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Abstract

Developments in the modern web environment have facilitated the delivery of interactive
web video. However, the �eld of interactive video has seen less e�orts to improve existing
systems in recent times. Moreover, the majority of the improvements were focused on
the presentation side of the content.

With little e�ort being put into improving the video editor experience, they often
lack the appropriate, user-friendly tools to add interactivity to their web videos. With
better tools to work with, editors will be more inclined to produce new interactive video
content, drawing more attention to the topic in general.

This thesis aims to describe the technical foundations of interactive video in general,
before delving into the state of the art of interactive web video. Alongside this thesis,
an interactive web video system was implemented, which combines positive in�uences
of existing web video players and interactive video authoring tools. On one hand, this
system provides editors with a modern way of authoring interactive web videos. On
the other hand, the system also contains a state-of-the-art video player, capable of
presenting the interactive content to viewers.

The developed system represents a basis for further research and might also draw
some additional attention to the �eld of interactive web video. User experience tests
have been conducted to con�rm the correct implementation of the video player and the
video authoring system. The tests show that the proposed system of using JSON to
de�ne interactible elements works for editors without programming experience, but is
not yet the ideal solution, since the JSON format can be too pedantic at times. Concern-
ing viewer experience, the tests show that the implemented video player functionality,
including the interactive features, are well understood and utilized.
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Kurzfassung

Die Entwicklungen im Bereich des modernen Webs haben die Verbreitung von interak-
tiven Videos erleichtert, jedoch hat das Feld der interaktiven Videos in der letzten Zeit
nur wenige Neuerungen erfahren. Auÿerdem waren ein Groÿteil der Verbesserungen auf
die Darstellung der Inhalte fokussiert.

Da nur wenig Aufwand betrieben wird, die Benutzerfreundlichkeit für Redakteure
zu verbessern, fehlt es ihnen oft an den passenden, benutzerfreundlichen Werkzeugen
um Interaktivität in ihre Videos zu bringen. Mit verbesserten Werkzeugen werden Re-
daktuere eher dazu geneigt sein, mehr interaktive Inhalte zu produzieren, was wiederum
mehr Aufmerksamkeit auf das Thema lenkt.

Diese Arbeit zielt darauf ab, die technischen Grundlagen von interaktiven Videos
im Allgemeinen zu erklären, bevor sie näher auf den Stand der Technik im Bezug auf
interaktive Web-Videos eingeht. Im Rahmen der Arbeit wurde auch ein interaktives
Web-Video System entwickelt, das die positiven Aspekte von bereits bestehenden Web-
Video Playern und interaktiven Video-Autorensystemen kombiniert. Einerseits bietet
das System den Redakteuren einen modernen Weg Videos mit Interaktivität zu versehen.
Andererseits beinhaltet das System auch einen Video Player, der dem Stand der Technik
entspricht und dem Zuschauer auch die interaktiven Inhalte präsentieren kann.

Das entwickelte System stellt eine Basis für weitere Forschung dar und lenkt potenti-
ell auch zusätzliche Aufmerksamkeit auf das Gebiet der interaktiven Videos. Die Benut-
zerfreundlichkeitsstudien wurden durchgeführt, um die korrekte Implementierung des
Video Players und des Autorensystems zu gewährleisten. Diese Studien haben gezeigt,
dass das vorgeschlagene JSON System für die De�nition von interaktiven Elementen
zwar selbst für Redakteure ohne Programmiererfahrung funktioniert, jedoch noch keine
ideale Lösung darstellt, da das JSON Format teilweise zu pedantisch ist. Bezüglich der
Benutzerfreundlichkeit für Zuschauer wurde festgestellt, dass die implementierte Video
Player Funktionalität, sowie die interaktiven Features, gut verstanden und angenommen
werden.
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Chapter 1

Introduction

Web video content is a rapidly evolving �eld in the modern web environment. With
YouTube, Net�ix , Twitch and many others being on the forefront, video content and its
display is constantly being re�ned to provide users with the best experience possible. In
order to stay at the top, companies will want to experiment new and interesting features
to attract more viewers. One such feature would be the implementation of interactive
video concepts.YouTube, for instance, has tried this in the past with their annotation
system, but the system was discontinued on May 2, 2017, and replaced by the new, but
more restrictive YouTube end screen and info cards [30].

Interactive video has been a topic of interest since the very early days of video con-
tent. The �rst cinematic adaptation of the interactive video concept was presented in
1967 and featured a voting system which the audience could use to in�uence the trajec-
tory of the �lm at key moments [11]. Even before the era of video production, interactive
stories were a matter of widespread interest. So-called `gamebooks' can be dated back
to 1930, when the concept of in�uencing one's own reading experience through choices
birthed an entirely new genre of books [21]. Nowadays, interactive videos are mostly
used for marketing purposes.

While developments in the modern web environment have facilitated the delivery of
interactive web video, there are still a few issues to be solved until both the viewer and
the editor can have a satisfying experience. While a lot of time has been invested into
making the potential interaction methods useful and understandable, many interactive
video solutions have foregone concerns about the user experience for video editors. The
biggest issue here is, that the developers of those solutions expect their users to be
developers as well, which is often not the case.

1.1 Overview

Chapter 2 aims to provide enough insight into the �eld of interactive video to compre-
hend the information contained in the following chapters. For this reason, commonly
used terms are de�ned for the scope of this thesis. The Chapter continues with a glimpse
into the history of interactive video, to better understand how the developments in the
�eld came to be. Lastly, conventional technology behind interactive video and its pre-
decessors is explained.

1



1. Introduction 2

Chapter 3 is going to discuss the current state of interactive video technology. It will
elaborate on some of the concepts presented in the previous chapter, their developments
and modern day implementations. The Chapter will continue by discussing similar soft-
ware to the proposed video player, since the technology behind those implementations
and the design decisions they incorporate are of interest. The Chapter will conclude
with a number of �elds of application of interactive video technology.

Chapter 4 is intended to display and explain the video player, which was implemented
with the knowledge from the previous chapters, from a technical design point of view. To
start o�, the requirements of the video player are discussed in order to provide a better
understanding for some of the decisions explained later on. To introduce the architecture
of the video player from a logical point of view, the most relevant design patterns for
the conception of the player are presented afterwards. Finally, the important design
decisions that make up the core architecture of the piece of software are discussed and
potential alternatives are mentioned.

Chapter 5 is meant to explain the concrete, inner workings of the video player. The
�rst Section is going to focus on a the core component of the piece of software and
explains how di�erent requirements are implemented within it. Later, the discussion
of the actual implementation of the player progresses through the source code one
component at a time, while introducing important auxiliary modules afterwards. Many
times during the chapter, relevant parts of the implementation are illustrated using code
snippets, which show the corresponding JavaScript code.

Chapter 6 focuses on the usability tests, which were conducted in order to ensure
that the primary goal of this thesis has been met. This goal was the implementation
of an interactive video player alongside corresponding authoring mechanisms in such
a way that the user experience of both viewers and editors is increased compared to
the current state of the art. The �rst two sections are aimed at describing the group of
participants, the testing procedure, and the results of the editor and the viewer usability
test respectively. The third Section displays the opportunities for further improvement
for the video players, which have been deduced from the results of the usability tests.



Chapter 2

Technical Foundations

This Chapter aims to provide enough insight into the �eld of interactive video to com-
prehend the information contained in the following chapters. For this reason, commonly
used terms are de�ned for the scope of this thesis. The Chapter continues with a glimpse
into the history of interactive video, to better understand how the developments in the
�eld came to be. Lastly, conventional technology behind interactive video and its pre-
decessors is explained.

2.1 De�nition of Terms

2.1.1 Interactive Video

According to the de�nition of the Cambridge Online Dictionary, interaction describes
`an occasion when two or more people or things communicate with or react to each other'
[26]. While this de�nition held up �ne in the early days of interactive video, where videos
were shown in a movie theater and the only means of viewer interaction was actually
part of an interaction concept, the de�nition is not quite �tting for modern, online
video content. This is due to the fact, that when following the Cambridge de�nition,
almost all web video content is interactive simply because of its pause functionality.
While it is a very basic reaction of the video player, it is still enough to qualify it as
interactive. Thus, the term interactive video has to be de�ned more precisely in order
to be of any use in the scope of this paper. A better de�nition includes the separation
of conventional interaction elements such as play/pause buttons, as well as a progress
bar with seeking functionality. Common means of interaction that qualify video content
for the interactive tag include:

ˆ clickable subtitles,
ˆ clickable video overlays,
ˆ means of changing the video view (e.g. a button to toggle CGI1 e�ects within a

video),
ˆ processing of camera, microphone or similar input data with e�ects on the video.
1Computer-generated imagery

3



2. Technical Foundations 4

2.1.2 Viewer

The viewer of a video is, simply put, the consumer of the video content. This de�nition
�ts the context of interactive video as well. Additionally, the viewer is also the person
interacting with the video player and he is the main target of all interaction concepts.
While it is naturally possible for multiple individuals to consume a video at the same
time, interactive videos are not commonly suited to be interacted with by several people
at once anymore. In the past the input of multiple viewers was accumulated to determine
a single course of interaction for the video, e�ectively making the video still controlled
by one input.

2.1.3 Editor

The editor of a video is usually the individual making the creative decisions about the
arrangements of certain shots to create a complete video. While this might �t interac-
tive videos as well, this thesis requires a special de�nition of editors. Since the video
player implementation is speci�cally targeted at the ORF, the Austrian broadcasting
corporation, the term describes people not actually involved in the technical part of the
video production. ORF editors investigate issues, interview people, write stories and
�nally, add means of interaction to videos. Due to this circumstance, editors are going
to have little technical knowledge, meaning that they need an easy way to de�ne those
means of interaction.

2.2 History of Interactive Video

2.2.1 Gamebooks

Gamebooks are books which allow the reader to in�uence the progression of the plot
via his own decisions. After reading through a section of the book, the reader is usually
presented with a choice of narrative branches. Each choice contains a page number
the reader has to turn to if he chooses that path [20]. While not technically falling
into the speci�cation of video content, gamebooks have most certainly in�uenced the
way interactive video has developed. After all, most movies are cinematic adaptions
of books, so the step from interactive books to interactive movies was an inevitable
one. gamebooks can be seen as early as 1930, when Doris Webster's and Mary Alden
Hopkins's bookConsider the Consequences[21] gave birth to the genre. Another relevant
addition to the genre are theChoose Your Own Adventurebooks, where the reader takes
up the role of the protagonist in various fantasy scenarios.

2.2.2 Interactive Cinema

Just like gamebooks, interactive movies feature a branching story line which the viewer
is given control over at key moments. In the case of a showing within a cinema, interac-
tive movies provide viewers with voting devices connected to an in-house system. Using
those devices, the audience would cast their vote to determine the path of the story
that is going to appeal to the majority of them. The interactive movie experience Ki-
noautomat [11] by Radúz ƒin£era, was �rst shown in 1967 and is commonly considered
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Figure 2.1: A sample survey question about super powers found onSnapApp [27].

the �rst cinematic adaptation of the interactive video concept. Note that voting system
of Kinoautomat was not yet automated, but instead operated by a manager appearing
on stage to ask the viewer about their choice.

2.2.3 Interactive Web Video

Nowadays, interactive videos are mostly used for marketing purposes in the web. Online
marketing in the form of videos can take up varying forms and might not directly
promote a single product, as long as they create awareness of the brand. Those varying
forms include:

ˆ videos with branching story lines,
ˆ videos with included surveys (see Figure 2.1),
ˆ interactive video guides.

2.2.4 Video Games

In a broader sense, video games can also be considered a form of interactive video.
Although this topic quite exceeds the scope of this thesis, there are a few games that
�oat elegantly between being a movie and being a game. For example, many ofTelltale's
games [29], as well asSquare Enix's Life is Strange[28] are renowned for letting their
players make major decision within the plot. In addition to that, there are many sections
the players get to explore with complete control over the game characters. Still, some
among the gaming community do not consider those `experiences' real games, since
they lack meaningful gameplay features apart from navigating the free play segments
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and reacting to Quick Time Events2. Nevertheless, these games are relevant as a way
of bridging the gap between traditional games and non-interactive video content.

2.3 Technology behind Interactive Video

2.3.1 Gamebooks

While the technology behind books is not exactly noteworthy, gamebooks have made
clever use of printing conventions, namely page numbers, to create the immersive, in-
teractive experiences they are famous for [20]. A gamebook traditionally lets the user
decide how the story is going to unfold on many occasions throughout the book. For
example, a character from the book might have an encounter with a black bear. The
bottom of the page might then read:

ˆ To play dead, turn to page 18.
ˆ To �ght the bear, turn to page 27.
ˆ To run from the bear, turn to page 36.

Naturally, having the story scattered around within the book has downsides. The book
can no longer be read comprehensively from the front to the back, so potential readers
have to be informed about the process before they start reading. From a programmer's or
mathematician's point of view gamebooks are also interesting, because their non-linear
paths can be displayed as directed graphs3 [24].

2.3.2 Interactive Cinema

Before the invention of relevant technology for creating interactive video experiences,
the interactivity had to be provided manually. Moderators had to appear on stage to
poll the audience for their choice of in-movie actions and projector operators had to
swap out the movie reels accordingly. The invention ofLaserDisc [5, 6] revolutionized
this work�ow signi�cantly. LaserDisc is a home video format and the �rst commercial
optical disc storage medium, but in contrast to movie reels or VHS tapes,LaserDiscs
allow for random access of the video material, while the others would require tedious
rewinding and fast-forwarding to get to speci�c points. This meant, that chapters and
other video segments could be arranged in a way similar to gamebook pages.LaserDisc
players connected to a joystick could then use its input to react to the viewers actions.
Despite being very relevant for the progression of interactive video,LaserDiscs have
not been able to gain a major foothold within the home entertainment industry. They
were quickly replaced by DVDs and DVDi4 technology. This step removed the need for
additional equipment like joysticks and further promoted the interactive genre through
the inclusion of DVD playing function in gaming consoles such as thePlaystation 2.

2Quick Time Events are sections of video sequences which demand quick reactions from the player.
Depending on the player's success, the sequence can go di�erent ways.

3A set of nodes or vertices, connected by lines.
4DVD interactive
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Figure 2.2: Split-face portraits of Warcraft [25] actors and their CGI counterparts.

2.3.3 How Video Games Di�er from Videos

From an outside point of view, an in-game cutscene might not di�er much from a movie
scene, but from a more informed perspective, those two boast a fundamental di�erence.
A modern day video game cutscene is created using the game engine to let the 3D
models of the game's characters perform preset actions within the game's environment.
The scenes are rendered dynamically on the player's machine. In contrast to that, movie
scenes are pre-rendered [3]. The usage of 3D models for movie scenes depends on the its
type, since animated or CGI using movies are utilizing 3D models and/or environments
as well.

A good example for the e�ects of CGI can be seen in Figure 2.2. These di�erent
styles of video production have developed alongside each other to cover the needs of
two varying markets. The game approach provides adaptability, seamlessness, and low
memory consumption. Game cutscenes can easily be adjusted to minor changes within
the environment, don't di�er much from the imagery the player sees during gameplay
and do not use much space, since the cutscene assets are recycled. On the other hand,
the movie approach provides higher quality, low processing cost, and stability. Since
movies are not required to be rendered in real time, the can opt for a much higher
quality than game cutscenes. At the same time, the require almost no processing power
on the viewer side, since the video player only needs to read and display the video
data. Furthermore, movies can be expected to look the same on every device. Video
data can only be interpreted in one way, whereas game engines are more error-prone. In
conclusion, it can be seen that games lean themselves more towards interactivity, while
movies prefer accessibility for a broader audience. Since the �eld of interactive video is
a combination of the two realms, it has to be able to successfully merge their interests
together to produce satisfactory results.



Chapter 3

State of the Art

This Chapter is going to discuss the current state of interactive video technology. It will
elaborate on some of the concepts presented in the previous chapter, their developments
and modern day implementations. The Chapter will continue by discussing similar soft-
ware to the proposed video player, since the technology behind those implementations
and the design decisions they incorporate are of interest. The Chapter will conclude
with a number of �elds of application of interactive video technology.

3.1 Current State of Interactive Video

Gamebooks, as they have been discussed in the previous chapter, still exist and have
a decent customer base. Incidentally, the concept has been combined with the video
gaming sector to produce the Japan-in�uenced genre of visual novels [1]. The dialogue
text in visual novels is sometimes voice acted and all scenes are supported by background
and character visuals, although the characters are not usually animated as one would
expect from a video game.

Moving on to interactive cinema, it can be observed that no attempts to implement
the concept have reached any large scale popularity. This is likely due to a combination
of the lack of individual decision making and the added �nancial burden that would be
put onto cinema owners.

Interactive web video is the �eld that has garnered the most interest over the years,
since interactive video today is mostly used for marketing purposes within the web envi-
ronment. Web technology o�ers a multitude of possible implementations for interactive
video players, ranging from more traditional Flash1-based approaches to more modern
HTML5/JavaScript alternatives. These approaches are further supported by cutting-
edge technology developments in the �eld of modern web, such as theReact JavaScript
library. Many organizations have implemented a form of interactive web video players
and authoring tools, but no o�cial standard has been established yet.

1Adobe Flash Player, a (web) video player released in 1996.

8



3. State of the Art 9

3.2 Similar Software

3.2.1 H5P Interactive Video

H5P is an abbreviation of HTML5 Package and is an open-source content collaboration
framework. The developers ofH5P aim to enable anyone to create and share interac-
tive media using HTML5 [16]. While the HTML5 Package contains many interesting
features, the interactive video part of it is the most relevant here. Its website states
that:

Videos may be enriched with interactivities like explanations, extra pictures,
tables, Fill in the Blank and multiple choice questions. Quiz questions sup-
port adaptivity, meaning that you can jump to another part of the video
based on the user's input. Interactive summaries can be added at the end of
the video. Interactive videos are created and edited using the H5P authoring
tool in a standard web browser.

Technology

H5P is a framework based on PHP, which means that it requires PHP to be installed on
the server that hosts the website. The package is available as a plugin for popular CMSs2

such asDrupal, WordPress, and Moodle, so the editors working with H5P only need to
interact with the framework via a comprehensible user interface. From the perspective
of the user, the package produces an HTML5 video element and uses JavaScript to
manipulate it. This guarantees that all HTML5 compatible browsers will produce a
valid video player with only minor di�erences.

Design Decisions

H5P decided to provide its content editors with a simple video authoring tool, a screen-
shot of which can be seen in Figure 3.1. Paired with an extensive interactive video
tutorial for authors [15], the tool provides its users with many options for interaction
within their videos. The developers have opted to represent many functions with icons
in order to ensure a more compact interface while at the same time avoiding possible
translation issues.

The authoring tool displays the video to the editor as it would be presented to
the viewer, recreating a sort of WYSIWYG3 usability concept. Furthermore, the tool
allows the editors to use drag and drop functionality for drawing and positioning the
interactible elements. This makes sure that even editors with very little experience in
the �eld of video authoring can produce meaningful results with this tool, as long as
they have at least some experience with watching interactive videos, as well as a little
knowledge about the tool's features.

The H5P video player, see Figure 3.2, looks like a conventional video player at the
�rst glance, but its features quickly reveal themselves to the viewers. First of all, the
player provides its users with a bookmark menu, which can be toggled by clicking the

2Content Management Systems
3What You See Is What You Get
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Figure 3.1: A screenshot of theH5P video authoring tool [16].

bookmark button on the bottom left. Bookmarks are listed chronologically, make the
users jump to the corresponding section of the video when clicked, and are also indicated
by vertical white lines along the video progress bar. On the progress bar the users can
also �nd blue and purple markers for additional information, as well as tasks they can
ful�ll. Those tasks and bits of information are displayed on the screen like the `Serving
tips', and `Summary' in Figure 3.2. When clicked, they trigger a popup containing their
respective content. The remaining control elements of the player include a mandatory
play/pause button, a playback rate menu, a sound toggle button, a video quality menu,
and a fullscreen toggle button. After a few minutes of testing the player, a few usability
issues have been identi�ed.

ˆ The player can only be paused by clicking the pause button. Pressing the space
bar or clicking the video does nothing.

ˆ The player can only be muted or unmuted. There is no precise volume control
option.

ˆ When trying to pause the video for the next popup elements, the viewer might
accidentally unpause the video, since the player pauses automatically for some
popups.
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Figure 3.2: A screenshot of theH5P video player [16].

3.2.2 YouTube

When talking about web video content, one can not forego mentioning theYouTube
video empire. The formerly independent, but now Google-owned company has been a
huge in�uence on the web video market since its founding in 2005 [19]. While their
content is not primarily focused on interactivity, they have provided users with the
means for creating interactive video experiences.

Annotations

YouTube's �rst spin on interactive video was the implementation of video annotations.
Through an online video editing tool, users were given the opportunity to add clickable
boxes to their videos. These boxed could lead the viewer to another section of the same
video, a di�erent video, or a YouTube channel. This technology led to the creation of
many interactive videos on the platform. Unfortunately, the system was not implemented
for mobile devices and never received updates to make it more mobile friendly. Thus, the
annotation system was discontinued on May 2, 2017 [30]. This means that annotations
can no longer be added or edited, only deleted. Existing annotations still show when
using a desktop computer. The system was replaced by the implementation of end
screens and info cards.

Technology

The YouTube video player itself is proprietary, so it cannot be used or edited freely. In
order to include the player in a website, developers can make use of theYouTube Player
API , which o�ers an iframe embedding service. The modern video player is based on a
combination of JavaScript and HTML5, so at its core, the player uses a HTML5 video
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Figure 3.3: A YouTube video end screen [12].

element to display the video content. The overlays for the end screen and info card
features are also based on HTML5.

Design Decisions

The YouTube editor studio o�ers its content creators a sophisticated video authoring
tool with many features. The features of interest here are the end screen and info card
tools. As with the H5P tool, the video can be played back to enable precise time-wise
placement of the interactive elements. Info cards can be placed at any time of the video,
while end screen elements can only appear in the last 20 seconds of the video and have
to be at least 20 seconds from the start of the video. Both tools o�er a few di�erent
elements to choose from. End screen elements can promote a di�erent video, aYouTube
playlist, a channel, or a YouTube approved website. In addition to that, info cards can
also contain a poll. Apart from those prede�ned elements, theYouTube content creators
cannot de�ne any elements themselves. Info cards are restricted to appear in the top
right corner of the video, while end screen elements can appear anywhere in the video
area, as can be seen in Figure 3.3. Since info cards only appear in the top right corner,
their informational content is quite restricted. This is alleviated by the fact that, once
clicked, the info cards open up a more detailed menu on the right. Clicked end screen
elements immediately redirect the user to their content.

3.3 Fields of Application

3.3.1 Educational Entertainment

The BBC4 Research and Developmentteam has produced a new way of expanding
peoples culinary expertise. The project calledCook-Along Kitchen Experience or, in

4The British Broadcasting Corporation (BBC) is a British public service broadcaster.
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Figure 3.4: A comparison of two oppositeGive A Fuller Life video states.

short, CAKE [2] became publicly available in 2016 and represents a prime example
of interactive video content. At the beginning, the application o�ers various recipes to
choose from. Then the user is asked a few basic questions about his kitchen environment
and the number of guests he wants to cook for. With this information the application
builds a directed graph of video guide snippets. The user is then shown the snippets
one by one and is given a chance to review and replicate the cooking steps at his own
pace. After each step, the guide pauses and waits for con�rmation that the trainee has
completed the instructions. This way, even the most helpless cooking apprentices are
able to create a delicious dish.

3.3.2 Cognitive Rehabilitation

In their paper [7], Martinez-Moreno et al. have elaborated on the use case for interac-
tive video concerning cognitive rehabilitation for neurologically impaired patients. They
planned to have patients deal with activities of the daily life via an interactive video
environment, allowing them to navigate those situations at their own pace, while being
closely monitored by the therapists conducting the experiment. The team mentions that
the means of interaction with the video have to be optimized to resemble the real life
scenario and to provide a satisfying user experience.

3.3.3 Interactive Experiences

In their video, titled Give A Fuller Life [18], the organization Mended Little Hearts
presents users with a short animated clip in the day of a child protagonist with a serious
heart defect. Depending on how much the users are willing to donate toMended Little
Hearts, more details, such as music, environment and additional characters, are added
to the video. In Figure 3.4 we can see the di�erent video states inGive A Fuller Life .
The right half of the Figure displays the video when the user does not want to donate
at all, whereas the left half displays the video when the user is planning to donate 20$.



Chapter 4

Technical Design

With the knowledge from the previous chapters, an implementation of an interactive
video player was produced. A screenshot of the resulting video player can be seen in
Figure 4.1. This Chapter is intended to display and explain the implemented video
player from a technical design point of view, while the next Chapter is going to concern
itself with a less theoretical approach.

To start o�, the requirements of the video player are discussed in order to provide
a better understanding for some of the decisions explained later on. To introduce the
architecture of the video player from a logical point of view, the most relevant design
patterns for the conception of the player are presented afterwards. Finally, the important
design decisions that make up the core architecture of the piece of software are discussed
and potential alternatives are mentioned.

Figure 4.1: A screenshot of the implemented video player's poster screen.

14
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4.1 Video Player Requirements

Since a crude interactive video player with little functionality can be developed within
minutes, some requirements for the implementation had to be set up beforehand to guar-
antee a desirable outcome. These requirements align themselves to common practices
concerning modern video players, as well as ideas provided by the editors. They a�ect
the look and feel of the video player on the frontend side as much as the inner workings
of the backend components. Consequently, an intended work�ow for the video player in
a production environment has been developed alongside the video player requirements.

4.1.1 Intended Work�ow

For the video player to be any bene�t for the editors, they have to be able to create and
manage the interactive video content themselves, without any help from a developer.
Concerning videos, this is taken care of by the content management system, so there
is no di�erence to a conventional video player. Ideally, the CMS should support the
means of interaction of the video player as well. This way, the editors would simply
have another few text boxes to �ll out and the interactive part of the video would be
done. Unfortunately, the means of interaction have to be addressed separately, since no
CMS is going to support such a custom made functionality automatically. To achieve
the best possible editor experience, the process of adding interactivity to video content
should be kept as straightforward as possible, while making use of work�ow patterns
the editors already apply in other �elds. More on the topic of keeping the authoring
experience simple can be found in Section 4.3.5.

4.1.2 Deduced Requirements

Composing common practices found within other popular video players along with the
suggestions from the editors, a few requirements for the interactive video player could
be established. The technical design decisions described in the following sections have
proven to be bene�cial for ful�lling those requirements:

ˆ clean, but appealing control elements, look and feel,
ˆ buttons for rewinding and fast-forwarding the video,
ˆ buttons for toggling high de�nition, subtitles and fullscreen,
ˆ moving preview images with a play button and optional text,
ˆ support for all modern browsers,
ˆ simple authoring of interactive elements.

4.2 Design Patterns

A pattern is a schematic solution to a commonly occurring problem. As such, design
patterns are schematic solutions to common software design problems. The patterns
are an essential part of a structured approach to software development, as they bridge
the gap between programming paradigms and concrete algorithms [4]. As any piece of
well designed software, this video player implementation also makes use of a few design
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patterns. The most notable and de�ning patterns are going to be discussed within this
section.

4.2.1 Composite Pattern

The composite pattern is a structural design pattern, which states that a group of
objects is treated the same way as a single instance of those objects would be treated.
John Vlissides et al. [4] describe the basic intent of the pattern as follows:

Compose objects into tree structures to represent part-whole hierarchies.
Composite lets clients treat individual objects and compositions of objects
uniformly.

With the video player being based on theReact JavaScript library 1, the pattern was al-
most unavoidable to begin with. Similar to plain HTML, React components are treated
as composites and can thus contain any number of additional components within them.
The implementation makes use of this pattern to split certain functionality o� to
reusable, lower-level components, such as the button component. The player compo-
nent provides its buttons with the necessary data for them to function and the buttons
handle their repetitive but necessary setup process themselves.

4.2.2 State Pattern

The state pattern is a behavioural design pattern describing the change of software
behaviour based on an internal state [4]. React components are naturally built on the
concept of keeping a component state object to track the current state of the component
and also to determine how the component is supposed to be displayed at a given time.
Since any state update triggers a redrawing of the component, the state pattern becomes
an integral part of the React component lifecycle.

Expanding further on the concept of states, theRedux2 JavaScript library provides
a predictable state container, while also changing the state handling rules slightly. A
React application using Redux no longer has a state container for each component, but
one state container for the entire application. Redux users refer to this as the principle
of a `single source of truth' [9], additionally stating that:

This makes it easy to create universal apps, as the state from your server
can be serialized and hydrated into the client with no extra coding e�ort.
A single state tree also makes it easier to debug or inspect an application;
it also enables you to persist your app's state in development, for a faster
development cycle.

Although the prospect seems interesting for the video player, it does not currently utilize
the Redux library. Once the application expands to have more components and more
deeply nested sub-components, the implementation of the library can once again be
considered.

1https://reactjs.org/
2https://redux.js.org/
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4.2.3 Observer Pattern

The observer pattern is another behavioural design pattern. It describes the concept of
an m to n relationship between an object of interest and its dependents, called observers,
wherein the dependents are automatically noti�ed and updated once a change within
the state of the object occurs [4]. The pattern is implemented within the video player
through the use of JavaScript event listeners. Usually, those listeners consist of a single
function, which is called once a speci�c event occurs. The listeners can be attached to
various HTML elements, such as buttons and video elements. Those elements keep track
of their attached listeners and take care of executing the functions.

React does not interfere with basic JavaScript event handling, but adds some more
events in connection with theReact component lifecycle, which components can react to
as their developers see �t. The video player implementation keeps track of many events
which are the result of user interaction, such as clicks on the video player and resizing
of the browser, but it also observes events which might not necessarily be connected to
a user's input. Most notably, these events include information about the video playback
progress, as well as a perpetually repeating function maintaining a healthy state of the
player.

4.3 Design Decisions and Alternatives

At many points during a software development project, developers and designers �nd
themselves at a virtual crossroads. Decisions for one or another approach, language,
framework, or design have to made. To make an informed decision about such matters,
many alternatives to the proposed options have to be considered. This Section presents
some of the more important decision which have been made during the video player
development.

4.3.1 Building the Player from Scratch

Very early in the implementation process the decision to build the player from scratch
has been made. This meant that the starting point of the video player was a very basic
video element (see Figure 4.2) and all the required features had to be designed, created
and added to this basis manually. A diagram depicting the architecture of the resulting
video player can be seen in Figure 4.3. This decision meant opposing the utilization of
video player frameworks such as

ˆ H5P3 (see Figure 3.2),
ˆ JWPlayer 4,
ˆ Flowplayer5.

Adapting one of those preassembled video players would have greatly increased de-
velopment speed at �rst, since a lot of the functionality would have been implemented
already, but such a decision would also have severely limited the freedom of choice when
it comes to the visual representation of the player, as well as its basic interaction design.

3https://h5p.org/
4https://www.jwplayer.com/
5https://�owplayer.com/




	Declaration
	Abstract
	Kurzfassung
	Introduction
	Overview

	Technical Foundations
	Definition of Terms
	Interactive Video
	Viewer
	Editor

	History of Interactive Video
	Gamebooks
	Interactive Cinema
	Interactive Web Video
	Video Games

	Technology behind Interactive Video
	Gamebooks
	Interactive Cinema
	How Video Games Differ from Videos


	State of the Art
	Current State of Interactive Video
	Similar Software
	H5P Interactive Video
	YouTube

	Fields of Application
	Educational Entertainment
	Cognitive Rehabilitation
	Interactive Experiences


	Technical Design
	Video Player Requirements
	Intended Workflow
	Deduced Requirements

	Design Patterns
	Composite Pattern
	State Pattern
	Observer Pattern

	Design Decisions and Alternatives
	Building the Player from Scratch
	Using Plain HTML5
	Overlays
	Overlay Positioning
	Using JSON for Overlays
	Video Formats and Streaming


	Implementation
	The Core Component - Player
	Video Elements
	Control Bar
	Overlays

	Auxiliary Components
	Button
	ProgressBar and VolumeBar

	Auxiliary Modules
	Overlay Source Management
	Video Source Management
	Mobile Detection
	Subtitle Parsing


	Evaluation
	Editor Experience
	Participants
	Procedure
	Results and Discussion

	Viewer Experience
	Participants
	Procedure
	Results and Discussion

	Opportunities for Further Improvement
	Minor Changes
	Adaptive Quality
	Progress Bar Preview
	Authoring Tool


	Conclusion
	Outlook

	References
	Literature
	Online sources


