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Abstract. As the amount of available information continues to expand, tradi-
tional text-based searches for digital libraries and similar systems become in-
creasingly cumbersome to the user. Selection of the best result calls upon the
user to compare and contrast top results; this can involve investigative reading
of each, to determine what quality and amount of the desired topic is present in
each. This paper presents an alternative search strategy, utilizing visualization
to relate detailed content information obtained through indexes. By providing
such information in a visual manner, the aim is to reduce the burden of investi-
gation placed upon in present systems.

1 Introduction

The proliferation of computing technology and the advance of the Internet has greatly
changed the way in which people obtain information. In these days, a person can
access to the information which is more than we can handle without the limitation of
time and location. The amount of available data grows ever rapidly, but the ability for
a user to find their desired information has progressed with less vigor. This is particu-
larly true of highly concentrated sources of a broad array of information, such as doc-
uments on the Internet and Digital Libraries.

The current library system provides several attributes associated with books as a
response to the users’ inquiry. The search results include book title, author, publica-
tion year, ISBN number, thickness, etc. However, there is often a large expectation
left on the user’s ability to read through the results. Furthermore, the text-based ap-
proach is non-intuitive and inefficient for finding suitable information through com-
parison of many possible search results [1]. While ranked search results may assist
the user in this endeavor, there is still a reliance on the user investigating the top re-
sults individually [2, 3]. This will only become more problematic as the information
domain they are applied to continues to grow larger and more complex.

Information visualization is an effective tool that can present a large amount of
data compactly, but intuitively for easy comparison. By exploiting users’ perceptual
cognition, studies have shown that the graphical illustration of data has contributed in
improving the users’ understanding and reviewing speeds [2, 4, 5]. Borner and Chen
explained that there are three common usage requirements for visual interfaces to
Digital Libraries: First, to support the identification of the composition of retrieval
result; second, to understand the interrelation of retrieved documents to one another,
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and last, to refine a search, to gain an overview of the coverage of a Digital Library
(DL) and to facilitate browsing and to visualize user interaction data in relation to
available documents in order to evaluate and improve DL usage [6].

When using physical books, people tend to view multiple at once; to better com-
pare and review information across multiple sources, and to have a better overall
understanding of the domain. In their study, Good et al, identify this to be a major
weakness in current DL displays [1]. To address related issues, researchers have con-
ducted studies applying visualization techniques for book searches and presenting
various forms of search results [7, 8].

The Graphical Interface for Digital Libraries (GRIDL) is a system that displays a
hierarchical cluster of the relevant data to a query on two-dimensional display [9].
This system uses a two-dimensional coordinate, the axes of which are selectable from
a variety of different attributes. Results were displayed within each cell as a collection
of different size icons, color coded by document type. Marks and his colleagues pre-
sent a similar approach, based on scatter plots, known as ActiveGraph [10]. Because
this approach results in much more node clustering and overlap, a logarithmic trans-
formation is provided, along with the ability to filter out user specified documents.
ActiveGraph also provides the ability to specify shape, color, and size of nodes repre-
senting documents. By allowing users to manipulate the manner in which data is
displayed, these visualizations provided a strong ability to reveal patterns within the
data that may not typically be apparent.

These studies mainly focused on aiding the user in comparing the search results ef-
fectively by presenting book properties through various visual attributes; but they
don’t express in detail the amount of content related to user interest. Lin proposed a
graphical table of contents (GTOC) that showed the dimension of items in the table of
contents based on Kohonen’s self organizing feature map algorithm [11]. The paper
introduces how documents can be organized and then visualized to allow the user
easy access of underlying contents. The GTOC prototype describes various interac-
tive tools to assist the user exploring document contents and analyzing relationships
among terms in the table of contents.

The main goal of the research presented in this paper is the development of visuali-
zation techniques that will make the user’s book search effective by exploiting the
book index.

2 Methods

The Visualized Index-Based Search (VIBS) system utilizes an Overview + Detail
approach for presenting book search results. This is a visualization technique that uses
multiple images to display the entire data space, as well as show an up-close, detailed
view of the data [12]. Similar to traditional library searches, the overview will present
outline of the book search results through graphical illustration. The user interactively
selects a subset of visualized icons that will allow them to execute content level ex-
ploration. When a user provides search terms of interests, the Detail view presents a
rich visualization of the assets of the given query in a book index with other related
information. The resulting visualization supports the user for intuitive comparing and
contrasting the selections in greater detail.
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2.1 Overview Visualization

The Overview allows the user to perform a general search on the data space, similar
to traditional library tools. The current prototype utilizes a title based search, although
a more robust implementation would make use of additional categorization provided
by the environment. To address the inefficiency of space utilization of text-based
book search application, VIBS presents the results using a grid based layout. The X
and Y axis represent individual book attributes, including author, publication year,
number of pages, and review details. These are freely changed via drop-down selec-
tion boxes; providing greater control over the result display and assisting with user
understanding [9]. Book nodes are located accordingly.
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Fig. 1. Overview display (left). Close-up of Overview with tool-tip (right).

Total page count defines the radius of the corresponding circular icon. The books
are classified into N categories depending on the number of pages, where each group is
mapped to a predefined radius. Within the same category, the radius is linearly interpo-
lated according to the page count of the item. By properly utilizing non-liner and linear
transformation, the VIBS can display variable sizes of book volume on the limited
screen space while still delivering its magnitude. Through the visual illustration of
book dimension, the users can intuitively estimate the amount of content available.

VIBS uses the RGB color model to deliver other attributes to the user. As part of
this, the Overview employs collaborative filtering to relate the perceived user value of
each result. Collaborative filtering is a type of content-based filtering which utilizes
the opinions of users who have already evaluated the quality of information [13]. This
is done by collecting user reviews and their fidelity, typically found on most book
merchant web-sites. The user’s satisfaction with a book corresponds to the green color
component of the circular node. The average review score a book receives is mapped

to the green intensity, as shown by equation 1, where CiG is the green intensity asso-
ciated with a book i, E;“ is the average user rating of book i, I, is the brightest hard-

ware intensity of green, and E n(fax is the highest available user rating.

c; = (Ei ’ Imax)/Eriax )
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The accuracy of collaborative filtering is highly dependent on the number of evalua-
tors. Because of this, the user rating of a book can be unreliable if the number of indi-
vidual reviews is relatively low [14]. To deliver the fidelity of user ratings of the book,
the Overview utilizes the blue color component to represent the number of unique
evaluators who rated the book. The red color components relates the publication year,
as more recent works are likely to hold more up to date information. These two colors
are treated similarly to equation 1. The three color components are blended together to
form a color ; which is the final color of the circular node. The end result is that
books with high ratings, a large reviewer base, and more recent publication will have a
prominent color closer to white. To assist the user, mouse-over tooltips are employed
to relate the color data individually along with the title and author (figure 1).

2.2 Detailed Visualization

The Overview interface assists the user to compare attributes associated with books.
Meanwhile the Detail visualization focuses on showing the amount of searched con-
tents of selected books through a graphical illustration. The VIBS system utilizes the
book index to present the amounts of related contents, search terms distribution, and
associated sub-terms to search terms in the index pages.

When a user enters a search term of which information they are looking for, the
Detail view displays the corresponding data using a radial tree structure. In the dis-
play, terms are represented as circles with the center representing the given search
term and sub-terms are displayed as nodes branched off of the center circle (Figure 2).
With the similar way used in Overview visualization, the VIBS system makes use of
multiple attributes in relaying a range of information that will assists the user’s find-
ing a book of their interest.
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Fig. 2. Detail view showing (left) diagram with expanded sub-term and an overflow node, and
(right) context highlighting of text list and bar display
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The total number of pages associated with a term in the index could be considered
to have strong correlation to the amount of information provided by the work on that
subject. In the Detail view, this important measure is naturally mapped to the radius
of the term icons. This is a cumulative page total of the node’s associated term, and
all of the term’s subordinates within the index. This graphical illustration allows the
user to gain a general understanding of how different book results compare, without
having to compare each level of sub-terms in detail.

The VIBS system applies color-coding to the terms as a visual abstraction occur-
rences and concentration associated with that item. This is intended to provide the
user with an understanding of the comparative value of the different entries being
displayed. The green intensity represents the total number of occurrence of the term
throughout the index. A larger number of occurrences could be indicative of the term
having broader, or perhaps more complex coverage within the book. The system ap-
plies normalization to the occurrence of all terms in the index that results in the node
with the highest occurrence having the brightest green intensity, and the node with the
least having the darkest.

Blue represents the concentration of sub-terms appearance within the book. A term
which appears in two books with the same number of pages allocated by both indexes
may not necessarily indicate equal coverage on the topic. If one index were to have
the term listed as a single contiguous section of pages while the other had each page
listed independently, the former would be considered to likely have a more meaning-
ful coverage of that term. The ratio of page continuity to all pages containing a sub-
term determines the blue intensity of color-code by equation 2, where C?” is the blue

intensity for sub-term i, i, P,.C is the number of individual page ranges for i, T; is the

total number of pages for the term i, and 7,,,, is the brightest intensity of blue possible
on the machine. This gives terms with more concentrated information a stronger
representation in the visualization.

Cl=(1-(Zhppf 1T))* L 2

Displaying the relationship between search term and its sub-terms is valuable infor-
mation for content search. A sub-term which has page allocation close to the search
term will likely have a stronger correlation than one which is on the opposite end of
the book. This relationship is presented by the distance between the parent and sub
nodes within the visualization. The magnitude of the distance is average distance
between the search term and child page occurrences, normalized across all terms
displayed. This is computed with equation 3 where D; is a normalized distance be-

tween the root node and sub-node j, P_,»k is the page number contains sub-term j, Rooti
is the mean page number having the root word i, and NORM and ABS are a normal-
ize and absolute function respectively.

D; = ABS(NORM( Y}_( P%— Rooti) / N)) 3)

Sub-terms with a larger number of associated pages are deemed more important, and
are subsequently given display priority. These children nodes are arranged around the
parent top to bottom in decreasing value, ensuring the user can readily identify which
items are potentially more valuable for the particular work being displayed. In the
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event that the space around the parent node can’t accommodate any additional terms,
the remaining un-drawn entities are collected in a single node, indicated via a red
outline. As higher priority terms are drawn first, only lower value items will be pre-
sent within this ‘overflow’ node. A user can still investigate these items by expanding
the node.

Space is also preserved by displaying only the first level of sub-terms around the
root as these are considered higher value than subsequent child nodes. Terms with
hidden children are indicated by a jagged, dashed outline. When the users want to
explore deeper into the index hierarchy, they can freely expand these elements by
clicking on them; clicking the root will expand all such nodes. When a node is ex-
panded, it is drawn further away from the parent in order to avoid overlapping. To
maintain the information originally relayed by the branch length, a marker is drawn to
indicate the original length.

The Detail view interface supports additional tools to assist the user. This is in the
form of an information panel that updates based upon the user mouse activity with the
display. By hovering over a node, an information panel will appear, highlight the term
in a text list. A histogram reflecting the value of the number of occurrences, and page
range ratio is also shown. This will support the user in keeping track of what different
topics are available in the different books, while also relating more specific informa-
tion for the different attributes.

3 Experiment

To investigate the effectiveness of the VIBS system as a search supporting tool, we
conducted survey-based usability tests that collected users’ opinion to the VIBS over
traditional text-based search systems. For the experiments, two testing applications
were implemented using Java. A text-based application was constructed simulating
the conventional library book search system. The second was implemented as ex-
plained in Section 2.

Seventeen students majoring in computer science participated in the experimental
sessions. Participants had no problems in color perception, were comfortable using a
mouse-driven GUI application, and had no previous exposure to VIBS. Sessions were
held in groups of three to five, and started with a brief orientation. This orientation
presented the functionality provided by both systems along with an explanation of the
visualization. Each participant was then given time to investigate the systems until
they were comfortable using it.

Next, the testers were asked to search books by using the text and visualization
based approaches independently. Both applications show the overall view first either
text-based or graphically forms respectively. From the overall view each student se-
lected desirable books by comparing their different properties while utilizing the in-
teractive functionality of the system. The selection of books from the overall view
leads the user to the detail view, where participants are able to perform searches on
the indexes. From this view, participants can analyze the index-level information
related to their queries which will assist them to understand better about the underly-
ing contents; eventually the better chance to find books has more useful or related
information.
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Participants were then asked to fill out a post experimental survey. The survey was
designed to determine user satisfaction about the proposed visualization over a tradi-
tional text-based approach. Comments and suggestions on how the visualization can
be practically deployed to fill such a role in the future were also collected.

3.1 Survey Results

The questionnaire has 14 questions which utilize a 5 point Likert scale; 5 indicating
the highest level of satisfaction, and 1 the lowest. Table 1 below shows the survey
results that summarizes the user’s feedback to VIBS over a text-based library search
system. 16 out of 17 participants stated that they had previous experiences using text-
based book search system. Overall users were satisfied with both the overall and de-
tailed view of the proposed system. Although it was expressed in their comments
indicating unfamiliarity of visualization system over the current text-based interface,
53% of participants stated that they are more satisfied using VIBS than a text-based
approach, 35% of the participants had a neutral stance, 12% of participants still prefer
to use text-based book search interface. 82% of participants responded that the over-
view visualization improved their ability to identify desirable book. For questions
specifically associated with the overall view, determining the overall concentration of
information for individual books, as well as comparing multiple books to decide
which is most appropriate, was considered a strong benefit provided by the prototype.
Participants strongly agreed that presenting a visual abstract of book attributes was
meaningful for their search activities. They also expressed that the grid-based layout
assisted them in comparing multiple books and the selectable axes were very helpful
and assisted them in identifying desirable results.

Table 1. Post experiment survey results as percentages

Questions Pos | Neut | Neg
VIBS overall was preferable to a text-based search 53 35 12
The Overview improved identification of desirable books 82 6 12
The choice of visualized attributes provided a meaningful 76 13 6
search environment.
Use of the selectable axis facilitated a better understanding

71 24 5

of a set of books.
The Overview helped in selecting a subset of books. 65 29 6
It was easy to discern book attributes based on node color 53 18 29
The Detailed view was preferable to a text approach 65 24 11
The radial layout of the Detail view was intuitive 65 18 17
The Detail view made concentrations of information easy to
. . 76 24 0
identify
It was easy to discern term attributes based on node color 47 24 29
The detail view made relevant book selection easier 88 12 0
The relation between a term and it’s child was clear 65 35 0
The Detail view helped identify terms related to the search 94 6 0
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The participants also replied positively to utilizing visualization for presenting in-
dex information of books. 65% of participants satisfied using the visual interface for
presenting book contents, meanwhile 11% of users prefer to explore book indexes in
text. Users responded optimistically to questions asking the effectiveness of radial
tree visualization that displays hierarchies of index terms and its magnitude. Espe-
cially participants strongly agreed on two facts that the detailed visualization helped
them to choose books with more relevant information and to understand other term
related with the search term to 88% and 94% respectively. Meanwhile in both views,
the primary recommendation provided by users was to make the color blending of the
visualization more intuitive. The post-experiment interview showed that this stems
primarily from the fact that some users were unfamiliar with the RBG color blending
scheme, having had little contact with it in their daily lives.

4 Conclusion and Future Work

Overall, feedback was positive toward the VIBS system. The testers found it to be an
interesting and robust alternative to more traditional search methodologies. While
there were users that still held preference toward a traditional text-based approach,
several brought up the topic of familiarity. Although these types of searches have the
weaknesses outlined earlier, they benefit in wide-spread usage and familiarity among
users. Even though the testers had limited exposure to the VIBS system prior to the
experiment; that more than half would prefer it over a traditional text-based search is
very promising.

Taking a closer look, the Overview was well liked by most users. Similar com-
ments were made regarding familiarity about this display; the chart-like layout was
also readily understood, and was an aspect of the view that users felt improved their
understanding of the data. The interaction provided through the selectable axes as-
sisted in this, as users appreciated the ability to tailor the display closer to the charac-
teristics more relevant to his or her interest.

Although the Detail view lacked the familiarity present in the Overview, partici-
pants still responded favorably. The ability to compare multiple sources at once in
detail was an aspect of the system users were very appreciative of. One important
point in particular is the high percentage of users that found this view greatly en-
hanced the identification of other important terms related to the original query. This
exploratory aspect of the system is important, in that it can lead users to more appro-
priate terminology to refine the search. Additionally, it could expose users to other
concepts contained within each work that, while not to original goal, could be some-
thing which would sway the user to placing more value in one result over another.

The primary issue highlighted by the experiment is user difficulty with interpreting
the color codes of both views. Although around half in both instances were comfort-
able with this aspect of the system, around 30% had trouble with it. The post-
experiment interviews provided two main causes for the diverging opinions. First, the
RBG color model was not familiar to some. These users cited heavy exposure to the
RBY model as being a source of confusion when interpreting the displays. The in-
creased unfamiliarity left those individuals feeling more comfortable using a text-
based search.
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The other difficulty reported by users was in determining the relative value of one
result with another. This could be, in part, a result of the human eye being more sen-
sitive to some colors rather than others. For example, green-yellow colors have the
strongest reception, which could mislead a user into considering a result with this
color to have more overall value than another when that may not be the case [15].
Researching and examining alternate color models will be one of the challenging task
for future work on the VIBS system.

The other area for future work is with regard to content analysis. As books and
similar works move toward electronic rather than traditional hard-copy formats, the
use of indexes in the traditional sense may become obsolete. For VIBS to be viable in
such a scenario, full content analysis would be an alternative for classifying informa-
tion. Instead of relying upon pre-existing documentation of content, the system could
examine the work in full, determining such items as key words and topics, along with
their frequency.

In a similar vein, the inclusion of a thesaurus-like aspect would also be a poten-
tially valuable addition. The current Detail view arranges sub-terms solely by content
size, a redundant expression to the size of the nodes. Instead, sub-terms could be
grouped according to similarity, which would serve to strengthen the exploratory
aspect of the system, and improve the user’s experience.

By working toward the solutions and ideas presented here, continued work on the
VIBS system will be better able to address some of the difficulties presented through
the experiments. This will also serve to improve upon its strengths, and allow for a
more comprehensive alternative to more traditional text-based search methodologies.
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