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Abstract

Typical interfaces of state-of-the-art online movie streaming services are designed to give users a
pleasant and visually appealing browsing experience. However, they lack user engagement and
encouragement of active exploration because little movie information is presented. In contrast,
common movie information archive interfaces provide a lot of information that can be used to
actively explore the database’s content. Yet, they are not visually appealing or easy to use due
to their text-based design. In this paper, we introduce the concept of visual navigation, which
combines the advantages of both of these interfaces, that is, ease of browsing and information
richness. Our solution presents movie information visually and in this way encourages users to
navigate the database by selecting the information that they find most interesting. In this research,
we implemented the visual navigation concept and compared it to a state-of-the-art alternative.
Using a qualitative approach, we showed that participants experienced more intrinsic motivation
to use the visual navigation implementation than the state-of-the-art alternative and find it more
useful as well. By analyzing their usage logs, we discovered that participants more often used
movie information to navigate the database and in this way explored the archive more actively.
These results demonstrate the effectiveness of our visual navigation concept and indicate that
active exploration of movie databases contributes to a more fulfilling browsing experience.
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Preface

This thesis was written as part of a graduation project for the master’s program of Game and
Media Technology at Utrecht University. The title of the thesis is Active Exploration of Online
Movie Databases by Visual Navigation and with it we introduce the concept of visual navigation.
The thesis consists of the following parts:

• A scientific paper that presents the concept of visual navigation and an evaluation of its
effectiveness.

• An annotated appendix that contains the information relevant to this research project that
was not covered in the scientific paper:

– A literature study that explores the research domains related to this project.

– Extended information on the performed experiments which includes: motivation for the
experiments, implementation details, experienced issues and gathered data.

– A demonstration of the visual navigation concept.

– A database comparison that justifies the choice for the used movie database.

– A paper written about the pilot study and published in the adjunct publication of
the 2017 ACM International Conference on Interactive Experiences for TV and Online
Video (TVX ’17 Adjunct).

– Concluding remarks and suggestions for future work.

Other deliverables that are not included in this written thesis are:

• Source code and executables that were used for this research project, including a written
description of their major components.

• The complete set of data and log files that were gathered during the experiments.

• A website aimed at a broad audience that presents the visual navigation concept and shows
the major results of our experiments. It can be found at the following location: http:
//www.students.science.uu.nl/~3986799/.



Chapter 1

Scientific Paper

In this section, the scientific paper that was written for this research project is presented. It
introduces the concept of visual navigation and an evaluation of its effectiveness regarding user
experience and active exploration.
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Abstract

The interfaces of state-of-the-art movie streaming
services are often designed to give users a pleasant,
simple browsing experience at the cost of having
less information available. Online movie informa-
tion archives give the user as much information
as possible at the cost of a simple and intuitive
browsing experience. We present the concept of
visual navigation that combines the ease of brows-
ing and information richness of both interfaces by
presenting movie information visually and in this
way encouraging users to navigate the database by
selecting movie information that they find inter-
esting. A controlled lab study and an online study
showed that users prefer the visual navigation in-
terface over a state-of-the-art alternative and that
they are more actively exploring the database with
the visual navigation interface.

1 Introduction

Movie streaming services like Netflix are designed
to give users an easy and intuitive way to browse a
movie database. They generally show a lot of im-
ages and use appealing visuals to give users a pleas-
ant browsing experience. The cost of this approach
is that there is not much information per movie
available and the information is not prominently
featured. This type of browsing will be referred
to as visual browsing because users browse the
database by looking at movie images and posters
(see figure 1).

On the other end of the spectrum, movie infor-

mation archives like The Internet Movie Database
offer a lot of information per movie but lack an easy
and intuitive way to browse the archive. Movie in-
formation is mostly presented as text in a tradi-
tional list-like fashion. They are visually less ap-
pealing and are more functional than fun. Users
browse by searching for specific keywords or by
clicking on textual hyper-links. Because users
browse the database by entering or clicking on text,
this type of browsing will be referred to as text-
based browsing.

In this paper, the concept of visual navigation
is presented. Visual navigation combines the ease
of visual browsing with the information-richness
of text-based browsing. By presenting the movie
information visually, users are encouraged to use
movie information to browse through the video
database while still retaining the ease of browsing
and the visual appeal of visual browsing. An ini-
tial pilot study [1] with a group of early adopters
and tech-savvy subjects confirmed that they in-
deed experience state-of-the-art movie databases
in the way that we discussed. A test with a proto-
type of the new concept showed that they find it
intuitive and are able to handle it well. The gen-
eral feedback was overwhelmingly positive and also
yielded a few ways to improve the prototype.

For this paper, two experiments were conducted
to test the concept in a realistic setting. A proto-
type with two interfaces was designed, one that is
similar to visual browsing interfaces and another
that uses visual navigation to navigate between
movies. The prototype was tested in a controlled
lab study and an online study to see if people still
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use and prefer the visual navigation concept when
offered a state-of-the-art alternative.

Figure 1: A common visual browsing inter-
face of movie streaming services. Illustra-
tion taken from [1].

2 Background and Related
Work

In recent years, a lot of research has been done on
video browsing and video interaction. A survey by
Schoeffmann et al. [2] provides an overview of the
work done on video interaction tools up until 2015
and shows that most of the work on video brows-
ing is focused on browsing within videos and not
between videos. Furthermore, most of the work is
performance-focused and not about user engage-
ment and experience. The absence of these re-
search topics is notable and shows the need for
research on these subjects. The concept of vi-
sual navigation was designed as a high-level movie
browsing system that engages users and offers a
satisfying user experience.

A common way of browsing videos is by ex-
ploring related videos that are presented by the
video database. There are several tools that use
video metadata to create relations between videos.
Waitelonis and Sack presented an exploratory
search tool using Linked Open Data (LOD) for
yovisto.com, an academic video database [3]. They
created relations between videos by linking their
known metadata. Craggs et al. presented the
ThumbReels tool [4] which is aimed at creating
new video metadata by using crowd-sourcing to tag
videos with keywords. These tags can then be used
to show related videos. While these tools are use-
ful for videos with little known metadata, they are
not as useful for movie browsing. Movies generally
have much metadata readily available and the real
challenge is to design an interface that encourages
users to actually use the movie metadata to find
related movies. A key aspect of visual navigation
is that it encourages users to use movie metadata
to navigate between movies and find movies that
they otherwise would not have found.

Recently, Low et al. presented the Visual
Berrypicking tool [5] which lets users actively ex-
plore a movie database by presenting the user with
a 2-dimensional map of related movies. These re-
lations are based on several types of metadata and
similar movies are clustered. Users can select a
movie that they are interested in and new related
movies are shown for that movie. Their approach
is similar to the visual navigation approach, but
one of the key differences is that it does not show
the user what the relations are based on. We claim
that it is better, if not necessary, for users to make
a conscious choice about the type of related movies
that they browse so that they are actively engaged
and can find what they are looking for. Visual
navigation lets users choose what a movie relation
should be based on and this allows them to explore
movies that they are interested in.

A feature that many video databases offer is a
recommendation system. When users do not know
exactly what they are looking for, they could ben-
efit from receiving recommendations. Most recom-
mender systems for video browsing make usage-
derived recommendations and are based on Col-
laborative Filtering [6]. These systems make rec-
ommendations based on what a user has watched
before and thus rely heavily on known user profiles.
Bollen et al. presented a method that does not rely
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on user profiles by using temporal statistics to de-
termine whether consecutive requests are made by
the same user. More recent work on recommenda-
tion systems is focused on a multi-modal approach.
Arapakis et al. showed a method [7] that films the
reactions of users to determine what they like and
don’t like. Yang et al. presented a method [8] that
combines metadata, visual and aural relevance in
one function to improve their recommendations.
While recommendations are useful for users that
do not know what they are looking for, they are
not always accurate because they do not take into
account what users are currently in the mood for.
There is also the dependency of knowing a user’s
browsing history to make accurate recommenda-
tions, which is not always possible. Visual naviga-
tion lets users make their own recommendations by
encouraging them to actively explore the database
and think about what they are looking for without
a need for their browsing history.

3 Visual Navigation

State-of-the-art video database interfaces are ei-
ther focused on an easy and visually appealing
browsing experience (visual browsing) or on giving
a user as much information as possible in a tex-
tual, list-style fashion (text-based browsing). Vi-
sual browsing allows for an easy and passive way of
browsing, where users can scroll through categories
until they find something they like. This approach
is effortless for users but offers little movie meta-
data per movie and browsing options beyond just
scrolling through categories. Text-based browsing
relies on users entering search queries or clicking
on certain textual information to find the movies
and metadata they are looking for. Users can find
all the information they need and are actively ex-
ploring but the ease of browsing and visual appeal
is lost.

Visual navigation is a high-level movie browsing
approach that aims at combining the best of both
worlds by visualizing movie metadata in an esthet-
ically pleasing way and allowing users to navigate
a movie database by selecting visualized metadata
(see figure 2). Selecting metadata shows related
movies containing the same metadata. After se-
lecting one of these movies, users can keep navi-
gating from movie to movie by selecting metadata

that they are interested in.

A key aspect of visual navigation is the facilita-
tion of active exploration. When users do not know
what movie they are in the mood for, they have to
actively explore the movie database to figure that
out. Active exploration engages users and helps
them to think about what kinds of movies they
are interested in. We claim that when exploring
a movie database, users need to make a conscious
choice about which kinds of movies they browse
in order to discover what they are looking for.
Visual navigation encourages users to make such
conscious choices by having them choose metadata
that they are interested in to navigate the database
and advance their search.

Besides facilitating active exploration, it is also
stimulated by presenting metadata visually instead
of presenting it as text. Metadata is positioned in
a circle around the movie poster and each piece
of metadata is styled like a clickable button (in
contrast to figure 1). Metadata that has photos
associated with it (e.g. actors, directors and other
filming crew) are presented with photos to encour-
age people to click on it and an icon depicting their
role in the movie. In the pilot study a number
of participants stated that they often recognized
an actor’s face but did not know their name. By
showing photos with metadata, users will recog-
nize the metadata and be more inclined to use and
navigate by it. Another advantage of visualizing
metadata, is the potential to highlight more un-
common navigable metadata, such as: production
company, music composer and language. Partic-
ipants of the pilot study stated that they would
never have thought of navigating by certain meta-
data if it was not so prominently featured but they
actually found it interesting when they did.

4 Evaluation

As said before, a pilot study that was per-
formed with an early prototype of visual naviga-
tion showed that people can handle the concept
and find it intuitive [1]. The feedback was over-
whelmingly positive and many participants indi-
cated that they would use the prototype instead
of state-of-the-art alternatives if it was brought to
the market. To put this statement to the test, a
prototype featuring both the visual navigation in-
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Figure 2: Screenshots of the visual navigation concept as used in the pilot study. All
images have been replaced with copyright-free images from Wikimedia Commons.

terface and a typical state-of-the-art visual brows-
ing interface has been developed. With this pro-
totype, a controlled lab study and an online study
have been performed to find out if people indeed
preferred the visual navigation interface over the
state-of-the-art interface. The second goal of the
studies was to find out whether the participants
explored the database more actively by using the
visual navigation interface than by using the state-
of-the-art interface.

4.1 Implementation

The same prototype implementation was used for
both studies and was designed as an Android ap-
plication for touch screen devices. Other devices,
such as TV’s or desktop computers will be ad-
dressed in future research. The application was
forced to run in landscape mode to eliminate vari-
ance due to the usage of different screen orien-
tations. All data, movie posters and other visu-
als were downloaded at runtime from The Movie
Database (TMDb) which is a free and open movie
database that is community-maintained.

The application starts in what we refer to as the
home view (see figure 3, top). From the home view,
users can select one of two interfaces to use by tap-
ping the left or right side of the screen. The order
of the interface buttons is randomized at each ap-
plication launch to avoid any bias due to the order
of the interfaces. After selecting either of the in-
terfaces, the genre view is shown, where movies

are categorized by genre for a total of 19 different
movie genres. Twenty movie posters are shown per
genre and users can request more movies for that
genre by using the arrow buttons. The movies are
sorted descending by popularity. From this view,
a user can also enter a search query, which will
lead the user to the category view that is explained
below, showing movies matching with the search
query. The genre view is identical for both inter-
faces to make the interfaces comparable.

When a user selects a movie, the details view is
opened. This view shows the details for a movie
and a button that directs the user to YouTube for a
movie trailer. In the state-of-the-art interface, the
movie metadata is presented as underlined click-
able text and in the visual navigation interface,
movie metadata is presented as circular-shaped vi-
sualizations. Photos are shown for actors and crew
when available and icons depicting their job are
shown as well. The following selectable metadata
is presented for each movie when available: gen-
res, three main actors, director, writer, main mu-
sic composer, production company, language and
year. Aside from the selectable metadata, a short
plot, rating and the movie runtime is shown in the
center of the circle.

When metadata is selected in either interface,
the category view opens and shows movies contain-
ing the same metadata. Up to 20 of the most pop-
ular movies are shown for that metadata but more
can be requested by using the arrow buttons on the
side if available. The category view is identical for
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both interfaces, except that the heading of the cat-
egory view is either presented as text or visualized
for the state-of-the-art and visual navigation inter-
faces respectively. From the category view, users
can click on a movie to open the details view for
that movie. From any view, users can press a back
button to return to the previous view or a home
button to return to the genre view.

Figure 3: Screenshots of the implementa-
tion, movie images replaced with placehold-
ers. Left: visual navigation interface, Right:
state-of-the-art interface.

4.2 Lab Study

In this section we outline the objectives of
the lab study (4.2.1), explain the methodology
used (4.2.2), describe the participants (4.2.3) and
present and discuss the results of the study (4.2.4,
4.2.5).

4.2.1 Objectives

The main objectives of the lab study were to find
out whether people preferred the visual naviga-
tion interface over the visual browsing interface
and if they explored the database more actively
with the visual navigation interface. We mea-
sured preference for an interface with three sub-
scales of the Intrinsic Motivation Inventory (IMI)
[9]: interest/enjoyment, perceived competence and
value/usefulness. These subscales indicate intrin-
sic motivation, competence and satisfaction respec-
tively. We measured active exploration by looking
at the amount of times that metadata was clicked
per minute and how many different types of meta-
data were clicked. With these objectives, the fol-
lowing research questions were phrased:

1. Is the intrinsic motivation of users to use the
visual navigation interface higher than it is for
the visual browsing interface?

2. Are users more satisfied after using the visual
navigation interface than after using the visual
browsing interface?

3. Do users feel more competent when using the
visual navigation interface than when using
the visual browsing interface?

4. Do users click on more metadata per minute
using the visual navigation interface than with
the visual browsing interface?

5. Do users click on more different types of meta-
data using the visual navigation interface than
with the visual browsing interface?

The first three research questions were phrased
to find out which interface participants prefer
to use and the last two research questions were
phrased to find out with which interface people
explore the database more actively.

4.2.2 Method and procedure

For the experiments, a 7 inch Android-based
tablet (Asus Nexus 7) with a screen resolution of
1920x1200 was used. The experiments took place
in a neutral room and subjects were not reimbursed
for their participation in the experiment, it was en-
tirely voluntarily. Before starting the experiments,
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participants signed a consent form and were asked
to fill out a small questionnaire regarding their
personal information and experience with movies,
movie streaming services and movie information
archives.

At the start of the experiment, the observer
selected the interface that the participant started
with. The order of the interfaces was counter-
balanced over the participants. The following
tasks were performed for each interface. First,
participants were asked to take a minute to try it
out and discover how it worked. They were then
explained the following use case and task:

”Imagine the following: You are boarding a
long flight in a few hours and before you get on
you would like to download a few movies that you
will watch on the plane. Please take 5 minutes to
find 5 movies that you are currently in the mood
for. When you find a movie, notify the observer
and he will write it down. Don’t worry, you can
change your picks.”

Selecting five movies ensured that users had
enough time with each interface and asking them
to find movies that they are in the mood for
encouraged them to carefully think about what
they were looking for. After performing the task,
they were asked to fill in a questionnaire about the
used interface that featured 7-point Likert scale
statements to measure the enjoyment/interest,
perceived competence and usefulness/value
subscales of the Intrinsic Motivation Inventory.

After completing the tasks for both interfaces,
an interview was conducted with open questions
about the visual navigation interface including
questions about what they liked and disliked about
it and whether they would use it if this would be
integrated in movie streaming services like Netflix.
Participants were also asked if they preferred the
metadata as text or visualized and if they used
the metadata to navigate between movies. Finally
they were asked if they felt inclined to click on
metadata and if they had any suggestions to im-
prove the design.

All actions that participants made in the appli-
cation were logged along with timestamps. An ac-
tion was logged each time a user tapped on some-
thing that led to another view being opened. De-
tailed information about the type of action was

logged as well.

4.2.3 Participants

A total of 21 participants took part in the exper-
iment, of which 7 were female and 14 were male.
The average age of the participants was 23.7 years.
All 21 participants watch movies and 19 partici-
pants stated that they watch movies once a month
or more. There were 18 participants who stated
that they use movie streaming services such as Net-
flix to watch movies and 14 of those use them once
a month or more. 19 participants stated that they
use movie information archives such as IMDb to
search for information on movies and 17 of those
use them once a month or more.

4.2.4 Results

For the figures and tables in this section, the vi-
sual browsing interface will be denoted as VB
and the visual navigation interface as VN. Af-
ter testing each interface, participants filled in
the Intrinsic Motivation Inventory questionnaire,
which yielded enjoyment/interest, perceived com-
petence and usefulness/value scores for that inter-
face. Each of these scores range from 1 to 7 where
1 is the most negative score and 7 the most pos-
itive score. Figure 4 shows the mean scores for
both interfaces. A Kolmogorov-Smirnov normal-
ity test showed that the scores were approximately
normally distributed with a value of p > 0.05 for
each set of scores. These values can be found in
table 1. Because of this distribution, a one-tailed
paired t-test was performed to find out if the dif-
ference in mean scores was significant. The results
of this t-test can be found in table 2 and show
that the enjoyment/interest and usefulness/value
scores were significantly higher for the visual navi-
gation interface than for the state-of-the-art inter-
face with p = 0.003 and p = 0.013 respectively.
A significant difference between perceived compe-
tence scores could not be identified.

From the log data, the amount of times that
metadata was clicked per minute and the number
of different types of metadata that was clicked on
were extracted. The means and standard devia-
tions of this data can be found in table 3. The
data for the amount of times that metadata was
clicked per minute was approximately normally
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D(21) p
Enjoyment/Interest VB 0.161 0.165
Enjoyment/Interest VN 0.078 0.200
Perceived Competence VB 0.139 0.200
Perceived Competence VN 0.102 0.200
Usefulness/Value VB 0.133 0.200
Usefulness/Value VN 0.181 0.071

Table 1: Kolmogorov-Smirnov normality
test for the IMI scores.

t(21) p
Enjoyment/Interest -3.134 0.003
Perceived Competence 0.702 0.245
Usefulness/Value -2.400 0.013

Table 2: One-tailed paired t-test for the IMI
scores.

Enjoyment Competence Value
1

2

3

4

5

6

7

4.34

5.27
4.94.8

5.19 5.28

IM
I

S
co

re

Visual Browsing Visual Navigation

Figure 4: Mean IMI scores for the visual
navigation and visual browsing interfaces.

Mean St. Dev.
Metadata Clicked VB 0.718 0.580
Metadata Clicked VN 1.236 0.894
Different Metadata VB 1.476 1.030
Different Metadata VN 2.571 1.248

Table 3: Mean values and standard devia-
tions for the amount of times that metadata
was clicked per minute and the amount of
different types of metadata that was clicked
for each interface.

D(21) p
Metadata Clicked VB 0.176 0.089
Metadata Clicked VN 0.174 0.096
Different Metadata VB 0.266 0.000
Different Metadata VN 0.206 0.021

Table 4: Kolmogorov-Smirnov normality
test for the amount of times that meta-
data was clicked and the amount of different
types of metadata that was clicked for each
interface.

distributed so a one-tailed paired t-test was per-
formed. The t-test showed with t(21) = 2.269
and p = 0.017 that metadata was clicked sig-
nificantly more times per minute with the visual
navigation interface than with the visual brows-
ing interface. Because the data for the amount
of uniquely clicked metadata was significantly not
normally distributed (table 4), a Wilcoxon signed
rank test was performed to find out if there was a
significant difference between the interfaces. With
T = 10 and p < 0.001, it shows that there were sig-
nificantly more different types of metadata clicked
for the visual navigation interface than for the vi-
sual browsing interface.

The post-experiment interviews showed that the
majority of participants preferred the visualized
metadata over the textual metadata (15 partici-
pants). Most participants stated that they felt in-
clined to click on the visualized metadata (17) and
that they used the movie metadata to navigate be-
tween movies (15). Almost all of the participants
stated that they believe visualized metadata can
be integrated in movie streaming services like Net-
flix (19) and most of them stated that they would
like to use it if it would be integrated (18).
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4.2.5 Discussion

In this study, the visual navigation interface was
compared to a state-of-the-art visual browsing
alternative. The Intrinsic Motivation Inventory
scores give a good view of the user experience that
participants had when using both interfaces. From
the results, it is evident that participants enjoyed
using the visual navigation interface more than
the visual browsing interface with a mean enjoy-
ment/interest score of 4.80 out of 7 as opposed to
4.34. While it is clear that participants enjoyed
the visual navigation interface more, this could be
because it is an interface that they had never seen
before and just liked the novelty of it. However, the
usefulness/value score was also significantly higher
for the visual navigation interface with 5.28 as op-
posed to 4.90. This seems to indicate that it was
not just the novelty of the interface that partici-
pants like, but they also found it more useful than
the alternative. The perceived competence score
did not show a significant difference between the
interfaces and this indicates that participants felt
equally competent using both interfaces. In con-
clusion, participants experienced the visual navi-
gation interface to be more enjoyable and useful
than the visual browsing interface while not being
more difficult to use.

The first three research questions are answered
with these scores: participants did not feel more
competent with any of the two interfaces, felt more
satisfied after using the visual navigation interface,
and had more intrinsic motivation to use the visual
navigation interface.

Where visual browsing interfaces often have
users scrolling through categories of movies, which
is quite passive, visual navigation was designed
to let users make conscious choices about what
they like and dislike about movies to navigate the
database. This was done by encouraging users to
use movie metadata to navigate the database more
actively. To measure how actively participants ex-
plored the movie database, we looked at how of-
ten participants clicked on movie metadata and
how many different types of metadata they clicked
on. The logs showed that participants clicked on
significantly more metadata per minute with the
visual navigation interface than with the visual
browsing interface: 1.236 as opposed to 0.718 on
average. This is quite a large difference and it

supports our claim that the visual navigation in-
terface encourages users to browse more actively.
Also, there were significantly more different types
of metadata clicked for the visual navigation in-
terface: 2.571 opposed to 1.476 on average. While
this data is likely correlated to the amount of meta-
data clicked, it still supports our claim. In conclu-
sion, the results indicate that users explored the
database in a more active way using the visual nav-
igation interface than when using the visual brows-
ing interface.

Research questions 4 and 5 are answered by
these results: participants clicked more metadata
in the visual navigation interface and also clicked
on more different types of metadata using the vi-
sual navigation interface.

Participants’ remarks during the interview sup-
port the results. Many participants indeed stated
that they preferred the visual navigation interface
over the visual browsing interface. Most partici-
pants also stated that they felt inclined to use the
movie metadata and that they used it to navigate
between movies. This indicates that the goal to
have users explore the database in an active man-
ner was successfully achieved with the visual nav-
igation interface.

4.3 Online Study

In parallel to the lab study, an online study was
performed over the course of 4 weeks. In this
section we outline the objectives of the lab study
(4.3.1), explain the methodology used (4.3.2), de-
scribe the participants (4.3.3) and present and dis-
cuss the results of the study (4.3.4, 4.3.5).

4.3.1 Objectives

The lab study was conducted in a neutral setting
with a specific task to perform, which gives inter-
nal validity to the results but does not take into
account possible external influences. Because we
also want to present results with external valid-
ity, the main objective of the online study was to
find out if the lab study results also hold in a real-
life setting where participants can use whichever
interface they like and experience external influ-
ences while using it. Similar to the lab study, the
goals were to find out if participants would still
prefer the visual navigation interface when offered
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a state-of-the-art visual browsing alternative and if
they explored the database more actively with the
visual navigation interface. To compare the two
studies, the same research questions as in the lab
study were used (section 4.2.1).

4.3.2 Method and procedure

For the online study, the prototype implemen-
tation was published on Google Play under the
name MetaNav Movie Trailers, with the following
description:

”Having trouble finding movies that you like?
MetaNav Movie Trailers was designed to help
you do just that. You can browse movies, movie
information and trailers. This app was designed
as part of a research project to improve the movie
browsing experience. You can choose from two
different interfaces and use the one you like the
most.”

The app was promoted on various Android-
and movie-related websites as an application to
browse movies, movie information and movie
trailers.

The participants were free to use the application
in any way they liked and to use whichever inter-
face they wanted. After 10 minutes of using the ap-
plication and having viewed the details of at least
one movie on both interfaces, users were prompted
to voluntarily fill in an online questionnaire. This
questionnaire featured 7-point Likert scale state-
ments to measure the enjoyment/interest, per-
ceived competence and usefulness/value subscales
of the Intrinsic Motivation Inventory for each in-
terface. The questions were accompanied with a
screenshot of the interface in question.

All actions that participants made in the appli-
cation were logged along with timestamps. An ac-
tion was logged each time a user tapped on some-
thing that led to an other view being opened. De-
tailed information about the type of action was
logged as well.

4.3.3 Participants

The application has been installed by a total of
81 participants of which 31 participants still have
the application installed at the time of writing this

D(21) p
Enjoyment/Interest VB 0.195 0.200
Enjoyment/Interest VN 0.208 0.159
Perceived Competence VB 0.112 0.200
Perceived Competence VN 0.125 0.200
Usefulness/Value VB 0.130 0.200
Usefulness/Value VN 0.269 0.017

Table 5: Kolmogorov-Smirnov normality
test for the IMI scores.

paper. A total of 49 usage logs were gathered, of
which 29 indicate that the participants have used
both interfaces. The questionnaire has been filled
in by 12 participants.

4.3.4 Results

There were 12 participants that used the applica-
tion for more than 10 minutes and filled out the
IMI questionnaire. The mean scores can be found
in figure 5. A normality test for the IMI scores is
shown in table 5. The data for enjoyment/interest
and perceived competence scores were approxi-
mately normally distributed so a one-tailed paired
t-test was performed for those scores. The t-test
showed with t(12) = −2.241 and p = 0.023 that the
mean enjoyment/interest score significantly higher
for the visual navigation interface than for the
visual browsing interface. There was no signifi-
cant difference in perceived competence scores for
both interfaces with t(12) = 0.815 and p = 0.216.
For the non-normally distributed usefulness/value
scores, a Wilcoxon signed rank test showed with
T = 44.5 and p = 0.153 that there was no signifi-
cant difference between the usefulness/value scores
for these interfaces.

The log files were grouped for each participant
and only logs that showed the participant having
used both interfaces were used for these results.
This selection results to 29 useful participant log
files and the amounts for metadata clicked and
different types of metadata clicked can be found
in table 6. With 29 samples, a normal distribu-
tion is approached so t-tests were used to com-
pare the logs. The visual navigation interface was
used for an average of 94 seconds and the visual
browsing interface an average of 112 seconds. A
paired-samples t-test showed with t(29) = −1.112
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Figure 5: Mean IMI scores for the visual
navigation and visual browsing interfaces.

Mean St. Dev.
Metadata Clicked VB 0.469 0.765
Metadata Clicked VN 1.009 1.106
Different Metadata VB 0.655 0.101
Different Metadata VN 0.965 0.981

Table 6: Mean values and standard devia-
tions for the amount of times that metadata
was clicked per minute and the amount of
different types of metadata that was clicked
for each interface.

and p = 0.275 that the amount of time spent in
each interface was not significantly different. A
one-tailed paired t-test showed that there was sig-
nificantly more metadata clicked per minute for
the visual navigation interface with t(29) = 2.611
and p = 0.007. There was no significant dif-
ference between the amount of different types of
metadata that was clicked for each interface with
t(21) = 1.665 and p = 0.054.

One-tailed paired t-tests for other log statistics
showed that there was no significant difference for
the total amount of movies clicked per minute
(t(29) = 0.344 and p = 0.366) and no signifi-
cant difference for the amount of movies clicked per
minute from the category view (t(29) = 1.543 and
p = 0.066). There was also no significant differ-
ence for the amount of time spent in each interface
(t(29) = −1.112 and p = 0.137).

4.3.5 Discussion

The objectives of the online study were similar to
the lab study but the conditions in which the par-
ticipants used the interfaces were very different.
While the lab study took place in a controlled set-
ting with a specific task for participants to per-
form, the online study was anonymous and exter-
nal influences varied. Also, users could use the
application in any way they wanted to. To be sure
that users had enough experience with both inter-
faces before filling in the questionnaire, they were
only prompted to fill it in after 10 minutes of using
the application. Following this restriction, there
were 12 participants that filled in the IMI ques-
tionnaire for this study. The results showed a sig-
nificant difference in enjoyment/interest scores for
the interfaces: the visual navigation interface had
an average score of 5.2 whereas the visual brows-
ing interface had an average score of 4.19, which
is quite a large difference. There were no signifi-
cant differences for the perceived competence and
usefulness/value scores, which indicates that par-
ticipants did not find one of the interfaces more
difficult or more useful.

The first three research questions are answered
with these scores: participants did not feel more
competent with any of the two interfaces, did not
feel more satisfied after using any of the interfaces
and had more intrinsic motivation to use the visual
navigation interface.

There were more log files for the online study
than for the lab study but there was a higher vari-
ance in the amount of time that people used the
application. This is an advantage in the way that
they truly show how people would use the app
without any restrictions from participating in an
experiment. Many of the metrics that were used
in the logs did not show significant differences be-
tween the interfaces. The only difference that was
significant was the amount of metadata clicked per
minute. With 1.009 average metadata clicks per
minute, the visual navigation interface encouraged
users much more to click on the metadata in com-
parison to the visual browsing interface, which had
less than half of the clicks on average: 0.469. The
difference is relatively large and this shows that
users were more actively exploring the database
by clicking on metadata using the visual navigation
interface. There was no significant difference found
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in the amount of different types of metadata that
were clicked, which indicates that people find the
same types of metadata important, regarding of
how it is visualized. There were no significant dif-
ferences in the amount of movies clicked, which in-
dicates that participants found interesting movies
in both interfaces. The amount of time spent in
each interface was also not significantly different,
which is likely because users were encouraged to
try both interfaces in the home screen.

Research questions 4 and 5 are answered with
these results: participants clicked more metadata
in the visual navigation interface and did not click
on significantly more different types of metadata
for any of the two interfaces.

5 Conclusion & Future Work

The concept of visual navigation was presented as
a combination of visual browsing and text-based
browsing. By visualizing movie metadata and en-
couraging users to navigate by selecting metadata
that they like, users are exploring movie databases
more actively while still having a smooth and easy-
going browsing experience. Two experiments were
performed: a controlled lab study and an online
study. These studies were setup to see if users pre-
ferred the visual navigation interface over a state-
of-the-art visual browsing alternative and if they
explored movie databases more actively with it.
Both studies showed that users had more intrin-
sic motivation to use the visual navigation inter-
face and the lab study also showed that users were
more satisfied after using the visual navigation in-
terface. There was no significant difference in per-
ceived competence for both interfaces which indi-
cates that participants did not find it more dif-
ficult to use the visual navigation interface than
the visual browsing interface. Both experiments
showed that users explored the database more ac-
tively with the visual navigation interface by using
movie metadata to navigate it. The fact that the
two experiments were performed under very dif-
ferent circumstances but showed similar outcomes,
adds to the strength of the results.

The concept of visual navigation shows promise,
as was shown from the experiment results. A
difference in results came up for the amount of
unique types of metadata that participants clicked

on. It would be interesting to research what types
of metadata should be shown to engage users the
most and to motivate them to use many different
kinds of metadata to navigate the database. Also
worth exploring are other types of visualizations,
which might encourage users even more to click on
(different) metadata. Finally, this research project
only covered touch screen devices and it would be
interesting to see how it can be implemented for
other devices, such as: TV’s and PC’s. These in-
terfaces are generally different and the way that
people use movie metadata might be very different
on these interfaces.
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Chapter 2

Annotated Appendix

1 Introduction
There is a lot of video content available on the internet. The amount is ever-increasing and it is
estimated that by the year 2020, 80 percent of the internet traffic will consist of video streaming [1].
This rise is partly due to the popularity of movie-streaming services like Netflix, which offer access
to large online movie collections. With the amount of movies these services offer, it is not always
trivial to pick one to watch. In fact, it can be so difficult that the search for a movie is abandoned
altogether. When searching for a specific movie, it can easily be found by using the movie’s title as
search keywords. However, when users are not looking for a specific movie, but for any movie that
matches their mood at that moment, they have to actively browse the movie library and rely on
the library interface to guide them in their search effort. This kind of undirected search is called
exploratory search [2], the process of browsing information in an exploratory way where a user’s
wishes evolve and get more clear as he progresses.

Movie streaming services like Netflix are designed to give users an easy and intuitive way
to browse a movie database. They generally show a lot of images and use appealing visuals to
give users a pleasant browsing experience. The cost of this approach is that there is not much
information per movie available and the information is not prominently featured. On the other
end of the spectrum, movie information archives like The Internet Movie Database offer a lot of
information per movie but lack an easy and intuitive way to browse the archive. Movie information
is mostly presented as text in a traditional list-like fashion. They are visually less appealing and
are more functional than fun. Users browse by searching for specific keywords or by clicking on
textual hyper-links.

The aim of this thesis project was to combine the ease of browsing from movie streaming
services with the information richness of movie information archives. By stimulating users to
actively explore a database we wanted to improve their browsing experience. With this goal in
mind we came up with the concept of visual navigation that stimulates active exploration by
presenting movie metadata visually.

This annotated appendix serves the goal of presenting the relevant information that was not
covered in the scientific paper. Section 2 presents a literature study that was performed to explore
the research domains related to this project. In section 3, we describe the performed experiments
in more detail. A demonstration of the concept is given in section 4 and a comparison of the
databases that were considered for this project is presented in section 5. Section 6 shows the
paper that was written about the pilot study for the 2017 ACM International Conference on
Interactive Experiences for TV and Online Video (TVX ’17 Adjunct). Finally, concluding remarks
and suggestions for future work are discussed in section 7.

2 Making Online Movie Browsing Fun Again - Literature
Study

During the preparation phase of this thesis project, this literature study served the goal of exploring
the research domains related to this thesis project to design the visual navigation concept and its
implementation.
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First, to understand the limitations of current movie library interfaces, the most common
interfaces of commercial systems will be discussed in section 2.1. The various ways in which these
interfaces facilitate exploratory and/or undirected search approaches will be covered. Next, to
learn about popular video browsing approaches, several state-of-the-art systems to browse video
databases are discussed with regard to their suitability for undirected search approaches and the
mobile application in section 2.2. To create an effective and pleasant mobile interface, section 2.3
discusses research about mobile interface design, split into design guidelines and touch interaction.
Finally, to learn more on how to test the interface, user experience evaluation methods are compared
in section 2.4. This literature research concludes with a summary of the relevant outcomes for the
interface.

2.1 Commercial Movie Library Interfaces
Most online movie libraries can be categorized in one of the following two categories: movie stream-
ing services and movie information services. Movie streaming services are designed to let users
navigate between movies and stream the movies to their device when they’ve picked one. Movie
information services are designed to give users as much information on movies as possible and don’t
facilitate the watching of those movies. For this section, the interfaces of both types of services
were examined and will be discussed with regards to their suitability for exploratory searching.

Figure 2.1: Left: Common movie streaming interfaces, Right: common movie information inter-
faces.

Movie Streaming Services

Online movie streaming services have gained a lot of popularity over the last few years, with Netflix
being the largest provider worldwide. Other popular services include: Amazon Prime, Hulu and
HBO Go. These services have many subscribers that pay a monthly fee to watch movies, TV series,
documentaries and other video entertainment. The interfaces of these services are very similar and
they all offer the following navigational features: movie categories, movie recommendations and
search functionality. The first common feature is that the content of these services is structured in
categories. Users can navigate through rows or a grid of categories, containing movies belonging
to that category (figure 2.1, left). There are many types of categories offered, such as: genres,
themes, recommendations and lists of user-selected movies. The movies are presented in a visually
appealing way, with a large thumbnail image for each of them. When users are unsure of what
to watch, scrolling through these categories is one of the ways to find a movie. Another way
of finding a movie to watch is by following movie recommendations. Movie recommendations
are mostly based on what a user has watched before and what other users with similar interests
liked. Since most movie streaming services are paid, users have individual accounts. This means
that individual movie watching statistics can be kept and used for the making of accurate movie
recommendations. The third feature that all movie streaming services have in common is search
functionality. A user can search for specific movies or other video content by entering a search
query in the interface. This is useful when users already know what they want to watch beforehand.
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Movie Information Services

Movie information services have been around for a longer time than movie streaming services.
These information databases offer all kinds of metadata and other information about movies. The
most popular movie database is IMDb (Internet Movie Database). Other movie databases include
but are not limited to: TMDb (The Movie Database), AllMovie and Wikipedia (not solely for
movies). What the interfaces of these services have in common, is that they offer a nearly complete
set of information about any movie, offer search functionality and allow navigation between pages.
The goal of these services is to provide users with as much information as possible, condensed on
a page which is as small as the amount of information allows (figure 2.1, right). To achieve this,
information is presented in a list-style textual manner. A downside of this is that it can make a
page feel cluttered and this makes navigating it harder. To find specific information, users can
perform a search with a search query that matches their information need. This will lead them
to pages related to their query. Apart from using a search functionality, users can navigate the
interface by clicking on certain pieces of information, which will lead them to the dedicated page
for that information.

Discussion

Both movie streaming services and movie information services have in common that they allow
users to browse and find movies. However, the way they go about it is very different. Movie
streaming services are focused on giving the user an easy way to navigate between movies and
categories. Movies are presented in a visually pleasing way and not too much information per
movie is offered. For a user that is not too picky, this might be a good way of movie browsing. But
for a user that has a more specific kind of movie in mind, there might not be enough information
available per movie. When performing an exploratory search, users should be able build upon their
previous actions and get closer to a movie they like with each step they take. Movie streaming
services generally do not support such an approach. Users have to scroll through categories and
they do not progress their search in this manner, they have to hope that they scroll past a movie
that they are in the mood for. On the other hand, the ease of navigation is beneficial for exploratory
searching. Users can freely browse through a lot of content.

Movie information services are designed to give users as much information on movies as possible.
For each movie, there is a page with a near complete set of information about that movie. To find
information on a movie, users either have to search for content using search keywords or click on
specific information on a page. This manner of navigating is harder and less user friendly than
that of movie streaming services but users are able to navigate based on information that they
find interesting. This functionality is useful when a user performs an exploratory search because
in this way, users can progress their search. A downside of this style of navigation is that users are
not able to browse multiple movies at a time, which is very time-consuming. Movie information
services are often not designed for intuitive navigation either. While both types of services are not
designed for exploratory searching, a combination of the two might just be what a user needs.

2.2 Video Browsing
To learn more about browsing videos, state-of-the-art applications and techniques of video browsing
are reviewed. Unfortunately there hasn’t been much research on movie libraries specifically but
there is research about generic video browsing tools. As a basis for this section, a survey on video
interaction tools by Schoeffmann et al. was used [3]. This survey features many kinds of video
interaction tools, including tools to browse within and between videos. For this research, only
tools that can be used to browse between videos are relevant so these will be discussed. First, in
section 2.2, content-based video browsing systems will be discussed. Next, section 2.2 discusses
video browsing systems that are based on metadata instead of video content. This category of
tools is not part of the survey but is deemed relevant to this research because of the exploratory
aspect. Finally, section 2.2 discusses video recommendation systems, which are prevalent in most
commercial video libraries.

Content-based Video Browsing Systems

To encourage novel methods of video searching and browsing, the Video Browser Showdown (VBS)
contest is held each year [4]. The competition features two variations of a Known Item Search
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(KIS): a visual KIS and a textual KIS. For the visual KIS, participants are shown a video clip
of approximately 20 seconds and have to find it within the full 100- to 200-hour video library.
For the textual variant, only a description of the video is given. This section discusses video
browsing methods that are based on the content of the videos. The VBS is designed for directed
search approaches, but some participants show that their method could also be used for undirected
searches. In this section, two of these methods will be discussed.

For the 2016 edition of the VBS, Zhang et al. showcased a method that facilitates faceted
navigation through a video collection [5]. They used pre-trained Deep Convolutional Networks to
classify the frames of the video’s and recognize objects within them. They then created a faceted
navigation interface for the search results, through which users can find related search results that
contain similar objects. In this way new videos can be discovered that were not part of the original
set of search results.

The winners of the 2016 edition of the VBS were Barthel et al. with their graph-based method
of browsing large video collections [6]. The method builds upon their previous work on ImageMap
[7], which creates a 2D map of images where similar images are placed close to each other. To give
the map more semantic meaning, the authors use convolutional networks to recognize objects in
the images. With this information, they create a connected graph and display this graph in 2D to
the user. The user can then quickly find semantically and visually related video frames.

Metadata-based Video Browsing Systems

The second category of video browsing system that will be discussed are metadata-based. These
systems don’t rely on video content but rather the metadata of the videos to browse them.

Waitelonis and Sack presented an exploratory search tool using Linked Open Data (LOD) for
yovisto.com, an academic video database [8]. Exploratory search tools differ from faceted search
tools in the way that faceted search tools offer search result refinement in the form of categories
and filtering, whereas exploratory approaches would allow for the finding of new, related results
that were not part of the original set of results as well. Through the linking of metadata, users
can find results that they would not have searched for by serendipity, which is one of the goals of
exploratory search approaches. The LOD project aims to create a Semantic Web by unifying and
linking data across the web. In this way, relations between data can be understood by computers
and used in applications. In their tool, Waitelonis and Sack extracted data from the DBpedia
data set, which was designed as a linked version of Wikipedia. They then presented related search
results by using heuristics to find and rank relations. By presenting related results and allowing
the users to stumble upon unexpected videos, Waitelonis and Sack have created an exploratory
search tool for a large video collection. Another implementation which was presented by Nguyen
et al. uses the Linked Movie Database to create an exploratory search engine for movies [9]. In a
similar way to Waitelonis and Sack’s method, they designed suggestions based on relations between
movies. The implementation is not accessible anymore, but their results indicate that about 70
percent of the users assessed the implementation as “good”. It is not clear what this means exactly,
so a follow-up study would be needed to complement their results.

When a video collection is used by a large enough crowd, crowd-sourcing can be used to create
new metadata for videos. An example of this is ThumbReels, by Craggs, Scott and Alexander [10].
They found that the thumbnails of YouTube videos often did not represent the actual content of
the video well. They developed a system where watchers of the videos could attach tags to the
videos at different times. The thumbnails of search results can then be matched to the tags of a
video. For example, when a user searches for “Apple Juice”, a thumbnail can be shown from the
part of the video where apples are visible, on the condition that there is an “Apple” tag at that
location. Also, the database can be explored by searching on the crowd-sourced metadata.

A very recent publication by Low et al. showed Visual Berrypicking [11] as an exploratory
interface for browsing a movie library. It uses Multidimensional Scaling (MDS) and Procrustes
analysis [12] to find locally related movies based on their metadata. The related movies are
projected as a map and users can click on a movie to get a new set of related movies. The relations
are based on several metadata, including actors, plot and genre. Visual Berrypicking aims to
be an exploratory search engine and users are able to evolve their search query while browsing.
However, users do not choose the relations between movies and are thus not consciously picking
movie metadata that they find interesting. The authors performed a study where they compared
their interface to that of theMovieDatabase (tMDB) and found that there was not a clear winner.
However, the study did show that users found more interesting results using the Visual Berrypicking
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method and that there was a clear correlation between screen size and the perceived complexity
of the interface (smaller screens being more complex).

Video Recommendation Systems

When users do not know exactly what they are looking for, they could benefit from receiving recom-
mendations. The most commonly used recommendation system is usage-derived recommendations,
which is used by many websites. The origin of usage-derived recommendations is Collaborative
Filtering (CF) [13]. This method was created to simulate word-of-mouth advertising and gives
recommendations based on a user profile, which can consist of ratings and past purchases among
other things. For the recommendations, the algorithm looks at user profiles that are similar to that
of the current user and recommends things based on what the users of these profiles have bought.
In the case of a movie collection, it would look at what movies other users with similar interests
liked. A more advanced variation on usage-derived recommendation is that of J.Bollen et al. [14].
They state that one of the major problems with CF is that it relies on user profiles. The problem
with this, is that different users use the same computer or account, or users don’t bother to log-in
to their account at all. This can cause inaccurate recommendations. J. Bollen et al. use temporal
statistics to determine whether consecutive downloads are made by the same user. Using this kind
of data they created a relation network for the Open Video Project database. They compared
their recommendations to those of an item-based CF and found that their algorithm performed
with better precision and recall.

Newer recommender systems are based on multimodal approaches. These approaches take more
into account than just usage statistics. Arapakis et al. introduced a method where users are filmed
during the browsing of a video database [15]. Their emotions while browsing and watching videos
are recognized and used to enrich their user profile. To find relevant videos, the authors trained an
SVM model to distinguish between relevant and irrelevant videos based on user emotions. Another
multimodal approach is that of Yang et al. [16]. Instead of only looking at metadata relevance or
visual relevance, they also look at aural relevance and combine these three using a single function:
the Attention Fusion Function (AFF)[17]. This function simulates human attention characteristics.
By using a user’s click-through data and AFF, they combine three modalities in a semantically
sound way and can present the user with relevant videos.

Discussion

This discussion will feature an assessment of the suitability of the mentioned methods and tech-
niques for browsing an online movie library. When browsing online movie libraries, users are often
performing an undirected search: searching without knowing exactly what they are searching for.
Suitability for undirected searching is also assessed in this discussion.

Most content-based video browsers are not designed for undirected searching within movie
collections, but there are some that could work with a few adjustments. Zhang et al. show a
method to browse a video collection in a semantic way by recognizing objects within videos and
using a faceted navigation interface to browse through the videos. An interface like this would be
suitable for movie-streaming services when using movie metadata instead of image recognition data.
In this way, users can still enjoy the benefits of faceted browsing, but in a way that is semantically
more beneficial for movies. A faceted navigation method works very well for undirected searches
because it allows users to explore the database and discover what they are looking for. Barthel et
al. show a 2D map-like interface design with which users can quickly navigate through a collection
of videos. As the winners of the 2016 VBS contest, they show that this interface is state-of-the-art
for use as a video search tool. This shows promise for use in movie-streaming services as well,
especially when you replace the image recognition data with movie metadata. In this way, users
can browse the entire movie collection in a fast way and find related movies close to each other. In
this way, it will be very similar to the Visual Berrypicking method which was discussed in section
2.2.

Metadata-based video browsers are well suited for movie-streaming services because metadata
is very relevant for movie libraries. When picking a movie, users look at metadata or movie trailers.
The actual content of movies would be too large and non-trivial to use as a data source. Waitelonis
and Sack present a tool that facilitates exploratory searching through a video database using Linked
Open Data. In their tool, they use the DBpedia data set, which is based on Wikipedia and useful
for the academic video website that is their target. There are other linked data sets available (if not
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creatable) that are aimed at movies, for example the Linked Movie Database [18]. With the use of
a data set specific to movies, linked data is an excellent way of giving users a way to explore related
movies. The ThumbReels tool, presented by Craggs et al. shows that crowd-sourcing is another
option of generating unique metadata for a search engine. If one can crowd-source the tagging of
movies within a movie collection, it would be possible to cross-reference tags to find related movies
and facilitate exploratory searching. In this way it is possible to create new relations within a
movie database and help users in their undirected searches. Visual Berrypicking was designed to
provide an exploratory way of browsing movie libraries and help users find movies more quickly.
While it did not show that it won out over a traditional movie database website, it remains a very
promising method because users noted that they did in fact find more interesting results than with
the traditional database website. One of the reasons why it did not win over traditional movie
databases, could be the that it was not clear to users what relations between movies were based
on. If a user could explicitly choose the types of relationships, better results might be achieved.
While the functionality of the method was good, the layout should be improved for usage with
small screens (e.g. for mobile devices). This would likely improve the effectiveness of the method
as well.

Various types of recommendation systems have been discussed. In general, recommendation
systems are suitable for undirected search approaches, because they advise the user with a search
result. However, there is no autonomy for the user to search and browse the movie collection.
When a recommendation system fails to give a good recommendation, it becomes clear that a
recommendation system is best used as an addition to another browsing or search method. Also,
it is hard to know what a user is in the mood for and most recommendation systems do not take
this into account. The most common recommendation system, usage-derived recommendations,
is already being used by movie-streaming services [19]. It is very well suited for these kinds of
applications because users are always logged in and, in the case of Netflix, have a separate user
profile per user. Both multimodal approaches that have been discussed, would be less suitable for
movie-streaming services. For legal and privacy reasons it would be difficult to use the method
of Arapakis et al. to record a user while browsing and watching movies. It would also be a lot
more intensive, computationally, because movies are typically much longer than online videos. The
multimodal relevance method of Yang et al. could be used for movies as well, but it seems to be
more suited for collections of short online videos, such as YouTube. The reason for this is that
when picking a movie, a user is looking for a certain genre or story that matches his mood, the
visual or auditory relatedness of movies may not be important. For short online videos, these
modalities are more important because a user is often looking for videos on very specific subjects.

2.3 Mobile Interface Design
The aim of this section is to learn which rules should be followed in order to design an effective and
user-friendly mobile interface. The application that will be designed for the upcoming research
project will be a mobile application and used on tablets. Therefore, the following subsections will
address various aspects of mobile interface design.

Design Guidelines

In 2004, Gong and Tarasewich published a set of guidelines [20] for mobile interface design which
build upon Schneiderman’s "Golden rules for interface design" [21]. Some of these guidelines are
the same as Schneiderman’s guidelines and others are adjusted or added to fit mobile devices in
particular. For the full list of guidelines by Gong and Tarasewich, the reader is referred to their
publication. Below, some more notable guidelines are listed.

• Support internal locus of control: Users want to feel in control and should initiate actions
rather than respond to them.

• Reversal of actions: Especially on mobile devices it is easier to tap the wrong things by
accident. Therefore, actions should be easily reversible.

• Reduce short-term memory load: It should be clear at any moment what a user can do,
without requiring much knowledge about previous activities.

• Design for small devices: Mobile devices are often a lot smaller than desktop devices.
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• Design for speed and recovery: Mobile applications should be fast and recovery should be
possible because mobile users often switch between application while in the middle of tasks.

• Design for "top-down" interaction: Instead of having users scroll to many pages of informa-
tion, allow for a hierarchical design to let users choose what they are interested in.

• Design for enjoyment: It should be fun for users to use the application. Color use and
animations are important considerations for mobile applications.

In 2002, Kärkkäinen and Laarni aimed to systematically analyze the characteristics of small-screen
devices to research their implications on interface design [22]. They found that because of the
smaller screen size and lower resolutions, organization of the content is one of the key usability
issues. Several examples of increasing the amount of information that can be shown on a small
screen are discussed: transparent widgets and rapid serial presentation of text (RSVP).

While small text is difficult to read, humans are actually capable of understanding surprisingly
small images, as was showed by Hürst et al. [23]. They used various designs for a mobile video
retrieval interface to find frames within a video. The results showed that a thumbnail size of only
110 pixels proved sufficient for accurate human verification.

Touch Interaction

One key aspect of mobile applications is that they are navigated by touch. To learn about touch
interface interaction, and know how to design them effectively, research regarding touch gestures
and touch interaction techniques is discussed in this section.

Touch gestures can have different meanings per application or culture. To avoid confusion and
misinterpretation of touch gestures, Lao et al. constructed a unified definition and description of all
possible touch gestures [24]. They structured touch into three levels: The action level, motivation
level and computing level. The action and motivation levels are platform independent and specify
what a user can do and wants to do respectively. The computing level specifies the software and
hardware of the computer. They defined a simple gesture as a single hand action which does not
contain repeated actions or other simple gestures. They split contact into continuous contact and
discrete contact and defined the basic movements as: pressing, tapping and dragging. With these
definitions, all simple touch gestures can be defined.

Bragdon et al. performed experiments to analyze the effectiveness of touch-screen gestures in
non-ideal mobile environments [25]. A user is likely to be distracted while operating a mobile
device, which causes soft buttons to be impractical: They are often too small and thus they
need to be looked at to press. Touch gestures can be done anywhere on the screen space, can
be committed to muscle memory and it is possible to make gestures with one hand. Bragdon et
al. evaluated touch gestures in various conditions of user impairment. Different gestures (free-
form paths and mark-based gestures) were combined with various moding techniques (starting
gestures from edge of the screen (bezel) or with a hardware button). They found that mark-based
bezel-initiated gestures were preferred and outperformed other gestures/buttons in distracting
environments. When directly looking at the screen, traditional soft buttons were preferred by a
majority of the test subjects. The users did comment unanimously that gestures would be useful
when not devoting their full attention to the phone.

In 2010, Schmidt et al. presented a set of multi-touch graph interaction techniques [26], which
can be implemented to improve interaction with node-link graph exploration interfaces. They called
the techniques: TouchPlucking, TouchPinning, TouchStrumming, TouchBundling and PushLens.
The motivation for creating these interaction techniques was the fact that graphs of real-world
data tend to be quite dense and can lose their clarity when there are many nodes and edges. On
small screen devices, this is definitely the case. The various techniques are interactions that enable
users to understand the graph better. For their exact operation, the reader is referred to the 2010
paper of Schmidt et al. The techniques are applicable to any graph interface, so also to movie
graph interfaces.

Discussion

The goal of this section was to find guidelines on how to design the mobile application for the
movie database browser. A few of the guidelines are more important than others, for example:
Reversal of actions is important in a database browser to get back to previously found results,

20



while designing for small screens is less important because the application is designed for tablets
and not mobiles. Designing for enjoyment is also very important to give the users a pleasant
experience when browsing the database. Organizing the content clearly is also a challenge that
must be undertaken in order to not confuse users. It was also shown that a very small image size
is still perceivable by users. This fact can be used when showing movie posters in the application.

Section 2.3 discussed how to define touch gestures in a cross-cultural and goal-independent
manner. Bragdon et al. also showed that in non-ideal environments, touch gestures are very
beneficial. A typical use-case scenario of the application is a user sitting on the couch, looking for
a movie to watch. In this scenario, there is not much distraction, so touch gestures might not be
needed. However, a level of distraction will always be present, so touch gestures will be useful as an
add-on to other interactions. The set of graph interactions that Schmidt et al. presented, can also
be quite useful for a database browser. When deviating from the more standard grid- or list-style
interfaces, a graph-interface quickly comes to mind. This kind of interface can be well suited for a
movie database and these touch interactions should then be used to help users navigate it.

2.4 User Experience Evaluation
User experience (UX) is defined as: "A person’s perception and responses that result from the use
and/or anticipated use of a product, system or service." [27]. Even though UX is often grouped
together with usability, they are fundamentally different. Usability focuses on objective task per-
formance, while UX focuses on the subjective experience of a user while performing the task.

In order to perform meaningful experiments to evaluate the user experience of the application,
the domain of UX evaluation methods is explored. There are two methods needed to perform ex-
periments with the mobile application: One for use in lab or field studies with selected participants
(hereafter referred to as the "offline method") and one method that can be used online to study the
larger group of users that downloaded the application through an app store and used it individually
(hereafter referred to as the "online method"). This section discusses possible evaluation methods
for both purposes.

Methods

In 2010, Vermeeren et al. published a survey of the current state of user experience evaluation
methods [28]. For this survey, they collected 96 methods from various origins and analyzed them.
The analyzed methods and some newer methods since, are kept up-to-date on their website [29].
These methods were used as a basis for this analysis. First, an initial filtering was applied on
several suitability criteria, which can be found in table 2.1. After this filtering, only 19 and 14
methods were left for the offline and online method respectively. After removing 3 more methods,
1 specifically aimed at children, one requiring multiple products and one duplicate, 16 methods for
the offline studies and 12 for the online studies remained. All 12 online methods are also present
in the set of offline methods.

Offline methods Online methods
Type of study Lab/Field study Online studies
Development phase Functional prototypes Functional prototypes /

Products on the market
Studied period of experience An episode An episode / Long-term UX
Info provider One user at a time One user at a time
Applications Mobile software Mobile software
Special requirements No trained researcher/special

equipment needed
No trained researcher/special
equipment needed

Total methods after filter-
ing

19 14

Table 2.1: Used filters for initial filtering of the user experience evaluation methods.

Analysis Criteria

Because the set of online methods is subsumed by the set of offline methods, the two sets are
treated as one set with an extra criterion for online use. The methods were analyzed based on the
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following criteria:

• Measurements: What does the method measure?

• Time per user: How long does it take to perform the method for one user?

• Online use: Can the method be used online?

• Reliability: Is the method considered reliable and/or validated?

• General Strengths: What are the strengths of this method not covered by other criteria?

• General Weaknesses: What are the weaknesses of this method not covered by other criteria?

In the next few subsections, the methods that were considered most applicable to the goal of the
research are discussed. These 4 methods were selected because they were all considered reliable,
were applicable for online use, see wide-spread usage and measure useful data. An overview of all
the analyzed methods can be found in table 2.2.

Positive And Negative Affect Scale (PANAS)

The Positive And Negative Affect Scale [30] measures the positive and negative affect constructs
as both states and traits. It features two 10-item mood scales and is one of the most used scales
for measuring emotional states of users worldwide. It is translated into many languages including
Dutch, the language of the country that the research project is based in. It is a validated method
and very reliable. PANAS is a very general method to measure the positive and negative affects
on the emotional state of the subjects. This might be too general for the purposes of the research.
It is not possible to adjust the method to fit specific parts of the research prototype but is only
applicable to the complete experience. Also, there are several items in the PANAS test that are
not useful for the research topic (e.g. Hostile or Scared).

Unified Theory of Acceptance and Use of Technology (UTAUT)

UTAUT [31] is a method to measure the acceptance of a new technology. It is a unification of
eight different existing acceptance models, including the Technology Acceptance Model (TAM)
[32]. It measures the following four constructs: performance expectancy, effort expectancy, social
influence, and facilitating conditions. Because of its focus on technology, UTAUT would be well-
suited for testing the new interface. It measures various different characteristics that are all helpful
for improving the interface. It is not as easy to set up as other methods, because it needs to be
adjusted to the specific piece of technology. It can also be chaotic due to the large amount of
variables so the results take more time to draw conclusions from.

Intrinsic Motivation Inventory (IMI)

The Intrinsic Motivation Inventory [33] is a multidimensional measuring device to record a user’s
subjective experience related to an activity. The device consists of the following six sub-scales:
interest/enjoyment, perceived competence, effort, value/usefulness, felt pressure and tension, and
perceived choice while performing an activity. While the device is called Intrinsic Motivation
Inventory, only the interest/enjoyment sub-scale measures intrinsic motivation, which causes it to
have more items than the other sub-scales. The amount of items on each sub-scale vary. IMI is
a device that can be adjusted to any given activity, but it should be done with caution as wrong
wording can negatively influence the results. The various sub-scales seem very suitable to test
a mobile interface, they all measure a construct that can impact the browsing experience of the
interface. The results of this method are also easily comparable and makes for clear experiment
outcomes.

Self Assessment Manikin (SAM)

The Self Assessment Manikin [34] is a method that uses pictures to let users self assess their
emotional responses to a wide variety of stimuli. In particular, it measures the pleasure, arousal
and dominance associated with their affective reactions. It uses picture scales instead of text,
which makes is usable cross-culturally, according to the authors. Another advantage is that it is
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usable by illiterate test subjects. The meaning of the avatars on the SAM pictures are not that
clear at times which can be confusing to test subjects. Since the mobile interface will feature text,
there is no need for a method for illiterate subjects. While this method offers a possibly intuitive
way of assessing your own emotions, it might be too subjective.

Discussion

Of the four discussed methods, IMI and UTAUT seem particularly suitable for testing a mobile
interface. In contrary to PANAS, they are not too general and contain many useful scales. They are
more clear than SAM in the way that the possible answers are much less likely to be misinterpreted.
IMI and UTAUT would be equally suitable for both lab studies and online studies. However,
UTAUT is validated cross-culturally which makes it more suitable for the online studies than IMI.
On the other hand, the IMI questionnaire is easily found on the internet, while UTAUT proves
considerably more difficult to find. Also UTAUT is critiqued to be chaotic because of the large
amount of variables, whereas IMI is not. It is recommended that either IMI or UTAUT is used to
test the user experience of the mobile interface.

2.5 Conclusion
This literature research was conducted to explore the related research domains to browsing a
movie database for performing an exploratory search. Section refcommercial discussed the two
main commercial interfaces for browsing online movie libraries. It was clear that they both were
suboptimal for exploratory searching. A combination of the two might be what users need to find
movies in an exploratory way.

Section 2.2 discussed various systems that can be used for movie database browsing. Metadata-
based video browsers seem the most suitable for a movie database browser because there is a lot
of metadata available for movies and not much content-based data. In particular, the Visual
Berrypicking method is a good functional implementation of an exploratory movie browser. They
seem to yield good results but it appears that their interface design is sub optimal and this impacts
the results negatively. A similar (functional) approach could be taken for the upcoming research
project, but the interface design should be different and relations between movies should be made
by the user.

For the interface design of the application, various guidelines and touch interactions were dis-
cussed in section 2.3. Many of these guidelines are good to keep in mind while designing the
interface. The use of touch gestures is not needed for the application but can definitely be used as
an add-on to other interaction techniques.

In section 2.4, various methods to evaluate user experience were compared and assessed with
regards to their suitability for this project. Four methods were given a more detailed assessments
and of these for methods, the Intrinsic Motivation Inventory and the Unified Theory of Acceptance
and Use of Technology seem the most suitable for our goal. While IMI and UTAUT would both be
suitable for both online use and lab studies, IMI is easier to acquire and analyze and is therefore
the recommended method to use.

With the related research domains explored, the next step is to start designing the application
using the learned information and guidelines.
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Method Measures Time
per
user
(min-
utes)

Suitable
for on-
line
use

Reliability Strengths Weaknesses

AttrakDiff [35] Hedonic and prag-
matic qualities

1-5 Yes Unknown Produces quan-
tative data.
Easy to set up
and use.

No information
on experi-
ence, just on
reflection of
experiences.

Audio narrative
[29]

Anything you can
extract from a user
testimony

Variable No N/A User gives most
felt experiences.

Results dif-
fer per user.
User might not
be talkative.
Transcription
needed.

Differential
Emotions Scale
(DES) [36]

Emotions 1-5 No Validated
[37]

Very general
method, appli-
cable on a lot of
experiments.

Limited set of
emotions.

Emocards [38] Emotions Variable Yes Unknown Easy and intu-
itive.

Not always cov-
ering all experi-
enced emotions.

Exploration test
[29]

General perception
of product

Variable No N/A You get a
person’s real
perception of a
product.

Subjective scale.
Not easily com-
parable with
other results.

Geneva Ap-
praisal Ques-
tionnaire [39]

Affective appraisal
and emotions

5-10 Yes Unknown
but widely
used

Developed by
well renowned
team.

Not usable for
many applica-
tions due to its
specific nature.

Geneva Emo-
tion Wheel
[40]

Emotions 1-5 Yes Positive
rating study
[40]

Easy and
intuitive. De-
veloped by well
renowned team.

Can be subjec-
tive.

Hedonic Util-
ity scale
(HED/UT)
[41]

Hedonic and utali-
tarian values

5-10 Yes Considered
unreliable
by one
study [42]

Measures both
hedonic and
utilitarian
values.

Sensitivity can
be a problem.

Intrinsic moti-
vation inventory
(IMI) [33]

enjoyment, per-
ceived competence,
effort, usefulness,
felt pressure, ten-
sion, intrinsic
motivation

5-10 Yes Considered
reliable [43]

Used in differ-
ent fields (e.g.
sports).

Sensitivity can
be a problem.

MAX – Method
of Assessment of
eXperience [44]

Emotions, usability,
intention

5-10 No Unknown Good for shy
people.

Limited to
what’s on the
cards.

Mental effort
[45]

Mental effort 1-5 Yes Unknown Easy and simple
scale.

No explanation
for why there
was mental ef-
fort.PAD [46] Pleasure, arousal

and dominance.
5-10 Yes Unknown Multi-functional

for single stim-
uli or complete
experiences.

Dominance
scale is not
always easy to
understand for
users.

Positive and
Negative Affect
Scale (PANAS)
[30]

Positive and nega-
tive affect

1-5 Yes Validated
in many
languages
[47]

Widely used and
well researched
Clear results.

Designed for
clinical setting
originally.

Reaction check-
lists [29]

Agreement on state-
ments about the
product

Variable Yes N/A Gives clear ini-
tial responses to
a product.

No unexpected
responses.

Self Assessment
Manikin (SAM)
[34]

Pleasure, arousal
and dominance.

5-10 Yes Claimed to
be validated
by authors

Language inde-
pendent.

Not understood
the same by ev-
eryone.

Unified Theory
of Acceptance
and Use of
Technology
(UTAUT) [31]

Intentions and ac-
ceptance of technol-
ogy

10-20 Yes Validated
cross-
culturally
[48]

Measures many
different values.

A lot of vari-
ables. Critiqued
to be chaotic.

Table 2.2: Overview of the analyzed user experience evaluation methods
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3 Experiments

3.1 Pilot Study
Motivation

Before starting the experiments, we had some assumptions about what problems people experience
with state-of-the-art video database interfaces. These assumptions include the assumption that
visual browsing interfaces (like Netflix) are visually appealing but simplistic and not very detailed
in the amount of information. We also assumed that text-based browsing interfaces (like IMDb)
can be overwhelming and generally not pleasant to use because it is so text-reliant. One of the
goals of the pilot study was to verify that people indeed experience these issues and thus validate
our assumptions. A second goal was to test the concept of visual navigation and see if people were
able to handle it and liked it. Lastly, feedback was gathered to improve the design for the following
experiments.

Implementation

For the pilot study, the visual navigation concept was implemented as an Android application
for tablets. The experiments were conducted on an Android-based tablet (HTC Nexus 9) with
an 8.9-inch screen (2048x1536 pixels resolution, 4:3 aspect ratio). For the underlying database,
TheMovieDB.org was used. The choice for this database was based on the comparison in section
5.

The application was written in Unity, which is a framework to design 2D and 3D games. For this
implementation, we solely used the 2D functionality of unity to create a flat user interface design.
In Unity, elements of the application that you see on the screen are called GameObjects. Each
GameObject has a C# script attached to it that tells it how to behave. Aside from static elements,
the application has 2 main GameObjects that are generated at runtime: movies and metadata
bubbles. Movies are generated when a movie is retrieved from the database and shown in the
interface, metadata bubbles are spawned when a user taps on a movie. A simplified UML diagram
of the code can be found in figure 2.2. In the diagram is shown that GameController is the main
controller that manages the state of the application. It controls the MovieResultController and the
BubbleController which in turn control the shown movies and metadata bubbles respectively. API
requests to the database are requested by the GameController and performed by the ApiController.

Issues

One issue that was encountered while performing the experiments was that some participants find
movies much faster than others. For the experiment they were asked to find 3-5 movies in about 5
minutes, but some participants were done much sooner than that. To ensure that all participants
had similar experience with the interface, the participants that finished early were asked to keep
browsing until they had browsed for at least 3 minutes.

Data

The data and results of the pilot study are discussed in the paper that can be found in section 6.
This section shows tables of the questionnaire statements (table 2.3) and interview answers (tables
2.4 and 2.5) that were gathered from the pilot study.
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Figure 2.2: A simplified UML diagram of the Unity code for the pilot study application.

Participant 1 2 3 4 5 6 7 8 9 10
I understood the purpose of this application. 4 4 4 5 5 4 5 5 5 5
The application worked intuitively. 4 4 5 4 4 5 5 5 4 5
Navigating between movies was easy and
straightforward.

5 5 4 5 5 4 4 4 4 5

I felt in control of the application. 3 4 4 4 4 5 5 4 4 4
I felt like all information that I needed was
there

3 2 3 2 5 4 4 5 4 4

It was easy to find movies that I wanted to
watch

5 4 4 3 4 4 4 4 5 4

It was easy to navigate between movies. 4 5 4 4 4 5 4 4 3 3
There was enough information for each movie. 2 3 3 2 4 4 3 3 4 3
I would use this application instead of Netflix
for finding movies to watch

3 4 5 3 4 5 4 4 3 5

I would use this application as a complement
to Netflix for finding movies to watch

4 4 4 4 5 5 5 4 4 4

I would use this application instead of IMDb
for finding movies to watch

3 4 2 3 3 5 3 5 4 5

I would use this application as a complement
to IMDb for finding movies to watch

3 2 4 4 4 1 3 4 5 5

Table 2.3: Questionnaire statements (left) that the participants (top) rated using a Likert scale of
1 to 5 with the following labels: 1 - Strongly Disagree, 2 - Disagree, 3 - Neutral, 4 - Agree, 5 -
Strongly Agree.
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Question Answer Amount
How often do you watch movies or TV
series on average?

Very Often (e.g. almost daily) 5

Often (e.g. a couple of times per week) 3
Sometimes (e.g. a couple of times per month) 2

How often do you use Netflix or similar
services on average?

Never 3

Often (e.g. a couple of times per week) 3
Very Often (e.g. almost daily) 3
Barely (e.g. a couple of times per year) 1

On which devices do you use Netflix or
similar services?

Laptop / PC 6

Smartphone 5
TV 5

How do you go about finding a movie
or TV series using Netflix or similar
services?

Look at categories and scroll until you find a movie. 7

Suggestions from friends 2
Search outside of Netflix 1

What do you like about the interface
of Netflix or similar services?

Movie thumbnails (visually pleasing) / Goodlooking interface 6

Movie suggestions 2
Netflix keeps track of what you watch 2

What do you dislike about the inter-
face of Netflix or similar services?

Category order seems arbitrary/hard to find. 4

Searching takes a long time when you don’t know what to
watch

3

Amount of content is not enough. 2
You see the same movies often 2
No categorized search function 1
No trailers 1
Too much movies to choose 1
Netflix does not offer enough options to match results to your
mood or what you feel like.

1

How often do you use IMDb or similar
services on average?

Barely (e.g. a couple of times per year) 4

Often (e.g. a couple of times per week) 3
Sometimes (e.g. a couple of times per month) 2
Never 1

On which devices do you use IMDb or
similar services?

Smartphone 6

Laptop / PC 6
Tablet 1

In which situations do you use IMDb
or similar services?

Lookup actors 7

Lookup reviews / ratings 3
Lookup episode lists 1
Lookup movie producer/director 1
To find out something about a movie (General) 1
To find inspiration on what to watch and find out which
movies are good.

1

What do you like about the interface
of IMDb or similar services?

Movie suggestions 2

Easy to navigate from one page to another 2
A lot of information available on one page 2
Page structure 1
Reliable ratings 1
Quick overview of actors and how they are sorted. 1
Search functionality 1

What do you dislike about the inter-
face of IMDb or similar services?

Chaotic interface 4

Nothing 2
Various information is hard to find 2
Design is not so nice (old-fashioned) 1
Much of the information is useless 1

Do you think IMDB-like services could
complement the interface of Netflix or
similar services and why? What would
be the disadvantages?

Yes, so there is more information on movies 5

Yes, so there is no need for 2 applications 1
Yes, but if there is not too much information, like on IMDb 1

Table 2.4: Answers for the first interview of the pilot study, grouped and counted.
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Question Answer Amount
What did you like about the applica-
tion?

Application feels natural / Well-designed interface / Easy to
use

6

Build upons your previous search queries and don’t have to
keep starting over.

5

Easy to click on things that appeal to you and get good sug-
gestions

3

A lot of information present 2
A limited amount of movies presented makes it easier to choose 1

What did you dislike about the appli-
cation?

No (categorized) search functionality 8

Not enough information per movie (runtime, more actors) 4
Missing reviews / ratings 3
Missing Home button 3
Missing trailers 1
Not detailed enough categories 1
Missed overview of categories 1
UI not clear enough 1

How can the things you disliked be im-
proved?

Add Search functionality 8

Add a list of categories you can choose from 3
Add missing info 3
Add Home Button 3
Make a glowing edge for the main movie to indicate that you
can tap on it

1

Add an extra bubble to click on for more actors 1
If these things are improved, would you
use this application instead of other
popular movie browsers?

Yes 5

Yes, Instead of IMDb 2
Maybe 1
Yes, to find movies quickly 1
Yes, as a complement. Because it is more fun to pick a movie 1
Yes, the visual representation makes it easier to navigate. 1

Are there any things that you missed
and would like to have in this applica-
tion? Or do you have any other ideas
on how to improve it?

More actors 1

A visual history of your steps (like a web) 1
A filtering to specify what you like 1
More movies to scroll 1
Make it more clear where to find movie plot 1
Integrate it into netflix instead of a seperate app 1

Table 2.5: Answers for the second interview of the pilot study, grouped and counted.
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3.2 Online Study
Motivation

After performing the pilot study and making some improvements to the design, our goal was to
test the concept in a real-life setting. Would people still use it when offered a state-of-the-art
alternative? To test this, we developed a version of the app that contains two interfaces: the visual
navigation interface and one that is similar to state-of-the-art interfaces. To get a wide range of
participants to participate in the experiment, we published the application on Google Play and
advertised it as an application to browse movies, movie information and trailers. We notified the
participants that they would be partaking in a scientific experiment and encouraged them to try
both interfaces.

Implementation

For the online study, an application featuring two interfaces was created. Like the pilot study
implementation, it was developed in Unity. Starting in a main screen, users could choose to use
either of the interfaces and a header encouraged them to try both interfaces. Selecting an interface
loads a new Unity scene with the selected interface. A scene in Unity is a separate environment
with its own GameObjects and classes. The two interfaces are implemented in a similar way to
the implementation of the pilot study so the reader is referred to that UML diagram (figure 2.2)
for the inner workings of the scenes. The UML diagram in figure 2.3 shows an overview of the
scene selection functionality. The data was logged as a comma-separated values (csv) file in the
following format:

"<Timestamp>;<Current Scene>;<Current View>;<Action>;<Action Details>"

Figure 2.3: A simplified UML diagram of the Unity code for the interface-selection functionality
of the online study implementation.

Promotion

We promoted the application on various websites, Facebook groups and among fellow students.
The exact locations can be found in table 2.6. We used the following texts for promotion:

Programming/Unity related locations
For my Master thesis Game and Media Technology I made something a little different than most of
the content here. Have you ever had difficulties finding a movie to watch? Find yourself browsing
endlessly on Netflix? This is the problem that I tried to tackle with my thesis. I made an app to
browse movies and watch trailers so you can find the movie that you feel like watching. Because of
my game background, I developed the app in Unity. I did everything in Unity UI on the canvas and
for this purpose, I think it worked out great. There are two different interfaces that I’m comparing
and you can choose the one you like most in the app. But now I need your help! To get some results
worth writing about, I need quite a lot of people that download and use the app. Would you help
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me? After 10 minutes of using the app, you will be asked to fill out a short survey (5 minutes) but
apart from that you won’t be bothered. The app is completely non-commercial and ad-free. Anyone
with a tablet can download it here: https://play.google.com/store/apps/details?id=com.Bruno.Flix.

Other locations
Have you ever had difficulties finding a movie to watch? Find yourself browsing endlessly on Net-
flix? This is the problem that I tried to tackle for my master thesis. I made an app to browse
movies and watch trailers so you can find the movie that you feel like watching. The app I created
is an Android application that allows you to browse and watch movie trailers. I am comparing two
different interfaces that you can choose from. It is completely non-commercial and ad-free. But
now I need your help! To get some results worth writing about, I need quite a lot of people that
download and use the app. Would you help me? After 10 minutes of using the app, you will be asked
to fill out a short survey (takes about 5 minutes) but apart from that you won’t be bothered. Anyone
with a tablet can download it here: https://play.google.com/store/apps/details?id=com.Bruno.Flix.

Date Location
18-05-2017 https://www.reddit.com/r/unity3d/
18-05-2017 https://www.reddit.com/r/unity2d/
18-05-2017 https://www.reddit.com/r/movies/
18-05-2017 https://www.reddit.com/r/androidapps/
22-5-2017 GMT Students (WhatsApp)
22-5-2017 A-Eskwadraat Study Association (Facebook)
22-5-2017 Dutch Game Industry (Facebook)

Table 2.6: Promotion locations for the first week. The promotion on these locations was repeated
one week after the mentioned dates.

Issues

Initially, the application could only be installed on Android-based tablets because that was what
it was designed for. When promoting the application and research project, many people said that
they would install the application if it was available for mobile phones as well. After making sure
that the application works well and in the same way on mobile phones, we decided to release
an update of the application that allowed mobile phones to install it as well. The number of
installations increased much faster after that.

Data

The logged data was processed using a command-line program in C#, developed using Visual
Studio 2015. The statistical analyses were done using Microsoft Excel and SPSS Statistics 24. In
this section, the scores for the intrinsic motivation inventory questionnaire are summarized in table
2.7 and the log data for the amount of (different) metadata that participants clicked is listed in
table 2.8.
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Part. Enjoyment
VB

Enjoyment
VN

Competence
VB

Competence
VN

Usefulness
VB

Usefulness
VN

1 3,714 6,142 5,833 6,167 2,857 5,857
2 4 4,857 4,333 4,5 3,714 3,714
3 4 5,428 5,333 4,667 4,428 4,142
4 4,857 6,714 4,667 6,5 4,857 6,571
5 4,857 6 5 3,333 5,571 6,285
6 3,857 4,428 6 5,333 4,714 4,428
7 3,571 5,857 3,5 5,167 3,285 6,142
8 4,285 3,285 4,833 4,167 6,571 5,857
9 4,571 3,571 7 2,833 5 2,142
10 3,142 6 5,167 5,333 4,571 6
11 3,857 6,428 4,833 5,667 3 6,857
12 5,571 3,714 6 4,167 5,857 3,857

Table 2.7: Online Study: Scores for the Enjoyment/Interest, Perceived Competence and Useful-
ness/Value subscores of the Intrinsic Motivation Inventory for the participants. The state-of-the-art
visual browsing interface is indicated by VB and the visual navigation interface by VN.

Participant Metadata
Clicked VB

Metadata
Clicked VN

Different
Metadata
Clicked VB

Different
Metadata
Clicked VN

1 0 0 0 0
2 0 0 0 0
3 1,109 2,398 2 2
4 0 0 0 0
5 0,552 0,970 3 2
6 0 0 0 0
7 0 0 0 0
8 0,499 1,567 1 2
9 0 0 0 0
10 2,451 0 1 0
11 0 1,553 0 2
12 2,259 1,518 2 1
13 0 0 0 0
14 0,493 0,260 2 1
15 0 0 0 0
16 0 2,615 0 1
17 0 0 0 0
18 0,833 1,140 3 2
19 0 1,269 0 3
20 0 1,343 0 1
21 0 0 0 0
22 0 3,353 0 1
23 0 2,610 0 2
24 0 0 0 0
25 0,775 1,685 2 2
26 0,703 1,607 1 2
27 2,219 3,135 0 2
28 0 0 0 0
29 1,704 2,232 2 2

Table 2.8: Online Study Log data for the amount of metadata that participants clicked per minute
and the amount of different types of metadata that they clicked on. The state-of-the-art visual
browsing interface is indicated by VB and the visual navigation interface by VN.
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3.3 Lab Study
Motivation

Concurrent to the online study, a lab study was performed to test the same application in a
controlled environment with a set task for participants. The motivation for this study was to
attain both external and internal validity of the results by also testing the interfaces in a controlled
environment. The objectives of the study were the same as those of the online study and can be
found in section 3.2.

Implementation

The implementation that was used for the lab study was the same as the one that was used for
the online study and can be found in section 3.2. The application was used on the tablet of the
observer (Asus Nexus 7, 1900x1200 resolution). The difference in usage of the application is that the
observer selected the order of the interfaces that participants would be using and counterbalanced
this for all participants.

Issues

An issue that came up with the lab study is the same issue that arose during the pilot study:
some people find movies much faster than others. The same solution was used and participants
were asked to keep browsing until they browsed for at least three minutes on each interface. This
ensured a comparable usage time for the participants. Another issue was that one participant did
not select any metadata to navigate the database because he did not know this was possible. The
data for this participant was not excluded because it is a meaningful result.

Data

The logged data was processed using a command-line program in C#, developed using Visual
Studio 2015. The statistical analyses were done using Microsoft Excel and SPSS Statistics 24. In
this section, the scores for the intrinsic motivation inventory questionnaire are summarized in table
2.9 and the log data for the amount of (different) metadata that participants clicked is listed in
table 2.10. The interview answers are shown in table 2.11.
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Part. Enjoyment
VB

Enjoyment
VN

Competence
VB

Competence
VN

Usefulness
VB

Usefulness
VN

1 3,285 4,857 4,333 4,333 4,285 4,714
3 4,857 5,857 5,333 6 5,142 6,285
5 4 2,857 5 5,667 5,285 5,285
7 4,571 5,142 5,667 5 2,857 4,857
9 4,142 3,428 3,833 3,333 4,428 4,571
11 4,285 4,142 4,667 4,5 4,142 4,714
13 4,571 5,571 6,167 5,333 4,857 5,714
15 5,857 6,714 6,833 7 6,428 6,857
17 4,857 6 5 5,667 5,571 6,714
19 4 4,285 5,833 5 5 4,285
21 4,857 5,857 7 7 5,714 5,714
2 3,857 4,571 5,333 5,667 5,714 5,857
4 4,571 4,285 4,833 5 4,857 5,857
6 4,857 4,857 6,667 6,333 6,571 5,857
8 3,428 4,142 4,167 5 5 4,571
10 4,285 5,428 5,833 5,833 4,571 6,142
12 4,428 4,714 5,333 5,333 4,428 4,428
14 3,571 3,857 5 4,5 4,428 4,571
16 4,857 5,285 4,833 4,667 4,571 5,285
18 4,714 5,571 3,833 3,5 4,857 4,285
20 3,285 3,285 5,167 4,333 4,142 4,285

Table 2.9: Lab Study: Scores for the Enjoyment/Interest, Perceived Competence and Useful-
ness/Value subscores of the Intrinsic Motivation Inventory for the participants. The state-of-the-art
visual browsing interface is indicated by VB and the visual navigation interface by VN.

Participant Metadata
Clicked VB

Metadata
Clicked VN

Different
Metadata
Clicked VB

Different
Metadata
Clicked VN

1 1,019 2,920 2 4
2 1,128 0,672 3 2
3 0 1,942 0 4
4 1,292 0,840 2 3
5 0 1,559 0 2
6 1,204 1,053 2 4
7 0,379 2,448 2 3
8 1,083 0,510 2 1
9 1,006 1,261 2 3
10 0,941 0,504 3 4
11 0,163 0,952 1 3
12 0 0 0 0
13 0,395 0,306 1 1
14 1,832 2,354 3 3
15 0,354 2,905 2 4
16 1,481 0,681 1 2
17 0 0,151 0 1
18 1,601 0,931 2 4
19 0,413 2,276 2 2
20 0,327 0,719 1 3
21 0,455 0,965 0 1

Table 2.10: Lab Study: Log data for the amount of metadata that participants clicked per minute
and the amount of different types of metadata that they clicked on. The state-of-the-art visual
browsing interface is indicated by VB and the visual navigation interface by VN.
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Question Answer Amount
What did you like about this interface? Visually appealing 9

You can navigate from movie to movie 8
Well-organized design 7
Useful/fun that information is visualized 6
Fun to use 3
Smaller chance to miss information 2
Clear that information was clickable 2
A good amount of information 1
Used more information than with the textual design 1

What did you dislike about this inter-
face

Needed to search more to find information 3

The plot was less noticable. 3
Could use sorting options 2
Interface was sometimes slow to respond. 1
Felt like there was less information 1
Missed movie screenshots 1
Text is harder to read in bubbles 1
Need to get used to design 1
Bubbles did not seem clickable 1
Actor heads were not always centered correctly 1

Did you feel inclined to click on the
movie information? Why/Why not?

Yes, it looked clickable 9

Yes, I wanted to see more movies related to what I liked 8
Not more than the textual variant 2
No, I did no know that I could 1
No, I only watch movies that I know already 1
No, I use IMDb for that 1

Did you use the movie information to
navigate between movies? Why/Why
not?

Yes, to find movies that had certain elements that I liked 13

No I used the genre screen mostly 5
Yes, I felt inclined to click on it 2
No, I did not know that I could 1

Did you prefer the textual movie infor-
mation or the visualized movie infor-
mation? Why?

Visualized because it was easier to use 6

Visualized because it looked better 6
Textual, because it is familiar 4
No preference 2
Visualized because you can find movies that you don’t know
yet

1

Textual, because is better organized 1
Visualized, because it is harder to miss things 1

What could be improved about the
way that the information is visualized?

Nothing 5

A more contrasting/coloured background for the bubbles 5
Better positioning of bubbles 3
Make plot more noticable 3
Add an indication that bubbles are clickable 2
Center the actor heads better 1
Make it more relevant to what you like 1
You could adjust the size of bubbles for extra information 1
Make it load faster 1
Add a button to see more actors/genres 1

Do you think something like this could
be integrated in movie streaming ser-
vices like Netflix?

Yes 13

Yes, it is easier 2
Yes, if it is better organized 1
Yes, it is different than what I see often 1
Yes, if it would be better personalized 1
Yes, for touch screen devices 1
No, a separate app is better 1
No, Netflix does it better 1

If so, would you use it? Why? Yes, it is easier 6
Yes 6
Yes, it is useful to find what you like 4
No 3
Yes, it is more fun to use. 2

Table 2.11: Answers for the interview of the lab study, grouped and counted. The questions were
all about the visual navigation interface.
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4 Demonstration
In this section, a demonstration is given of the visual navigation concept and an implementation
that shows of its strength. Feedback that participants have given during the various studies has
been used to improve the implementation. Features that were not explicitly part of the visual
navigation concept (such as search functionality and a genre overview) were left out of this imple-
mentation in order to better show off the concept. Note that the screenshots in this section contain
some images (movie posters, movie stills and photos of people) that might be copyright protected.
These images were downloaded from TheMovieDB.org and used under the fair-usage policy that
applies to copyright protected images.

4.1 Application
The application starts with a screen that shows current popular movies (figure 2.4), as rated by
TheMovieDB.org. Any type of starting screen can be used in combination with visual navigation,
but it needs a starting point so that users can navigate to a movie that they are interested in. An
overview of the most popular movies was chosen as a starting point.

Figure 2.4: Starting point of the application, an overview of the most popular movies. Movie
posters were downloaded at runtime from http://www.themoviedb.org and used under the fair-
usage policy.

When a movie is selected, the movie details view is loaded and the visual navigation interface is
shown. Figure 2.5 shows details for the movie Wonder Woman. Surrounding the movie posters are
bubbles containing the following movie metadata that can be used to navigate by: genres, three
main actors, director, writer, main music composer, production company, language and year of
release. Note that these bubbles are only shown when available in the database of TheMovieDB.org.
The following features have been implemented in order to visualize the metadata and encourage
users to navigate by it:

• Photos are shown for people that worked on the movie (actors, director, writer, main music
composer).

• Icons are shown depicting the type of job that people had when working on the movie (actors,
director, writer, main music composer).

• Metadata items are styled like clickable buttons.
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• Metadata items are positioned in a circle to draw the attention of users.

• Metadata items are colored based on their type, to make it easier to distinguish the type of
information shown.

• Non-navigable information is only shown when the movie poster is pressed (as indicated by
the info icon).

Figure 2.5: Movie details view for the movie Wonder Woman, showing the visual navigation con-
cept. The used photos and images were downloaded at runtime from http://www.themoviedb.org
and used under the fair-usage policy.

When one of the metadata bubbles is tapped, the category view is loaded and shows movies
containing the same metadata that was tapped. Figure 2.6 shows movie that contain Chris Pine
as an actor. When one of the movies is tapped, the movie details view is loaded for that movie.
Alternatively, a user can press the back button to return to the previous movie details view. The
home button can be tapped at any time to return to the starting point.

Because the amount of information that is offered for each movie varies, the layout of the movie
details varies as well. Figure 2.7 shows the movie details view for the movie Sing. As you can see,
there are more genres presented and a music composer as well. Also note that Garth Jennings
is both director and writer for this movie. When the writer bubble containing Garth Jennings is
tapped, only movies that contain Garth Jennings as a writer are shown (See figure 2.8).

4.2 Limitations
There are certain limitations imposed by the database that was used. Preferrably, there should be
more types of metadata that can be used to navigate by (e.g. filming location). The types that
were used in this demonstration are the types that TheMovieDB allows searching by. Also, images
could be used for non-person metadata as well, such as: company logo’s for production companies,
genre icons for genres and country flags for languages. For this implementation, we had no access
to those images but for a commercialization of the concept it should be feasible.
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Figure 2.6: Category view for the actor Chris Pine. The used photos and images were downloaded
at runtime from http://www.themoviedb.org and used under the fair-usage policy.

Figure 2.7: Movie details view for the movie Sing, showing a larger amount of metadata items.
The used photos and images were downloaded at runtime from http://www.themoviedb.org and
used under the fair-usage policy.
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Figure 2.8: Category view for the writer Garth Jennings. The used photos and images were
downloaded at runtime from http://www.themoviedb.org and used under the fair-usage policy.
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5 Database Comparison
For this research project on navigating online movie collections, an online movie database was
used. To choose a suitable database, various online movie databases were compared on the basis
of the following criteria:

• Content - How complete is the database and how much information is there for each entry?

• Access - How is the database accessible and is it easy to use? Is there a limit to the amount
of requests that can be made to the database?

• Legal - Can the database be used for non-commercial research purposes? Can the database
be downloaded for offline use?

The results of the comparison are summarized in table 2.12 and discussed in the following sections.

5.1 Internet Movie Database (IMDb)
The Internet Movie Database is one of the oldest and most-used movie databases online. Its movie
ratings are used as a reference on many other websites and are generally viewed as a good indication
of the quality of a movie.

Content

Content-wise, IMDb is very complete. It has nearly every movie ever published with 85,070 TV
movies on record [49], this number does not include over 150,000 documentaries and more than
400,000 shorts. Each movie has a wide range of metadata available; more detailed information on
the available metadata can be found in the results section.

Access

IMDb is freely accessible for human users through the searchable website, but it offers no public
API and is not designed to be used by computer programs. Technically (but not legally), it would
be possible to create a website crawling program to retrieve data from the website.

Legal

According to the IMDb Conditions of Use, data mining, robots, screen scraping or similar data
gathering and extraction tools are not allowed on IMDb without express written consent. This
limits the use of IMDb to human users. For data mining permissions, it is possible to contact their
licensing department. Licensing fees are not stated.

5.2 Open Movie Database (OMDb)
The Open Movie Database was designed as an API only service and an alternative to IMDb.
Through the years, the database was built up through community collaboration. It has a lot of
users because of its simplicity. Because of the non-corporate nature of the database, there is not
a lot of information to be found about the database and the website is quite limited.

Content

OMDb offers no statistics on the size of the database. A search for the movie title keyword
"batman" gives 266 results, whereas IMDb only gives 121 results. All of the results from IMDb are
also among the OMDb results. This leads us to believe that the OMDb database is quite complete,
but this has to be verified by using it. OMDb offers simple movie metadata only, no extensive data
such as reviews, related movies or filming locations.
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Access

OMDb offers a simple API of which the options are easy but limited. It is possible to search for
specific movies or keywords, but you can’t search on actors or directors for example. It is also not
possible to request all movies or all movies for a certain metadata criterium. There does not seem
to be a restriction on the amount of requests one can make with this API. It is only limited to 20
concurrent connections, according to the change log [50].

Legal

The database is freely accessible for non-commercial purposes under the Creative Commons BY-
NC 4.0 License. Registration is required as per the Terms of Use and can be done by sending
an e-mail to registration@omdbapi.com. It is allowed (but not explicitly facilitated) to download
the content for offline use when retaining the original trademark, copyright and other proprietary
notices.

5.3 The Movie Database (TMDb)
The Movie Database was started as a platform to share high-resolution movie posters. In 2009,
it became a full movie database thanks to a starting dataset extracted from OMDb. Now, it is a
well-known movie database and has one of the few free movie data API’s. It offers a service where
users can keep track of the movies they have watched and compare that with other users. It is also
used to discover new movies through trailers and related movies.

Content

On the frequently asked questions page of TMDb, it is stated that the database contains 311,490
movies at the time of writing [51], which indicates that it is very complete. It contains a lot
of metadata, similar to IMDb and it is all available through the API. For more details on the
metadata, see the results section.

Access

TMDb offers an API to access the database, which returns data in JSON format. It has extensive
documentation and it is easy to use. A maximum of 40 requests per 10 seconds per IP address is
allowed. Notable is that the API features "discover" functionality where one can find movies that
match a certain predicate. This is particularly useful when you are not looking for one specific
movie.

Legal

The API can be used freely for any non-commercial project. A credit to TMDb in the application
is the only thing required. It is allowed (but not explicitly facilitated) to download the content for
offline use when retaining the original trademark, copyright and other proprietary notices.

5.4 Linked Movie Database (LinkedMDB)
The Linked Movie Database is a dataset based on Linked Open Data (LOD) created by Hassan-
zadeh et al. [52]. The LOD project aims to create a Semantic Web by unifying and linking data
across the web. In this way, relations between data can be understood by computers and used in
applications. LinkedMdb creates interlinks between various online movie data resources.

Content

The LinkedMDb website [53] is not working for the most part at the time of writing. In particular,
the statistics and licensing page are missing. Luckily, the Wayback Machine [54] offers a snapshot
of the statistics page for March 2016. There it is claimed that the database contains 85,620 movies.
There is a large amount of potential metadata that the database offers. However, these are only
present for certain movies. When taking a small sample from the database, it became clear that for
most movies there is a limited subset of metadata. Also, multimedia metadata like movie posters
and trailers is not available.
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Access

The database is accessible using a semantic browser or by using a SPARQL client. The querying
of the database is done using SPARQL, which is a query language for RDF (Linked) data. The
latest work on SPARQL is a recommendation by the World Wide Web Consortium (W3C) in 2008
[55]. The query language is similar to the better-known SQL language. It is not trivial to use and
requires significant programming efforts to incorporate in an application.

Legal

The licensing page of the LinkedMDb website is not online anymore, so definitive conclusions on
this part cannot be drawn without contacting the authors. However, the Wayback Machine reveals
that it used to be licensed under the Creative Commons BY 3.0 License, which allows for unlimited
usage of the data if the authors are credited. It is likely that this license still applies. There is no
explicit statement about downloading the data for offline use.

5.5 Results
This section contains the results of the comparison. Table 2.12 shows a simplified comparison
using a scale with the following set of possible values: {--, -, +/-, +, ++}, where -- is the least
favorable option and ++ the most favorable option. Table 2.13 shows an in-depth comparison of
the available movie metadata for each database.

IMDb OMDb TMDb LinkedMDb
Database
completeness ++ + ++ +/-

Metadata amount ++ - ++ +/-
Accessibility n/a ++ ++ +
Ease of use n/a ++ ++ -
Request Limit n/a ++ + ++
Offline use -- + + +/-
Non-commercial
licensing -- ++ ++ +

Table 2.12: Database comparison overview
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IMDb OMDb TMDb LinkedMDb
Film Title
Cast 1

Director(s)
Writer(s)
Crew 3

Reviews
Movie Poster
Movie Runtime
Age Rating
Genre(s) 3

Release Date
Trailer
Related Movies
Short Plot
Full Plot
Box Office 3

Rating 3

Awards
Language 3

Country 3

Filming Locations 2

1 Only lead characters.
2 Only countries.
3 Only for certain movies.

Table 2.13: Metadata Comparison

5.6 Conclusion
Four online movie databases have been compared based on their content, accessibility and legal
restrictions. IMDb is the most extensive database with the most metadata per movie but it is only
usable by humans and does not offer access through an API. OMDb offers less metadata but is
very accessible via a basic API and has no request limit. TMDb is almost as complete as IMDb
in their content and offers a very extensive API but imposes a request limit of 40 requests per
second per IP address. LinkedMDb has a decent amount of movies but not all movies have the
same amount of metadata. It is not easily accessible because of it uses a SPARQL endpoint and
there is not an API.

If we take these tings into account, The Movie Database (TMDb) comes forward as the winner
because it has a very good amount of content and metadata. Also, the API offers the most options,
including a very useful ’discover’ option. The only downside is that it allows only 40 requests per
ten seconds, but for research purposes this should not be a problem.
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6 Pilot Study - Work-In-Progress Paper
After we performed the pilot study, dr. Wolfgang Hürst wrote a work-in-progress paper [56] about
the study and submitted this to the ACM International Conference on Interactive Experiences for
Television and Online Video (TVX) listing me as co-author. The paper was accepted in April and
will be published in the proceedings. In the paper, details of the pilot study that was performed
and the general concept of visual navigation are presented. This section of the annotated appendix
shows the paper as it was submitted.
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ABSTRACT 
We present an interface design for interactive exploration of 
large movie databases based on a concept we entitle visual 
navigation. Our approach aims at combining the major 
advantages of existing systems, which are commonly either 
simple but limited in functionality or powerful but complex 
and less engaging. To verify the potential of our idea, we 
performed a pilot study, which indicates the validity of our 
approach, highlights advantages, and pinpoints areas for 
improvement and future work. 

Author Keywords 
Video database browsing, video archive access, movie 
database interfaces, interaction design, user experience.  

ACM Classification Keywords 
H.5.2 [Information Interfaces and Presentation (e.g. HCI)]: 
User Interfaces – Graphical user interfaces (GUI), input 
devices and strategies, interaction styles, screen design  

INTRODUCTION & VISUAL NAVIGATION CONCEPT 
Online databases such as Netflix (http://www.netflix.com) 
provide users with instant access to a tremendous number 
of movies and TV shows. Yet, the amount of available data 
results in challenges for the interface design. Common 
interfaces rely on a rather simplistic representation – likely 
to not overwhelm users and keep the interaction simple. 
They generally offer a somehow categorized overview of 
movie posters, which is complemented by a detailed view 
of a movie once it is selected from the overview; cf. Fig. 1. 
We refer to this type of video database browsing as visual 
browsing, because it enables users to browse and access 
movies based on visual information; a movie’s poster. 

This works well in situations where the recommendations 
provided by the interface fit a user’s current needs. Yet, 
these needs can also change frequently based on status, 
mood, or context. Two common issues in such situations 
include that the interface only shows a rather small part of 
the database and does not provide much additional 

information on the displayed movies. Movie information 
archives such as the Internet Movie Database (IMDb, 
http://www.imdb.com) cope with the latter issue by 
providing a structured, mostly textual overview of various 
details about a movie, not only including synopsis, runtime 
and actor information, but also information on writers, 
directors, filming location, and much more. Because this 
data is mostly displayed as text, we refer to this type of 
video database browsing as text-based browsing. While the 
presented information could potentially be very useful 
when searching for a movie to watch, the interface appears 
to be too overwhelming and, due to its heavy reliance on 
textual descriptions, less attractive and appealing. 

 
Figure 1. Illustration of common online movie database 

interfaces with a categorized overview of movie posters (top) 
and a detailed movie view (bottom). Categories can include, 
for example, new releases, personal recommendations, and 
genres, which are generally based on the user’s and other’s 

viewing behavior in the past. Movie details include some 
visuals representing it, accompanied by some text (short 

synopsis, runtime, etc.) and posters of a few related movies. 

In this paper, we therefore introduce a new video database 
browsing concept called visual navigation, which aims at 
combining the best of both approaches; an interface that is 
as simple, intuitive, and appealing as visual browsing, yet 
also almost as powerful as text-based browsing. The key 
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idea is to visualize some of the information enlisted in text-
based browsing approaches in an intuitive way, thus 
offering users the opportunity to easily explore related 
contexts; cf. Fig. 2. 

While this idea of visual navigation seems simple, it is in no 
way obvious if such an interface would achieve the benefits 
we expect. Does it really provide a simplicity that is 
comparable to visual browsing interfaces? Can users 
understand and handle it? And does it really give you better 
access to the information displayed in text-based browsing 
approaches? Is that information helpful in finding better 
movies to watch? To get an initial understanding of the 
power of this concept of visual navigation, we present an 
informal pilot study addressing users’ reaction to the idea, 
verifying if they can understand and handle the concept, 
and identifying possible advantages, issues, and pitfalls. 

RELATED WORK 
Common video database systems offer at least a simple 
search field enabling users to search for movie titles, actors, 
but also other things, such as directors and writers. Yet, in 
practice, most users generally restrict their search to the 
first two (titles and actors). Advanced searches on other 
movie characteristics, such as directors, filming locations, 
etc., could be very helpful in finding a movie, but are often 
not done, either because they are too complex to phrase or 
not supported by the system. Thus, providing an interface 

that enables intuitive search based on such advanced movie 
characteristics is one of the key goals for our approach. 

Video browsing is a topic that gained increasing attention in 
the video search and retrieval community in recent years. 
Good overviews of basic concepts and latest developments 
are provided by Schoeffmann et al. [5, 6]. Yet, most of this 
work addresses content-related search within video files, 
but lacks in supporting higher level characteristics, which 
we consider essential to create a more sophisticated video 
browsing experience. Thus, providing an interface that 
enables powerful higher-level concept browsing is another 
key goal for our approach. 

In contrast to this work on content-based search within 
single videos, research related to exploring whole databases 
is often focused on recommendation systems, which are, for 
example, based on user profiles [7] or usage-driven [2]. 
Newer work also tries to accommodate for the fact that 
preferences can change and thus consider more context and 
user related issues (see [1, 2, 8], for example). While such 
systems work well if and only if the recommendation fits to 
a user’s current need, this need cannot always be classified 
correctly (e.g., users themselves might not be sure or aware 
of it), it can vary, or it can have contradictory sub-aspects. 
In such situations, it is beneficial to complement such 
recommendation-based search with exploratory search. 

Figure 2. Illustration of the concept of visual navigation and screenshots of implementation used in the user study.  
Notice that visuals used in the test have been replaced here with copyright free material from Wikimedia.   
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Thus, providing the option to actively explore the video 
database is another key goal for us. 

Active exploration is supported by Low et al.’s approach 
[4] where movies are represented and thus navigated using 
a metadata based clustering approach. Although quite 
related to our idea, the approach differs insofar as the 
reasons for these clusters (e.g., metadata such as genre, 
actors, director) are not visualized to the user. We claim 
that explicitly providing this information to a user can have 
a benefit not only in search performance, but can also make 
the search process more interesting and engaging. 
Particularly, we believe that the search for a movie to watch 
could and should itself be an engaging, entertaining, and 
fun experience. Thus, providing an engaging browsing 
experience is another key goal we are aiming for. 

PROTOTYPE IMPLEMENTATION & STUDY SETUP 
Based on the questions stated at the end of the first section 
and the criteria specified in the preceding one, we 
performed a pilot study to verify the potential of our idea 
for visual navigation. Particularly, we were interested in the 
following three issues: 

1. Is our intuition about the lack of existing systems and the 
resulting specification of goals for our approach correct? 

2. Is our approach as simple and intuitive as we assume? 
That is, can people understand and handle it easily? 

3. Is this concept a valid alternative to visual and text-based 
browsing? What are advantages and disadvantages? 

Prototype implementation 
In this first step, we are interested in the applicability of our 
ideas for touchscreen operated tablets. Other devices, such 
as smartphones, TVs, or PCs will be addressed in our future 
research. The prototype used in the pilot study and depicted 
in Fig. 2 was implemented on an Android-based tablet 
(HTC Nexus 9) with an 8.9-inch screen (2048x1536 pixels 
resolution, 4:3 aspect ratio). Posters, other visuals, movie 
information and meta data were taken from The Movie 
Database (TMDb, https://www.themoviedb.org), a 
collaborative database for movies comparable to the 
commercial IMDb. We excluded movies of 2017 to avoid 
having movies in the test that have not been released yet. 

The interface starts with a title page showing the twenty 
most popular movies in the database according to the 
provided popularity ranks (Fig. 2a). Selecting a movie by 
tapping its poster evokes the representation of this movie’s 
detail overview (Fig. 2b). Here, the movie’s poster is 
centrally shown in front of a movie-related background 
image. Movie-related meta data is represented around the 
poster in circular-shaped visualizations. Meta data includes 
genre, the three main actors, director, writer, main music 
composer, production company, language, and year. Notice 
that not all this data is available for each movie. Selecting a 
category by tapping it evokes what we call the category 
view (Fig. 2c). Here, the 20 most popular movies from that 
category are shown. Notice that for some specific 

categories or some actors there might be fewer than 20 
movies in the database. Users can then select one of the 
proposed movies or go back to the previous one using a 
back button at the top right of the screen. 

Participants, study design, and procedure 
We invited ten volunteers (8 males, 2 females, 18-23 years, 
average age 20.5 years) to participate in the pilot study. We 
focused on younger participants due to the intended target 
user groups, that is, frequent online media consumers and 
early adopters. Users were asked about their viewing 
behavior, with five indicating that they watch TV/movies 
“very often”, three “often”, and two “sometimes”. Three 
mentioned to use Netflix or a comparable service “very 
often”, three “often”, one “barely”, and three “never”. 
Three said to use IMDb or a comparable service “often”, 
two “sometimes”, four “barely”, and one “never”. There 
was no correlation between these characteristics and the 
gathered data. Studies took place in a neutral room with 
participants seated comfortably at a table (cf. Fig. 3). 

    
Figure 3. Illustration of the study conditions. 

Despite its informal character, interviews with the subjects 
were scripted to avoid influencing their answers and 
achieve comparable feedback across participants. One 
subject was interviewed at a time. Duration was about 30 
minutes per subject. Studies were split in three parts. 

Part 1. To gain more insight into problems with standard 
interfaces (cf. first issue specified above), we started with 
an informal interview about users’ viewing behavior and 
opinions on related interfaces. At the beginning, users were 
informed that: 

“This is a study about a new alternative interface to access 
and browse online movie libraries.” 

After signing a consent form also informing subjects about 
the anonymous processing of their data, they provided 
demographic information and viewing behavior (cf. above), 
and were asked to explain what they liked and disliked 
about the interfaces of Netflix or similar services and IMDb 
or similar services. For the latter, subjects were also asked 
if they would consider it a useful complement to the first 
one if integrated into it. Screenshots of the interfaces were 
provided for subjects rather unfamiliar with these services. 
The interviewer wrote down all the subjects’ answers.  

Part 2. To verify if people can understand and handle our 
visual navigation concept (cf. second issue specified above) 
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we then let people explore the interface without further 
introduction. The interviewer only stated that: 

“This is now a new, alternative interface for accessing and 
browsing online movie libraries. First, I want to see if you 
can figure out how it works on your own. Can you try to use 
it for, let’s say 2 minutes? Note that it’s not connected to 
the actual movie database yet, since this test is just about 
the new interface.” 

After using the interface for two minutes without any 
interference of the interviewer, subjects had to rate five 
statements on a 5-point Likert scale from “strongly 
disagree” to “disagree” to “neutral” to “agree” to “strongly 
agree” (see results below for the concrete statements). 
Afterward, features not used or wrongly handled by the 
subjects were explained to them. 

Part 3. To identify advantages, potential disadvantages, and 
possibly useful extensions (cf. third issue specified above), 
subjects then had to solve a concrete task, which was 
introduced by stating that: 

“Now we want to test the interface for 5 minutes with a 
concrete task. Assume you are about to board a long flight, 
so you will be offline for a couple of hours. Hence, you 
want to download a couple of movies to watch when you 
are in the air. Now use the interface to search for, let’s say 
3-5 movies that you would probably download. Once you 
found a candidate, just tell me and I write it down, since we 
haven’t implemented any bookmarking yet.” 

After performing this task for five minutes without any 
interference of the interviewer other than writing down the 
subjects’ movie suggestions, they had to rate seven 
statements related to the interface using the same 5-point 
Likert scale as above. Following this, the session closed 
with an informal interview, where subjects were asked what 
they liked and disliked about the interface, how things they 
disliked could be improved, if the approach could be used 
as a replacement or complement to existing interfaces, and 
if they had any other comments or ideas for possible 
improvements. Finally, the interviewer discussed their 
provided ratings and other observations made during the 
tests with the subjects. 

RESULTS & DISCUSSION 
In the following, we summarize and discuss the results of 
the study. While we used the phrasings “Netflix / IMDb or 
similar services” during the interviews, we will 
subsequently use the terms “visual browsing” and “text-
based browsing” describing the basic underlying concepts. 
Likewise, we will use “visual navigation” instead of “new 
interface”. Terms in brackets after a statement given below 
indicate how many subjects made this or a related 
comment. 

Part 1 results (problems with standard approaches) 
When asked about the positive aspects of visual browsing-
style interfaces, subjects characterized them as visually 

pleasing and “good looking” (6 subjects), and commented 
positively on the recommendations (2) and that the interface 
keeps track of what you watched (2). Most commonly 
stated negative aspects were that the category order seemed 
arbitrary and/or hard to find (4) and that searching takes 
long when one does not know what to watch (3). Other 
comments include that the amount of content is not enough 
(2) and that one sees the same movies often (2). These and 
additional individual statements seem to confirm our 
intuitive assumption about these types of interfaces stated in 
the first section. 

While some subjects praised the additional functionality 
offered by text-based browsing interfaces and the provided 
structure, others described them as chaotic (4), stated that 
information is hard to find (2). While one subject said that 
“much of the information is useless”, half of them would 
see text-based browsing as a good complement when 
integrated into a visual browsing application (5). Thus, 
again, the subjects’ statements confirm our initial 
assumption that this data could potentially be very useful 
for video search if and only if it is represented in a way that 
is simple, structured, and easy to handle and understand. 

Part 2 results (understanding and handling) 
Table 1 illustrates the answers to the statements rated by the 
subjects. We see that people give high ratings for the 
intuitiveness and ease of use of visual navigation. 
Observations of the interviewer also suggest only minor 
issues with it that are mostly due to lack of experience; 
three subjects initially tried to swipe instead of clicking on 
categories or poster thumbnails, one started clicking on 
things too fast. (The transitions between the two views were 
animated.) 

 Strongly 
disagree 

Dis-
agree 

Neutral Agree Strongly 
agree 

S1 0 0 0 4 6 

S2 0 0 0 5 5 

S3 0 0 0 5 5 

S4 0 0 1 7 2 

S5 0 2 2 4 2 

S1: I understood the purpose of this application. 
S2: The application worked intuitively. 
S3: Navigating between movies was easy and straightforward. 
S4: I felt in control of the application. 
S5: I felt like all information that I needed was there. 

Table 1. Number of subjects providing the related rating 
(column) for the given statement (row). 

Despite the additionally displayed information compared to 
standard visual browsing-based interfaces, we can observe 
that subjects still felt that providing additional data would 
be good. When asked, most of them mentioned the 
information that is shown in the textual descriptions on the 
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details page for visual browsing (cf. Fig. 1, bottom), for 
example, run time and short synopsis. Such info could 
easily be integrated into our design using the empty spaces 
next to the visuals (cf. screenshots in Fig. 2). Yet, finding 
the right balance between how much and what kind of 
information should be displayed at all and in what way 
(textual or visual) is no trivial task and needs to be 
addressed in future research. 

Part 3 results (advantages, disadvantages, ideas) 
Statements in the questionnaire, illustrated in Table 2, cover 
different aspects. Subjects gave high ratings for ease of use 
(S1/S2), which is in line with the comments, ratings, and 
observations of part 2. Considering availability of 
information (S3), ratings are more neutral, which is again in 
line with part 2. It can be seen though that the tendency 
towards a lower rating is even stronger when faced with a 
concrete task. Again, this supports our claim that users 
appreciate or even demand more information when 
exploring movie databases. Keeping in mind that our 
approach provides much more context information about a 
movie than standard visual browsing interfaces, it is no 
surprise then, that most participants see visual navigation as 
a good complement (S5) or even replacement (S4) to those. 
A similarly strong trend cannot be observed for text-based 
browsing however (S6/S7). It is unclear though if this really 
suggests that our approach is considered to lack in power, 
or if subjects consider the lacking parts to be of lesser need 
when searching for videos. 

 Strongly 
disagree 

Dis-
agree 

Neutral Agree Strongly 
agree 

S1 0 0 1 7 2 

S2 0 0 2 6 2 

S3 0 2 5 3 0 

S4 0 0 3 4 3 

S5 0 0 0 7 3 

S6 0 1 4 2 3 

S7 1 1 2 4 2 

S1: It was easy to find movies that I wanted to watch. 
S2: It was easy to navigate between the movies. 
S3: There was enough information for each movie. 
S4: I would use this application instead of Netflix  

for finding movies to watch. 
S5: I would use this application as a complement to Netflix  

for finding movies to watch. 
S6: I would use this application instead of IMDb  

for finding movies to watch. 
S7: I would use this application as a complement to IMDb  

for finding movies to watch. 
Table 2. Number of subjects providing the related rating 

(column) for the given statement (row). 

The subjects’ comments during the subsequent interview 
support these observations. Most described the interface as 
visually appealing and easy to use. Related phrases 
included “feels natural”, “well-designed”, “easy to use” (6 
subjects). Some also appreciated that one can “build on 
previous search queries and don’t has to keep starting over” 
(5). Some mentioned that you get “good suggestions” (3) 
and that “lot of information (is) present” (2). On the 
negative side, only one subject stated that the “UI (is) not 
clear enough.” All other negative comments expressed the 
desire for additional functionality: a (categorized) search 
functionality (8), more information per movie, e.g., 
runtime, more actors (4), ratings / reviews (3), a home 
button (3), trailers (1), an overview of categories (1), and 
more detailed ones (1). 

This, again, supports our claim that users prefer access to 
more information when searching for movies than usually 
provided by standard systems. Two subjects made 
comments during the test that are particularly interesting in 
this context: One said that “I never would’ve thought to 
search on production company, this is nice!” After clicking 
on the icon of an actress, another one asked: “Does she 
really play in all those movies?” These statements suggest 
that our approach does not only provide additional 
information to users that they are otherwise missing, but 
that it can also encourage them to search differently and 
help them to find movies that they would otherwise miss or 
ignore. 

While one subject stated that “there is a good balance 
between the amount of information and easy browsing,” we 
do consider it a non-trivial and maybe the most important 
question for future research to find this perfect balance. 
Two subjects highlighted that it could happen that one 
“enters a loop of the same movies”. We often hear similar 
statements when people click on the “related movies” 
suggestions in visual browsing interfaces and the same 
movies are recommended repeatedly. Yet, it is certainly a 
risk in our approach as well. One might be able to resolve 
this issue though by finding the best information-versus-
complexity balance as more navigation options will make 
this less likely. 

CONCLUSION & FUTURE WORK 
The design of better interfaces for online video archives is a 
problem of high relevance due to the increasing amount of 
data. Part 1 of our pilot study confirmed our initial, intuitive 
assumptions about common problems with existing 
interfaces, which mostly rely on the concept of visual 
browsing. Parts 2 and 3 confirmed that our alternative idea, 
entitled visual navigation, could provide a solution to deal 
with these problems: the subjects’ answers and comments 
suggest a need for providing more information and that 
visualization could be a good and intuitive way to do this. 
Yet, it also became clear that what to visualize and how is a 
critical and non-trivial question. 
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General feedback for the prototype implementation was 
overwhelmingly positive. One user even said this is 
“exactly what I want for Netflix.” The more critical 
comments suggest that this positive impression is not just 
due to the commonly observed “newness factor”, but based 
on educated reasoning. Also, we restricted the subjects to a 
group of early adopters and tech-savvy users. While this 
makes the statements more reliable, it does not allow us to 
generalize observations about intuitiveness and ease of use 
to the general population. This is in fact one of the most 
important and hardest challenges we are facing when 
designing interfaces for online movie databases: that they 
must be so intuitive and easy to handle that even totally 
inexperienced users can work with them (and enjoy doing 
this), while at the same time providing all the necessary 
power and functionality more experienced users are 
demanding for. 

The positive results of our pilot study are based on feedback 
from the latter group, i.e., experienced users. Their 
encouraging comments and positive recommendations 
suggest several improvements, which we will address as a 
next step before testing a revised and enhanced design with 
broader and more heterogeneous user communities. 
Important questions to answer in this context include: What 
textual information should be added? What categories 
should be used and how should they be visualized? And, 
most importantly, what is the optimum tradeoff between 
providing additional information and not overwhelming the 
user or complicating the interaction? Likewise, we need to 
investigate what other functions (e.g., standard search, 
history and “go back” options) should be added and how 
they can best be integrated. 
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7 Conclusion and Future Work
The goal of this thesis was to combine the ease of browsing from visual browsing interfaces with the
information richness of text-based browsing interfaces and in this way stimulate active exploration
of online movie databases. Towards this goal, we presented the concept of visual navigation. With
visual navigation, movie information is presented visually and it allows users to browse related
movies by selecting movie information that they are most interested in. After a successful pilot
study that showed the potential of the concept, we performed two experiments to compare visual
navigation to a state-of-the-art alternative. A controlled lab study and an online study were per-
formed and both studies showed that participants experienced more intrinsic motivation to use the
visual navigation concept. Participants of the lab study also found the visual navigation interface
to be more useful. The studies also showed that participants used movie metadata significantly
more often while browsing with the visual navigation interface. This observation indicates that
participants were exploring the movie database more actively using the visual navigation interface.
The fact that the two studies were performed under very different circumstances but showed similar
outcomes, adds to the strength of the results.

In the annotated appendix, we explored related research domains and discussed how they can
benefit this project. Next, we presented details of the performed experiments that were not covered
by the scientific paper, including a published paper that discusses the pilot study. To showcase
the concept, we demonstrated an implementation of visual navigation where feedback from the
experiments was taken into account. Finally we justified our choice of movie database with a
comparative analysis of four major movie databases.

With this thesis, we presented the visual navigation concept and showed its promise by pre-
senting the results of two experiments. One of the areas where the experiment results differed
was the amount of different types of metadata that users clicked on. For future research it would
be interesting to investigate what types of metadata users are interested in and which metadata
should be presented to engage users the most. We presented movie metadata in a circle around the
movie poster. When one wishes to present more metadata than we do right now, this design is not
feasible. Therefore it is worth exploring other designs to present the movie metadata and visualize
it. Finally, this research project only covered touch screen devices and it would be interesting to
see how it can be implemented for other devices, such as: TV’s and PC’s. These interfaces are
generally different and the way that people use movie metadata might be very different on these
interfaces.
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