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Abstract

In this thesis “A Dynamic Approach for Visualizing and Exploring Concept Hierar-
chies in Textbooks”, we developed a visualization technique to explore and visualize
concept hierarchies generated from textbooks. We adopted the human-centered de-
sign process to create an interactive tool designed specifically to visualize concept
hierarchies that contain text spans.

Through a human-centered design process, we developed a tool that allows users to
effectively navigate through and explore complex hierarchical concepts in three kinds
of traversal techniques, such as Top-Down, Middle-Out, and Bottom-Up. The design
of this tool is refined following various steps such as gathering user needs, pain points
of existing visualization, prototyping, testing, and refining. The resulting interface
offers users several key features such as dynamic search and filter, explorable concept
nodes, and a preview of leaf nodes at every stage. This is designed to accommodate
various search and exploration styles in mind.

This thesis focuses primarily on the visualization part of a bigger system which uses
natural language processing algorithms for extraction and creation of concept hier-
archies. These concept hierarchies are then visualized in a comprehensible manner.

A high-fidelity prototype was created to test our theory and design. In order to test
our concept, we employed a mixed evaluation technique that involved the System
Usability Scale (SUS), a task-based user survey, and mouse tracking. We used SUS
as a way to measure the prototype’s usability, a task-based survey to asses the
tool’s ability in assisting users in gathering information and interacting with the
prototype, and finally mouse tracking to understand user interaction patterns along
with this the gathered audio and video footage of users when participating in the
study. This footage also helped us in getting feedback when the data collected from
the survey needs further information. The data collected from all these metrics
provided valuable insights to set the directions for extending this work and refining
the technique.
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1. Introduction

Nowadays people can gather almost any information from the internet. However,
there are some areas where people rely on textbooks, journals, and other forms
of documents for research. Textbooks are still considered the primary source of
information for many people to acquire knowledge. There have been advancements
in technology that have changed the way people read these textbooks. Readers
of such growing textbook collections face a number of problems when comparing
and connecting various parts of information in textbooks and similar areas such as
difficulty in understanding the big picture, difficulty in memorization, inconsistency
between one book and another, difficulty in identifying key concepts, and the overall
time-consuming process to find information when they would like to refer a point or
concept quickly. particularly in domains like law or medicine where it is necessary
for a domain expert needs to know which textbook or version of the textbook to
refer to for a specific purpose and this adds to the complexity.

To this end, advancements in the field of Natural Language Processing (NLP) can
help overcome this problem. With NLP techniques it has become easier to identify
key concepts in documents and their relationships with one another, creating a big
picture. This information can be further organized in the form of hierarchical graphs
which are referred to as “Concept Hierarchies”. There has been a lot of research
going on in generating these hierarchies and visualizing them. Given that, concept
hierarchies are being used for a variety of purposes. It is difficult to use the standard
visualization techniques to explore and visualize concept hierarchies in the use case
of textbooks. Hence, there is a need to identify the visualizations that are most
suited for the problem and to come up with a new visualization that is suitable. In
this chapter, we also widen our understanding of concept hierarchies in general, how
they are visualized, problems in visualizing the concept hierarchies, and finally how
they are generated.

1.1 Concept Hierarchies

Concept hierarchies are a structured representation of information (concepts) and
their relationships in a tree format is referred to as concept hierarchy [BBH98].
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These concept hierarchies are commonly used in areas such as artificial intelligence,
informatics, and linguistics for the purpose of retrieving information or for providing
a common vocabulary.

When the anatomy of a concept hierarchy is to be discussed, it mainly consists
of concepts and the relationships between them. In this thesis, the concepts are
considered as the units of meaning, and the relationship between these units is
considered as the connections. The relationships between concepts are of two major
types:

• Hierarchical relationship in which one concept exists either as a subtype or
supertype of another concept, example: A textbook can be considered as an
example where the name of the book is at the highest level(root/supertype)
which is further divided into parts/units(subtype) and each part is further
subdivided into chapters (sub sub type) until the desired granular level such
as sentences/references(leaf node).In this type of concept hierarchies, the re-
lationships are often denoted as “is-a/part-of”( chapter 2 is “part of” unit1)

• Non-Hierarchical relationship in which one concept is related to another con-
cept but not in a hierarchical way example: a social network can be considered
as a non-hierarchical concept hierarchy, If we consider each user as a node then
they are connected to other users by a relationship(interaction) but not in a
hierarchical structure.

WordNet [Mil95] is a well-known concept hierarchy, developed by George A. Miller
and his team in the 1980s - the 1990s at Princeton University. It organizes words
into synsets (sets of synonyms) into a hierarchy based on their meanings. Cyc ontol-
ogy [EG93] developed by Cycorp is a large general-purpose ontology that contains
hierarchies covering various domains.

These days concept hierarchies are used in areas like natural language processing,
information retrieval, knowledge management, and the semantic web. They are
also used to represent knowledge in domains such as biology, engineering, and so-
cial sciences. These concept hierarchies can be generated automatically. various
techniques such as hierarchical clustering, and decision trees can be used to gen-
erate a tree-like structure of concepts based on their similarities or dissimilarities,
or occurrences. However, these structures can often become complex when dealing
with large amounts of data which makes it difficult for users to understand or inter-
pret the patterns or relationships in the data, a good visual representation of these
hierarchies can help users with that problem.

1.2 Common Visualizations of Concept Hierarchies

Another important phase after generating concept hierarchies is to visualize them for
others to understand the structure and the relationships between the concepts. Over
time, many visualizations have been introduced to represent concept hierarchies in a
way that is understandable and intuitive for humans to interact with them. However,
each of these visualizations has its own strengths and weaknesses.
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The most common way of visualizing concept hierarchies is by using Tree Maps,
Treemaps/ Tree diagrams are a common way to visualize concept hierarchies. They
show the hierarchical structure of the concepts, with the most general concepts
at the top and the most specific concepts at the bottom, Tree diagrams can be
used to represent any type of hierarchical relationship, including is-a and part-of
relationships [JS98].

Concept maps developed by Joseph Novak [NGK84] are another way to visualize
concept hierarchies. They use labeled arrows to show the relationships between con-
cepts. Concept maps are particularly useful for representing complex relationships
and for showing the connections between different concepts [NGK84].

Mind maps, developed by Tony Buzan [BB06], can also be used to visualize concept
hierarchies. They use a central idea or concept, with branches radiating out to show
the relationships between related concepts. Mind maps are particularly useful for
brainstorming and organizing ideas.

Another approach is to use graphical notations such as Entity-Relationship dia-
grams, UML diagrams, etc. [Che]. which are widely used in the field of database
and software engineering.

It is important to note that the choice of visualization technique depends on the
specific application and the level of detail required.

1.3 Problems in Concept Hierarchy Visualizations

There are several issues that can be faced when visualizing concept hierarchies,
including the following:

Complexity [NM]: Concept hierarchies can become quite complex, with many lev-
els and a large number of concepts. This can make it difficult to understand the
relationships between concepts and how to navigate the hierarchy.

Ambiguity [NH05]: Concepts can have multiple meanings, and relationships be-
tween concepts can be ambiguous. This can make it difficult to determine the
correct relationships between concepts in a hierarchy.

Overlapping concepts [Gua98]: Concepts can overlap and share similar properties,
making it difficult to distinguish between them in a hierarchy.

Multiple hierarchies [NM]: A concept can belong to multiple hierarchies, making
it difficult to determine the correct placement of a concept within a hierarchy.

Scalability [UG96]: Visualizing large-scale concept hierarchies can be a challeng-
ing task. As the number of concepts and relationships increases, it can become
increasingly difficult to effectively display and understand the hierarchy.

Limited visualization techniques [UG96]: There are a limited number of techniques
available for visualizing concept hierarchies, each with its own strengths and weak-
nesses. Choosing the right technique for a specific application can be difficult.
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1.4 Research Goals

The main goal of this thesis is to visualize the concept hierarchies generated from
textbooks in the legal domain and to evaluate how they are perceived by users in
terms of usability and appearance. We designed this visualization keeping in mind
to make it as simple as possible for users/stakeholders to understand and navigate
easily within hierarchies and not to lose the big picture when moving within the
hierarchies. For this, we pose the following research questions:

1. Which visualization is suitable for a top-down search for hierarchical data?

Searching for information starting at the highest level in a hierarchy and then
drilling down further levels till one reaches the information one is looking for
is usually referred to as a top-down search [UG96, Gua98]. This approach pre-
vents users from information overload by letting them choose the path they
would like to dive deeper as per their interest while having an understanding
of the context in which the particular node/concept/topic is relevant in the
big picture. In the context of this thesis, the highest level(root node) is the
title/chapter of a book, and the lowest level (leaf node) is citation/reference.
As part of this research question, we would like to work with various visualiza-
tions to find the visualization that is effective for someone to start searching
from the highest level in the hierarchy.

Figure 1.1: Top-Down

2. Which visualization is suitable for a middle-out search for hierarchical data?

Searching for information starting at a specific level in a hierarchy and then
moving either to levels above or below the selected level till one reaches the
information one is looking for is usually referred to as a middle-out search
[UG96]. This approach is helpful to users when users want to explore a spe-
cific concept or topic, In this way, they do not have to go through unwanted
information by starting from the top to reach the specific concept, This ap-
proach also provides the opportunity for the user to either move up or down
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the hierarchy based on their interest. In the context of this thesis, the highest
level (root node) is the title/chapter of a book, the lowest level (leaf node) is
citation/reference, intermediate levels are sections/subsections/keywords. As
part of this research question, we would like to work with various visualiza-
tions to find the visualization that is effective for someone to start searching
for specific sections/subsections/keywords.

Figure 1.2: Middle-Out

3. Which visualization is suitable for bottom-up search for hierarchical data?
Searching for information starting at the lowest level in a hierarchy and then
moving up the levels till one reaches the information one is looking for is
usually referred to as a bottom-up search [Gua98, UG96]. This approach
is helpful for users that are more detail oriented where they start from the
most specific concept/topic and learn incrementally as they move to much
broader concepts/topics. In the context of this thesis lowest level (leaf node)
is citation/reference, and the highest level (root node) is the title/chapter of
a book. As part of this research question, we would like to work with various
visualizations to find the visualization that is effective for someone to start
searching from the lowest level in the hierarchy.

Each visualization represents the data in its own way and has its strengths and
limitations, as they are designed to address specific problems or situations. Since
everyone’s requirement is unique it is often hard to come up with a generalized, yet
simple solution. Hence we would like to try addressing these questions by following
human-centered design principles and usability testing.
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Figure 1.3: Bottom-Up

1.5 How are Concept Hierarchies Generated from Text-

books

Concept hierarchies in textbooks are typically generated through a combination
of expert knowledge [NM] and automated methods. There are various ways of
generating concept hierarchies, However, we are going to explain how the concept
hierarchies used in this thesis are generated from legal textbooks.

Wehnert et al. proposed the following workflow for extracting concept hierarchies
from legal textbooks [WBLS18]:

• First step is to gather the textbooks in a txt format for further processing and
extraction of concept hierarchies.

• Once the text is extracted from the txt file, it is processed by applying var-
ious analysis techniques such as tokenization (breaking down into individual
words or phrases), sentence chunking (dividing into chunks or groups of words),
orthographic coreference resolution (resolving references to the same entity),
parts-of-speech tagging (identifying the grammatical role of each word), rec-
ognizing Roman literals(to recognize chapter numbers or page numbers etc),
and identifying named entities using information from DBpedia.

• In the next step the components such as the Table of Contents (TOC) including
Chapter, Part, Subchapter, Subsubchapter, and other specific elements like
regulation name (REG), DBpedia concept (DBp), relationships (REL), and
references (REF) are marked Using rule-based methods.
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• These annotations are then gathered and organized into a CSV file, that now
contains a table of tokens(T) and their annotations. This CSV file is also used
as a look-up table for the TOC component with well-defined boundaries.

• Within the document, all references are aligned with each TOC component
based on the section boundaries. Additionally, information related to the
Citation Source components (regulation name, DBpedia concept, relationship,
and references) is pulled from the annotated file and connected to the REF
(Reference).

• Once all feature information is detected, it’s saved in a simplified, flat format.
Here, each line consists of one REF instance along with its associated TOC
and CS features. [WBLS18]

The above-mentioned steps act as guidelines for the procedure followed to extract
concept hierarchies used in this thesis, actual implementation may slightly differ
from the time these guidelines are created.

1.6 Structure of the Research

This thesis is further divided into the following sections:

• Chapter 2 Gives a brief overview of the previous works done in the field of
visualization of concept hierarchies.

• Chapter 3 Gives an overview of the fundamental concepts of this thesis. This
includes a brief introduction to various types of visualizations, Human-centered
design processes, various usability testing approaches, and evaluation tech-
niques.

• Chapter 4 presents the conceptual design of this thesis which explains in depth
how the research questions are addressed following the principles of the human-
centered design process.

• Chapter 5 talks about the implementation details for the solutions designed in
the conceptual design. It describes the tools and technologies used in imple-
menting the solutions for each research question mentioned in Chapter 4.

• In Chapter 6 talks about the results achieved for each research question.

• Chapter 7 Finally concludes the thesis by discussing the results we obtained,
and also mentions the possible future works that can be done to further improve
the topic keeping the current limitations in mind.



8 1. Introduction



2. Related Work

In order to simplify the explanation it can be said that concept hierarchies are a
way of organizing concepts and the relations between them, where the most generic
concept is on the top and the most specific topic is at the bottom while the edges
connecting these concepts is the relation between them. This structure is often sim-
ilar to hierarchical data. Hence, we often come across various implementations of
well-known hierarchical data visualizations to visualize concept hierarchies. People
have quickly realized and adapted the concept hierarchies in a variety of areas includ-
ing biology, social sciences, education, and medicine. As Concept hierarchies help
in better comprehension and analysis of complex data. We will further go through
the existing literature in this chapter that helps in understanding hierarchical visu-
alization techniques.

Shneiderman’s taxonomy has laid a foundation for visualizing hierarchical data
[Shn96]. His paper proposes the famous ways of visualization ‘overview first, zoom
filter and details on demand’ which is widely accepted and used when designing a
data visualization. This paper introduces various interaction techniques for user-
controlled interactions while also proposing the need for customized data structures
for better implementation of visualizations [Shn96].

Pygmy browser is another hierarchical visualization that proposes a minimal space-
filling technique for browsing the hierarchies in smaller display spaces. This approach
proved to be useful when users know what they are searching for while also being
easier for users to move between the nodes and to explore different hierarchies while
the traversal path is shown on the top throughout the search [BW06]. This tech-
nique serves as an inspiration for coming up with a visualization that utilizes screen
space effectively. Shneiderman and Johnson proposed using treemaps which help
in efficiently using 2D screenspace to visualize hierarchical data, according to them
the traditional representation of trees is inefficient in using the screen space as it
involves a lot of scrolling to see the entire tree when working with large hierarchies.
In their approach, they used nested rectangles to represent the hierarchies where
the size of the rectangle is proportional to the size of the hierarchy. This approach
enables users to visualize large hierarchies in a compact way, which is useful on
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small screens. However, this approach comes with certain limitations such as loss of
structure (nested rectangles are not as intuitive as traditional trees in conveying the
relationships), aspect ratio (rectangles look thin or too large, visually cluttered),
scaling issues, sensitivity to order and labeling issues when working with smaller
rectangles [JS98]. This approach though serves as an inspiration, is not helpful
when working with textual information since the textual concept hierarchies often
need broad space, as the number of levels in the hierarchy increases the size of
the rectangle becomes unrecognizable. Even though the tree map technique can be
modified to show the lower levels on demand this contradicts the benefit of seeing
the entire hierarchy on a single screen.

Another visualization proposed by Holten et al. [Hol06] to address the real-world
datasets where the hierarchies are large and complex in general. He proposes a
visualization that is clutter free by combining two existing approaches to visualizing
hierarchical data (treemaps, and graph visualizations). In his approach, he organizes
data in a radial layout with a hierarchical structure (concentric circles with the
root at the center and leaves on the outermost circle), and then bundles edges
(connections) together that have similar paths through the hierarchy. However,
this visualization has its own limitations such as over-aggregation, sensitivity to
layout, and ambiguity to interpretation while also being computationally intensive
to calculate the edges.

Another aspect in the area of visualizing hierarchical data is the interactions this
visualization provides and how they are perceived by users. Various hierarchical
visualizations evaluated by Woodburn et al. [WYM19] provide a base for the in-
teractive features of the existing visualizations when working with large volumes of
quantitative data. In their research, they conclude that treemaps perform badly
when compared to icicle plots or sundown visualizations. since icicle plots and sun-
down visualization are considered to be effective in terms of navigation performance
and intuitive in expressing the relationship between the nodes as perceived by users.

Along with this is the work of Elmqvist et al. [EF09] on introducing local aggregation
methods to make the visualizations compact, which in turn helps the users in having
a bigger overview of the entire hierarchy. Besides proposing these techniques, they
also incorporated various interaction features on top of aggregation methods so that
the users can still interact with every node within the hierarchy. The idea of this
approach is that it can be applied to any of the existing hierarchical visualizations
[EF09]. This approach is helpful for a top-down approach where the wants to get a
rough idea of hierarchy but doesn’t want to drill deeper.

Soon researchers started realizing the potential of combining multiple techniques.
One such approach is the Focus + Context technique proposed by Stasko et al.
[SZ00]. In his approach, he emphasizes on providing an overall view of the hierar-
chy and detailed information about specific nodes by combining radial layout with
space-filling techniques. He also introduces the fisheye distortion technique, which
magnifies the area of focus while compressing the surrounding context. This method
allows users to examine specific parts of the hierarchy in detail without losing sight
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of the overall structure. another notable feature from his visualization is the in-
troduction of breadcrumbs in the visualization which helps users maintain spacial
awareness by showing the path they took from the root node to the current node.

overall there has been significant research available on the importance of different
aspects of hierarchical visualization individually ranging from utilization of screen
space to effective computation of large volumes of data for faster rendering. We
also understood that there cannot be a single visualization that addresses all the
issues without limitations. Based on the information we have gathered so far we are
trying to come up with a visualization that is primarily focused on textual concept
hierarchies which allows users to handle large volumes of data while being flexible
with the number of levels each hierarchy may contain.
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3. Background

3.1 Human-Centered Design Process
Human-centered design process [Int19] is a step-by-step approach employed by de-
signers to understand user’s needs to design and develop solutions that are in line
with user preferences.

This process has been adapted by application development in order to provide better
applications as per the needs of users. The entire process is split into several iterative
steps similar to other software development life cycles. Following are the steps and
the goals/tasks inside those steps.

Empathize: This step involves understanding the needs and experiences of the user
by conducting research, observation, and other methods to identify their pain points.
This step is crucial in creating designs that are focused on the user’s needs and
preferences [Pea87]. Activities carried out in this step include “Usability planning
and scoping along with cost-benefit analysis” [MAG01].

Define: In this step, the data collected in the empathize stage is analyzed and the
problem to be solved is defined. This step helps to ensure that the design process is
focused and targeted towards a specific problem or issue [HB97].

Ideate: This stage involves generating ideas and potential solutions to the defined
problem. Brainstorming sessions, idea-generation methods, and other approaches
may be used. This stage is about thinking creatively and generating as many po-
tential solutions as possible [Bro09].

Prototype: In this stage, physical or digital prototypes of the solutions are created
to test and validate their potential effectiveness. This step allows designers to test
their solutions in a low-risk, cost-efficient way, and make any necessary changes
before moving on to the final stage [GBB03].

Test: In the final stage, the prototypes are tested with users to gather feedback and
evaluate their effectiveness. This step is crucial in ensuring that the final design
meets the needs and preferences of the user such that any issues or problems are
identified and addressed before the design is finalized [RC08].
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3.2 How are Hierarchical Visualizations Shown

There are various ways to show hierarchical data visualizations. Treemaps, Sunburst
charts, and Icicle plots are widely used.

Treemaps [JS98]: Treemaps are first introduced by Ben Shneiderman in 1991. They
gained popularity over the years. In this visualization, hierarchical levels are repre-
sented using nested rectangles. The size of the rectangle indicates the value, and size
of the underlying data. It is also considered a space-filling technique due to the way
the algorithm divides the screenspace into sub-rectangles in varying sizes recursively
based on the value and size of data it contains. This visualization Figure 3.1 is used
for representing larger datasets. We used a part of our dataset to build Figure 3.1
and it can be observed that even with a small amount of data the visualization
becomes cluttered and is difficult to read and the lower hierarchical levels are barely
recognizable. Though it performs well with quantitative data and with hierarchies
of limited levels, It doesn’t perform well with larger hierarchies that have textual
data.

Figure 3.1: Treemap
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Sunburst Charts [SML98]: A Sunburst chart is a popular visualization. In this
visualization Figure 3.2, the hierarchical data is visualized as using nested pie charts
where each piechart represents a level in the hierarchy. In this type of visualization,
the root node is at the center of visualization and the next level is denoted by the
pie chart closest to the center, Each segment in the piechart represents a node at the
hierarchy level and the size of the segment is influenced by its child nodes. When
tried with part of our data set we realized that they become hard to read when
dealing with large hierarchies, or when there are too many child nodes.

Figure 3.2: Sunburst
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ICICLE Plots [KL83]: Another popular visualization method for representing hier-
archical data is icicle plots Figure 3.3. In this visualization, the hierarchical data is
represented using horizontal bars. The size of the bars is influenced by the size and
value of the hierarchy. Icicle plots have some similarities with treemaps in terms of
a vertical space-filling layout, they use space efficiently and are particularly helpful
when dealing with hierarchies that are broader. However, when dealing with large
volumes of data the lower levels of the visualization becomes quite smaller making
it impossible to read as seen in Figure 3.3.

Figure 3.3: ICICLE Plot

3.3 Usability Studies

This section is based on the work of by Nielsen and Jakob [Nie94]. Usability studies
are an important part of the human-centered design process, as they allow designers
to gather feedback and insights from users about the usability and effectiveness of
their designs. According to Nielsen and Norman [Nie94], usability testing involves
observing and recording user behavior as they interact with a product or system and
then using this information to identify areas for improvement.

Several methods for conducting usability studies include think-aloud protocols, user
surveys, and user interviews. In addition, usability studies may also involve the use
of metrics such as task completion rates, error rates, and time-on-task measurements
[Nie94].

When conducting a usability study, it is important to recruit a diverse group of par-
ticipants who are representative of the target user population. Participants should
be given clear instructions and realistic tasks to complete, User behavior should be
recorded and analyzed to identify patterns and issues, The insights gained from a
usability study can then be used to make informed design decisions and to improve
the overall usability and effectiveness of the product or interactive system [PG03].

3.4 Blooms Taxonomy

Bloom proposed a framework to classify various levels of learning objectives that
were primarily used by teachers to evaluate learning outcomes [AKB00]. Over time,
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this framework became referred to as Bloom’s Taxonomy and found its relevance in
various areas. This framework is widely being used in the area of computer science
to evaluate the outcomes of technological solutions like data visualizations. The pri-
mary idea in the case of using Bloom’s taxonomy in the evaluation of visualizations
is to identify, understand and interpret the visual information provided to the user.
Following is the explanation of various steps in blooms taxonomy and how they can
be related to the evaluation of data visualization:

Figure 3.4: Bloom’s Taxanomy

Remembering: The first level in the taxonomy is remembering which shows the
ability of the user to recall the basic information required for completing the task,
such as recalling various options or buttons users should press in the visualization
to finish a task.

Understanding: The next level in the taxonomy is about the capability of the user
to understand the meaning of information. In terms of data visualization, it means
the ability of the user to interpret the visualization to get an idea about the way
the data is represented or structured.

Applying: The next level in the taxonomy is about making use of the information
that is interpreted in the previous step. In terms of data visualization, it is using
interpreted information to make a decision.

Analyzing: Another level in the taxonomy is about the capacity of the user to split
the complex information into smaller chunks to get an idea about the relationships
between those chunks. In terms of data visualization, this refers to comparing various
hierarchies or structures to identify patterns or anomalies.

Evaluating: The next level in the taxonomy is about judging the quality of infor-
mation that is presented. In terms of data visualization, this refers to judging the
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completeness, correctness, and relevance of the visualization and its effectiveness in
conveying the message.

Creating: The final level in the taxonomy is the ability to generate or formulate new
information based on the information interpreted or analyzed until then. In terms
of data visualization, it refers to the ability of users to solve tasks independently
without any assistance.

It can be said that Bloom’s Taxonomy can be considered an effective framework for
evaluating data visualizations as it works based on the cognitive capabilities of users
to interpret and analyze the information. When the user tasks are created follow-
ing the blooms taxonomy the feedback from the tasks can be used to understand
where/why the users are failing while using the visualization for example when most
of the users are unable to perform tasks independently then it can be concluded that
the users are facing difficulties in the last phase which means either the visualiza-
tion is too complex for users or they had difficulties in understanding in one of the
previous steps.



4. Conceptual Design

Our goal in this chapter is to establish a solid conceptual foundation for our pro-
posed approach to exploring concept hierarchies in textbooks. By providing a clear
and detailed description of our design principles and research methods, we aim to
demonstrate the rigor and validity of our approach and provide a framework for
future work in this area.

We are following the steps as suggested in the human-centered design process that
involves various stages such as: empathizing with user needs, ideation, prototyping,
evaluating, and iterating. Each stage of this process has an outcome that is used in
the next phase which overall ensures the effectiveness of the final prototype that is
derived.

Visualizations tend to help people in their understanding and comprehension pro-
cess according to Mayer et al. [MM02], It is also shown that concept hierarchies
are effective to understand the relationship between complex concepts according to
Novak et al. [NGK84]. For this thesis, we are extracting the required information
from the available literature, research, and human-computer interaction to come up
with design decisions.

Along with the above mentioned, we also use various technologies and tools for
building our prototype, Which includes programming languages, data visualization
strategies, and user interface designs. We will then test our prototype with the help
of a group of users to collect feedback which in turn helps us in tuning our design.

The implementation phase of this thesis involves creating a prototype that builds
effective visualization to explore concept hierarchies to help people understand the
bigger picture using a human-centered design process with the help of existing re-
search and literature. We aim to create a visualization that meets users’ needs.

4.1 Empathize Phase

The first and fundamental phase in the human-centered design process is to em-
pathize phase, this phase is mostly about understanding what users feel, and need
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while dealing with a problem/tool to gain a deeper understanding of the problem
at hand. In the context of our thesis topic “A Dynamic Approach for Visualizing
and Exploring Concept Hierarchies in Textbooks”, this phase is very important for
gaining information about how users feel while interacting with concept hierarchies
and what kind of tool/ visualization they need to explore these concept hierarchies
easily. It is also important to understand what they think is missing in the current
visualizations that are available.

As explained by Brown et al. [BW10], this phase includes observation, research, and
user reviews to gain insights into the user needs, wants, and emotions. It is also
important to observe users when interacting with the tool/visualization in order to
understand their experiences when using it, according to Kouprie et al. [KV09].
This helps designers in developing solutions that meet the needs.

For this, we have conducted extensive research and gathered information on user’s
needs and pain points both from online research and also from some users using
the existing visualizations available for visualizing concept hierarchies and we noted
that the most important user needs are as follows.

4.1.1 User Needs

Following user needs are provided by the stakeholder of this work, based on their
experience with using hierarchical visualizations. In order to address these needs,
various studies have been conducted to explore novel techniques and design principles
for creating effective hierarchical visualizations. Some of the user needs are listed
below.

4.1.1.1 Easy Navigation Within the Hierarchy

Users need an interface that allows them to easily navigate the hierarchy in various
ways such as top-down, bottom-up, and middle-out manner. This might include
moving forward, and backward between levels of the hierarchy, and moving laterally
between nodes at the same level.

4.1.1.2 Need for Searchability

When dealing with hierarchies that are text-based, users should have the possibility
to search for specific concepts/text within the hierarchy. This should include the
search for phrases or words in the nodes as well as in the context or references
irrespective of their location in the hierarchy.

4.1.1.3 Interactivity

Users should be able to interact with the visualization in a clear and easy way.
This could include filtering the hierarchy, the ability to see context when required,
or seeing all the leaf nodes that are accessible from their current position in the
hierarchy. This could also include various interaction techniques such as filtering,
zooming, and showing details on demand [Shn96].
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4.1.1.4 Scalability

The visualization should perform the same even when the amount of data increases.
This could mean that the interface should be able to handle large volumes of data,
while still being clear and understandable. The visualization should not become
cluttered when the number of levels in the hierarchy increases.

4.1.1.5 Need to Identify the Levels Easily

Since hierarchical visualization deals with multiple levels, users should not lose track
of the level they are in or the path they have traversed so far. This could mean that
each level in the hierarchy should be distinguishable.

4.1.1.6 Comprehension

One such user need when dealing with the visualization of concept hierarchy is that
the visualization should help them identify the relationships that exist between the
elements in the hierarchy. It is shown that the way in which hierarchy is presented
to the user plays a major part in this. Stasko et al. [SZ00] and McGuffin et al.
[MJ09] in their research show that some layout algorithms like treemaps, and radial
trees offer better comprehension compared to other hierarchical visualizations node-
graphs, icicle plots.

4.1.1.7 Training and Support

Users should be provided with proper documentation that would help them use the
visualization effectively.

In order to design a visualization that is suitable for exploring and visualizing concept
hierarchies, we need to address all the user needs. In our thesis, we incorporate these
insights and techniques to create a visualization that answers our research questions.

4.1.2 Pain Points

User pain points in hierarchical visualizations can arise due to various factors such
as cognitive load, visual clutter, navigation difficulties, and lack of customization
options. This response synthesizes insights from relevant research papers found on
ResearchGate and Science Direct to highlight these pain points and their implica-
tions.

Cognitive Load:

Complex hierarchical visualizations can impose a high cognitive load on users, mak-
ing it challenging for them to understand and process the information effectively.
Studies have found that the choice of layout and the number of levels in the hierarchy
can significantly impact users’ cognitive load [GFC04].

Visual Clutter:

Visual clutter can result from overlapping elements, excessive use of colors, or dense
visual representations, which can make it difficult for users to discern hierarchical
relationships and identify important data points [ED07].
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Navigation Difficulties:

Navigating through complex hierarchical structures can be challenging, especially
when users need to maintain a mental map of their position within the hierar-
chy. Research has shown that certain interaction techniques, such as zooming and
panning, can help alleviate navigation difficulties, but these methods may not be
sufficient for all users [LTM17].

Lack of Customization Options:

Users may have diverse preferences and requirements depending on their tasks and
contexts. If a hierarchical visualization does not provide adequate customization
options, it may fail to meet the specific needs of different users, leading to frustration
and reduced effectiveness [TM04]

In summary, user pain points in hierarchical visualizations stem from factors such
as cognitive load, visual clutter, navigation difficulties, and lack of customization
options. Addressing these pain points requires careful consideration of design prin-
ciples, layout algorithms, and interaction techniques to create visualizations that
effectively support users in exploring and understanding complex hierarchical data.

4.2 Defining the Problem

Following the human-centered design process we came up with a problem statement
for this thesis on “A Dynamic Approach for Exploring and Visualizing Concept
Hierarchies in Textbooks” that helps us in creating visualizations following various
hierarchical approaches such as Top-Down approach, Middle-out Approach, Bottom-
Up approach, that address the user needs and pain points we noticed in empathize
phase. We believe that this statement will help us set the direction and guide us in
our research and development of the visualizations.

4.2.1 Problem Statement

To come up with a dynamic, interactive system that allows users to explore and
visualize concept hierarchies in Top-Down, Bottom-Up, and Middle-Out approaches
efficiently and effectively. While reducing cognitive overload and visual clutter. The
visualization should engage the users, while being easy to navigate and should be
capable of scaling dynamically when new data is introduced.

4.2.2 User Personas

Following the problem statement we have come up with various personas of our
target users based on the information provided by our stakeholders, keeping in mind
the real-world implications of the data we are using in this visualization to help us
understand the user needs.
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4.2.2.1 Persona 1

Name: John Luther

Age: 45

Occupation: Experienced lawyer

Education: John has completed his law degree and has been practicing law for over
20 years.

Location: Munich

Goals:

• Keep up-to-date with the latest legal concepts and developments

• Quickly find relevant legal concepts and cases for his work

• Identify relationships between legal concepts more easily

Frustrations:

• Struggles to find relevant information quickly in legal textbooks

• Difficulty identifying connections between legal concepts in complex cases

• Finds it challenging to keep up with the latest legal developments due to a
busy schedule

Motivations:

• Wants to provide the best possible legal advice to his clients

• Enjoys learning about new legal concepts and developments

• Values efficiency in his work

Personality:

• Analytical and detail-oriented

• Time-conscious and organized

• Experienced and knowledgeable

Behaviors:

• John spends most of his workday reading legal textbooks and researching cases
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• He often attends legal seminars and workshops to keep up-to-date with the
latest legal developments

• John values products that can help him work more efficiently and effectively

Goals in relation to the product:

• John wants to use the product to quickly find relevant legal concepts and cases
for his work

• He wants to use the product to identify connections between legal concepts
more easily

• John hopes that the product will help him keep up-to-date with the latest
legal developments in a more efficient way

4.2.2.2 Persona 2

Name: Emily Fischer

Age: 25

Occupation: Law student

Education: Emily is currently pursuing a law degree and has completed her under-
graduate degree in political science.

Location: Dusseldorf

Goals:

• Understand complex legal concepts quickly and easily

• Improve her ability to identify relationships between legal concepts

• Increase her efficiency in studying legal textbooks

Frustrations:

• Struggles to comprehend complex legal concepts

• Difficulty identifying relationships between legal concepts

• Finds it challenging to stay focused when reading dense legal textbooks

Motivations:

• Wants to excel in her legal studies and future legal career

• Enjoys finding new and innovative ways to approach legal research and study
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Personality:

• Analytical and detail-oriented

• Open-minded and curious

• Ambitious and driven

Behaviors:

• Emily often spends long hours studying and researching legal concepts

• She enjoys using technology to aid her in her studies

• Emily values efficiency and is always looking for ways to improve her study
process

Goals in relation to the product:

• Emily wants to use the product to quickly understand complex legal concepts

• She wants to use the product to identify relationships between legal concepts
more easily

• Emily hopes that the product will help her increase her efficiency when study-
ing legal textbooks

4.2.3 User Scenarios

Creating user scenarios can help illustrate how different users might interact with
the system for exploring and visualizing concept hierarchies in textbooks. These
scenarios, based on the personas created earlier, describe the context, actions, and
outcomes of user interaction:

4.2.3.1 Scenario 1

Scenario: Emily, the Undergraduate Student

Context: Emily is studying for her upcoming law exam. She’s struggling to un-
derstand the connections between various legal concepts and how they fit into the
overall topic.

Action: Emily opens her digital textbook and navigates to the dynamic concept
hierarchy visualization. She starts with a high-level view, clicking on a main concept
to reveal its sub-concepts. She uses interactive features to explore the connections
between concepts, viewing references and context as she goes.

Outcome: Emily gets a better understanding of the topic’s structure and feels more
prepared for her exam. The visualization makes it easier for her to remember and
understand the connections between different concepts.
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4.2.3.2 Scenario 2

Scenario: John, the lawyer

Context: John is exploring the topic of copyright laws regarding the use of artificial
intelligence out of personal interest. He’s overwhelmed by the volume of information
available online and is looking for a structured guide.

Action: John opens an e-book on copyright laws on AI and navigates to the dynamic
concept hierarchy visualization. He chooses a concept in one of the sub-chapters as
a starting point and navigates both up and down the hierarchy to understand the
broader context and specific details.

Outcome: John enjoys the interactive learning experience and gains a comprehensive
understanding of the topic. He appreciates the flexibility of choosing his starting
point and being able to navigate the hierarchy freely.

4.2.3.3 Scenario 3

Scenario: Laura, the student assistant at the university

Context: Laura is planning an exercise on the topic of real estate law. She wants
to explain the complex hierarchy of concepts in a way that her students can easily
understand and remember.

Action: Laura uses the dynamic concept hierarchy visualization in her digital text-
book as a teaching tool. She projects it onto the screen and uses it to guide her
lesson, revealing sub-concepts as she goes and encouraging students to explore on
their own.

Outcome: Laura’s students find the lesson engaging and gain a better understanding
of the topic. Laura finds that the tool greatly enhances her teaching and plans to
use it for future lessons.

4.2.4 Design Criteria

In this thesis, the design criteria defined in this phase are in the direction of estab-
lishing a high-level understanding of the problem statement. For coming up with
the design criteria we have to consider the user needs and pain points as well as the
technological requirements which we will discuss in detail in this section.

4.2.4.1 Top-Down Approach

Usually in the Top-Down approach as shown in Figure 4.1, the user starts at the
highest level which is also referred to as the root node and then traverses through
the subsequent levels which are also referred to as the child nodes, until one reaches
the lowest level which is referred to as the leaf node. In the context of our thesis
the root node is often the name of the book and leaf node is the reference and the
nodes in-between are names of chapters and/or extracted keywords. We developed
these design decisions based on the observed user needs and pain points.

Design Decisions: The design decisions are made based on the synthesis of user
needs and each design decision can be directly related to one or multiple user needs.
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Figure 4.1: Top-Down

Focus + Context:: Following the famous information-seeking mantra as proposed
by Shneidermann et al. [Shn96] ‘overview first, zoom and filter, then details on
demand’. The visualization should show the overview, in our context a list of books
or chapters that are available, along with an option to explore each chapter further
while having the possibility to see all the references (leaf nodes). Also a user must
be able to see the context (extracted sentence) in which the references are cited,
when required. This design decision is made in order to address the user needs such
as easy navigation, interactivity, and better comprehension.

Drill-Down Interaction: This is one of the basic operations in hierarchical visual-
ization, which refers to going from less detailed higher levels to more detailed lower
levels. This enables users to dive deeper into the hierarchies to see more detailed
information about the specific concept, which filters the references (leaf nodes) to
be more specific to the chosen textbook section (parent node). Such a drill-down
operation will allow users in choosing the level of granularity they need [FWR99].
This can be related to the general characteristics of hierarchical visualization.

Undo Navigation: This operation enables the user to move back to the higher
detailed level (parent node) from any level to navigate to a different level or to a
root level, when it is required. It facilitates the user in going back and forth in
the hierarchy while gathering information or trying to understand the connection
between the content. This also provides a brief view of the path the user has traveled
so far [YaKSJ07]. Undo navigation is also part of the general characteristics of
hierarchical visualization that can be related to the need for searchability, easy
navigation, and interactivity.
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4.2.4.2 Middle-Out Approach

Usually in the Middle-Out approach as shown in Figure 4.2, the user starts at any
desired level below the root node (which is also referred to as the child node) and then
can traverse in either direction either to reach the root node or through subsequent
levels which are also referred to as the child nodes, until one reaches the lowest level
(which is referred to as the leaf node). In the context of our thesis, the desired level
could be chapters and/or extracted keywords. The root node is often the name of
the book and the leaf node is the reference. we have come to the following design
decisions to better address the user needs and pain points

Figure 4.2: Middle-Out

Design Decisions:

Focus + Context:: As proposed by shneidermann et al.[Shn96] should show overview
of all the occurances of the searched keyword.While also allowing users to explore
the keywords related to the searched keyword as needed. Along with these options
the visualization should facilitate users in filtering the results based on their need.

Flexible Starting Point: When a user wants to gather information about a specific
concept, the user should be able to choose the starting point of their search from
within the hierarchy, so that they do not have to always start at the top level (root
node) while exploring. This search can be from either root node (book name), child
nodes (chapter/table of content), or leaf nodes (references) [YaKSJ07].

Two-Way Navigation: Typically in the Middle-Out visualization approach the ex-
ploration of hierarchies can start from anywhere in the tree, which means in the
context of our thesis that the user searches for a specific keyword that belongs to
some child node. Then, the user should be able to traverse in either direction ei-
ther to reach the root node (book name) or the leaf node (reference) or to end up
somewhere in between [YaKSJ07].
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4.2.4.3 Bottom-Up Approach

In the Bottom-Up approach as shown in Figure 4.3, the user starts at the lowest
level which is also referred to as the leaf node and then can traverse upwards to
reach the root node or to upper levels which are also referred to as the child nodes.
In the context of our thesis, the desired level is the reference which can also be
considered as a specific level. The root node is often the name of the book and the
child nodes are chapters or extracted keywords that are considered as broader levels.
After a careful consideration of the user needs and pain points, we have come up
with following design decisions that will help users while working with hierarchical
visualizations in bottom-up approach

Figure 4.3: Bottom-Up

Design Decisions:

Detail-First Display: The idea of the Bottom-up approach is that users start at
a very specific entity and move upwards, which in the context of this thesis is a
reference. When users search for a specific entity, they should be presented with
all the available information about that specific entity. This facilitates them in
understanding how the entity is part of various hierarchies, which will help them in
creating a mental map of the entity’s context [BBS+03].

Drill-Up Interaction: Considering that in bottom-up visualization, the exploration
starts from a specific entity and then moves up to a broader or more general concept
until users reach the root node. There is a need to provide users with an option
to move up the hierarchical levels. This also aids users in understanding the struc-
ture and finding how one specific concept is related to multiple broader concepts
[FWR99].

Path Highlighting:
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When searching for a specific concept in huge volumes of data, it is always helpful
for users to understand where the specific concept occurs and how it is related to
the broader concepts, or in which context it was used. Hence, there is a need to
show the hierarchy from the root node (book name) until the selected entity to help
users understand the context and relationships [LPP+06].

The following design decisions are going to be used in the ideate phase to come up
with ideas to transform these design decisions into workable requirements.

4.3 Ideate Phase

When using the Human-centered design process, the Ideate phase can be considered
a critical juncture where all the insights gathered from the understanding of the
user needs and pain points are combined to come up with a wide range of possible
solutions. These solutions are presented as concepts or ideas that are considered
foundations for prototyping and testing.

By applying the ideate phase in our thesis, we are brainstorming solutions that are
considered ideal for the needs of our users who often have to deal with large and
complex information in textbooks. We believe that the solution provided in this
thesis is beneficial for users by enabling them to explore and visualize huge volumes
of hierarchical data in an intuitive and engaging manner.

Our primary focus in this thesis is to address the visualization challenges when
dealing with concept hierarchies in textbooks where the information is organized in
such a way that the hierarchy starts with more general concepts at the top followed
by more specific concepts nested beneath them. We intend to go through the ap-
proaches we have come up with so far to come up with the most promising solutions
to meet the user’s needs.

In this section, we go through some of the ideas that we have implemented, the
positives and negatives of those approaches, and takeaways from those ideas.

4.3.1 Word trees

We built a visualization with part of the data we have using word trees by Google
[Goo23] which is a textual data visualizing tool for hierarchical data. This tool
enables users to have a view of the overall hierarchy on the initial load while also
providing drill down, drill up interaction features along with zooming. The graphical
visualization allows users to select a node at any level and displays subsequent levels
based on the selection, It also shows the frequency of nodes present at each level.
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Figure 4.4: Google Word-Tree1

Advantages of Word Trees: After initial usage of the word tree with our dataset we
noticed the following advantages.

• Easy Visualization: We found out that the visualization as shown in Figure 4.4
is easy to interpret because of the representation of relationships that are shown
along with the possibility to present the context [WV08].

• Interactive: It is possible to offer various interaction features such as Drill-
Down, Drill-up, and filter operations, while also showing the path traveled so
far within the hierarchy and showing the subsequent levels. Users can also
jump between different levels easily.

• Flexible Structure: It provides a flexible structure that can accommodate
hierarchies of varying levels. We were able to combine hierarchies with 8, 10,
and 12 levels into single visualization without any issues.

Disadvantages of Word Trees:

• Data Overload: When dealing with huge and complex datasets, the word
tree gets cluttered and becomes difficult to read or interpret. This is noticed
when interacting with hierarchies with more than 6 levels or when the nodes
contain longer texts spanning multiple lines which are frequent occurrences
with hierarchies extracted from textbooks.
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• Over-simplification : Ease of visualization is advantageous when dealing with
simple hierarchies, It fails with hierarchies with complex relationships as it tries
to oversimplify the relationships. There are some functionalities in word trees
that are not customizable, thereby limiting the implementation to implement
complex features.

• Missing the Big Picture: Even though the entire hierarchies are displayed
initially, as users traverse through the hierarchy, it stops showing the previous
nodes and only shows the selected nodes. This is painful to the user when
they want to explore the previous level as the users have to undo the selection
until the previous node every time they like to explore the previous node.

• Responsive Design: The word tree visualization is a fixed layout design as
shown in Figure 4.5, hence when dealing with data containing more levels, it
involves a lot of scrolling and zooming out.

Figure 4.5: Word tree in Selection Mode
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4.3.2 TreeMaps

Treemaps are considered the popular visualization when working with large volumes
of data. In this visualization, the hierarchies are represented using rectangles, and
the subsequent levels of hierarchy are represented using nested rectangles. The size
of the rectangle corresponds to the size or quantity or number of levels it further
contains. These are used when the data being visualized is considered to be too
cluttered for traditional tree diagrams [JS98].

We have built a treemap visualization to better understand how it performs with a
portion of our dataset. In the following, we list the advantages and disadvantages
we have observed when working with treemaps.

Figure 4.6: Treemap with a subset of Data

Advantages of Treemaps

• Efficient Use of Space: We observed that because of the way the hierarchies
are organized as nested rectangles as shown in Figure 4.6, it conserves a lot
of space, and a huge amount of data can be shown within the dimensions of
the layout. The size of rectangles is dynamically adjusted based on the total
available data and the size of the hierarchy within the available data.

• Flexible Structure Treemapsin Figure 4.6 can be used to represent various
datatypes in the same visualization. They are not rigid on the number of
levels each hierarchy has and can accommodate varying levels dynamically.

• Drill-up and Drill-Down Interactions Treemaps provide all the basic oper-
ations such as drill-down drill-up interactions, along with the traveled path.
They also support filters and hover to view details.

• Visual Insights: There is the possibility to use different colors for each hier-
archy and also level, which makes it easier for a user to identify the levels/
hierarchies and to establish connections between the levels easily.
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Disadvantages of Treemaps

• Complexity: Due to the way treemaps are visualized as shown in Figure 4.6,
it is a bit difficult to understand and interpret by users who do not have prior
knowledge about this kind of visualization.

• Unable to visualize entire Data Since the data is visualized in the form of
nested rectangles, there is a limit on how many levels can be viewed at once.
This makes it less convenient when the hierarchy has many levels.

• Not suitable for textual data From our observation of a part of the dataset we
have, a standard treemap is not suitable for hierarchies with textual data since
the text is often longer, and is not possible to show the entire text within the
rectangle. There we have to lean on hover to see kind of options for showing
the full text.

4.3.3 SunBurst

Sunburst diagrams are considered a radial space-filling visualization, as it incorpo-
rates rings in their visualizations. In this visualization, hierarchical data is rep-
resented as pie charts of multiple levels. This way of visualization is useful when
visualizing large amounts of hierarchical data, It follows the same strategy as a pie
chart where the size of the pie is defined by the subcategories/subsequent levels in
the hierarchy.

In this visualization, the root node of the hierarchy is placed at the center, sur-
rounded by the subsequent levels as concentric rings around the root node. In this
way one comes across more specific/detailed levels as one moves further away from
the center. It provides drill-up and drill-down operations as its functionality and
also supports top-down, bottom-up, and middle-out traversals. The selected node
at any level will become the new center and the subsequent levels of that node are
arranged as concentric rings around the selected node [SZ00].

We have built a SunBurst visualization to better understand how it performs with
a portion of our dataset, following are the advantages and disadvantages we have
observed when working with the SunBurst visualization.

Advantages of Sunburst

• Compact visualizations Due to the way the SunBurst visualization presents
the data as shown in Figure 4.7, it is effective when representing large amounts
of data. It can be used to get an overview of the volume of data.

• Easy to Compare hierarchies Due to the way the SunBurst visualization is
organized, it is easier to compare hierarchies at multiple levels even without
performing any operations.

• Drill-up and Drill-Down Interactions SunBurst provides all the basic opera-
tions such as drill-down drill-up interactions. It also supports filter and hover
to view details operations.
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Figure 4.7: Sunburst with a subset of Data
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• Visual Insights: The possibility to use different colors for each hierarchy makes
it easier for the user to identify the levels/ hierarchies and to establish connec-
tions between the levels easily.

Disadvantages of Sunburst

• Smaller Outer Levels: When interacting with larger hierarchies with many
levels as shown in Figure 4.7, it becomes difficult to interpret the data as there
is a limit on the number of levels that can be shown.

• Readability Issue: When working with larger hierarchies or with textual data,
due to the way the segment occupies space in the circle it becomes impossible
to read the text as shown in Figure 4.7, unless the user hovers on the node.
This becomes quite complicated when dealing with leaf nodes as they do not
get much space allocated.

• Unable to see the path before the parent: In the SunBurst visualization, the
selected node is placed at the center and this causes an issue when traversing
through the hierarchy, users can only go back to one level and cannot jump
back to the root node or can see the path traveled so far.

4.3.4 ICICLE Plots

Another well-known visualization for hierarchical data visualization are ICICLE
Plots introduced first by Kruskal et al. [KL83]. This visualization is similar than
treemap visualization but in horizontal orientation. It uses rectangles to show nodes
and smaller rectangles that are stacked horizontally for subsequent levels. The length
of each rectangle is determined by the number of nodes it has in the subsequent
levels.

In this visualization, the root node is displayed on the left and with subsequent
levels placed toward the right. The hierarchies are placed from top to bottom.

We have built an ICICLE visualization to better understand how it performs with a
portion of our dataset. In the following, we name the advantages and disadvantages
we have observed when working with ICICLE visualization.



4.3. Ideate Phase 37

Figure 4.8: ICICLE with a subset of Data

Advantages of ICICLE Plot

• Efficient use of space Due to the way the ICICLE plots visualize the data as
shown in Figure 4.8, they are considered very efficient when it comes to space
utilization as they represent each node in the hierarchy using rectangles stacked
side by side, which is also helpful when working with textual hierarchies.

• Flexible Structure ICICLE plots can be used to represent various data types
in the same visualization. They are also not rigid on the number of levels each
hierarchy has and can accommodate varying levels dynamically.

• Drill-up and Drill-Down Interactions ICICLE provides all the basic operations
such as drill-down and drill-up interactions, along with the traveled path. It
also supports filtering and hovers to view details operations.

• Visual Insights: There is the possibility to use different colors for each hi-
erarchy and also level, which makes it easier for users to identify the levels/
hierarchies and to establish connections between the levels easily.

Disadvantages of ICICLE Plots

• Smaller Outer Levels: When interacting with larger hierarchies with many
levels as shown in Figure 4.8, it becomes difficult to interpret the data as there
is a limit on the number of levels that can be shown .

• Readability Issue: When dealing with larger hierarchies or with textual data,
due to the way the rectangles occupy the space it becomes impossible to read
the text, unless the user hovers on the node. This becomes quite complicated
when working with leaf nodes as they are allocated relatively low space
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4.3.5 Hybrid Approach

We quickly realized that using traditional methods like wordtrees, treemaps, Sun-
Bursts, and ICICLE plots will be helpful in providing insights into the structure and
content of the hierarchy. However, all these methods have their own limitations and
strengths. We understood that these methods may work well with certain kinds of
data, but are not suitable for our problem.

Top-Down Traversal:

We propose the following requirements which also act as our requirements for top-
down traversal.

• REQ1-Book and Chapter Overview: Users should be able to select the specific
book form in which they can have a list of chapters.

• REQ2-See references (leaf nodes) at all times: On selecting the chapters,
users should be able to see all references that belong to the chapter or any
other textbook section deeper down in the hierarchy.

• REQ3-See the context of references on demand: Users should be able to see
the context in which the particular reference is cited.

• REQ4-Drill-up, drill-down, filter: users should be able to perform all the basic
navigation techniques like drill-up, drill-down, and filter options at any point
inside the hierarchy.

• REQ5-Have an overview of the traveled path: At any level of the hierarchy,
users should have the ability to look at the path traveled so far, along with an
option to explore and jump to any previous level in the selection if they wish
to do so, and this should reset their search to that level (example: When the
user is on level 8, the user should be able to see all the paths he or she could
have taken in level 4 and should be able to jump to that level.).

• REQ6-Visual Insights: Users should be able to identify the level inside the
hierarchy just by looking at it. Hence, there is a need to distinguish each level
across the visualization which will help them as a visual reminder of the level
they are in.

• REQ7-Dynamically scalable: The user should be able to incorporate all the
new incoming hierarchies without any issues into the visualization, irrespective
of the number of levels they have (e.g.: When a new hierarchy having two more
levels than the existing hierarchies is introduced in the visualization, it should
be possible to show the new levels, as well.

Middle-Out Traversal:

We propose the following scenarios that also act as our requirements for addressing
the user needs as seen earlier in this chapter.
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• REQ8-Search in context or node: Since the idea of the middle-out traversal
approach is to be able to start from anywhere within the hierarchy, users should
be able to search for a node or term within the hierarchy to begin, which shall
give them an overview of the results of that searched term occurring in context
or in the nodes.

• REQ9-Show the path from the root to a selected node: When working with
middle-out traversal it is important to see the hierarchy path to the searched
node, which will keep users informed about the hierarchy level they are in.
This also helps users in understanding the level at which this node occurs
and how the same node is appearing at different or same levels in different
hierarchies.

• REQ10-Reference and context: Displaying references along with the context
will help users in understanding the link between the concept and reference as
well as finding how the reference is used in various concepts.

• REQ11-Ability to explore the siblings at each level: When interacting with
a concept, a user should also be able to explore all the sibling nodes at each
level.

• REQ12-Finding similar leaf nodes: Users should be able to see other hierar-
chies that are referring to the same leaf nodes.

• REQ13-Drill up, Drill down, filter: Users should be able to perform all the
basic navigation techniques like drill-up, drill-down, and filter options at any
point in the hierarchy.

• REQ14-Visual Insights: Users should be able to identify the level of hierarchy
just by looking at it. Hence, there is a need to follow one color per level
approach across the visualization which will help them as a visual reminder of
the level they are in.

• REQ15-Dynamically scalable: Visualization should support hierarchies with
varying levels without any difficulty. When users search for a keyword, it
should also search for that keyword in all the new and old hierarchies. e.g.:
When a new hierarchy having two more levels than the existing levels is in-
troduced the visualization should be able to extend to show the new levels as
well

Bottom-Up Traversal:

We propose the following requirements for building the visualization that allows
bottom-up traversal.

• REQ16-Search and Filtering: In bottom-up traversal, users begin at leaf nodes
and usually, the number of leaf nodes in the hierarchy is large, hence users
should be able to search for the nodes they are looking for and to filter the
nodes.
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• REQ17-Visual Insights: Visualization should allow users to identify the level
in the hierarchy easily, as it also helps users in understanding how the reference
is used at various levels, in different contexts.

• REQ18-Drill up, Drill down: When users start their search with references
they should be able to move up in the hierarchy to find the relevant parent
nodes, in order to facilitate this there should be a possibility to perform all
the basic navigation techniques like drill-up, drill-down, and filter options at
any point in the hierarchy.

• REQ19-Overview of occurrence: users should be able to see all the occur-
rences of the particular leaf node in all the available hierarchies.

• REQ20-Path Highlighting: users should be able to see the hierarchy path for
the selected node and should be able to jump to any level in the path.

Following the phases in the human-centered design process we have come up with
a hybrid approach for visualizing concept hierarchies in top-down, middle-out, and
bottom-up approaches, and the next phase of the human-centered design process is
to design visualization to address these requirements

4.3.6 Prototype Design Phase

In this section, we present the designs we have come up with to address each re-
quirement mentioned in the previous section for the proposed hybrid approach.

Top-Down Traversal:

REQ1-Book and Chapter Overview: To address this requirement, we have devel-
oped a visualization that will also be starting point of the visualization for top-down
traversal. In this visualization we display all the books/parts that are available on
the left side of the screen as shown in Figure 4.9 and once the user clicks on any of
the displayed books we will then load all the chapters that belong to the selected
book as shown in Figure 4.10
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Figure 4.9: Book Overview
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Figure 4.10: Chapter Overview

REQ2-See references (leaf nodes) at all times: In order to address REQ2 we have
designed a dedicated area in the “TOC” view to show the references based on the
selected concept/chapter at all times as shown in Figure 4.11 highlighted as REQ2

REQ3-See the context of references on demand: For showing the context in which
the references are cited we came up with the idea of having a “More” button that
reveals the context when clicked as shown inFigure 4.11 REQ3.

REQ4-Drill-up, drill-down, filter: To handle REQ4 we have designed a button
group with three buttons “Next (for drill-down), Prev (for drill-up), and Preview
(for filtering references)” that is displayed beside every TOC at the current level as
shown in REQ4 of Figure 4.11

REQ5-Have an overview of the traveled path: To handle REQ5 we have come up
with a design that shows the traversed TOC on the top of each previous level in
the “TOC” view along with highlighting the selected TOC as shown in REQ5 of
Figure 4.11
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REQ6-Visual Insights: In order to help users identify the level in the hierarchy
easily we have come up with a design that assigns a unique color for each TOC level
across the application as shown in Figure 4.11

Figure 4.11: TOC View Requirements

REQ7-Dynamically Scalable: To address REQ7 we have implemented the logic in
such a way that it dynamically looks for new books or hierarchies available in the
database and processes the data accordingly.
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Middle-Out Traversal:

REQ8-Search in Context or Node: As shown in Figure 4.12 we have designed a
search box and a checklist box to enable the user to select where the search term
should appear in the hierarchy. Once the user clicks on the search button the results
are loaded based on his search criteria.

Figure 4.12: Middle-Out traversal Requirements

REQ9-Show the path from root to a selected node: In order to enable the user to
quickly understand where the searched term is appearing in different hierarchies we
show the path from root to the selected node using small chips-like icons below each
result as shown in Figure 4.12 REQ9.

REQ10-Reference and Context: We show all the references assosciated with the
searched keyword, by displaying a list of references and the context in which the
reference is used as shown in Figure 4.12 REQ10.

REQ11- Ability to explore the siblings at each level: As shown in Figure 4.12 we
have designed the visualization to allow users to explore siblings of any selected node
by clicking on the node that will display a menu of options, clicking on the menu
item go to TOC will take users to TOC view to explore the sibling nodes as shown
in Figure 4.13.

REQ12-Finding similar leaf nodes: We have integrated an option for users to search
for similar references that are used in various contexts by clicking on reference as
shown in Figure 4.12 that will load all the results containing the same reference as
a leaf node in various hierarchies.
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Figure 4.13: Middle-Out traversal Requirements TOC mode

REQ13-Drill up, Drill down, filter: As shown in Figure 4.13 we have provided an
option for users to further explore any hierarchy by either using “Prev (for drill-up),
Next (for drill-down), Preview (for filtering)”.

REQ14-Visual Insights: In order to enable users to identify the hierarchy level easily
across the application, we have assigned a unique color to represent a hierarchical
level as shown in Figure 4.13

REQ15-Dynamically Scalable: We have designed the visualization to scale dynam-
ically, by generating all the elements to check for the number of levels available for
each result and to display the elements accordingly.
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Bottom-Up Traversal:

REQ16-Search and Filtering: In order to facilitate users to search for a specific leaf
node, we have come a design that allows users to enter full or partial text and search
for it, we were also able to accommodate a filter functionality that lets the users
filter by book or part name as shown in Figure 4.14 REQ16.

Figure 4.14: Bottom-Up traversal requirements

REQ17-Visual Insights: This is one of the common requirements across all three
traversal techniques, we have designed the system to use unique color to represent
each hierarchy level thereby making it easier for users to identify the level across the
visualization as shown in Figure 4.15 REQ17.

REQ18-Drill up, Drill down: This is another common requirement across all three
traversal techniques, we have designed a button group that is displayed beside each
toc, which will help users in either moving up or moving down the hierarchy along
with a preview option that filters the references of selected hierarchy as shown in
Figure 4.15 REQ18.

REQ19-Overview of occurences: We designed the interface to show all the occur-
rences of searched references as an overview for the user such that this overview
helps in understanding the various contexts in which the particular reference is used
as shown in Figure 4.14 REQ19.

REQ20-Path Highlighting: We show the path from root to the node in which the
reference occurs at the bottom of each result in order to show users how and where
the reference is used within the hierarchy as shown in Figure 4.14 REQ20.
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Figure 4.15: Bottom-Up traversal Requirements TOC mode

In this way were able to design our visualization that addresses all the requirements
we came up with during the ideate phase to answer our research questions. In the
next chapter, we presented a detailed explanation of our implementation of this
design.
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5. Implementation

In this chapter, we discuss the implementation details of our thesis “A Dynamic
Approach for Visualizing and Exploring Concept Hierarchies in Textbooks”. It is
also one of the phases in the human-centered design process (framework used in
formulating this thesis), which suggests creating and testing a prototype that we
have come up with in the ideate phase.

We also present the database schema we used for this project, and then the imple-
mentation of each research question along with the code we used. For the front end
of this visualization, we used angular1 along with Material UI2 components.

5.1 Database Preparation

We have chosen Orient DB as our database as it supports the use of multi-model
databases like document type, key-value type, and object models along with sup-
porting SQL queries. Another reason to choose Orient DB is that the data can be
requested through a REST call, which provides the flexibility of choosing a program-
ming language that suits our needs rather than restricting ourselves to the languages
that support Orient DB.

Based on the data we extracted from textbooks we have come up with two different
database schemas as shown in Table 5.1 and Figure 5.1. Our initial idea was to
employ with schema 2, however, we quickly realized that querying the data from
schema 2 will involve multiple joins and we would also be overcomplicating the
solution, and will not be able to use the query function ANY() unless the tables
are joined when searching in multiple columns. Hence, in the following, we present
our idea to keep the logic simple, as we went with schema 1. This also helped us
in reducing the complexity of database management. In schema1 we use id as the
primary key, chapterName for storing the name of the chapter, context is used to
store the context in which the reference is used, filename column is used to store

1Guide for setting up angular project:https://angular.io/guide/setup-local
2Guide for setting up Material UI:https://material.angular.io/guide/getting-started

https://angular.io/guide/setup-local
https://material.angular.io/guide/getting-started


50 5. Implementation

the name of book/part typically the root node of the hierarchy, isActive is a flag
used to activate or deactivate a hierarchy, reference is used to store the leaf node of
a hierarchy, referencestart and referenceend is used to store the information about
the starting and ending points of the reference context, rel is the relation between
the resource and reason for citation(rfc), TOC1 is the first hierarchical level after
the chapter, TOC12 is the last hierarchical level before the leaf node.

Field Datatype
id Integer

chapterName String
context String
fileName String
isActive Boolean
reference String

referenceStart String
referenceEnd String

rel String
resource String

rfc String
TOC1 String
TOC2 String
TOC3 String
TOC4 String
TOC5 String
TOC6 String
TOC7 String
TOC8 String
TOC9 String
TOC10 String
TOC11 String
TOC12 String

Table 5.1: Database Schema

Once the schema is created we load data extracted from the textbooks into this
database.
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Figure 5.1: Database Schema 2
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5.2 Research Question 1

“Which visualization is suitable for a top-down search for hierarchical data?”

Top-Down traversal of hierarchical data represents the way the user explores the
hierarchy. In the context of our thesis, users start exploring the hierarchy beginning
from the most generic highest level (book/part) and travel to the more specific
lowest level (reference). In order to answer our first research question (which is to
find suitable visualization that supports top-down traversal), we explored various
visualization and understood that the current visualizations work only for some
hierarchical data formats. They often fall short while addressing the user needs and
pain points that users face at the moment while working with textual hierarchical
data. Hence, we have come up with a hybrid visualization approach to address the
user needs and pain points we have gathered. We created a high-fidelity prototype of
the visualization we have designed in the ideate phase. This prototype is explained
next.

Figure 5.2: View 1 for top-down visualization

Code explanation 3:

The following visualization is designed and developed in angular 10. In this frame-
work, there is a clear separation between the front-end and back-end parts. Following
is the code we used to design this view.

3Link to the code repository: https://github.com/pranee525/Datavis

https://github.com/pranee525/Datavis
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1 <div class="example−l a rge−box␣mat−e l eva t i on−z4"
2 style="width : ␣90%; he ight :820 px">
3 <div class=" t i t l eHeade r ">
4 Available Files

5 </div>

6 <div style="width :100%">
7 <div class="partsView">
8 <div style="width :100%; text−a l i g n : c en t e r ; ">
9 <b>Parts</b>

10 </div>

11 <mat−card

12 class="cardView"
13 *ngFor=" l e t ␣ chip ␣ o f ␣ ava i l ab l eOpt i on s "
14 (click)=" showChaptersForSe lect ion ( chip . f i l ename ) "
15 [class.active]=" chip . f i l ename ␣===␣act iveFi leName">
16 {{chip.filename}}

17 </mat−card>

18 </div>

19 <div style="width : ␣60%; f l o a t : ␣ r i g h t ; ">
20 <div style="width : ␣100%; f l o a t : l e f t ">
21 Chapters from Book : {{bookName}}

22
23 </div>

24
25 <div style="width : ␣100%;margin−top : ␣7%;">
26
27 <mat−chip−list aria−label="Color ␣ s e l e c t i o n ">
28 <mat−chip *ngFor=" l e t ␣ chapter ␣ o f ␣chapterNames"
29 class="mat−chip−des ign "
30 (click)=

31 " showSe l e c t edF i l e (bookName , chapter . chaptername ) "
32 selected

33 color="primary">
34 {{chapter.chaptername}}

35 </mat−chip>

36 </mat−chip−list>

37 </div>

38 </div>

39 </div>

40 </div>

Listing 5.1: Top-Down View part 1

Listing 5.1 is the HTML part of the code that is used to create the visualization as
seen in Figure 5.2. This code primarily consists of two parts. The first one is on
the left that loads all the available parts/books that can be selected on inital load.
When users click on any of these available parts/books then the chapters belonging
to the selected part/book are loaded on the second part of the visualization on the
right.
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1 //gets all available parts on pageload

2 ngOnInit(): void {

3 const httpOptions = {

4 headers: new HttpHeaders({

5 ’Content−Type’: ’application/json’,

6 ’Authorization’: ’Basic ’ + btoa(’root:Forgot@12’)

7 })

8 };

9 this.http.post<any>(environment.dbUrl, {

10 command: ’select distinct filename from JoinedSchema’

11 }, httpOptions).subscribe(data => {

12
13 this.availableOptions=data.result;

14 })

15 const fName = this.route.snapshot.paramMap.get(’file’);

16 if(fName!=null){

17 this.showChaptersForSelection(fName);

18 }

19 }

20 //gets all chapters that belong to the selected part

21 showChaptersForSelection(fname:string){

22
23 this.bookName=fname;

24 this.activeFileName=fname;

25 const httpOptions = {

26 headers: new HttpHeaders({

27 ’Content−Type’: ’application/json’,

28 ’Authorization’: ’Basic ’ + btoa(’root:Forgot@12’)

29 })

30 };

31 this.http.post<any>(environment.dbUrl, {

32 command: ’select distinct chaptername from

33 JoinedSchema where filename=" ’+fname+’"
34 order by chaptername asc’

35 }, httpOptions).subscribe(data => {

36 this.chapterNames=data.result;

37 })

38 }

39 //takes users to TOC view and load TOCs of the selected chapter

40 showSelectedFile(fname:string,chapter:string){

41 this.router.navigate([’/tree’, fname,chapter ]);

42 }

Listing 5.2: Top-Down View typescript part 1

In Listing 5.2 there are three methods that are responsible for all the functionality
seen in Figure 5.2. The first method is ngOnInit() which is responsible for getting
the list of all available parts/books in our database and loading the result into an
array which is used in the front to display the fetched chapters. This method is called
when the page is loaded. The ShowChaptersForSelection(fname: string) method is
called when users click on any of the parts/book and this method gets the selected
part name to go through the database and fetches all the chapters that are part of
this book and shows they in ascending order. The showSelectedFile(fname: string,
chapter: string) method is called when users click on a chapter. This method takes
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users to the Table of Contents (TOC) view as shown in Figure 5.3 and loads the
TOC 1 level along with the available references for the selected part and chapter.

Book and Chapter Overview:

• In Figure 5.2, the panel on the left-hand side displays book/parts that are
available for visualization.

• The blue rectangles on the right display the chapters of the selected book.

This is the starting point of the top-down visualization where the user starts with
the book he or she likes to explore further. When users click on the chapter they
are presented with all the available hierarchies that belong to the selected chapter
from Figure 5.2.

Figure 5.3: View 2 for top-down visualization

See references (leaf nodes) at all times:

In Figure 5.3 we show all available references on the right at all times based on the
selection. In the above figure, the references are shown for all nodes at the selected
level, The current level is always displayed as a big box on the left.

Drill up, Drill down, filter:

In Figure 5.3, the three buttons that are present beside each node provide options
to drill down, drill-up, and filter.

• “Next” is used to navigate to the next lower level (drill-down) of the selected
hierarchy.

• “Prev” is used to navigate to the parent node or previous higher level of the
selected hierarchy.

• “Preview” is used to filter the references that belong to the selected node in
the hierarchy.
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Figure 5.4: Drill Down operation

Have an overview of traveled path:

Figure 5.4 shows how users are presented with an overview of the selected nodes in
smaller boxes on the top when using the drill-down operation.

Visual Insights:

Each level of the hierarchy is represented using a unique color in order to help users
identify the levels easily.

See the Context of references on demand:

The “More” option available beside each reference can be used to see the context in
which the reference is used.

Code Explanation:

Listing 5.3, Listing 5.4, and Listing 5.5 are the front-end parts of the code for
Figure 5.3 and Figure 5.4. In this, the first div of Listing 5.3 is used to show
the back button which helps users to go back to the previous view of top-down
visualization. The second div in Listing 5.3 is code that loads all the previous levels
traversed that are shown on top, it assigns a specific color for each level that helps
users in identifying the TOC level easily and highlights the selected TOC at each
level. The third div in Listing 5.3 continued to Listing 5.4 is responsible for showing
all the available TOCs in the current level along with options to go to the next level
or go to the previous levels or to preview the references of a TOC without moving
to next level in the hierarchy. The final div in Listing 5.5 is responsible for showing
all the references that are accessible from the current level and the “More” button
beside each reference reveals the context in which the reference is cited when it is
clicked.
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1
2 <div style="width :100%">
3 <mat−chip matTooltip="{{ f i leName }}"
4 selected style="background−c o l o r : c o rn f l owe rb lue "
5 (click)=" setTermStorage ( f i leName ) ">
6 {{(fileName.length>14)? (fileName | slice:0:12)+’..’:(fileName)}}

7 </mat−chip>

8 </div>

9 <div style="width : ␣100%; over f low−x : ␣auto
10 ! important ; d i sp l ay : ␣−webkit−box ; he ight : ␣260px ; "
11 *ngIf="currentMainDiv>1">
12 <div class=" topDiv"
13 *ngFor=" l e t ␣ item␣ o f ␣ c a rd sL i s t ; ␣ l e t ␣ i ␣=␣ index "
14 [style.background−color]=" c o l o rP a l l e t [ i ] ">
15 <div

16 style="width :100%; border−bottom :1 px␣dotted ␣ grey ; padding : ␣10px ; ">
17 <b>{{keyList[i]}}</b>

18 </div>

19 <div *ngFor=" l e t ␣ va l ␣ o f ␣ item | keyvalue ">
20 <span class=" l ineSpan "
21 *ngIf=" keyL i s t [ i ]==va l . key"
22 style="background−c o l o r : ␣ rgb (115 , ␣ 188 , ␣ 224) ; ">
23 {{val.key}}

24 </span>

25 <span class=" l ineSpan " *ngIf=" keyL i s t [ i ] != va l . key">
26 {{val.key}}

27 </span>

28 </div>

29 </div>

30 </div>

31 <div style="width :100%;margin−bottom : ␣15%;margin−top : ␣3%;">
32 <div class=" card "
33 [style.background−color]=" c o l o rP a l l e t [ currentMainDiv −1]">
34 <div class="mainCard">
35 Toc {{currentMainDiv}}

36 </div>

Listing 5.3: TOC View Part 1
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1 <div class=" conta ine r " style=" he ight :300 px ; over f l ow : ␣auto ; ">
2 <div *ngFor=" l e t ␣ item␣ o f ␣mainDiv | keyvalue " class=" l ineSpan ">
3 <span class="spanBreak">{{item.key}} </span>

4 <button color="primary"
5 (click)=" showSe lec t ion ( item . key , currentMainDiv ) "
6 style=" f l o a t : ␣ r i g h t ; "
7 title="Shows␣ r e f e r e n c e s ␣ o f ␣ t h i s ␣ s e l e c t i o n ␣ only ">
8 Preview

9 </button>

10 <button color="primary"
11 (click)=" gotoNextLevel ( item . key , currentMainDiv ) "
12 style=" f l o a t : ␣ r i g h t ; margin−r i g h t : ␣5px ; "
13 title="Next␣Level ">Next</button>
14 <button color="primary"
15 (click)=" gotoPrev iousLeve l ( item . key , currentMainDiv ) "
16 style=

17 " f l o a t : ␣ r i g h t ; margin−r i g h t : ␣5px ; " title="Previous ␣Leve l ">
18 Prev

19 </button>

20 </div>

21 </div>

22 </div>

Listing 5.4: TOC View Part 2
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1 <div class=" card " style="background−c o l o r : ␣#E4ECFC; ">
2 <div class="mainCard">
3 References<br />

4
5
6 <i>

7 <p style=" font−weight : ␣ 200 ; font−s i z e : ␣ smal l ; ">
8 use Ctrl+F to search for a specific reference

9 </p>

10 </i>

11 </div>

12 <div class=" conta ine r " style=" he ight :300 px ; over f l ow : ␣auto ; ">
13 <div *ngFor=" l e t ␣ item␣ o f ␣ objectKeys ( f i l t e r S e l e c t i o n ) ">
14 <div class=" l ineSpan "
15 *ngFor=" l e t ␣ kval ␣ o f ␣ f i l t e r S e l e c t i o n [ item ] ">
16 <b> {{kval.rfc}} − {{kval.rel}} </b> {{kval.reference}}

17 <span (click)=" enableSpan ( kval ) " class="moreButton">
18 More..

19 </span>

20 <div *ngIf=" kval . expand">
21 <i>{{kval.context}}</i>

22 </div>

23 </div>

24 </div>

25 </div>

26 </div>

27 </div>

Listing 5.5: TOC View Part 3

Listing 5.6, Listing 5.7, Listing 5.8, and Listing 5.10 are forming the backend code
that provides the functionality for the TOC view which is a reused component
for all three visualizations. The ngOnInit() method is executed when the user
moves to the TOC view. In this method the data is fetched based on the selected
file and chapter names in a synchronous call. Received data is then parsed as
a dictionary and is used throughout the visualization without any other calls to
fetch data. showSelection(ele:any,currentDiv:any) in Listing 5.6 is used to filter
the references that can be reached from the selected TOC at the current level. This
is achieved by passing the selected TOC and the current TOC level to this method.
gotoNextLevel(ele: any,currentDiv: number) as seen in Listing 5.7 and Listing 5.8
is responsible for handling the drill-down operation where users can view children by
clicking on the “Next” option available beside each TOC. When clicked, this method
takes the TOC that is selected along with the current level in the hierarchy. This is
then used to get all the available nodes at the next level and to load all the available
TOCs at this level to a list, so that it is shown along with all the other previous
levels on the top. There is a condition at this point which checks if the next level
has been invoked and handles the visualization accordingly. gotoPreviousLevel(ele:
any,currentDiv: number) as seen in Listing 5.10 is responsible for letting users go
back to the previous level and load all the available TOCs at the previous level in the
hierarchy. This method works on a condition that there is a previous level available,
in case the user reaches the first level then it clears all the variable that stores all
levels traversed. loadTopDivs(ele: string,currentDiv: number) is called when the
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user traverses to the next level in the hierarchy and this method is responsible for
displaying the TOCs of all previous levels on the top of the screen in the TOC view.

1 ngOnInit(): void {

2 const fName = this.route.snapshot.paramMap.get(’file’);

3 this.fileName=fName!=null?fName:"";
4 const chapter = this.route.snapshot.paramMap.get(’chapter’);

5 this.chapName=chapter!=null?chapter:"";
6 var query=" s e l e c t ␣∗␣ from␣JoinedSchema␣where␣ f i l ename=’"+fName+" ’ ␣

and␣chaptername=’"+chapter+" ’ ";
7 const httpOptions = {

8 headers: new HttpHeaders({

9 ’Content−Type’: ’application/json’,

10 ’Authorization’: ’Basic ’ + btoa(’root:Forgot@12’)

11 })

12 };

13 this.http.post<any>(environment.dbUrl, {

14 command: query

15 }, httpOptions).subscribe(data => {

16 this.visData = JSON.stringify(data.result);

17 this.visData = this.visData.replaceAll("@", "");//.replaceAll("
/","//");

18 this.visData = JSON.parse(this.visData)

19 this.mainDiv = this.visData.reduce(function (r: any, a: any) {

20 r[a.TOC1] = r[a.TOC1] || [];

21 r[a.TOC1].push(a);

22 return r;

23 }, Object.create(null));

24 this.savePreviousList.push(this.mainDiv);

25 });

26 }

27
28 showSelection(ele: any, currentDiv: number): void {

29 var datadiv = this.mainDiv;

30 const filData = Object.keys(datadiv).reduce(function (filtered:

any, key: any) {

31 if (key == ele) {

32 filtered[key] = datadiv[key];

33 }

34 return filtered;

35 }, {});

36 this.filterSelection = filData;

37 }

Listing 5.6: TOC View Typescript Part 1
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1 gotoNextLevel(ele: any, currentDiv: number): void {

2 var nextToc = currentDiv + 1;

3 var buildToc = "TOC" + nextToc

4 var curTOC = "TOC" + currentDiv;

5 var refEle = "";
6
7 var redDiv = this.visData.reduce(function (r: any, a: any) {

8 if (a[curTOC] == ele) {

9 refEle = a[buildToc];

10 if (refEle != ’’) {

11 r[a[buildToc]] = r[a[buildToc]] || [];

12 r[a[buildToc]].push(a);

13 }

14 }

15 return r;

16 }, Object.create(null));

17 if (Object.keys(redDiv).length == 0) {

18 if (this.savePreviousList[currentDiv − 1] != null) {

19 this.mainDiv = this.savePreviousList[currentDiv − 1];

20 this.currentMainDiv = currentDiv;

21 var datadiv = this.mainDiv

22 refEle = ele;

23 const filData = Object.keys(datadiv).reduce(function (

filtered: any, key: any) {

24 if (key == refEle) {

25 filtered[key] = datadiv[key];

26 }

27 return filtered;

28 }, {});

29 this.cardsList.splice(currentDiv − 1, 1)

30 this.savePreviousList.splice(currentDiv − 1, 1)

31 this.keyList.splice(currentDiv − 1, 1)

32 this.filterSelection = filData;

33 }

34 }

Listing 5.7: Logic for Moving to Next Level in TOC View Part 1
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1 else {

2 this.mainDiv = redDiv;

3 this.currentMainDiv = currentDiv + 1;

4 var datadiv = this.mainDiv

5 const filData = Object.keys(datadiv).reduce(function (filtered:

any, key: any) {

6 if (key == refEle) {

7 filtered[key] = datadiv[key];

8 }

9 return filtered;

10 }, {});

11 this.keyList.push(ele);

12 this.filterSelection = filData;

13 this.savePreviousList.push(this.mainDiv);

14 }

15 this.loadTopDivs(ele, currentDiv)

16 }

Listing 5.8: Logic for Moving to Next Level in TOC View Part 2

1 loadTopDivs(ele: string, currentDiv: number) {

2 this.cardsList = [];

3 for (var i = 0; i < currentDiv; i++) {

4 if (this.savePreviousList[i] != null)

5 this.cardsList.push(this.savePreviousList[i]);

6 }

7 }

8
9 enableSpan(row:any){

10 if(row.expand){

11 row.expand=false;

12 }

13 else{

14 row.expand = true;

15 }

16 }

Listing 5.9: Logic for showing all previous levels on TOC view
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1 gotoPreviousLevel(ele: any, currentDiv: number): void {

2 if (currentDiv > 1) {

3 var prevToc = currentDiv − 1;

4 var buildToc = "TOC" + prevToc;

5 var curToc = "TOC" + currentDiv;

6 var refEle = "";
7 if (prevToc == 1&& this.cardsList.length==1) {

8 this.mainDiv = this.cardsList[0]

9 this.cardsList = [];

10 this.keyList = [];

11 this.savePreviousList=[];

12 this.savePreviousList.push(this.mainDiv);

13 this.currentMainDiv = 1;

14 }

15 else {

16 var prev2=prevToc−2;

17 var prevToc1=prevToc>=this.savePreviousList.length? prev2:

prevToc−1;

18 this.mainDiv = this.savePreviousList[prevToc1];

19 this.currentMainDiv = prevToc;

20 var datadiv = this.mainDiv

21 refEle = this.keyList.at(−1);

22 const filData = Object.keys(datadiv).reduce(function (

filtered: any, key: any) {

23 if (key == refEle) {

24 filtered[key] = datadiv[key];

25 }

26 return filtered;

27 }, {});

28 this.cardsList.pop();

29 this.keyList.pop();

30 this.savePreviousList.pop();

31 this.filterSelection = filData;

32 }

33 }

34
35 }

Listing 5.10: Logic for going to Previous Level in TOC view
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By implementing the hybrid solution we have come up with in the design phase
of our thesis, we were able to address various user needs and pain points that were
observed in the empathize phase of the process. This will be further evaluated in the
evaluation phase to gather feedback and to further refine the solution as suggested
by the users.

5.3 Research Question 2

“Which visualization is suitable for a middle-out search for hierarchical data?”

Middle-Out traversal of hierarchical data represents the way the user explores hi-
erarchy. Within the scope of our thesis, users have the flexibility to navigate the
hierarchy beginning from any position, moving either towards the broader higher
levels (like book/part) or delving into the detailed lower levels (such as reference).
To tackle our second research question, which focuses on identifying an optimal vi-
sualization to facilitate middle-out navigation, we looked into various visualization
techniques. We observed that the existing visualizations are only effective for certain
hierarchical data structures, often failing to meet users’ requirements and resolve the
challenges they encounter with text-based hierarchical data. As a solution, we in-
troduced a blended visualization strategy, addressing the identified user needs and
pain points. A prototype representing our envisioned visualization was developed
during our ideation phase. This will be further discussed.

Figure 5.5: View 1 for Middle-Out visualization

Search in context or node:

Using Figure 5.5 users will be able to search for the topic, chapter or term they are
interested in. They also will have the possibility to select if the results should contain
the search term either in context or in the TOC (table of contents). When both
the checkboxes (context, TOC) are ticked, results will show all the references that
contain the selected term as part of the context or table of contents, respectively.
Results are visualized in such a way that they contain the following elements:
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• Relationship to the reference.

• Reference.

• Context.

• Path from the name of the book to the node where the reference occurs.

Show path from the root to the selected node:

The results shown will contain the path from the book/part name (root node) to the
node where the reference occurs. This path is shown at the bottom of each reference
using the same color codes for each level as shown in the top-down search. This will
help users in identifying the levels in the hierarchy easily.

Reference and context:

In the middle-out visualization, we provide the user with the ability to see all the
leaf nodes from all the hierarchies that contain the selected term either as part of
nodes in the hierarchy or in the context. This includes the reference and the context
in which the reference is used.

Figure 5.6: View 2 for Middle-Out visualization

Ability to explore the siblings at each level: From our research we observed that
users need the possibility to also explore all the sibling nodes at each level. In order
to accommodate that, we provide users with an option to select any node in the
hierarchy path shown in the result As shown in Figure 5.6 . This will take them
to Figure 5.7 where users can explore siblings of the selected node along with all
references at the selected level. This view will also provide users with the possibility
of exploring siblings at all the previous levels.

Finding similar leaf nodes:

Users will have the possibility to click on the reference shown in the result which
will show all the occurrences of that reference in other hierarchies, see Figure 5.6.
This will help users in identifying the relationship to other topics.
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Figure 5.7: View 3 for Middle-Out visualization

Drill up, drill down, filter: This is one of the common functionalities across all
three traversal techniques and in order to accommodate these options in the middle-
out visualization, we have introduced these three options beside each TOC at the
current level as shown in Figure 5.7, using these buttons users can navigate within
the hierarchy in both directions as well as filter the references.

• “Next” is used to navigate to the next lower level (drill-down) of the selected
hierarchy.

• “Prev” is used to navigate to the parent node or previous higher level of the
selected hierarchy.

• “Preview” is used to filter the references that belong to the selected node in
the hierarchy.

Visual Insights:

Each level of the hierarchy is represented using a unique color in order to help users
identify the levels easily. We also use the same colors while showing the hierarchy
path for each result Figure 5.6.

Dynamically scalable: This visualization is designed with scalability in mind, such
that it can incorporate all the new hierarchies coming in and works the same. It can
also accommodate new levels in the hierarchy with ease.

Code Explanation of the Frontend:

As shown in Listing 5.11 and Listing 5.12, the HTML part of the initial view contains
an input form where users can enter the concept/term they would like to know about.
It also provides users the flexibility of stating where the term should appear in the
search results (as part of TOC or as part of the context). On submitting the inputs,
the users are then presented with a list of results as shown in Figure 5.5, where each
result is divided into three parts :
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• RFC (reason for citing) on the top of the result

• Reference and context in the center

• The path from the root (book/part) to the specific level in which this result
appears in the bottom

This path is shown as chips at the bottom of each result. These chips are clickable
and reveal various options based on the chip, such as go to chapter, go to TOC, and
search for the term, as shown in Figure 5.6.

Code Explanation of the Backend:

As seen in Listing 5.14, Listing 5.15, and Listing 5.16, the buildTreeforWord (searchTerm:
string)method is called when users enter a term and click on the search button in the
middle-out view. In this method based on the criteria selected by a user, we either
search for the terms only in TOCs as shown in line 8 of Listing 5.14 or the search
term will be searched across all columns of the database in as shown in line 6 with
help of keyword “ANY()” which is available only in Orient DB. The data received
from the database is then processed to create a list of chapters which is further used
for filtering the results, another list is created to present the results as shown in
Figure 5.5. setTermStorage(filename: string, chaptername: string, searchTerm:
string, TOClevel: string) is used to perform multiple operations based on the option
selected on clicking the TOCs shown in each result. gotoRefTab(clickedTerm:any)
will take users to the bottom-up view and present users with all the results of all
the occurrences of the selected references. openDialog() is called when users click
on any of the TOCs in results. It will show a small popup window with options as
shown in Figure 5.6. onSelection(e: any, v: any) is used to filter the results based
on the selected chapter.

Code Explanation for the TOC view in the middle-out approach:

We are going to explain only parts of the code that are different in the TOC view of
the middle-out approach from the TOC view of a top-down approach. In the top-
down approach, users will always start from the TOCs at level 1, however, in the
middle-out approach, users can start exploring the hierarchy from any level hence
when users select a TOC that is not in level 1 there is a need to present the user with
a TOC view at the selected level and to show all the previous levels on the top. List-
ing 5.17 and Listing 5.17 are used to handle this logic, when the user moves to the
TOC view in the middle-out tab by clicking on a TOC. setTermStorage(filename:
string, chaptername: string, searchTerm: string, TOClevel: string) gives us all
the necessary information regarding the level of the selected TOC, chapter name,
and part name. We use this information to get the relevant data to build the visual-
ization. Then, we loop through the goToNextLevel(ele:any, currentDiv: number)
from Listing 5.7 till we reach the level of the selected TOC.
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1 <div class="example−l a rge−box␣mat−e l eva t i on−z4" style="width : ␣90%;
he ight :820 px">

2 <form class="example−form">
3 <mat−form−field class="example−f u l l −width" appearance="

f i l l ">
4 <mat−label>Enter Search term</mat−label>

5 <input matInput placeholder="Crime" [(ngModel)]="
activeSearchTerm" name="searchTerm">

6 </mat−form−field>

7 <button mat−raised−button color="primary" style="margin−

l e f t : ␣10%;"
8 (click)="buildTreeforWord ( activeSearchTerm ) ">Search</

button>

9 <section style=" f l o a t : ␣ l e f t ; " class="example−s e c t i o n ">
10 <label class="example−margin">Search In:</label>

11 <mat−checkbox class="example−margin" [(ngModel)]="
searchInToc "

12 [ngModelOptions]="{ standa lone : ␣ t rue }">TOC</mat−
checkbox>

13 <mat−checkbox class="example−margin" [(ngModel)]="
searchInContext "

14 [ngModelOptions]="{ standa lone : ␣ t rue }">Context</mat−
checkbox>

15 </section>

16 </form>

17 <div style="width :100%">
18 <div style="width : ␣100%; f l o a t : ␣ r i g h t ; ">
19 <div style="width : ␣100%; f l o a t : l e f t ">
20 Results for Search : {{activeSearchTerm}}

21
22 </div>

23 <div style="width : ␣100%; f l o a t : l e f t ">
24 <div style="width :35%; f l o a t : ␣ r i g h t ; ">
25 <mat−paginator [length]=" dataForSearchResult . l ength

" [pageSize]="10"
26 [pageSizeOptions]=" [ 5 , ␣ 10 , ␣ 25 , ␣ 100 ] " aria−label="

S e l e c t ␣page"
27 (page)="pageEvent␣=␣$event ; ␣onPageChange ( $event ) "

>

28 </mat−paginator>

29 </div>

30 <div style="width :6%; f l o a t : ␣ r i g h t ; ">
31 <mat−form−field style="margin− l e f t : ␣1%;">
32 <mat−label>Filter Chapters</mat−label>

33 <mat−select (selectionChange)=" onSe l e c t i on ( $event
, ␣ c hap t e rF i l t e r . s e l e c t edOpt i on s ) ">

34 <mat−option *ngFor=" l e t ␣ topping ␣ o f ␣
chap t e rF i l t e r " [value]=" topping ">{{topping}}
</mat−option>

35 </mat−select>

36 </mat−form−field>

37 </div>

38 </div>

Listing 5.11: Middle-0ut Approach View 1 Part 1
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1 <div style="width : ␣100%;margin−top : ␣3%;␣ over f low−y : ␣
auto ; he ight : ␣600px ; ">

2 <div *ngFor=" l e t ␣ r e s ␣ o f ␣ sea rchResu l t " style="width : ␣
97%;margin−bottom : ␣5px ; ">

3 <mat−card style="width : ␣100%;">
4 <!−− <mat−card−subtitle>{{res.rfc}}</mat−card−

subtitle> −−>

5 <div style="background−c o l o r : ␣#E4ECFC; border−
rad iu s : ␣7px ; padding : ␣1%; cur so r : ␣ po in t e r ; ">

6 <a (click)="gotoRefTab ( r e s . r e f e r e n c e ) "><mat−
card−title>{{res.reference}}</mat−card−title

>

7 <mat−card−content>

8 <p>{{ res.context }}</p>

9 </mat−card−content></a>

10 </div>

11 <mat−divider style="margin−top : ␣4px ; "></mat−
divider>

12 <mat−card−actions style="margin−top : ␣5px ; ">
13 <mat−chip−list #chipList class="matchiptwo">
14 <mat−chip matTooltip="{{ r e s . f i l ename }}"

selected style="background−c o l o r :
c o rn f l owe rb lue "

15 (click)=" setTermStorage ( r e s . f i l ename
, ’ ’ , ’ ’ , ’ ’ ) "> {{(res.filename.length>14)?

(res.filename |

16 slice:0:12)+’..’:(res.filename)}}</mat−chip

>

17 <mat−chip [matMenuTriggerFor]=" chapter "
selected color="primary"

18 matTooltip="{{ r e s . chaptername}}">{{(res.
chaptername.length>14)? (res.chaptername

|

19 slice:0:12)+’..’:(res.chaptername)}}</mat−

chip>

20 <mat−menu #chapter="matMenu">
21 <button mat−menu−item (click)="

setTermStorage ( r e s . f i l ename , r e s .
chaptername , ’ ’ , ’ ’ ) ">Go To

22 Chapter</button>

23 </mat−menu>

Listing 5.12: Middle-0ut Approach View 1 Part 2



70 5. Implementation

1 <mat−chip *ngFor=" l e t ␣ chipItem , index ␣ o f ␣ r e s .
ch ips " [matMenuTriggerFor]="MatToc{{ index
}}" [style.background−color]=" c o l o rP a l l e t
[ 0 ] "

2 matTooltip="{{ chipItem .TOC+index }}" *ngIf="
chipItem .TOC+index != ’Toc␣{{ index }} ’ ">{{(
chipItem.TOC+index.length>14)? (chipItem

.TOC+index |

3 slice:0:12)+’..’:(chipItem.TOC+index)}}</

mat−chip>

4 <mat−menu #MatToc1="matMenu">
5 <button mat−menu−item (click)="

setTermStorage ( r e s . f i l ename , r e s .
chaptername , ’ ’ , ’ ’ ) ">Go To

6 Chapter</button>

7 <button mat−menu−item (click)="
setTermStorage ( r e s . f i l ename , r e s .
chaptername , r e s .TOC1, ’ ’ ) ">Go To

8 Term</button>

9 <button mat−menu−item (click)="
setTermStorage ( r e s . f i l ename , r e s .
chaptername , r e s .TOC1, ’ 1 ’ ) ">Go

10 To Toc</button>

11 </mat−menu>

12 </mat−chip−list>

13 </mat−card−actions>

14 </mat−card>

15 </div>

16 </div>

17 </div>

18 </div>

19 </div>

Listing 5.13: Middle-0ut Approach View 1 Part 3
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1 buildTreeforWord(searchTerm:string){

2 this.loadingSpinner=true;

3 var getTreeInfo:any=localStorage.getItem(" bui ldTree ");
4 var query=" s e l e c t ␣∗␣ from␣JoinedSchema␣where␣ANY() ␣LIKE␣’%"+

searchTerm+"%’␣ order ␣by␣ r f c ";
5 if(this.searchInContext && this.searchInToc){

6 query=" s e l e c t ␣∗␣ from␣JoinedSchema␣where␣ANY() ␣LIKE␣’%"+
searchTerm+"%’␣ order ␣by␣ r f c ";

7 }else if(this.searchInToc&&!this.searchInContext){

8 query=" s e l e c t ␣∗␣ from␣ joinedSchema␣where␣TOC1␣ l i k e ␣’%"+
searchTerm+"%’␣ or ␣TOC2␣ l i k e ␣’%"+searchTerm+"%’␣ or ␣TOC3␣ l i k e ␣
’%"+searchTerm+"%’"+

9 "␣ or ␣TOC4␣ l i k e ␣’%"+searchTerm+"%’␣ or ␣TOC5␣ l i k e ␣’%"+searchTerm+"
%’␣ or ␣TOC6␣ l i k e ␣’%"+searchTerm+"%’"+

10 "␣ or ␣TOC7␣ l i k e ␣’%"+searchTerm+"%’␣ or ␣TOC8␣ l i k e ␣’%"+searchTerm+"
%’␣ or ␣TOC9␣ l i k e ␣’%"+searchTerm+"%’␣ or ␣TOC10␣ l i k e ␣’%"+
searchTerm+"%’"+

11 "␣ or ␣TOC11␣ l i k e ␣’%"+searchTerm+"%’␣ or ␣TOC12␣ l i k e ␣’%"+searchTerm
+"%’␣ order ␣by␣ r f c ";

12 }

13 else if (!this.searchInToc&&this.searchInContext){

14 query=" s e l e c t ␣∗␣ from␣JoinedSchema␣where␣ context ␣LIKE␣’%"+
searchTerm+"%’␣ order ␣by␣ r f c ";

15 }

16 const httpOptions = {

17 headers: new HttpHeaders({

18 ’Content−Type’: ’application/json’,

19 ’Authorization’: ’Basic ’ + btoa(’root:Forgot@12’)

20 })

21 };

22 this.http.post<any>(environment.dbUrl, {

23 command: query

24 }, httpOptions).subscribe(data => {

25 this.searchResult=data.result;

26 this.dataForSearchResult=data.result;

27 var chapters=this.dataForSearchResult.map((x:any)=>x.

chaptername);

28 this.chapterFilter=[...new Set(chapters)];

29 console.log(this.chapterFilter)

30 this.searchResult= this.searchResult.sort((a:any,b:any)=> a.

context.includes(searchTerm)?a−b:a.rfc−b.rfc

31 ).slice(0,10);

32 this.loadingSpinner=false;

33 });

34 localStorage.clear();

35 localStorage.setItem(" bui ldTree ",JSON.stringify(searchTerm));
36
37 }

Listing 5.14: Logic for showing searched results Middle-Out View
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1
2 setTermStorage(filename:string,chaptername:string,searchTerm:string,

TOC_level:string){

3 var termStorage:ClsTree={chaptername:’’,filename:’’,treeType:2,

refTerm:’’,searchTerm:’’,sterm:’’,sref:’’};

4 termStorage.treeType=1;

5 termStorage.filename=filename!=""?filename:"";
6 termStorage.chaptername=chaptername!=""?chaptername:"";
7 termStorage.searchTerm=searchTerm!=""?searchTerm:"";
8 termStorage.refTerm=this.activeSearchTermRef!=""?this.

activeSearchTermRef:"";
9 termStorage.sterm=this.activeSearchTerm!=""?this.activeSearchTerm

:"";
10 localStorage.clear();

11 localStorage.setItem(" bui ldTree ",JSON.stringify(termStorage));
12
13 if(searchTerm!=’’&& TOC_level==’’){

14 this.searchResult=[];

15 this.gotoSearchTerm(searchTerm)

16 }else {

17 this.router.navigate([’/fulltree’, "" ]);

18 }

19 }

20
21 gotoRefTab(clickedTerm:any){

22
23 this.tabGroup.selectedIndex=2;

24 this.activeSearchTermRef=clickedTerm;

25 this.buildRefTreeforWord(this.activeSearchTermRef);

26 }

27
28 gotoSearchTerm(searchTerm:any){

29 this.tabGroup.selectedIndex=1;

30 this.activeSearchTerm=searchTerm;

31 this.searchInContext=true;

32 this.searchInToc=true;

33 this.buildTreeforWord(this.activeSearchTerm);

34 }

35 onPageChange($event:any) {

36 this.searchResult = this.dataForSearchResult.slice($event.

pageIndex*$event.pageSize, $event.pageIndex*$event.pageSize +

$event.pageSize);

37 }

38 openDialog() {

39 this.dialog.open(DashboardComponent);

40 }

Listing 5.15: Logic for moving to TOC View, moving to Bottom-Up view, search
for new term in Middle-Out view 1
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1 onSelection(e:any,v:any){

2 this.selectedChapters=e.value;

3 this.searchResult=this.dataForSearchResult;

4 this.searchResult= this.searchResult.filter((e:any)=>e.chaptername

.includes(this.selectedChapters));

5 this.searchResult= this.searchResult.sort((a:any,b:any)=> a.

context.includes(this.activeSearchTerm)?a−b:a.rfc−b.rfc

6 ).slice(0,10);

7 }

Listing 5.16: Logic for filtering results based on chapter

1 ngOnInit(): void {

2
3 var getTreeInfo:any=localStorage.getItem(" bui ldTree ");
4 console.log(JSON.parse(getTreeInfo)," got ␣ from␣ l o c a l ␣ s to rage ")
5 var searchTerm=’’;

6 const treeData = JSON.parse(getTreeInfo);

7 var queryString=’’;

8 if(treeData.filename!=’’)

9 {

10 queryString=" f i l ename=’"+treeData.filename+ " ’ ";
11 }

12 if(treeData.chaptername!=’’){

13 queryString+="␣and␣chaptername=’"+treeData.chaptername+" ’ ";
14 }

15 if(treeData.searchTerm!=’’|| treeData.refTerm!=’’){/// <reference

path="" />

16
17 if(treeData.searchTerm!=’’){

18 searchTerm=treeData.searchTerm;

19 this.searchtermback=treeData.sterm!=""?treeData.sterm:
searchTerm;

20 queryString+="␣and␣ANY() ␣LIKE␣’%"+treeData.searchTerm+"%’";
21 }

22 }

23
24
25 var query=" s e l e c t ␣∗␣ from␣JoinedSchema␣where␣"+queryString;
26 console.log(query,"The␣ cur rent ␣query")
27 const httpOptions = {

28 headers: new HttpHeaders({

29 ’Content−Type’: ’application/json’,

30 ’Authorization’: ’Basic ’ + btoa(’root:Forgot@12’)

31 })

32 };

Listing 5.17: Logic for loading TOC view Middle-Out Part 1
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1
2 this.http.post<any>(environment.dbUrl, {

3 command: query

4 }, httpOptions).subscribe(data => {

5
6 this.visData = JSON.stringify(data.result);

7 this.visData = this.visData.replaceAll("@", "");//.replaceAll("
/","//");

8 this.visData = JSON.parse(this.visData)

9
10 this.mainDiv = this.visData.reduce(function (r: any, a: any) {

11 r[a.TOC1] = r[a.TOC1] || [];

12 r[a.TOC1].push(a);

13 return r;

14 }, Object.create(null));

15
16 this.savePreviousList.push(this.mainDiv);

17 this.currentMainDiv = 1;

18 const flatArray=[].concat(...this.visData)

19 for(var i=1;i<=12;i++){

20 var buildToc="TOC"+i
21 var TOC_level:string[]=flatArray.map(x=> x[buildToc]);

22 console.log(TOC_level)

23 var this_row=TOC_level.findIndex(a=>a.includes(searchTerm));

24 if(this_row!=−1){

25 this.searchedRow=flatArray[this_row];

26 this.searchedLevel=i;

27 break;

28 }

29 }

30 for(var i=1;i<this.searchedLevel;i++){

31
32 var buildToc="TOC"+i
33 var ele=this.searchedRow[buildToc]

34 this.gotoNextLevel(ele,this.currentMainDiv);

35 }

36 })

37
38
39 }

Listing 5.18: Logic for loading TOC view Middle-Out Part 2
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We can conclude by saying that we were able to implement all the features that we
came up with during the ideate phase of our process for answering research question
2. These features are the implementation of search and filtering, visual insights,
various interactions within the hierarchy such as search in context or node, showing
the path from root to the node in which the result occurs, reference and context of
use, the ability to find similar leaf nodes, drill up, drill down and filter, as well as
visual insights while also making sure that the visualization is dynamically scalable.

5.4 Research Question 3

“Which visualization is suitable for a Bottom-Up search for hierarchical data?”

Bottom-Up traversal of hierarchical data represents a way the user explores the
hierarchy. In this approach, users begin their exploration of the hierarchy from
the most detailed level (reference) and progress to the broader top levels (such as
book/part). To address our third research question, which seeks an apt visualization
facilitating a bottom-up approach, we examined multiple visualization techniques.
We found that existing visualizations are suitable for certain hierarchical structures,
but frequently lack in answering the challenges and needs users encounter with text-
based hierarchical data. Therefore, we proposed a combined visualization technique
to meet the challenges and needs identified. A detailed prototype of our proposed
visualization was crafted during the ideation stage, which will be explained further.

Figure 5.8: View 1 for Bottom-Up visualization

Search and Filtering: As shown in Figure 5.8 Users will be presented with all the leaf
nodes (references) based on their input. This will display all the results that contain
the full term or part of the search term from all the hierarchies. Alternatively,
users can also look for all occurrences of the particular leaf node by clicking on the
reference in the middle-out approach as shown in Figure 5.5. In this way, users can
see all the different contexts in which the reference has been used.

Visual Insights:
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Each level of the hierarchy is represented using a unique color in order to help users
identify the levels easily. We also use the same colors while showing the hierarchy
path for each result, see Figure 5.8 and Figure 5.9.

Figure 5.9: View 2 for Bottom-Up visualization

Drill up, Drill down: As shown in Figure 5.9, users will be able to move up (drill
up) and move down (drill down) the hierarchy levels by clicking on the “Next” and
“Prev” buttons placed beside each TOC, Besides this users can also filter all the
references that belong to a TOC by clicking on “Preview” button that is grouped
along with ”Next” and “Prev” buttons.

Path Highlighting: as shown in Figure 5.8. The results shown will contain the path
from the book/part name (root node) to the node where the reference occurs. This
path is shown at the bottom of each reference using chips-like structures of the same
color codes for each level as shown in the top-down search. To facilitate users in
identifying the hierarchical level easily.
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1 <div class="example−l a rge−box␣mat−e l eva t i on−z4" style="width : ␣90%;
he ight :820 px">

2 <form class="example−form">
3 <mat−form−field class="example−f u l l −width" appearance="

f i l l ">
4 <mat−label>Enter Search term</mat−label>

5 <input matInput placeholder="Crime" [(ngModel)]="
activeSearchTermRef " name=" searchRef ">

6 </mat−form−field>

7
8 <button mat−raised−button color="primary" style="margin−

l e f t : ␣10%;"
9 (click)="buildRefTreeforWord ( activeSearchTermRef ) ">

Search</button>

10
11 </form>

12
13 <div class=" t i t l eHeade r ">
14 Available Files

15
16 </div>

Listing 5.19: Logic for Bottom-Up View 1 Part 1

Code Explanation of the Frontend:

As shown in Listing 5.19, Listing 5.20, Listing 5.21 this view is similar to middle-out
view, however there are slight differences in the funcationality as the text entered in
the search field will only search for the term in references of the hierarchy and lists
results as shown in Figure 5.8, where each result is divided into three parts.

• RFC (reason for citing) on the top of the result

• Reference and context in the center

• Path from the root (book/part) to the specific level in which this result appears
in the bottom

This path is shown as chips at the bottom of each result that are clickable. This will
take users to the TOC view of the bottom-up visualization as shown in Figure 5.9.

Code Explanation of the Backend:

As seen in Listing 5.22 and Listing 5.23, the buildRefTreeforWord(searchTerm:
string) method is called when users enter a term and click on the search button in
the bottom-up view, the search term will be searched in the reference column of the
database. The data received from the database is then processed to create a list
of chapters which is further used for filtering the results. Another list is created to
present the results as shown in Figure 5.8. setRefTermStorage(filename: string,
chaptername: string, searchTerm: string, TOClevel: string) is used to take users
to TOC view of the selected TOC level. onRefSelection(e: any, v: any) is used to
filter the results based on the selected chapter.
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1 <div style="width :100%">
2
3
4
5
6 <div style="width : ␣100%; f l o a t : ␣ r i g h t ; ">
7 <div style="width : ␣100%; f l o a t : l e f t ">
8 Results for Search : {{activeSearchTermRef}}

9
10 </div>

11 <div style="width : ␣100%; f l o a t : l e f t ">
12 <div style="width :35%; f l o a t : ␣ r i g h t ; ">
13 <mat−paginator [length]=" dataForSearchResultRef .

l ength " [pageSize]="10"
14 [pageSizeOptions]=" [ 5 , ␣ 10 , ␣ 25 , ␣ 100 ] " aria−label="

S e l e c t ␣page"
15 (page)="pageEvent␣=␣$event ; ␣onPageChangeRef (

$event ) ">
16 </mat−paginator>

17 </div>

18 <div style="width :6%; f l o a t : ␣ r i g h t ; ">
19 <mat−form−field style="margin− l e f t : ␣1%;">
20
21 <mat−label>Filter Chapters</mat−label>

22 <mat−select (selectionChange)=" onRe fSe l e c t i on (
$event , ␣ c h a p t e r r e f F i l t e r . s e l e c t edOpt i on s ) ">

23 <mat−option *ngFor=" l e t ␣ t opp ing r e f ␣ o f ␣
c h a p t e r r e f F i l t e r "

24 [value]=" topp ing r e f ">{{toppingref}}</mat−
option>

25 </mat−select>

26 </mat−form−field>

27
28 </div>

29 </div>

30 <div style="width : ␣100%;margin−top : ␣3%;␣ over f low−y : ␣
auto ; he ight : ␣600px ; ">

31
32 <div *ngFor=" l e t ␣ s r e s u l t ␣ o f ␣ searchResu l tRe f " style="

width : ␣97%;margin−bottom : ␣5px ; ">

Listing 5.20: Logic of Bottom-Up View 1 Part 2
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1 <mat−card style="width : ␣100%;">
2
3 <div style="background−c o l o r : ␣#E4ECFC; border−

rad iu s : ␣7px ; padding : ␣1%;">
4 <mat−card−title>{{sresult.reference}}</mat−card

−title>

5
6 <mat−card−content>

7
8 <p>{{ sresult.context }}</p>

9
10 </mat−card−content>

11 </div>

12 <mat−divider style="margin−top : ␣5px ; "></mat−
divider>

13 <mat−card−actions style="margin−top : 5 px␣ ; ">
14
15 <mat−chip−list #chipList class="matchiptwo">
16 <mat−chip matTooltip="{{ s r e s u l t . f i l ename }}" (

click)=" se tRe fSto rage ( s r e s u l t . f i l ename
, ’ ’ , ’ ’ ) "

17 style="background−c o l o r : ␣ co rn f l owe rb lue ; "
selected>{{(sresult.filename.length>14)?

18 (sresult.filename | slice:0:12)+’..’:(

sresult.filename)}}</mat−chip>

19 <mat−chip matTooltip="{{ s r e s u l t . chaptername}}
" selected color="primary"

20 (click)=" se tRe fSto rage ( s r e s u l t . f i l ename ,
s r e s u l t . chaptername , ’ ’ ) ">{{(sresult.
chaptername.length>14)?

21 (sresult.chaptername | slice:0:12)+’..’:(

sresult.chaptername)}}</mat−chip>

22 <mat−chip *ngFor=" l e t ␣ chipItem , index ␣ o f ␣
s r e s u l t . ch ip s ␣matTooltip="{{sresult.TOC+
index}}"␣ [ s t y l e . background−c o l o r ]="
colorPallet[0]" ( c l i c k )="setRefStorage(
sresult.filename,sresult.chaptername,

sresult.TOC{{index}})"␣␣∗ ng I f="sresult.TOC
{{index}}!=’Toc {{index}}’">{{( s r e s u l t .TOC
+index . length >14)?␣ ( s r e s u l t .TOC+index ␣ | ␣
s l i c e : 0 : 1 2 ) + ’ . . ’ : ( s r e s u l t .TOC+index )}}</
mat−chip>

23 </mat−chip− l i s t >
24 </mat−card−act ions>
25 </mat−card>
26 </div>
27 </div>
28 </div>
29 </div>
30 </div>

Listing 5.21: Logic for Bottom-Up View 1 Part 3
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1 buildRefTreeforWord(searchTerm:string){

2 this.loadingSpinner=true;

3 var query=" s e l e c t ␣∗␣ from␣JoinedSchema␣where␣ r e f e r e n c e ␣LIKE␣’%"+
searchTerm+"%’␣ order ␣by␣ r e l ";

4 const httpOptions = {

5 headers: new HttpHeaders({

6 ’Content−Type’: ’application/json’,

7 ’Authorization’: ’Basic ’ + btoa(’root:Forgot@12’)

8 })

9 };

10 this.http.post<any>(environment.dbUrl, {

11 command: query

12 }, httpOptions).subscribe(data => {

13
14 console.log(data,"The␣data␣ from␣ the ␣ search ")
15
16 this.searchResultRef=data.result;

17 this.dataForSearchResultRef=data.result;

18 this.activeSearchTermRef=searchTerm;

19 var chaptersref=this.dataForSearchResultRef.map((x:any)=>x.

chaptername);

20 this.chapterrefFilter=[...new Set(chaptersref)];

21 this.searchResultRef= this.searchResultRef.sort((a:any,b:any)=>

a.context.includes(searchTerm)?a−b:a.rfc−b.rfc

22 ).slice(0,10);

23 this.loadingSpinner=false;

24
25 });

26
27 onRefSelection(e:any,v:any){

28 this.selectedrefChapters=e.value;

29 console.log(this.selectedrefChapters,v,"The␣ s e l e c t e d ␣Chapters ␣ r e f
")

30 this.searchResultRef=this.dataForSearchResultRef;

31 this.searchResultRef= this.searchResultRef.filter((e:any)=>e.

chaptername.includes(this.selectedrefChapters));

32
33 this.searchResultRef= this.searchResultRef.sort((a:any,b:any)=> a.

context.includes(this.activeSearchTermRef)?a−b:a.rfc−b.rfc

34 ).slice(0,10);

35 }

Listing 5.22: Logic for Bottom-Up View 1 typescript Part 1
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1
2 setRefStorage(filename:string,chaptername:string,refName:string){

3 var refStorage:ClsTree={chaptername:’’,filename:’’,treeType:2,

refTerm:’’,searchTerm:’’,sterm:’’,sref:’’};

4 refStorage.treeType=2;

5 refStorage.filename=filename!=""?filename:"";
6 refStorage.chaptername=chaptername!=""?chaptername:"";
7 refStorage.searchTerm="";
8 refStorage.refTerm=refName!=""?refName:"";
9 refStorage.sref=this.activeSearchTermRef!=""?this.

activeSearchTermRef:"";
10 localStorage.clear();

11
12 localStorage.setItem(" bui ldTree ",JSON.stringify(refStorage));
13 this.router.navigate([’/fulltree’, "abc" ]);

14
15 }

16
17 onPageChangeRef($event:any) {

18
19 this.searchResultRef = this.dataForSearchResultRef.slice($event.

pageIndex*$event.pageSize, $event.pageIndex*$event.pageSize +

$event.pageSize);

20 }

Listing 5.23: Logic for Bottom-Up View 1 typescript Part 2

Code Explanation TOC View: The same angular component is used for TOC views
of all three approaches while there is a slight difference in code from the TOC
view of the top-down approach to the middle-out approach. There is no differ-
ence in code for middle-out and bottom-up approaches. TOC views are built for
middle-out and bottom-up approaches. They use for data that comes as parame-
ters from setTermStorage and setRefTermStrorage where based on this approach,
some parameters are left blank while filling others for example with the method
setRefStorage(filename:string, chaptername: string, refName: string) from List-
ing 5.23. The parameter searchTerm line 7 is left empty, whereas for setTermStor-
age(filename:string, chaptername: string, refName: string,TOClevel: number)
from Listing 5.15 line 8 the refterm will always be empty.

We can conclude by saying that we were able to implement all the features that we
came up with during the ideate phase of our process for answering research question
3 like the implementation of search and filtering, visual insights, various interactions
within the hierarchy such as drill up, drill down, and a highlighted path in the TOC
view.

To sum it up, we have created a common TOC view for all three visualizations, but
had to implement three different starting points for different approaches. However,
Middle-Out and Bottom-Up approaches still have a more or less similar visualization.
We explained how we created each visualization with the code covering the most
important parts of the visualization to act as a guideline to replicate this work.

In this chapter, we presented how we developed the visualization to explore concept
hierarchies following a human-centered design process, which started with under-
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standing the end user’s needs and context, followed by ideation, and prototyping
phases. The next step in this process is to evaluate the prototype we built.



6. Experimental Evaluation

In this thesis “A Dynamic Approach for Visualizing and Exploring Concept Hier-
archies in Textbooks1 ” we have come up with a visualization technique to explore
and visualize concept hierarchies following a human-centered design process which
ensures the products are tailored towards the user’s needs and expectations. One of
the steps in this approach is to evaluate, collect feedback, and to further develop the
solution based on the feedback. This is achieved through various methods of user
testing and feedback [Pea87]. In this chapter, we present the extensive evaluation
process that we carried out to find and assess the usability of our visualization.

We designed our evaluation approach based on Bloom’s Taxonomy, which is an
education model that offers a methodology to evaluate the cognitive process ranging
from basic knowledge comprehension to analysis, evaluation, and creation [BEF+56].
We adopt this approach aiming to explore the extent to which our system facilitates
users in achieving complex tasks, besides functional usage. We designed the tasks
users have to carry out as part of the survey based on this taxonomy.

We evaluated the application’s effectiveness using three interconnected evaluation
strategies such as mouse tracking, a system usability study, and a task-based user
survey.

6.1 Evaluation Methods

6.1.1 Mouse Tracking

Mouse tracking is used to identify the way the user interacts with the application
by tracking the movements of the cursor [FDF11]. This will help us in gaining data
about how users navigate and interact with the visualization, this data will eventu-
ally help us in understanding the intuitiveness of the interface. In our scenario, it
gives us information on how users navigate through the hierarchy, and the pathways

1Link to the Code repository: https://github.com/pranee525/Datavis

https://github.com/pranee525/Datavis
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they explore. We used Tobii Pro Lab 2 software to track user’s mouse movements
during the survey.

6.1.2 System Usability Scale

A system usability study is an evaluation approach proposed by [Bro95] consisting
of 10 questions that help in evaluating the overall user experience and effectiveness
of the system. This scale is widely adapted and proved to be a reliable tool for
measuring the system’s usability. It is a standard questionnaire consisting of a
5-point likert scale ranging from ‘Strongly Agree’ to ‘Strongly Disagree’ for each
question. The individual question responses are aggregated into an overall System
Usability Score. In our thesis, we used the standard questionnaire as shown in
Table A.6.

6.1.3 Task-based Survey

Finally, a task-based user survey was used to measure the effectiveness of the system
in enabling the user to accomplish specific tasks. These tasks were designed to imi-
tate the real-world use cases that enable users to explore the hierarchies in different
ways. These tasks are designed based on blooms taxonomy which is a framework
that helps us in identifying the knowledge gap in the user’s understanding and pro-
cessing of information required to perform the task, Each task in the survey is linked
with one or more steps of the taxonomy such as remembering, applying, evaluating
so when most of the user could not complete a task that will assess the remember-
ing, analyzing capabilities then we can deduce that there is some gap in the basic
information we have provided regarding the visualization. and are used to evaluate
the ability of users to complete the tasks accurately [RC08].

Once the evaluation was completed, we gathered the data from the studies to analyze
it for gaining further insights into the usability and effectiveness of the application.
This study helped us in understanding the strengths and weaknesses of the system,
which set a direction for further refinements of the system. All the questions used
in the survey can be found in the Appendix Chapter A section A.1.

The data gathered from these studies were meticulously analyzed to gain insights
into the application’s strengths and weaknesses and to inform subsequent refinements
of the system. In the following sections, we detail the methodology and results of
each of these evaluation strategies.

6.2 Evaluation Setup

6.2.1 Participant Recruitment

We have recruited a total of 9 participants with legal backgrounds for the evaluation
process where we used 2 participants for the pilot study to confirm the test setup
and the results from this pilot study are omitted from our analysis.

2Tobii Pro Lab: https://www.tobii.com/products/software/behavior-research-software/
tobii-pro-lab

https://www.tobii.com/products/software/behavior-research-software/tobii-pro-lab
https://www.tobii.com/products/software/behavior-research-software/tobii-pro-lab
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6.2.2 Tools and Materials

The following tools and materials were used for the evaluation process:

• Current Visualization: Participants were given access to the system that was
developed for the exploration and visualization of concept hierarchies.

• Mouse Tracking Software: Tobii Pro Lab, a mouse-tracking software was
installed on the machine we used for conducting the study to record mouse
movements and clicks during the interaction process.

• System Usability Scale (SUS): A Google form containing the questions of the
System Usability Scale to assess the usability of the system.

• Task-Based User Survey: A Google form containing the tasks that users need
to perform based on Bloom’s taxonomy tailored to evaluate the understanding
of the system.

6.3 Procedure

The evaluation was done in two stages:

6.3.1 Stage 1 - Introduction and Training

We created readable and video material for introducing the participants to concept
hierarchies and the visualization system we developed (covering the purpose and
functionalities). Later, they were given time to familiarize themselves with the
system. They were also informed that their mouse movements will be recorded and
received a consent form to allow or prohibit the recording of additional audio and
video footage.

6.3.2 Stage 2 - Task-Based User Survey and SUS

In this stage, the participants were given a set of tutorial tasks to be performed
using the system with varying complexities. They had to fill out a part of the
survey after each task. Finally, they were presented with an open task (which was
the actual challenge after the tutorial) that allowed them to explore and navigate
the system. This is done in order to understand how users perceive the system in
terms of its intuitiveness. Once these tasks were performed, the participants filled
in the usability survey (SUS).

6.4 Data Analysis

6.4.1 User Insights

When we analyzed the participants that volunteered for our study, we gathered some
interesting insights as follows:
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Figure 6.1: Technical Background

Figure 6.2: Users’ knowledge of hierarchical data

Figure 6.3: Users’ familiarity with hierarchical data
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Figure 6.4: Techniques Users are familiar with

Figure 6.5: Users’ preferred mode for reading textbooks
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Figure 6.6: User’s way of interaction with textbooks

Figure 6.7: Users’s most used learning material
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• from Figure 6.1 we understand that 70% of users are still in their law studies
and only 1 participant has finished high school and started their bachelor’s
education.

• From Figure 6.2 and Figure 6.3 we came to know that most of the users haven’t
worked with hierarchical data so far. Hence, they were relatively new to the
concept of hierarchical visualization, which helped us in understanding how
the system is perceived by an inexperienced user.

• When we explained to users with how a hierarchical data looks like and how
it can be traversed using various approaches, almost all of them could quickly
relate to the way they use this kind of traversal in day-to-day life (in our case
going through textbooks) as seen in Figure 6.4.

• Even though users use textbooks in a digital format, most of the users still
prefer physical textbooks over digital ones. This leads us to an understanding
of how two different groups of users perceive our system as seen in Figure 6.5.

• When asked about how they typically use textbooks, As shown in Figure 6.6
all users reported that they follow more than one way of going through the
textbook based on the situation.

• As seen in Figure 6.7 most of the users go through case books compared to
textbooks for their learning needs.

6.4.2 User Survey Insights

As part of a task-based survey we carried out to understand how participants per-
ceive the system we developed, we created a set of tasks that helps us in understand-
ing how users react when users are presented with a system they are not familiar
with. Following are the insights we gathered from the survey.

Figure 6.8: Users’ View on Difficulty of Current System
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Figure 6.9: Users’ Support

Figure 6.10: Users’ Choice of Using the Current System

• Users were able to complete 80% of the practical tasks, even though most of
the users were only familiar with the top-down approach, they were able to
finish tasks based on middle-out and bottom-up approaches too. However, we
noticed higher success rates in task completion in Top-Down Approach and
the lowest success rate in the Bottom-Up approach on average.

• Users were able to complete 100% of the exploratory tasks that were provided.
They quickly could identify the right approach to choose for finishing the
task and had varied approaches with the majority of them going for top-down
(43%) or middle-out (43%) approaches. We also observed that some users who
used the middle-out approach for doing independent tasks were only familiar
with the Top-Down approach before using the system. This can indicate the
intuitiveness of the system.
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Figure 6.11: Users’ Task Completion Statistics

• After finishing the tasks 43% of the users were in favor of using the Middle-Out
approach over other approaches followed by the Bottom-Up approach (29%)
and Top-Down approach (28%).

• We also observed that 2 participants found it difficult to work with the Bottom-
Up approach and found it to be difficult in transitioning to the Bottom-up
approach from the Middle-out approach.

• When it comes to understanding the visualization and the way the data was
presented, we noticed that 43% of the users found it neutral, while 28% found
it easy and other 28% found it to be difficult.

• We also found out that the majority of the people who prefer physical text-
books over digital textbooks found this tool to be helpful and would like to
use it in the future.

• Participants were asked to compare the current system with other tools they
often use for referring case laws, and other material. These alternative tools
are Beck online3, and Beck E-Library4. we had the following responses

– Our designed prototype is perceived to be equal to Beck E-library when
discovering a new topic in terms of creating a bigger picture by showing
all information in one place.

3https://beck-online.beck.de/Home
4https://www.beck-elibrary.de/

https://beck-online.beck.de/Home
https://www.beck-elibrary.de/
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– The proposed system performs better than Beck online, Beck E-library
when users want to review or gather more information about a known
topic.

– The proposed system is rated as equal to Beck online for research pur-
poses.
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6.4.3 SUS-based Insights

We have used SUS (System Usability Scale) to evaluate the usability of the current
system as seen by the potential users and the following are our observations.

Figure 6.12: Users’ System Usability Score (SUS)

• The proposed system was rated with a SUS of 62.5% on average across all
participants where the highest score was 80% and the lowest score was 45%.

• We noticed that these scores also reflect the number of tasks participants were
able to complete correctly.

• We noticed that a lower SUS was mainly attributed to unclear back navigation
to the home page, and bottom-up hierarchy interactions.

6.4.4 Mouse Tracking Insights

In order to analyze how the users are moving around the application and to find out
the elements with which users interact more in the visualization, we tracked their
mouse movements when they were working on the tasks. We generated heat maps
of those interactions to identify the areas of their interest. We only considered the
interactions from the times they were solving independent tasks since the practice
tasks were controlled tasks and give less freedom for participants to explore.
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Figure 6.13: Heat Map from participants using the mouse in the ‘TOC View’ ex-
ploring the hierarchy

Figure 6.14: Heat Map from participants using the mouse in the ‘TOC View’
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Figure 6.15: Heat Map from participants in the ‘Middle-Out’ approach exploring
the hierarchy

Figure 6.16: Heat Map from participants using the mouse in the ‘Middle-Out’ ap-
proach
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Figure 6.17: Heat Map from participants using the mouse in the ‘Bottom-Up’ ap-
proach

Following are the insights we gathered from the data:

• Most of the users were using the browser back button, instead of the back
navigation button provided in the system, due to the button being not intuitive
enough. This has been also confirmed in the feedback we received.

• From Figure 6.14 and Figure 6.13, we notice that the participants used the
“Preview” button for filtering the references more than any other element in
the ‘TOC view’.

• When it comes to the Middle-Out visualization as seen in images Figure 6.16,
and Figure 6.15 the most interacted elements in the visualization are search,
references, filter, and search. Our takeaway from this is that placing the ref-
erence and context in this view is a good idea along with the filter option.

• Another interesting factor that was observed is that the heat map pattern for
the Bottom-Up visualization is similar to that of Middle-Out visualization.

• We noticed that participants were interested in learning the context of the
references. This also explains the reason why more participants see these tools
as a supporting aid while reviewing already-known topics.

• We also noticed that most of the time the mouse was in a resting position
while participants are going through the information.

• Another takeaway from this study is that users seldom use the TOC view when
using Bottom-Up or Middle-Out approaches:

We find that the insights from mouse tracking were supporting some of our assump-
tions while proving the feedback we received. We noticed that this study does not
provide much information on which elements users were focusing more while the
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mouse pointer is in a resting position. We believe gaze information could help us in
understanding that and help us in improving the visualization further. In order to
achieve that, we would like to repeat the study using eye-tracking software to gather
more information on areas of user interest.
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7. Conclusion and Future Work

In conclusion, our prototype proved to be a promising technique for assisting users
in interacting and understanding concept hierarchies. This is done by leveraging the
concepts of the human-centered design process. We were able to create a tool that
is both intuitive and engaging.

Since this tool was developed following a human-centered design process, we eval-
uated the tool based on usability and intuitiveness. By using various methods to
obtain user feedback, such as SUS for systematically assessing how usable the system
is, a task-based user survey to see how successful the users are in understanding and
interacting with the system, and mouse tracking to see the way users are navigating
within the system.

Based on the feedback collected from the users, it can be seen that they have per-
ceived the tool positively and the remark that “The tool is good being in the 1st
iteration”goes to show that the participants see value in further developing the tool.
It also opens the door to a new level of interactive learning, resulting in a more en-
gaging and efficient process to consume textbook information with entities of interest
(such as the references in this case). This could also be considered a preliminary
step toward the ever-developing field of data visualization. We also compiled a list of
strengths, limitations, and suggestions for the visualization provided by participants.

7.1 Strengths, Limitations, and Suggestions

Consolidating all the information we gathered from our study, the following are the
strengths, weaknesses, and suggestions of the system as seen by users.

Strengths:

• The visualization is easy to use overall, users can confidently use the visual-
ization with the help of some documentation/user guide.

• The visualization provides better flexibility in searching for concepts when
compared to Beck Online, Beck E-Library.
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• The visualization provides better search and filtering options compared to Beck
Online as commented by participants.

• This visualization is suitable for textual hierarchical data.

• This visualization is a web-based system, thus it can be accessed anywhere.

• This visualization is useful for quickly going through references and concepts.

Limitations:

• The visualization is still in the prototype phase and has not fully matured yet.

• Some of the features are unclear (users feel the Middle-Out and Bottom-Up
approaches to be the same on the initial use).

• We need a better navigation functionality between the visualizations (mov-
ing between the Middle-Out and Bottom-Up approaches by clicking on the
reference is a bit confusing for users at times).

• There is a need to show hints and comments about how to effectively use the
system.

• The system gives a better overview of previous levels by displaying all the
nodes from each level on top of the screen with the highlighted path but no
overview is available for the lower levels in TOC view of all three approaches.

Comments:

• Including a video tutorial and a FAQ section on how to effectively use the
system can be helpful.

• Showing the entire hierarchy (e.g: a Windows folder tree structure) in ‘TOC
View’ may help users in understanding the bigger picture.

• Providing the option to filter TOCs with in the current level in the ‘TOC
View’ to further refine the search like the preview option to filter references
was a desired feature.

• Including book sources and hyperlinks to the full version of verdicts was an-
other requested feature.

• To show a list of often searched terms based on selected chapters was a desired
feature according to one participant.

• To be able to save searches for future use was a final feature that was requested.
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7.2 Future Work

In this thesis, we developed a prototype to visualize textual concept hierarchies,
where the nodes are relatively large (in terms of text that shall be displayed) and
the hierarchies are of varying depths. We evaluated this approach using various tech-
niques such as task-based surveys, mouse tracking, and SUS to assess the usability
of the high-fidelity prototype and gathered a lot of feedback from the participants.
We use the feedback gathered during the evaluation phase to set the direction for
future work.

Improved navigation: During the user survey, we understood that the navigation
between the views is not intuitive and is confusing for users. So we need to modify
the navigation (specifically backward navigation) to be more intuitive.

Display the full hierarchy on the side: At present, when the participant moves
to the “TOC Mode”, all the previous nodes till the selected level can be seen, but
not the remaining child nodes for which users have to traverse further. Hence, we
need to explore a way to visualize the entire hierarchy on a side (e.g: similar to the
Windows folder tree).

Subscribe to a particular topic/hierarchy: We can use the hierarchy to implement
a subscription facility where users can subscribe to a certain hierarchy node and
are notified, whenever a related concept in the database is modified or new data
connected to a concept is added. Such a scenario extends the current focus from one
hierarchy towards a more holistic view of multiple textbooks stored in the database
as individual hierarchies. That way we could explore the relationships between
different hierarchies, their similarities, and common concepts. This could extend
the use case of this system from an explorative interface to a recommender system.

Possibility to import/export hierarchies: One of the limitations of this visualization
is that it is limited by its data, allowing users to import their own hierarchies will
be a direction worth exploring.

Refined search system: Search functionality can be further extended to include live
links, to show recommendations of most frequent searches for better usability.

Meta data about sources: Providing metadata about the results such as book source,
author, publisher, and citations is information that shall be provided to users since
they were interested in those aspects.

Extending the sources: Data sources can be further extended to include case law,
articles, and laws.

Modifying hierarchies: Users should be provided with an option to compare and
modify the hierarchies they would have imported or to report certain parts of the
hierarchy that are not correct.

Merge the Middle-Out and Bottom-Up Approaches With further research and
implementation, we believe that the middle-out and bottom-up approaches can be
combined together to form one visualization. From our current understanding, this
could be done by allowing the users in the Middle-Out view to have the option to
specify in the system to search for the term only in references so that the Bottom-Up
use case is also covered.
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A. Appendix

A.1 Task-based Survey Questionnaire

Questions Options
Technical Background (Education level) High School (Completed)

High School (Not Completed)
Graduate (e.g., Bachelor’s, 1st
Degree)
Post Graduate (e.g., Master’s,
State exam, 2nd Degree)
Professional Degree
No Schooling Completed
Doctorate Degree
Professorship
Zwischenprufung

1. Have you ever worked with hierarchical
data?

Yes
No

2. Please rate your level of familiarity with
exploring concept hierarchies.

No Familiarity
Beginer
Intermediate
Expert

Table A.1: Participant Background Part 1
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Questions Options
3. Which of the following techniques have
you used before to explore concept hierar-
chies?

-Top-Down (from the root of the
hierarchy down to the most de-
tailed leaf nodes)
-Middle-Out (starting from one
location inside the hierarchy and
moving up or down)
-Bottom-Up (from the bottom
leaf nodes of a hierarchy towards
the root)

4. How do you typically interact with text-
books when you want to find out more about
a specific topic? (Select all that apply)

-Scanning through the text to find
a relevant concept or keyword
(searching for a specific term)
-Using the index or table of con-
tents to locate specific topics
-Skimming the text to get a gen-
eral sense of the content (under-
stand the structure and how con-
tent is presented)
-Taking notes or highlighting im-
portant concepts
-Combination of all of the above

7. What do you use the most for learning? Textbook
Case Book
Lecture

8. Which field of Law interests you the most? Public Law
Civil Law
Criminal Law

9. How much knowledge do you have about
tenancy law (Mietrecht)?

No Familiarity
Beginner
Intermediate
Expert

10. How often do you use textbooks in phys-
ical format (printed version) ?

Scale: 1-5

11. How often do you use textbooks in digital
format (e-book, pdf)?

Scale: 1-5

12. Do you prefer a physical or a digital text-
book?

Physical Textbook
Digital Textbook

Table A.2: Participant Background Part 2
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Questions Options
Task 1.1
- Select the top-down tab
- Click on each part
- Which part has the least number of chap-
ters?

Open Answer

Task 1.2
- Select the part named ”Teil 4 Miet-
und wohnungseigentumsrechtliche Bezüge
zum Offentlichen Recht einschließlich Steuer-
recht”
- Click on each chapter and compare which
chapter has the least number of sections in
the TOC 1 level

Open Answer

Task 1.3
- Go back to the homepage
- Select the part ”Teil1 Mietrecht”
- Select chapter ”Kapitel 10 Nebenpflichten”
- Click on the “Preview” button of the third
entry in TOC 1 and see how many references
are shown

10
5
3

Task 2.1
- Select the middle-out tab
- Enter the word ”Kündigung” in the search
area.
- Find how many results of ”Kündigung” are
shown.
- Set the number of search results from 10 to
100.
- Go to the next page of results

Open Answer

Task 2.2
- Select the middle-out tab
- Enter the word ”Kündigung” in the search
area.
- Uncheck the box ”TOC” for searching only
in ”Context”
- Click on search and select the section ”bbb)
Kombination mit ordentlicher Kündigung” in
the first result
- Select ”go to TOC”
- Identify in which TOC level the section
”bbb) ) Kombination mit ordentlicher Kündi-
gung ” is located

Open Answer

Table A.3: Task List Part 1
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Questions Options
Task 2.3
- Select the middle-out tab
- Enter the word ”Kündigung” in the search
area.
- Uncheck the box ”Context” for searching
only in ”TOC”
- Click on search and select the topic ”f) Kau-
tionsverzug” in the first result
- Select ”go to chapter”
- Identify in which TOC level did you end up

Open Answer

Task 3.1
- Click on the middle-out tab
- Enter the search term ”§ 569 BGB”and click
on search.
- Select the second result from the top.
- Click on the reference
- Observe that the control moves to the
bottom-up tab and shows the reference you
clicked on as the new search term

Open Answer

Task 3.2 Is the reference you clicked on in
Task 3.1 now also appearing in the result list
of the bottom-up tab?

Open Answer

Task 3.3 Find the number of times the refer-
ence is used.

Open Answer

Task 4 Find out how many times ”§ 568
BGB” occurs and mention the chapters in
which it occurs if they are different.

Open Answer

Task 5 Find any verdict (Gerichtsurteil) in
the current system and specify which one you
found.

Open Answer

Task 6
- Select Middle-out tab
- Enter the search term ”Kündigung” and
click on search
- Now find the “filter chapters” option and
select ”Kapitel 16 Pacht”
- Did the search results change?

Open Answer

Which of the three available approaches did
you use for the Task 5?

Top-Down
Middle-Out
Bottom-Up

Table A.4: Task List Part 2
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Questions Options
How easy was it for you to understand the
visualization presented?

Scale: 1-5

Which approach did you find most effective
in helping you solve the independent task
(last task)?

Top-Down
Middle-Out
Bottom-Up

With which approach were you able to locate
specific topics within the visualization easily?

Top-Down
Middle-Out
Bottom-Up

How do you rate the visual presentation of hi-
erarchy on terms of understanding and clar-
ity?

Very Clear
Clear
Neutral
Unclear
Confused

Were there any parts of the hierarchy visu-
alization that were confusing or difficult to
understand?

Open Answer

If you have to go through a textbook for some
topic then how likely are you going to use this
tool to support your search?

Scale: 1-5

Do you have any additional comments that
are not covered in the previous questions, feel
free to let us know.

Open Answer

Compare the application you have used now
to Beck Online and Beck E-Library explain
briefly how you feel about this system.

Open Answer

Which application would you use for the fol-
lowing tasks
A. Reading about a topic for the first time
B. Reviewing an already known topic
C. Research for an academic paper

Current System
Beck Online
Beck E-Library
Other

In case you selected the option ”Other” in
the previous question, can you specify which
system do you use?

Open Answer

Table A.5: Post Questionnaire Part 1
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A.2 System Usability Scale Questionnaire

Statement Strongly
Dis-
agree

Disagree Neutral Agree Strongly
Agree

I think that I would
like to use this system
frequently.

1 2 3 4 5

I found the system un-
necessarily complex.

1 2 3 4 5

I thought the system
was easy to use.

1 2 3 4 5

I think that I would
need the support of a
technical person to be
able to use this sys-
tem.

1 2 3 4 5

I found the various
functions in this sys-
tem were well inte-
grated.

1 2 3 4 5

I thought there was
too much inconsis-
tency in this system.

1 2 3 4 5

I would imagine that
most people would
learn to use this sys-
tem very quickly.

1 2 3 4 5

I found the system
very cumbersome to
use.

1 2 3 4 5

I felt very confident
using the system.

1 2 3 4 5

I needed to learn a
lot of things before I
could get going with
this system.

1 2 3 4 5

Table A.6: System Usability Scale (SUS)
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A.3 Survey Results

Following is the data we gathered during the survey for usability study during this
thesis.

Participant
Id

Contact
Informa-
tion

Education level Worked with hi-
erarchical data?

Familiarity with
concept hierar-
chies

P1 Zwischenprüfung No no familiarity
P2 Zwischenprüfung No no familiarity
P3 High School

(Completed)
Yes beginner

P4 Zwischenprüfung Yes beginner
P5 No no familiarity
P6 No no familiarity
P7 High School

(Completed)
No no familiarity

Table A.7: Participant Background
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Participant Id Techniques to
explore concept
hierarchies

Textbook Interaction
Method

Learning Mate-
rial

P1 Top-Down Using the index or ta-
ble of contents, Skim-
ming the text, Taking
notes or highlighting
important concepts

Case Book

P2 Top-Down Scanning through the
text, Using the index
or table of contents

Case Book

P3 Top-Down,
Middle-Out,
Bottom-Up

Using the index or ta-
ble of contents, Taking
notes or highlighting
important concepts

Case Book

P4 Top-Down,
Middle-Out

Scanning through
the text, Using the
index or table of
contents, Skimming
the text, Taking
notes or highlighting
important concepts,
Combination of all of
the above

Textbook

P5 Top-Down Combination of all of
the above

Case Book

P6 Top-Down Combination of all of
the above

Textbook

P7 Top-Down Combination of all of
the above

Textbook

Table A.8: Participant interaction with textbooks
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Participant Id Field of
Law

Knowledge
on tenancy
law

Use of
physical
textbooks

Use of
digital
textbooks

Textbook
preference

P1 Criminal
Law

beginner 4 1 Physical
Textbook

P2 Civil Law beginner 3 4 Digital
Textbook

P3 Civil Law no famil-
iarity

4 3 Physical
Textbook

P4 Public Law beginner 4 2 Physical
Textbook

P5 Civil Law beginner 5 3 Physical
Textbook

P6 Civil Law no famil-
iarity

2 4 Digital
Textbook

P7 Criminal
Law

beginner 3 5 Digital
Textbook

Table A.9: Participant Interests 2

Participant Task 1.1 Task 1.2 Task 1.3 Task 2.1 Task 2.2
P1 Teil 6 Kapitel 31 6 201 Toc 6
P2 Teil 6 TOC 1 6 TOC 6
P3 6 30 6 TOC 6
P4 teil 6 kapitel 30 36 2720 6
P5 Teil 6 Kapitel 30 6 TOC 6
P6 Teil 6 Kapitel

31 Steuer-
recht

6 Toc 6

P7 Teil 6 Ver
Verwal-
tungsrecht

6 2720 TOC 6

Table A.10: Participant Task Results 1

Participant Task 2.3 Task 3.1 Task 3.2 Task 3.3 Task 4
P1 Toc 1 yes yes 1 3, 8, 14, 34
P2 TOC 1 yes Ja 1 14, 34, 14,

8, 3
P3 TOC1 yes Yes 4
P4 1 yes 24
P5 TOC 1 yes yes
P6 Toc 1 yes ja
P7 TOC 1 yes Yes 6

Table A.11: Participant Task Results 2
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Participant Task 5 Approach
for Task 5

Understanding
of Visualization

Most Effective
Approach

P1 OLG Schleswig
NJW 1995,2859

Top-Down Easy Top-Down Ap-
proach

P2 OLG Hamm
ZMR 1988, 138

Top-Down Easy Top-Down Ap-
proach

P3 OLG Schleswig
NJW 1995, 2859

Bottom-
Up

Difficult Bottom-Up Ap-
proach

P4 olg schleswig
NJW 1995, 2859

Middle
-Out

Neutral Middle-Out Ap-
proach

P5 BGH (NJW
1991)

Middle
-Out

Neutral Middle-Out Ap-
proach

P6 Difficult Top-Down Ap-
proach

P7 toc 6 Bottom-
UP

neutral Middle-Out Ap-
proach

Table A.12: Participant Task Results 3

Participant Topic Location
Approach

Hierarchy Clar-
ity

Confusing Parts

P1 Middle-Out Ap-
proach

Clear

P2 Top-Down Ap-
proach, Bottom
-Up Approach

Clear task 3.3

P3 Middle-Out Ap-
proach

Neutral yes, the middle-out
approach

P4 Top-Down Ap-
proach

Clear

P5 Top-Down Ap-
proach

Neutral yes

P6 Middle-Out Ap-
proach

Unclear 3.1, 3.2, 3.3

P7 Bottom -Up Ap-
proach

Clear No

Table A.13: Participant Suggestions
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Participant Would
Like to
Use Fre-
quently

System
Complex-
ity

Easy to
Use

Need
Technical
Support

Well In-
tegrated
Functions

P1 3 2 4 1 4
P2 4 2 3 2 3
P3 3 2 2 4 4
P4 4 3 4 2 3
P5 3 2 2 3 3
P6 2 2 3 4 4
P7 4 2 4 1 4

Table A.14: Participant SUS Feedback 1-5

Participant Inconsistency in
System

Easy to
Learn

Hard to
Use

Confidence
in Using

Learning
Needed

P1 1 5 1 3 2
P2 2 3 1 4 2
P3 5 2 3 2 1
P4 2 4 2 3 2
P5 2 4 4 1 4
P6 4 4 2 2 3
P7 1 4 2 4 2

Table A.15: Participant SUS Feedback 6-10
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