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Abstract

The accuracy of recommended systems has been largely discussed and
the user experience of the recommended systems is now becoming a
new focus. Combining recommendations with information visualiza-
tion (InfoVis) can be a way to improve the acceptance of the system.
This thesis investigates how InfoVis can support the recommended
systems, aiming at improving the enjoyment and engagement of the
user experience. Three prototypes are designed to evaluate the im-
pact of using InfoVis and fluid interactive InfoVis on user engagement
and enjoyment with exploratory of recommended books. The meth-
ods of product reaction card and likert questionnaire are used during
the evaluation. Results suggest that InfoVis is a viable way to improve
the engagement and enjoyment of the book recommended system and
it should be further researched.
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Sammanfattning

Precisionen för rekommenderingssystem har diskuterats i hög grad
och användarupplevelsen för rekommenderingssystem har nu blivit
ett nytt fokus. Att kombinera rekommendationer med informationsvi-
sualisering (InfoVis) är ett möjligt vis att förbättra systemets acceptans.
Denna rapport undersöker hur informationsvisualisering kan kom-
plettera rekommenderingssystemen, med fokus på att förbättra an-
vändarglädjen och engagemanget i användarupplevelsen. Tre prototy-
per designas i syfte att evaluera påverkan som InfoVis, och fluid inte-
ractive InfoVis, har på engagemang och användarglädje i och med ex-
ploration av rekommenderade böcker. Produktreaktionskort och Likert-
frågeformulär användes under evalueringen. Resultaten indikerar att
InfoVis är en möjlig lösning för att förbättra engagemang och använ-
dargläjde i samband med bokrekommendationer, och att det bör un-
dersökas ytterligare.
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Chapter 1

Introduction

Nowadays, most of the recommended systems like the ones in Netflix,
YouTube and Facebook are using grid layout user interfaces (UI) with
limited interaction methods to display the recommended items. In
this thesis, new interactive techniques for information visualization
(InfoVis) were designed to guide users exploring recommended books.

InfoVis systems have two main components: representation and
interaction. The representation component concerns how the data is
represented and the interaction component involves the communica-
tion between the user and the system when the user explores the un-
covered information from the representation. Significant research has
been done about representation, while interaction is not often a main
focus [23]. This thesis focused on the interaction component of Info-
Vis, aiming at implementing and evaluating a new way of exploring
books.

This thesis was carried out at a Swedish book club as one part of
a project. The whole project was to make their website more person-
alized and recommend books based on the club members’ reading in-
terests.

1.1 Research Question

From a cognitive view, fluid interaction can be defined as: the user
shall get a feeling of immersion, first-personally and direct engage-
ment with the objects and the visualization that concern them [5].

My research question is: what factors affect the enjoyment and en-
gagement of users when experiencing a system designed for fluid in-

1
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teractive information visualization of book recommendations?



Chapter 2

Literature Overview

2.1 Interactive Visual Recommended Systems

Recommended systems have been increasingly researched in past decades.
Despite the accuracy of the recommended results, which has been largely
discussed, the effectiveness of recommended systems is now becom-
ing a new focus. The effectiveness here refers to the human factors
that affect acceptance of recommendations, such as the user satisfac-
tion, trust, transparency and sense of control. Combining recommen-
dation with visualization techniques to support the interaction can be
a way to improve the effectiveness of recommended systems. The use
of interactive visualizations is researched to achieve the following ob-
jectives [8]:

1. Transparency. Dealing with the “black-box” nature of current rec-
ommended systems by explaining the inner logic of the system
to end users.

2. Justification.Similar to transparency, justification helps users un-
derstand why they get certain recommendations.

3. Controllability. Strengthens user involvement by incorporating
input and feedback from the end user into the recommendation
process.

4. Diversity. It refers to proving recommendations with a relatively
large coverage of the recommendation space.

3
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5. Acquiring contextual information. For example, the user’s current
emotion is an important contextual criterion and plays a key role
in decision-making.

This thesis compared three ways of displaying recommended items in
a book recommended system, with and without interactive informa-
tion visualization.

2.2 Fluid Interaction Theory

We are now experiencing a boom of big data and the trending of big
data analysis has triggered a broad use of InfoVis in a variety of ar-
eas [12]. Static graph images are not enough for data analysis. InfoVis
raises the importance of interactive data exploration. However, there
are comparatively fewer examples and guidelines in interaction de-
sign compared to visual design. In order to solve this gap, one study
introduced a concept named “fluid interaction”, which is a practical
design guideline for the future designers and researchers [5].

2.2.1 Definition of Fluid Interaction

Fluid interaction for information visualization is characterized by one
or several of the following properties from an operational view: 1)
promote flow; 2) support direct manipulation; and 3) minimize the
gulfs of action. There exist several design guidelines to achieve this
characterization [5]:

1. Use smooth animated transitions between states.

2. Provide immediate visual feedback on interaction.

3. Minimize indirection in the interface.

4. Integrate user interface components in the visual representation.

5. Reward interaction.

6. Ensure that interaction never ‘ends’.

7. Reinforce a clear conceptual model.

8. Avoid explicit mode changes.
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2.2.2 Fluid Interaction in Information Exploration

Since fluid interaction was defined in 2011, there are a lot of academic
cases that use it when designing InfoVis systems. One early example
is ForceSPIRE in 2012 [6], a system that proves the concept of semantic
interaction that can support sense-making when users analyze spatial-
ized document or texts. The documents are firstly spatialized based on
the weighing keywords. The users are able to move documents, high-
light text, pin documents to a fixed location, make annotations and
search terms. ForceSPIRE updates the spatialization based on these
user interactions, and the final layouts are representative of each user’s
findings. Those findings include suggesting which documents to read
next, incrementally determining the meaning of a cluster, and pro-
moting the revisiting of information without focusing directly on the
weighing scheme. The most important idea of this interaction is that it
shields the users from direct parameter manipulation, which minimize
the indirection of the interface and also avoids explicit mode changes.

In 2013, an author of Fluid Interaction for Information Visualiza-
tion [5], Niklas Elmqvist, created MosaicJS [13], which provides a prac-
tical way to present and interact with multidimensional datasets. It
uses simple visual representations such as point charts, scatterplots
and parallel coordinates as components to show data in each dimen-
sion. The views of graph tiles are arranged using a space-filling slice-
and-dice layout. Tiles can be created, resized, split or merged using
a versatile set of interaction techniques. The visual representation of
individual tiles can also be dynamically changed to another represen-
tation. All the graph tiles share the same master dataset, so a change
in one dimension is clearly reflected in other dimensions. The sim-
ply linked graphs present a clear concept model and avoid difficul-
ties when analyzing multidimensional data. Derived from MosaicJS,
a data exploration environment called Keshif was released in 2016
[22]. Compared to MosaicJS, Keshif enhances the interaction com-
ponent, aiming to achieve seamless and automatic synchronization
across summaries and record displays. Keshif enables selection for
the filter by mouse-click, highlighting by mouse-over and comparison
by locking of recorded groups. Upon interaction, visualizations are
refreshed with appropriate animations to guide through the flow of
changes.

There are some studies that go one step further based on Keshif.
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AggreSet, for example, is one case developed from Keshif platform
[20]. AggreSet is especially suitable for datasets that have multi-value
(set-typed) attributes, which describe set membership over elements,
such as genres per movie or courses taken per student. It creates a
novel set exploration techniques that integrate the design of linked vi-
sualizations of multiple data dimensions with a rapid selection, filter-
ing and comparison.

Another example is ComparRing [1], unlike the fixed tile layout of
Keshif, it creates a dynamic representation and interaction that reduces
the costs of visual comparison of data that spreads in different parts
of the views. It dynamically rearranges and shortens the distance of
the compared objects, making the visual comparison cognitively eas-
ier. Animated visual feedback also helps the user understand the re-
arrangements and the automatic navigation.

2.3 Evaluation of Enjoyment and Engagement

Today user-centered evaluation is a key research challenge and the re-
searchers of visualization techniques often conduct user studies to re-
port the usability value. The user-centered tests can be categorized
into two types: formal comparative experiments and exploratory us-
ability evaluations [7]. According to the British Standards Institution
[9], the definition of Usability is: The extent to which a product can be
used by specified users to achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context of use.

Three different aspects are summarized from this definition: effec-
tiveness, efficiency and satisfaction. Effectiveness refers to the accu-
racy and completeness while efficiency refers to the amount of effort
to spend. Satisfaction is a part to consider uses opinions, attitudes and
preferences.

2.3.1 Enjoyment and Flow in Information Visualiza-
tion

Granted that there are many visualization techniques and a variety
of ways to measure them, in this section, the evaluation of data ex-
ploration will be specifically discussed. Yalçın, M. et al. conducted a
study in human cognition of data exploration [21]. The study shows
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that there are three factors in relation to cognitive activities: decision-
making, knowledge and motivation. Motivation is the driving force
for the users engaging in data exploration among these factors. How
to encourage users to do data exploration? There are four elements:
1) curiosity, understanding of the data content and feature; 2) being in
the flow, have a balance between the challenge of a task and user skills;
3) creativity, combining features of the interface and finding ways to
see new data perspective; and 4) emotions, positive mood can increase
motivation [21]. Those factors can be summarized as feelings of enjoy-
ment and being in a flow, which matches the main aspects of fluid
interaction. Thus, fluid interaction might be adapted for data explo-
ration.

A study from Saket, Scheidegger, and Kobourov [17] specifies the
individual elements of flow mode and how they can be measured in
InfoVis. Those elements are challenge, focus, clarity, feedback, control
and immersion.

1. Challenge. Enjoyment occurs when the challenge in an activity
matches the skills of the participant.

2. Focus.Enjoyable activities require complete attention on the task
at the hand. The aspect of enjoyment is broken down below into
“clear goals” and “immediate feedback”.

3. Clarity. Enjoyment occurs because the user understands what
the tasks goals are, and what they are working towards. Clarity
comes not from the techniques or the design of tools, but rather
a comprehension of the task being performed, which means the
clarity is largely affected by the provided tasks.

4. Feedback. Enjoyment happens because the task undertaken pro-
vides immediate feedback.

5. Control. When achieving flow, one experiences a sense of com-
plete control over one’s action, the user feel the action doing
what one expected to do.

6. Immersion.Participants lose their sense of self and become “lost”
in the activity.
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2.3.2 Measuring Flow in Visualization

In this section, I will discuss some novel evaluation methods that mea-
sure user experience in information visualization.

The method of reaction cards is used in one recent study to evaluate
4 different interactive charts [14]. Reaction cards is described as a way
for users to tell the story of their experience, choosing the words that
have meaning to them as triggers to express their feelings - negative
or positive - about their experience. The participants first complete
10 tasks in a prototype, then they are asked to choose any number of
reaction cards in a sheet of paper in a random number. After mak-
ing the first selection, they are requested to comment on their five top
choices. The analysis of the evaluation results often focuses on these
factors: 1) the number of positive cards; 2) the percentage of positive
vs. negative chosen words; 3) mapping the frequency of a few chosen
cards on a radar graph; 4) presenting the frequency of selected cards
in a graph or a word cloud; and 5) creating meaningful clusters. This
study of Merčun et al. shows that the method of reaction cards is a
useful tool for both studying the properties of individual visualization
implementations and comparing different designs [14].

The enjoyment of participants is mainly measured in a study done
by Saket, Scheidegger, and Kobourov [16]. They compare two visu-
alization graphs, node-link and node-link-group. A three-phase ex-
periment is designed for all the participants. In the first phase, they
invite each participant to a room where two visualization graphs are
installed on two different walls. The participants are asked to stay
in the room for several minutes until the interviewer comes back. In
this phase, they want to measure the amount of time each participant
spends looking at each graph. In the second phase, the participants
are asked to perform three tasks and answer several questions about
different elements of flow models. Three additional open-ended ques-
tions are asked in the last phase. The results of the experiments give
a good comparison between two type of graphs based on statistically
significant differences for three flow model elements.



Chapter 3

Research through Design Meth-
ods

In order to figure out what the key factors were that influence the en-
joyment and engagement of the InfoVis recommendation tool, the ap-
proach of the formative evaluation [2] was conducted throughout the
project. Two prototypes were firstly designed and developed, one was
in a grid layout similar to the ones currently used on the book club’s
website, another one was designed according to the guideline of fluid
Interaction of InfoVis [5]. After comparing and evaluating both inter-
faces, the InfoVis interface was redesigned into a third prototype.

3.1 Contextual Study

To collect the context information about the project, several interviews
were made with colleagues and stakeholders in the book club. The
club members were around 40 years old with the core loyal members
around 50 years old. The books were sold mostly through telemarket-
ing and newsletters. According to one colleague working in the tele-
marketing department, the club members often asked them to recom-
mend books, and they wanted to be inspired by the books, for exam-
ple, books they hadn’t heard about but that were really worth reading.
Based on this condition, the book club wanted to develop a personal
book recommendation web tool that could be used for their members
to explore books in a more efficient way. The stakeholders also men-
tioned that instead of only targeting the current members, they also
wanted to attract new members from the younger generations.

9
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3.1.1 User Goals

User goals could be divided into stakeholder’s goals and club mem-
ber’s goals according to the contextual study:

Stakeholder’s goals

• Transfer the potential members into real members.

• Want members to buy more books online.

Book club member’s goals

• Explore books in an efficient way.

• Be able to influence the recommended result by the browsing
behavior.

• Get more accurate recommended results.

3.2 Design Concept

3.2.1 Layout

The interface of the prototype is divided into four parts as shown in
Figure 3.1. The header is a place to put navigation which contains
buttons to switch between graphs or navigate to another page. Below
the header is the content, which is made up of three components. The
detail of a specific book is shown at the left side and the book tag filter
is on the right. The centre of the content is the visualization of the
recommended book list.

Figure 3.1: The layout of the prototype.
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3.2.2 Visualization of Books

According to a related study, book covers and book titles are the two
most important information when customers explore books [19]. Sev-
eral sketches were made in order to find the best way to display indi-
vidual book, some of the sketches are shown in Figure 3.2.

Figure 3.2: Three different ways of displaying book data, the word
cloud, circle and rectangle node-link graph.

3.2.3 Interactions with Books

The interaction design of the prototypes follows the guidelines of fluid
interaction of InfoVis.

1. Use smooth animated transitions between states. Smooth ani-
mations are made when generating books and changing book
graphs.

2. Provide immediate visual feedback on interaction. When the
mouse hovers on a specific book, the accordingly book details
will be shown on the left side of the page. I also provided an
easy way to add books to my wish list, simply by clicking on a
book item. An “add to wish list” button is also provided inside
of the book detail component.

3. Minimize indirection in the interface. When switching between
different graphs, the transition animations are smooth thus cre-
ating a more fluid feeling of moving items.

4. Integrate user interface components in the visual representation.
Tags of the books are used as a filter. Instead of making this filter
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UI to a traditional drop down menu or a list of check-boxes, a
word cloud of tags is made to integrate this component as an ad-
ditional part of the visualization. The users can get an overview
of the themes of the current book list by looking at the tags, they
can also click on them to filter the book items.

5. Ensure that interaction never ‘ends’. A function called “new
books” is designed to make sure the users can always refresh
the graph to fetch a new recommended book list.

3.3 Prototypes

The design of the prototypes was based on the literature study, the re-
lated works and the contextual study that mentioned previously in this
paper. Since the whole project started from scratch, which meant that
I didn’t have any machine learning algorithms to support the data in-
put, the method named Wizard of Oz was selected to mock up the rec-
ommendation tool [4]. The design of visualizing was through the vi-
sualization pipeline [3]. In total, three different prototypes were made
through the formative evaluation process.

3.3.1 Wizard of Oz

The Wizard of Oz (WOz) prototyping approach is widely used in human-
computer interaction research, it helps designers avoid getting locked
into a particular task while completing the prototype [4]. In WOz stud-
ies, a wizard operator plays some roles in a work-in-progress com-
puter system, in this project, generate the data of recommended books.
WOz is mainly used in two parts, the first is the initial of recommended
books: as shown in Figure 3.3, the first step of every prototype is to let
users choose the categories they are interested in, in this way I wanted
to simulate the first step of recommendation. The second part is to
get more books by clicking the “new books” button. This function is
offered to generate a new batch of books when the users feel finished
with the current selection. Ideally, the more interaction, the more ac-
curate the recommended books will be.
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Figure 3.3: The initial step of all three prototypes, users can select the
categories they are interested.

3.3.2 Prototype 1: Bookshelf

The first prototype, Bookshelf, acts as a baseline and doesn’t include
any InfoVis structure. The books are displayed in a grid layout UI
instead. All of the UI styles and interactions are exactly the same as
what the book club’s website currently have. The interface is shown in
Figure 3.4.

Figure 3.4: The interface of Bookshelf prototype.

3.3.3 Prototype 2: Bubble Graph

This prototype is developed to fit the fluid interaction design guide-
lines. In total, three types of graphs are implemented. As stated in
Keshif [22] and The bohemian bookshelf [19], displaying data from
different interlinked visualizations can offer a unique view of the col-
lection, as well as create a more engaging experience.
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Figure 3.5: One cluster of books. Figure 3.6: Node-link graph of
books.

Figure 3.7: Cluster of books by categories.

Dynamic rearrangement of the visualizations
Three kinds of visualizations are implemented to show the connection
between books in different perspectives. Instead of updating the web
page each time, the books are rearranged by using a smooth visual
transformation.

The first graph is shown in Figure 3.5, the books are all gathered
as one cluster, there is a smooth animation of generating each circle,
which can provide users with an intuitive feeling of getting books. The
size of the circle represents the level of interests the users will be with
the books by algorithms calculation (level: 1 - 5).

The second graph is shown in Figure 3.6, in which similar books
are linked. The pivot books are the popular books I assumed the users
should know, and these books are linked to several similar books. The
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calculation of the similarity can be based on features like the same au-
thor, the same genre, the purchase history of other members and so
forth. Since I used WOz in this prototype, the accuracy of the similar-
ity won’t be included in the evaluation.

The third graph (See Figure 3.7) is the cluster of books by genre.
The genre’s name is displayed as a title over each cluster.

Filter by tags
When a new book list is generated, the tags of the books are also cre-
ated as a word cloud. The size of the tags represents the amount of
books that have these tags. The corresponding books will be filtered
when clicking the tags.

Mark the books that are in the wish list
Clicking the circle is a shortcut to toggle the book into the wish list.
When the book is in the wish list, it will have a red border. This can
also be seen as a “pin” function, clicking to mark or unmark the book.
The marked book has the same red border in all of the three graphs
thus can provide a good view of comparing books and see the links.

Details-on-demand
When hovering a book circle, the users can see the book details on the
left side of the page.

3.3.4 Prototype 3: Box Graph

Bubble graph was created first, then I ran a pilot study to compare
Bubble graph with Bookshelf. 8 colleagues from the book club joined
my study. Most of the participants felt Bubble graph was confusing
and hard to use compared to Bookshelf. In order to figure out what
caused the confusion, I believed it was necessary to make a third Info-
Vis prototype (See Figure 3.8), but without fluid interaction. The new
prototype, Box graph, shows the whole book cover and have fewer
variations of graphs. It also does not follow the guidelines of fluid
interaction.

3.3.5 System Architecture

The three prototypes are developed as web applications. The data
is fetched as a JSON file by a Python web crawler directly from the
book club’s website. The database of the book club can not be directly
reached for security reasons. The JSON file is stored in MongoDB. Ex-
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Figure 3.8: The interface of Box graph.

press.js and Node.js are selected to build the back-end. REST API. and
Angular.js are used as the front-end framework and D3.js is mainly for
visualizing the book data.



Chapter 4

Evaluation Methods

Three different prototypes of displaying recommended books were
evaluated in this study, including one baseline prototype which was
a more traditional interface currently used on the online website. The
study was designed to mainly focus on user engagement and enjoy-
ment. Engagement means an emotional, cognitive and behavioural
connection that exists, at any point in time and possibly over time, be-
tween a user and a resource [15]. Enjoyment refers to the feeling that
causes a person to experience pleasure. Pleasure is recognized with
current happiness and excitement, which can be explained in terms of
belief, desire, and thought [15].

The user study was divided into two parts. The first study com-
pared Bookshelf and Bubble graph. The second compared Bookshelf
and Box graph. Three phases were included in both parts.

In the first phase, my goal was to let subjects get familiar with the
interfaces. They could play around with the prototypes until they felt
finished. Then, I provided them with a function check-up list to help
them walk through every important feature again. At the end of the
first phase, the participants could choose the prototype they wanted
to start with at the next phase.

In the second phase, they first performed one task. After that, I
asked them to select at least 5 words from a product reaction card list,
the selected words should represent their opinions with the prototype.
At the third phase, I provided them with a questionnaire to measure
the elements of the enjoyment model. I asked some open-ended ques-
tions at the end of each phase, in order to get a deeper understanding
of the participants’ feedback. The questions were of the style: – Why

17
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did you choose X word to describe prototype Y? Could you explain it
more?
– Why you gave the lowest / highest point on question Z?, Could you
explain more?

4.1 Participants and Setting

I recruited 8 people (6 male, 2 female) aged 20-30 with normal vision
(not color blind). Participants were students from KTH with engineer-
ing backgrounds, familiar with computers and the Internet. The ex-
periments were conducted within groups.

Two laptops were used to display different prototypes in parallel
for a better comparison. Bookshelf and Bubble graph were compared
first, then Bookshelf and Box graph. Each comparison was conducted
in 3 phases.

4.2 First Phase

In the first phase, I told the participants to try out Bookshelf and Bub-
ble graph prototypes freely in a casual environment to get familiar
with the functionalities.

4.2.1 Design

Two laptops which displayed two prototypes were set in parallel. In
this way, the subjects could compare the two prototypes concurrently.
There was no time limit in this phase and the subjects could ask ques-
tions at any time. Snacks and drinks were also provided during the
whole study. The aim of this setup was to make the subjects relaxed
and use the prototypes casually. I also prepared a function check-up
list in order to make sure the subjects knew all the important functions.

4.2.2 Procedure

Participants signed the consent form first and read a brief description
of the experiment. Then they could try out and get familiar with the
two prototypes, no start order and they could also switch between pro-
totypes at any time. They stopped when they felt done with the explo-
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ration. After that, I provided them with a function checkup list, from
which they could go through all the functions of each prototype and
try the functions again if necessary.

4.3 Second Phase

4.3.1 Design

The task in this phrase: assuming that you have not read any one of
the books from the recommended books, please select your preferred
categories and explore the books. Then choose at least 5 books that
you are interested in and put them into your wish list.

The product reaction card method [14] is a good way to measure
enjoyment and engagement and the reaction card list in this study was
modified from its original, using 50 adjectives (26 positive words, 24
negative words — see Table 4.1)

Table 4.1: A set of reaction cards used in the study

Approachable Attractive Clear Connected
Controllable Convenient Creative Easy to use

Engaging Entertaining Expected Familiar
Friendly Fun Helpful Inspiring
Intuitive Meaningful Novel Organized
Personal Relevant Time-saving Useful

Impressive Boring Complex Confusing
Difficult Disconnected Distracting Frustrating

Gets in the way Hard to use Irrelevant Not valuable
Old Impersonal Ordinary Stressful

Unconventional Undesirable Unfriendly Slow
Time-consuming Too technical Unapproachable Unattractive
Uncontrollable Unreliable

4.3.2 Procedure

The participants were asked to perform the task first. After finishing
the task, they were told to select at least 5 words from a product reac-
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tion card list, they could select more if needed. They were also asked
to talk about the reasons for picking up the cards.

4.4 Third Phase

4.4.1 Design

The aim of this phase was to deeply measure the enjoyment. There
is no single holistic method to measure the element of the enjoyment.
Following two previous studies done by Saket, Scheidegger, and Kobourov
[17] , Sweetser and Wyeth [18], I designed a Self-Assessment Manikin(SAM)
questionnaire which contained a list of criteria. I asked subjects to
score the criteria, from 1 (completely disagree) to 5 (strongly agree)
which could most closely correspond to how they felt (See Table 4.2).
Except for clarity and immersion, each of the other four elements had
two criteria in order to measure it more precisely.

Table 4.2: The elements and correspond criterion designed to measure
the enjoyment

Elements Criteria

Ease of
use

I am able to start using the application without asking
for help.
Challenges in this application matched my skill level.

Focus
I was not being distracted from the tasks that I wanted
to concentrate on.
The application grabbed my attention quickly and
maintained my focus throughout the task.

Clarity The tasks given to me had clear goals and descrip-
tions.

Feedback
Working with this application, I always knew my sta-
tus and progress.
I received immediate feedback on my actions.

Control I had enough control over interactions in the system.
I am able to correct my errors in the application.

Immersion This application was immersive (made me less aware
of my surroundings).
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4.4.2 Procedure

The participants were asked to do a likert scale questionnaire. Then
I asked them some open-ended questions based on the result of the
questionnaire.
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Results

5.1 Reaction Cards

5.1.1 The Selection of Individual Cards

Analysis of the individual adjectives and how often they have been
selected is so far the most common application of reaction cards [14].
The words are shown as word clouds to present the frequency of se-
lected adjectives. The positive words’ color is lighter than the negative
words.

Figure 5.1: Word cloud for Bookshelf.

As shown in Figure 5.1, Bookshelf was most often selected as or-
dinary (6), clear (5) and easy to use (4). Similar words to ordinary
like boring, old, time-consuming also appeared. Granted that this pro-
totype might be ordinary, many participants regarded it as intuitive,

22
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organized, easy to use and controllable.

Figure 5.2: Word cloud for Bubble graph.

The top three words for Bubble graph were creative (5), fun (4) and
confusing (4), see Figure 5.2. Most subjects felt this prototype was fun,
entertaining and creative. However, the word confusing also appeared
in a high frequency. The possible reasons for it are discussed in section
6.

Figure 5.3: Word cloud for Box graph.

Box graph (see Figure 5.3) was most often described as fun (5), cre-
ative (3) and attractive (3). It also received more positive words re-
garding of ease of use compared to Bubble graph, such as approach-
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able, expected, clear and controllable. However, the phrase gets in the
way appeared 2 times.

5.1.2 The Overall Number of Selected Cards

I asked the participants to select at least 5 words for each prototype,
which meant they were allowed to select more words. Comparing
the results from Table 5.1, the total amount of the selected cards of
three prototypes were almost the same. Therefore the number of cards
would not be a main impact factor for the following data analysis.

Table 5.1: The Total Number of Selected Cards per Prototype

Bookshelf Bubble graph Box graph
38 40 38

5.1.3 Ratio of Positive and Negative Cards

The ratio of positive and negative cards in Table 5.2 shows the overview
of the participants’ attitude towards three prototypes. Bookshelf ranked
the lowest and Box graph was at the first place. The gap between Box
graph and Bubble graph was not large. This result indicates that the
participants tended to select more positive words towards the proto-
types with InfoVis.

Table 5.2: The total number of selected cards per prototype

Bookshelf Bubble graph Box graph
positive 60.5% 80.0% 82.5%
negative 39.5% 20.0% 17.5%

5.1.4 Dimensions

Inspired by Merčun’s study [14], I grouped the words by five dimen-
sions as below:

• Perceived ease of use (approachable, clear, convenient, easy to
use, familiar, friendly, ...)
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• Perceived usefulness (expected, helpful, meaningful, relevant,
useful, ...)

• Perceived efficiency (connected, organized, personal, time-saving,
...)

• Appeal(attractive, creative, novel, impressive, unconventional,
...)

• Engagement (controllable, engaging, entertaining, fun, inspir-
ing, intuitive, ...)

Both positive words and negative words were taken into account
in this analysis. One positive word counted as 1 point, one negative
word counted as -1 point. I added up all the points to get the final
score of each dimension.

The radar chart (see Figure 5.4) includes the three prototypes in
five dimensions. None of the prototypes had an overall lower UX. Box
graph received the most balanced and good scores in all dimension.
Bookshelf was the best in ease of use, while it had the lowest scores
in both appeal and efficiency. Bubble graph, on the contrary, ranked
the lowest in ease of use, but it received high scores in both appeal
and efficiency. Box graph had almost the same scores as Bubble graph,
except that it was easier to use according to the chart.

Figure 5.4: Radar graph comparing prototypes on 5 dimensions.
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In the previous design process, I conducted a pilot study with my
8 colleagues in the book club to compare Bookshelf and Bubble graph.
All the procedures of the evaluation were the same as the later one ex-
cept the participants’ age range was around 40-50. Considering that
the age might be another factor that affected the perception of the pro-
totypes, I compared two age groups’ results of Bookshelf and Bubble
graph, which are shown in Figure 5.5 and Figure 5.6. From the two
graphs, people in older age tended to be more positive towards Book-
shelf.

Figure 5.5: Perception of Bookshelf by different age groups.

Figure 5.6: Perceptions of Bubble graphs by different age groups.
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5.2 Likert Scale Questionnaire

I asked the participants to do a likert scale questionnaire in order to
get a deeper understanding of the enjoyment. Figure 5.7 shows an
overview of the result. Firstly I assumed that Bubble graph or Box
graph would be more enjoyable than Bookshelf. However, I did not
find a statistically significant difference (p < 0.05) at any one of the el-
ements, which means I can not reject the null hypothesis: all of the
participants didn’t exhibit different overall self-reported levels of en-
joyment.

Figure 5.7: Result of the likert scale questionnaire, measuring 5 ele-
ments in enjoyment. (p = 0.2233, 0.8194, 0.8611, 0.4823, 0.0836)

Ease of use
Bubble graph received the least score in ease of use, which indicates
that most participants felt it was hard to understand. Box graph and
Bookshelf got nearly the same score, but Bookshelf was slightly lower.
One feedback of Bookshelf was that people felt confused when they
couldn’t find a filter in it that existed in Bubble graph.

Focus
Bubble graph got the highest score in focus, and the Bookshelf re-
ceived the lowest. Many participants mentioned that Bookshelf was
boring and couldn’t really grab their attention compared to Bubble
graph. However, it was easy to keep focusing since it was easy to un-
derstand. Most of them said the reason they could focus on Bubble
graph was that it was fun to use. But some of them also said they were
distracted from the task when they saw the node-link graph from Bub-
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ble graph. They wondered why the books were connected in this way.
As for Box graph, people felt it was easier to keep focusing because
it showed whole book covers, which was easier to grab attention, but
the overlapping of titles made the visualization less ordered and clear.

Feedback
Three prototypes received nearly the same scores when asking about
feedback. However, the Bubble graph’s standard deviation was higher
than the other two. According to the interview, the reason behind it
could be the interaction of “add to wish list”. This feature received
both strongly appraise and critics. Some participants felt it was not
the expected feedback after clicking the book item. They wanted to get
more information, but they added it to the wish list instead. The other
group of people really liked it because it was convenient and they
could keep track of the wish list, add or delete the books easily with-
out opening the wish list page. Another feature named “new books”
also received some criticism, some people expected to get “newly pub-
lished books” instead of “newly recommended book list”, so they felt
they got the wrong feedback. However, all the prototypes had “new
books” function, so it should not be a key factor to differentiate the
scores.

Control
Most of the participants regarded Bubble graph was the most control-
lable prototype while Box graph was the least. Surprisingly Bookshelf,
which was easy to understand and use, didn’t get the first position but
received nearly the same score as Box graph. Bookshelf received the
highest standard deviation since some people felt it was really control-
lable while others had the opposite opinion. From the interview, the
reasons people thought Bookshelf was not that controllable were: 1)
Bookshelf lacked an overview of books, it just showed 6 books on one
page; and 2) It lacked functionalities like filtering and grouping. Box
graph got the lowest score since it did not have a filter function like
Bubble graph, but also did not have a simple interface as Bookshelf.

Immersion
Immersion means the immersive experience when using the applica-
tion. Bookshelf received the lowest score of only 3, while Bubble graph
and Box graph both received the same high score of 4.

Clarity
Clarity here referred to the design of the task, which meant if the task
given to participants was clear and easy to understand. Since in this
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experiment, I only had one simple task for all three prototypes, this
element was not a key impact factor of enjoyment.
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Discussion

6.1 Research Methods

The method of Research through Design was used to design the Info-
Vis prototypes. However, there was an age gap between people who
joined in the design process and those who participated in the evalu-
ation. The people involved in the design process were the colleagues
of the book club, who were around 40 years old, but the ages of peo-
ple who did the evaluation were around 20-30. Different age groups
led to different opinions of the prototypes. The reason to cooperate
with the colleagues at the book club first was that most of their cur-
rent members were above 40 years old, and their opinions need to be
considered. However, the book club also wanted to attract new and
younger customers, so they decided to involve young people in the
evaluation. From the final result, young people were generally more
positive to the InfoVis prototypes than the traditional Bookshelf, but
the older people were the other way around.

In the pilot study with 8 participants, the time spent on each proto-
type were recorded. From a study of Saket, Scheidegger, and Kobourov
[16], measuring time is a good way of testing engagement. However,
I removed this procedure mainly for two reasons: 1) The participants
tended to spend less time on the Bookshelf prototype because they had
known how it worked, the Bubble graph prototype, on the other hand,
was quite new to them and they spent more time to learn it. Thus
the time didn’t indicate the engagement but the learning difficulties;
2) The participants had different speed to read the book descriptions,
which would also affect the time; and 3) The participants acted more

30



CHAPTER 6. DISCUSSION 31

stressed when told the time would be recorded, but I wanted them to
test the prototypes under a relaxing atmosphere.

There was a possible flaw in the likert scale questionnaire method. I
provided 5 levels, from 1 (completely disagree) to 5 (completely agree)
in the questionnaire. However, some people still tended to select be-
tween 3 and 4 to show their agreement or disagreement. It was after
the small interview that I found this flaw of measuring. Some people
gave 3 to the criterion even though they didn’t agree with them.

6.2 Evaluation Results

Before the evaluation, I assumed that Bubble graph would be both fun
to use and easy to understand. The results from product reaction card
method, on the contrary, showed that although it was fun and enter-
taining, it was perceived the most difficult to use. There were mainly
two reasons for it. The first was that presenting book covers as circles
was not intuitive. People didn’t recognize there were book covers ini-
tially, since they just saw a part of them. The second reason was that
the concepts of “group by similar books” and “group by genres” were
not clear. Some people said that these two concepts were overlapped
since sharing the same genres also meant the books were similar. Peo-
ple also had different opinions towards “add to wish list” function.
Some people felt it was confusing because they were expecting to get
more information after clicking, like showing book details after click-
ing book covers in Bookshelf. However, after clicking the book covers
in Bubble graph, they added the books to the wish list, which made
them frustrating. The others liked it because it was easy to keep track-
ing of the wish list and manipulate it.

In Box graph, I changed book covers from circle to rectangle, which
then revealed the whole book cover pictures. I also removed the graph
of “group by genre” and displayed one node-link graph to show the
relationship of books. The book tags word cloud was also removed
because the participants from the pilot study seldom used it. Although
Box graph was perceived slightly less useful than Bubble graph, it was
much easier to use compared to Bubble graph.

Fluid interaction in InfoVis, which usually includes several inter-
linked graphs, might make the interface more complicated to under-
stand. This could also be because keyboard and mouse interaction is
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less intuitive than the touch screen. Many designs [11] [10] in touch-
screen and virtual reality (VR) have used fluid interaction as one of
the guidelines, and they prove that fluid interaction is a good choice
to improve the intuitiveness and immersion of the user experience.
The further step of this thesis could be comparing and evaluating the
prototypes in touchscreen devices.

As mentioned in the introduction, I would like to understand ex-
actly what factors influence the enjoyment and engagement of the vi-
sualization. The analysis of the product reaction card indicated that
ease of use is not a key factor of engagement, although Bubble graph
and Box graph were both perceived harder to use than Bookshelf, peo-
ple felt that they were more engaging. According to the interviews,
they liked to play with the graphs because they were fun and appeal-
ing. Even though they might be confused at first, most of them were
able to understand the graphs quickly. Different age groups also had
different attitudes towards the three prototypes, some older people
showed a strong preference to the Bookshelf since they felt the ease of
use was a most important factor above all.

During the third phase, I provided the participants with the likert
scale questionnaire to evaluate the 5 elements of the enjoyment. From
the results, however, I didn’t find the statistically significant difference
(p < 0.05) at all factors, which means I could not reject the null hypoth-
esis. Apart of that, the feedback from the participants was similar as
that from product reaction card method. Bubble graph was still per-
ceived as the most difficult to use.

The results of the evaluation suggest that InfoVis was an effective
way to improve the engagement and enjoyment of the book recom-
mended system despite that it increased the complexity. The creative
interfaces and interactions were the driving forces for the users to en-
gage in the exploration of books. However, there was a balance be-
tween the challenge of tasks and user skills, if the system was too com-
plex, then users would lose patience to learn it. Different results from
different age groups also proved that people who are more skilled in
computers and the Internet showed more positive feedback towards
InfoVis prototypes. Thus, whether to use or how to use the InfoVis in
the book recommended systems might depend on the target users and
the context of usage.

Further research will be needed in order to verify if the challenge of
the tasks is the key factor that affects the engagement and enjoyment
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of the book recommended system, and how to balance the creative-
ness of the interface with user skills. Another area of research should
also focus on the impact of devices, comparing the same InfoVis inter-
actions in mobiles and tablets.



Chapter 7

Conclusion

I designed two InfoVis prototypes to display recommended books,
and compared them with another interface which was without Info-
Vis. The results indicated that combining InfoVis to a recommender
system would increase its complicity, however, even though users felt
it was confusing at first, they still had motivations to use it since it
looked creative, fun and appealing. The key point is how to smooth
the learning curve so that users will not lose patience to learn before
they totally understand it.

The prototype of Bubble graph, which I designed according to the
fluid interaction, was perceived the most confusing, it might be due to
the hardware and the device that made it less intuitive. Whether or not
introducing InfoVis and how complicated the InfoVis should also de-
pend on the target user. If the users are conservative to the technology,
then it is better to use the design of Bookshelf. InfoVis prototypes like
Bubble graph and Box graph are more attractive to people who want
to explore new things and willing to learn, like people in younger age.

I did not find the evidence of statistically significant difference at
any of the 5 elements of enjoyment, so I can not conclude that one de-
sign is more enjoyable than the other. However, Box graph received
the overall balanced high scores of all elements, which also indicated
that combining InfoVis with recommender system could be further re-
searched.
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