in Earth Sciences Building (ER-2003) at Memorial University.

You can withdraw your participation in this study at any time, and your decision to participate in
this study, and your subsequent involvement in it, will have absolutely no bearing on any other
dealings you have with Mrs, Khazaei or Dr. Hoeber.

You will be compensated $10 for participation in this study, regardless ot your performance or
ability to complete the tasks. Participation in this could be a great experience for you in terms of
studying and observing research methods in practice. This might help you in improving your
own research (at present or in the future).

Knowledge of your identity is not required. You will not be asked to write your name or any
identitying information on the research questionnaires. The video and audio recordings will be
used for analysis purposes and the comments you make relevant to the assigned tasks or to the
use of the interfaces will be transcribed and identified only using a participant [D. The original
raw data will only be accessed by the investigators. All research materials will be held
confidential by the Principal Investigator and kept in a secure on-campus location and on
password-protected computers for a minimum of five years, as per Memorial University policy
on Integrity in Scholarly Research. After this period, the data will be destroyed.

Your activities during the study will be video and audio recorded (over your shoulder, focusing
on the computer screen, keyboard, and mouse) to support post-hoc analysis of the results.

The results of the user study will be used for analysis and discussion in Mrs. Khazaei’s M.Sc.
thesis as well as in conference presentations (2012 International Conference on Knowledge
Managemcnt and Knowledge Technologies) and journal publications (Information Processing &
Management). You are welcome to study the results after they have been published. You can
obtain copies of the results in this study, upon completion, by contacting Dr. Hoeber or myself,
in care of the Department of Computer Science, Memorial University.

You are welcome to ask questions at any time during your participation in this research. If you
would like more information about this study after its completion, please contact: Taraneh
Khazaer at taraneh.khazaei@nmm.ca.

The proposal for this research has been reviewed by the Interdisciplinary Committee on Ethics in
Human Research and found to be in compliance with Memorial University’s ethics policy. If you
have ethical concerns about the research (such as the way you have been treated or your rights as
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a participant), you may contact the Chairperson of the ICEHR at icehionan o or by telephone
at 709-864-2861.

Consent:

Your signature on this form means that:
e You have read the information about the research.

You have been able to ask questions about this study.

You are satisfied with the answers to all your questions.

You understand what the study is about and what you will be doing.

You understand that you are free to withdraw from the study at any time, without having

to give a reason, and that doing so will not affect you now or in the future.

e You understand that should you choose to withdraw from the study, any data collected
from you up to this point will be deleted/destroyed.

If you sign this form, you do not give up your legal rights and do not release the researchers from
their professional responsibilities.

Your signature:
[ have read and understood what this study is about and appreciate the risks and benefits. 1 have
had adequate time to think about this and had the opportunity to ask questions and my questions
have been answered.
[ 1 agree to participate in the research project understanding the risks and contributions of
my participation, that my participation is voluntary, and that 1 may end my participation
at any time.

A copy of this Informed Consent Form has been given to me for my records.

Participant Name (please print legibly):

Signature

Date

Researcher’s Signature:

I have explained this study to the best of my ability. I invited questions and gave answers. [
believe that the participant fully understands what is involved in being in the study, any potential
risks of the study and that he or she has freely chosen to be in the study.

Signature of Principal Investigator Date

[nvestigators:

Mrs. Taraneh Khazaei Dr. Orland Hoeber

M.Sc. Student Assistant Professor

Department of Computer Department of Computer
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A Comparison of List-based and Visual Search Interfaces in Digital Libraries
PRE-STUDY QUESTIONNAIRE

Please answer the following questions in regards to your background. Circle the answer the best

describes you or your opinion.

1. Whatis your area of research?

2. How many times a week do you search for academic documents on the Web (e.g., Google

Scholar, ACM digital library, IEEE Xplore, etc.)?

0 1-5 6-10 11-15 15+
3. How often do you use citation information (such as the number of times that a document is
cited, and/or the year of the publication of the citing documents) to evaluate and compare

search results?

Never Seldom Sometimes Often Always
4. How often do you use reference information (such as the number of references of a document,

and/or the year of the publication of the references) to evaluate and compare search resuits?

Never Seldom Sometimes Often Always
5. How often do you use keyword information of documents to evaluate and compare search

results?

Never Seldom Sometimes Often Always
6. How often do you browse within the citations or references of a document to find other

potential documents?

Never Seldom Sometimes Often Always
7. When the search results do not fulfill your information need, how often do you modify the

original query?

Never Seldom Sometimes Often Always
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A Comparison of List-based and Visual Search Interfaces in Digital Libraries
TASK SCENARIO

Imagine you are taking a class called “Information Visualization”. For this class you need to write a

research paper about visualization and interaction techniques to represent graph layout. Use the

assigned academic library search interface to find highly relevant research articles as the starting points

for your research paper.

Initial query: graph visualization

Please perform the following sub-tasks to complete the task:

1.

Find three highly relevant documents in the first set of search results retrieved by the given
query.

When yau find a relevant document, please indicate its number to the corresponding
investigator who will note it on the form below.

Using document #2, perform backward chaining and find three highly relevant documents.

When you find a relevant document, please indicate its title to the corresponding investigator
who will note it on the form below.

Using document #2, perform forward chaining and find three highly relevant documents.

When you find a relevant document, please indicate its title to the corresponding investigator
who will note it on the form below.

Refine the initial query. Then review the new set of results, and judge the quality of the refined
query in comparison to the initial query.
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A Comparison of List-based and Visual Search Interfaces in Digital Libraries
TASK SCENARIO
Imagine you are taking a class called “Information Organization and Retrieval”, For this class you need to
write a research paper about methods to retrieve multimedia information. Use the assigned academic
library search interface to find highly relevant research articles as the starting points for your research
paper.
Initial query: multimedia retrieval

Please perform the following sub-tasks to complete the task:

1. Find three highly relevant documents in the first set of search results retrieved by the given
query.

When you find a relevant document, please indicate its number to the corresponding
investigator who will note it on the form below.

2. Using document #3, perform backward chaining and find three highly relevant documents.

When you find a relevant document, please indicate its title to the corresponding investigator
who will note it on the form below.

3. Using document #3, perform forward chaining and find three highly relevant documents.

When you find o relevant document, please indicate its title to the corresponding investigator
who will note it on the form below.

4. Refine your initial query. Then review the new set of results, and judge the quality of the refined
query in comparison to the initial query.




A Comparison of List-based and Visual Search Interfaces in Digital Libraries
IN-TASK QUESTIONNAIRE

1. How did you find the quality of the refined query in comparison to the initial query?

Better Same Worse

2. How familiar are you with the topic of the search?

1 2 3 4 5
{Very familiar) {Neutral} {Very unfamiliar}

3. How confident are you in selecting documents for this task?

1 2 3 4 5
{Very confident) (Neutral) {Very unconfident)
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A Comparison of List-based and Visual Search interfaces in Digital Libraries
POST-TASK QUESTIONNAIRE

The following set of questions relate to your experiences using Microsoft Academic Search (MAS) as your interface
for finding academic documents.
INSTRUCTIONS: Please rate how strongly you agree or disagree with each of the following statements by circling
the appropriate number.

strongly | disagree | neutral agree strongly
disagree d agree
1 2 3 4 5 Learning to operate MAS was easy for me.
1 2 3 4 5 | found it easy to get MAS to do what | wanted it
to do.
1 2 3 4 5 My interaction with MAS was clear and
understandable.
MA e flexible to interact with.
1 5 3 4 5 I found MAS to b b t
It was easy for me to become skillful at using
1 2 3 4 5 MAS.
1 2 3 4 5 1 found MAS easy to use.
vewory  -iSAgree | neutral agree strongly
disagree d agree
1 2 3 4 5 Using MAS for retrieving academic documents
enabled me to accomplish this task more quickly.
Using MAS improved my retrieval performance.
1 2 3 4 5 € P v P
i i i | pr tivity.
1 2 3 4 5 Using MAS increased my retrieval productivity.
Using MAS enhanced my effectiveness wiici
1 2 3 4 S o :
retrieving academic documents.
Using MAS made it easier to retrieve academic
1 2 3 4 5 documents.
| found MAS useful for retrieving academic
1 2 3 4 5 documents.
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POST-TASK QUESTIONNAIRE (CONTINUE)

The following set of questions relate to your experiences using Bow Tie Academic Search (BAS} as your interface
for finding academic documents.

INSTRUCTIONS: Please rate how strongly you agree or disagree with each of the following statements by circling
the appropriate number.

strongly | disagree | neutral agree strongly
disagree d agree
1 5 3 a 5 Learning to operate BAS was easy for me.
1 2 3 4 5 I found it easy to get BAS to do what | wanted it
to do.
i i ith BA!
1 2 3 4 S My interaction with BAS was clear and
understandable.
1 ) 3 4 5 1 found BAS to be flexible to interact with.
1 2 3 4 5 It was easy for me to become skillful at using
BAS.
A .
1 3 3 4 5 | found BAS easy to use
strongly | disagree | neutral agree strongly
disagree d agree
1 2 3 4 5 Using BAS for retrieving academic documents
enabled me to accomplish this task more quickly.
1 9 3 4 5 Using BAS improved my retrieval performance.
1 5 3 4 5 Using BAS increased my retrieval productivity.
Using BAS enhanced my effectiveness when
1 2 3 4 5 o N
retrieving academic documents.
Using BAS made it easier to retrieve academic
1 2 3 4 5 documents.
| found BAS useful for retrieving academic
1 2 3 4 5 documents.
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POST-TASK QUESTIONNAIRE (CONTINUE)
The following set of questions relate to your experiences using Bow Tie Representations as one of the
components of Bow Tie Academic Search interface for finding academic documents.
INSTRUCTIONS: Please rate how strongly you agree or disagree with each of the following statements by circling
the appropriate number.

strongly | disagree | neutral agree strongly
disagree d agree
Learning to operate the Bow Tie Representations
1 2 3 4 5 was easy for me.
1 2 3 4 5 | found it easy to get the Bow Tie ‘
Representations to do what | wanted it to do.
My interaction with the Bow Tie Representations
1 2 3 4 5
was clear and understandable.
{ found the Bow Tie Representations to be
1 2 3 4 5 flexible to interact with.
1 2 3 4 5 It was easy for me to become skillful at using the
Bow Tie Representations
1 7 3 4 5 i found the Bow Tie Representations easy to use.
strongly | disagree | neutral agree strongly
disagree d agree
Using the Bow Tie Representations for retrieving
1 2 3 4 5 academic documents enabled me to accomplish
this task more quickly.
1 B 3 4 5 Using the Bow Tie Representations improved my
retrieval performance.
Using the Bow Tie Representations increased my
1 2 3 4 5 . o
retrieval productivity.
Using the Bow Tie Representations enhanced my
1 2 3 4 5 effectiveness when retrieving academic
documents.
Using the Bow Tie Representations made it
1 2 3 4 5 easier to retrieve academic documents.
{ found the Bow Tie Representations useful for
1 2 3 4 5 retrieving academic documents.
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POST-TASK QUESTIONNAIRE {CONTINUE)
The following set of questions relate to your experiences using Detailed Bow Tie Representation as a component
of Bow Tie Academic Search interface for finding academic documents.
INSTRUCTIONS: Please rate how strongly you agree or disagree with each of the following statements by circling
the appropriate number.

strongly | disagree | neutral agree strongly
disagree d agree
Learning to operate the Detailed Bow Tie

1 2 3 4 5 Representation was easy for me.

1 2 3 4 5 | found it easy to get the Detailed Bow Tie
Representation to do what | wanted it to do.

1 2 3 4 5 My interaction with the Detailed Bow Tie
Representation was clear and understandable.
| found the Detailed Bow Tie Representation to

1 2 3 4 5 . ) .
be flexible to interact with.

1 2 3 4 5 It was easy for me to become skillful at using the
Detailed Bow Tie Representation.
| found the Detailed Bow Tie Representation

1 2 3 a 5 easy to use.

strongly | disagree | neutral agree strongly
disagree d agree
Using the Detailed Bow Tie Representation for

1 2 3 4 5 retrieving academic documents enabled me to
accomplish this task more quickly.

] ) 3 " 5 Using the Detailed Bow Tie Representation
improved my retrieval performance.

Using the Detailed Bow Tie Representation

1 2 3 a4 5 . . L.
increased my retrieval productivity.

Using the Detailed Bow Tie Representation

1 2 3 4 5 enhanced my effectiveness when retrieving
academic documents.

Using the Detailed Bow Tie Representation made

1 2 3 4 5 it easier to retrieve academic documents.
| found the Detailed Bow Tie Representation

1 2 3 4 5 useful for retrieving academic documents.
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POST-TASK QUESTIONNAIRE (CONTINUE)
The following set of questions relate to your experiences using Enhanced Histogram as a component of Bow Tie
Academic Search interface for finding academic documents.
INSTRUCTIONS: Please rate how strongly you agree or disagree with each of the following statements by circling
the appropriate number.

strongly | w...greée | neutral agree strongly
disagree d agree
Learning to operate the Enhanced Histogram was
1 2 3 4 5 easy for me.
1 2 3 4 5 | found it easy to ggt the Enhanced Histogram to
do what | wanted it to do.
My interaction with the Enhanced Histogram was
1 2 3 4 S
clear and understandable.
| found the Enhanced Histogram to be flexible to
1 2 3 4 5 interact with.
It was easy for me to become skillful at using the
1 2 3 4 5 .
Enhanced Histogram.
] 2 3 4 5 | found the Enhanced Histogram easy to use.
strongly | disagree | neutral agree strongly
disagree d agree
Using the Enhanced Histogram for retrieving
1 2 3 4 5 academic documents enabled me to accomplish
this task more quickly.
1 2 3 4 5 Using the Enhanced Histogram improved my
retrieval performance.
Using the Enhanced Histogram increased my
1 2 3 4 5 . L
retrieval productivity.
Using the Enhanced Histogram enhanced my
1 2 3 4 5 effectiveness when retrieving academic
documents.
Using the Enhanced Histogram made it easier to
1 2 3 4 5 retrieve academic documents.
| found the Enhanced Histogram useful for
1 2 3 4 5 retrieving academic documents.

128




POST-TASK QUESTIONNAIRE (CONTINUE)
Please rank your library search interface preference {order from 1 to 2):

Microsoft Academic Search
Bow Tie Academic Search

Please make any other comments about the library search interfaces and/or the search tasks.
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