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Utforskning av teknik och design för interaktiv TV på 
tvOS: Ett frågeprogram som exempel 

 
SAMMANFATTNING  
Detta projekt utforskar möjligheten att använda ”smarta” mediaspelare till TV-apparaten som plattform för interaktiva 
TV program. Forskningsmetoden var forskningsbaserad design där en prototyp designades och utvecklades som sedan 
utvärderades med användartest. Projektet använde sig av TV-programmet ”På spåret” som scenario och en applikation, 
som tillåter användare att spela med i programmet, utvecklades till Apple TV och tvOS. Applikationen implementerade 
model-view-controller-arkitektur och använde sig av ramverken AVFoundation samt UIKit för att skapa interaktiva 
överläggsvyer på en video-vy med strömmande video. De interaktiva inslagen synkades med videon med hjälp av 
metadata. Användartesterna visar på att det interaktiva TV-programmet ökade både i underhållningsvärde och i 
exaltation hos testpersonerna. Vidare slutsatser är att interaktivitet kan implementeras både under spelande och pausad 
video, och vilket man väljer är det som passar videoinnehållet bäst. Multimodala interaktioner såsom gester och feedback 
med ljud rekommenderas baserat på användartesterna. 

I detta projekt presenteras också en lösning för användarinput med fjärrkontrollen. Med ett virtuellt tangentbord filtrerar 
användaren ut sin inputdata utifrån en bestämd datamängd, vilket minimerar antalet skrivna bokstäver. Användartester 
bekräftar att filterlösningen är ett bra alternativ för inmatning i en specifik kategori av tillåten input. För helt fri 
textinmatning behövs dock bättre metoder. 
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ABSTRACT
This project explores the ability to use “smart” media de-
vices for the TV set as platforms for interactive TV shows.
The research approach was research-based design where a
prototype was designed, developed, and evaluated with user
tests. The project used a Swedish television game show
called “P̊a sp̊aret” and an application for tvOS on Apple
TV was developed, which allow users to play along with
the show. The software implements a model-view-controller
architecture and uses the AVFoundation framework for play-
ing video streams together with the UIKit framework to cre-
ate interactive overlay views. The interactive elements were
synchronized with the video by the usage of metadata. The
user test results show that the interactive TV show gained in
both entertainment and excitement among the users. Fur-
ther conclusions are that interactive elements can be avail-
able both during playing or paused video and the context
should decide which mode. A multimodal interface with
gestures and sound as feedback seems to be a good option,
based on user tests.

This project also presents a solution for user input with the
remote, using a virtual keyboard together with filter func-
tion. The user filtering out the input from a data set to
minimize the typing of letters. User tests show that the fil-
ter solution seems to be a good option for text input in a
specific domain or category of allowed input. However, for
free text input, a better method is required.

Keywords
Interactive TV; iTV; interactive video; first-screen interac-
tive TV; tvOS; Apple TV.

1. INTRODUCTION
Interactive TV and video has been a discussed topic for
years. Technology has enabled viewers to interactively con-
trol and get access to information connected to the TV pro-
gram they are watching. Surveys at SVT1 show that there
is an interest among the viewers for the TV program format
to evolve as the technology advances. Technology creates
room for creativity within the TV program format by cre-
ating hybrid media content of traditional TV programs and
software applications.

1Sveriges Television, the Swedish public service television
company

Many studies have explored the ability of using so-called
“second screen”, i.e. using your mobile device such as smart-
phone or tablet to interact while viewing the video on the
TV screen. A second screen can be useful to control, share,
enrich, and transfer television content [4]. However, smart
media devices for TV sets give the same opportunity of in-
teraction directly with the TV - on the ’first screen’. For
examples, Android TV and tvOS (based on iOS for mobile
devices) are operating systems especially made to be dis-
played on the TV and give the opportunity to build apps
just as smart as second screen-technologies. The tvOS is
introduced in the Apple TV 4th generation, which also en-
ables users to use multimodal interactions such as touch and
gyro with the remote control [1]. The objective of this study
was to explore how interaction can be added to video with
media devices for TV sets, to identify technical possibilities
and design requirements.

1.1 Research question
Usage of interactive TV might be to add interactive elements
with UI widgets such as buttons and forms. Scenarios can
be to let the audience answer questions or participate in
polls. To put it in a context, this project uses a television
game show called “P̊a Sp̊aret” as a scenario. The experi-
ment is to research if it is possible to develop an application
for a “smart”media device to create an interactive TV show
where the audience can interactively participate in the game,
from home in their sofas. Thus the research question for this
project is:
- Can media devices for the TV set, such as Apple TV, be
used as a platform to develop applications for interactive
television game shows?

The aim of the study is to evaluate technology and design
concepts to come up with recommendations for interactive
“first screen” TV applications. Technologies used for this
project are Apple TV 4th generation, but the aim is not
to only restrict findings for the chosen platform, but rather
findings that can be applied for applications on Android TV
and other TV platforms as well.

1.2 Presentation of the show
“P̊a sp̊aret” is a television game show about geographical
places. Two di↵erent teams play against each other, sitting
in metaphorical trains. There are four distinct game ele-
ments in the show: The destination - players watch a video
where a vehicle is heading towards an unknown destination,
and the players are guessing where during a distinct time as
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they are given clues; Destination questions - each team an-
swer to questions about the mentioned destination; Who’s
there - a person guessing game similar to “the destination”,
but only the team who’s guessing first gets any points; Mu-
sic quiz - the teams listen to a music performance and the
teams are given questions about the music. The teams pull
an “emergency break” to denote when they want to leave an
answer in“the destination”and“who’s there”game elements.

2. BACKGROUND
2.1 Defining interactive TV
Interactive television, iTV, can mean several things and take
several approaches. Usage of interactive television can be de-
scribed in four di↵erent categories [7]. The first one is inter-
net access on TV. Allowing the users to access the internet
with the TV set enables development of tools for interaction
with others, e.g. commenting on a movie. The second mode
is interaction with the program sequence, as the user interac-
tively choose what to see, i.e. using an interactive program
guide for program selection or recording a sequence for an
example [7]. The third category is interaction with the con-
tent, e.g. choosing di↵erent endings of a movie, triggering
interactive events due to the content such as commenting in
real-time or answering a question, or choosing camera angle
of a sports event. The forth one is connecting the TV to
other devices, which enables all of these above modes [7].
Apple TV is such a device. However, this project explores
the ability of using the third mode.

2.2 Interaction techniques
A multimodal interface allows the user to interact and re-
ceive feedback in di↵erent modalities, e.g. touch, gestures,
visual interfaces and auditory communication channels [8].
However, there is a myth that only because an interface is
multimodal, the user will interact multimodal [13]. Mul-
timodalities can be used as fission, i.e. extracting data to
di↵erent channels, or as fusion, i.e. integrate di↵erent sig-
nals for interaction [8]. As the Apple TV allows multimodal
interactions, such as using both gesturing on the touch pad
and clicking, there are some concerns to take while design-
ing for such technologies. A guideline is that modalities
should be integrated in a manner compatible with user pref-
erences and capabilities [8]. A model to use are the CARE
model; complementary - assignment - redundancy - equiv-
alence. Complementary means that the user uses di↵erent
modalities for achievement, assignment means that only one
modality leads to desired action. Redundancy means that
several modalities can be used at the same time but only one
taken to account, and equivalence implies individual usage
of multiple modalities that leads to the same meaning [8].

When it comes to user input methods, a study by Barrero
et al. [2] investigated and evaluated di↵erent methods for
text input with a remote control. A good method for sim-
ple texts is multi-tapping - mapping several characters to
one button and choose between them by pressing them sev-
eral times - which is between 12% and 34% faster than the
fastest virtual keyboard [2]. When it comes to more com-
plex texts a virtual keyboard presents the same or faster
writing speeds with significantly lower error rates. The Ap-
ple TV remote, however, has no number buttons and only
a touch pad, which only supports virtual keyboard of these

two methods. Speech input would be another approach, as
the tvOS with remote are equipped with Siri - a natural
language processing software - but not yet supported for
Swedish [1].

2.3 Design principles for interactive TV
Interactivity in all contexts are not always preferable [5], be-
cause the nature of watching TV is passive and can instead
be disruptive. However, there are video content where inter-
action could enhance entertainment experience if the content
is subtle and topical [5], e.g. controlling sports statistics,
play-along with the players of quiz games, or vote. [5] dis-
cusses design principles adapted to interactive television UI
design and addresses it in eight sub sequences. The four
first is about which are the most suitable features for TV
applications. The last four addresses how to design user
experiences that supports novel features.

1. Viewers as directors
The principle is to empower the viewer with features bor-
rowed from a TV production studio. This means that the
interactive elements should be features of the running con-
tent to make it enrichment instead of disruptive. Examples
are voting, controlling sports statistics, or play-along with
the players of quiz games [5].

2. Infotainment
The next principle is to provide interactive entertainment el-
ements or on-demand information elements that match the
main TV content. As television content vary from documen-
taries to pure entertainment, and the entertainment expe-
rience is largely subjective, it is suggested that informative
elements should be closely related to the content [5]. For ex-
ample, elements in an animal documentary should only con-
tain facts and trivia about the animals, meanwhile a funny
joke about the animal might be disruptive.

3. Participatory content authoring
Studies have shown that the viewer is not always the end of
the content value chain, the viewer should instead be consid-
ered as a node in the production-distribution-consumption
chain [5]. Due to the rise of web media, like YouTube, where
the users can change the way they consume audio-visual me-
dia, studies show that users may in fact want this feature
[5]. The third principle is to involve the user in lightweight
content editing, such as annotations and virtual edits [5].

4. Diverse content sources
The fourth principle, and the last suitable feature, is that
designers should release the content from the fixed broadcast
source and augment it with out-of-band content delivery. It
can mean that an appropriate UI for content delivery should
allow the user to customize the preferred sources of addi-
tional information and video content [5].

5. Social viewing
A constraint of interactive TV is that there is often only
one remote control, thus only the one person that is holding
the remote control are able to actively interact. However,
TV usage is considered a social activity. The design princi-
ple is to consider social viewing and opportunities for social
communication that might take place locally, or remotely [5].
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6. TV grammar and aesthetics
An aesthetic design principle is to enhance the core and fa-
miliar TV notions (e.g., characters, stories) with programmable
behaviours (e.g., objects, actions). A common pitfall is to
use UI widgets directly derived from the PC. In contrast,
which is also in sharp conflict with the traditional usabil-
ity principles, the presentation style of interactive elements
should be dynamic and surprising [5].

7. Relaxed navigation
As a principle, support relaxed exploration. That means
that the navigation should be subtle and not enforced by the
user [5].

8. Multiple levels of attention
A common pitfall when designing UI’s for television is that
designers take for granted that the TV viewers are always
concentrated on the TV content. However, that might not
be the case and TV usage can take many forms. A design
principle is to consider that users might have varying levels
of attention to the main display device, or to the comple-
mentary ones [5].

2.4 Software architecture and design patterns
When it comes to software design and interaction program-
ming paradigms, a design-pattern to develop user interfaces
is model-view-controller, or MVC [3]. This architecture is
suitable for client applications, and also widely used in dif-
ferent forms in web applications. In a related study, the
MVC model is applied in an iTV project and is a suggested
design for iTV applications [18].

2.4.1 Model-view-controller

The MVC design pattern describes the interface of an object
in a triplets of objects [3]. The information that needs to be
persisted and interacted with is represented by a model. A
view is a graphical representation of the data in the model
for the user. The controller acts on user input and inter-
prets and transform data into the model. The model then
notifies its view through the controller, so the display can
be updated [3].

2.4.2 Synchronization and media semantics

Applications with interactive TV content can be divided into
three groups; applications that have no relation with the
semantic content of the audio or video, applications that
have a relationship but without synchronization restrictions,
and applications that have relation with the media semantic
content [16]. That kind of applications di↵ers in flow aspects
from other applications. Feedback not only depends on user
interaction, it is also depends on the semantic content of the
media, and thus synchronization is necessary. A method for
this is to set anchors for interactivity points where content
is known in advance [11]. Metadata is used to add semantic
information about the media [9], and anchors can be added
in a set of metadata and which links to an interactive event.

2.5 Related work
In a related study, a Java-based mobile application was in-
tegrated and synchronized with a television game show to
enable users to play along [17]. The study showed that inter-
activity was in general appreciated among the participants

and viewers’ appreciating the passive version also took in-
terest in the interactivity. Interactivity added value to the
viewing experience and made it more exciting and involving
to the audience. Eighty percent of the participants stated
their interest in future interactive TV shows.

3. METHOD
3.1 Design setup
The research approach was research-based design where con-
cepts and ideas was tested and evaluated by developing a
prototype, which works as the hypothesis [10]. Zimmerman
et al. [19] propose to embrace an iterative approach of the
design process in human-computer interaction studies. The
process of the prototyping phase was to first design interac-
tions and interface, i.e. how and when the users was going
to interact. Methods used was storyboarding, which is a
method for low-fidelity prototyping [15], and rapid “online”
prototyping with computer tools for quick evaluation of de-
signs [3]. This phase was iterative by constantly obtaining
feedback from stakeholders and other people available and
reworking designs. The feedback was obtained by the“Quick
and dirty” paradigm, which is a common practice to infor-
mally get feedback of a design from users or other persons
in interest [15].

An evolutionary prototype was then developed. This means
that the prototype is a full interactive version with tech-
nology in mind and it simulates how it would work in a
production environment [3]. The prototype was developed
for tvOS and tools used was Xcode and Swift programming
language. The evolutionary prototype was evaluated with
user tests.

The prototype concluded several design concepts for evalu-
ation: interaction while the video is playing; pausing

the video before interaction; pausing the video af-

ter interaction for further interaction; programmat-

ically manage video based on user interaction (cut-

ting parts out of the show); using touch-gestures for

more natural feel of interaction; synced feedback to

the TV content instead of after user responds; and

provide alternative interactive elements correspond-

ing to the TV content.

The last phase was to explore di↵erent methods for text
inputs for the prototype on the chosen platform. An experi-
ment was done by developing a virtual keyboard and a filter
function for user input.

3.2 Software design
The application was developed with Swift, which is a com-
piled multi-paradigmatic object-oriented language [1]. Main
libraries used was UIKit, a framework for programming UI
views and controllers, designed to be implemented with the
MVC pattern. The AVFoundation library was also used
which contains AVPlayer - a player for audio and video that
supports HLS streams. An interface for player controllers,
called AVPlayerViewController, is included in the AVFoun-
dation. However, this interface does not support interactiv-
ity in overlay views. For this reason, a custom view con-
troller was developed.

The UI for the interactive video is built with two views on
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Figure 1: Software design and data flow.

top of each other - one containing the video player view
and one overlay with interactive UI widgets. The design
was implemented using one controller for the video player
view and overlay views. The controller attaches video an-
chor points to the video with callback functions bounded to
a time observer on the player object. The callback functions
are triggered at specific times and rendering di↵erent UI ele-
ments in the overlay view. The controller also listens to user
interaction, which trigger di↵erent events both in the video
view and the player view, such as pausing/playing the video,
select answers, and adding points. A class, that works as the
model, holding all the necessary data for the controller, in-
cluding objects of metadata for the time anchors, questions
and alternatives, points that the user earns, the URL for the
HLS video stream etc.

As the prototype is of evolutionary kind [3] means no hard-
coded data. Instead the data loads from server as if the ap-
plication was distributed. By doing so, it was easy to place
loading indicators and identify bottlenecks created by inter-
net connection. A simple back-end service was developed
to simulate a real RESTful service. The meta-data for the
video are not structured in XML, instead JSON was chosen
as format. JSON is significantly faster than XML in appli-
cations that uses interchange formats [12]. The server appli-
cation is a simple Node.js server developed with JavaScript,
that responds with pre-structured JSON objects on di↵erent
HTTP requests as a simulation of a distributed scenario.

An UI for choosing show episode is also implemented. As the
user selects an episode, a HTTP response containing an id
of the episode is passed to the custom view controller. The
controller creates an instance of the model as the model then
loads itself with data from the REST API through HTTP.
A visualization of the software design and the data flow is
presented in figure 1.

3.3 User tests
User tests was done with 10 persons between 20-35 years old,
4 women and 6 men, where none of them had used the Apple
TV 4th generation nor the remote control. All of them was
previously familiar to the show. The user tests took place
at home in the test persons’ living room to simulate the way
people usually watch this show - in a relaxed mode. The
user tests were done in small groups of two to four people at
a time. Small groups, preferably 2-3, is suggested by Pem-
berton & Gri�ths [14] because watching TV is considered

to be a social activity between friends and family.

When it comes to user interface evaluation of an iTV UI,
Chorianopoulos & Spinellis [6] suggest di↵erent measure-
ments than traditional UI evaluation paradigm and suggest
an a↵ective UI evaluation methodology that takes the TV
medium into account, i.e. the TV audience and context of
use. Suggested are self-reports as an evaluation technique, a
semi-quantitative approach, where the users’ emotional re-
sponses to TV content should be considered. Di↵erent emo-
tional constructs are: visceral, behavioural and reflective;
which is translated to UI measurements: Feeling states,
engagement, and liking [6] (see figure 2).

A measurement instrument for feeling states is Activation
Deactivation Adjective Check-List, or AD ACL, where the
user can agree on feelings described as adjectives, e.g. feel-
ing energetic, tired, tension, calmness [6]. The test persons
first watched a video segment without any interactive con-
tent. They then filled in a feeling states checklist, where
they agreed or not agreed of eighteen pre-defined words of
feelings. The level of agreement was described in four states;
from agree completely, agree partly, do not know or cannot
decide, to do not agree. After that, they watched a corre-
sponding video segment but with interactive elements and
filled out the checklist once again.

To measure user engagement, time spent with the iTV ap-
plication or skipped events can address that matter [6]. The
test persons watched a new episode, a full length show, to
get the whole experience. Notes from observation was taken
if any interactive sequences were skipped/not performed and
additional observations.

After they watched a full length show, the test persons did
a reflective HQ seven-point semantic di↵erential scale form
based on the design decisions. Hedonic quality, HQ, is an
instrument for liking measurement. HQ corresponds to the
reflective part of the brain and assumes rational judgment
[6]. A seven-point semantic di↵erential scale can be used as
a HQ instrument where two opposites take place on the dif-
ferent ends of the scale, e.g. outstanding - second rate; stan-
dard - exclusive; ordinary - unique; innovative - conservative;
interesting - boring; dull - exiting [6]. The seven-point form
used in this study consisted of fourteen statements.

Figure 2: Three indicative constructs and the re-

spective measuring instruments based on Chori-

anopoulos & Spinellis model [6].
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Additional to the self-reports, the tests ended with unstruc-
tured interviews for qualitative data. The interviews took
form in groups with discussions about thoughts and feelings
of the interactive show, topics based on the design decisions,
and other subjects.

3.3.1 Experimental setup

The feeling states from the AD ACL self-reports was weighted
with scores; 3, 2, 1, 0, where 3 points represent agree com-
pletely, 2 represent agree partly, 1 point for do not know or
cannot decide and 0 for do not agree. The arithmetic mean
and standard deviation was calculated for each feeling state.
The results for each question for the non-interactive video
sequence was compared to the results of the interactive video
sequence by also calculating the mean change and standard
deviation for the mean change of each described feeling. The
mean change was calculated by using the change in feeling
state for each test person.

The mean value and standard deviation was also calculated
for the seven-point HQ form results to see if there was any
significant leaning towards an opinion among the test per-
sons.

A thematic analysis was then also made with the interview
results and the observation results to find any coherence that
could explain the results from the self-reports. The results
are presented in Section 4.2.

4. RESULTS
4.1 Outcome of the prototyping phase
This section explains the results of the design process and
the design decisions for the interactive elements. By adopt-
ing the first two design principles for iTV, empower the
viewer with features borrowed from a TV production studio
and provide interactive entertainment elements that match
the main TV content [5], a suitable transformation was to
enable all the game elements in the show with correspond-
ing interactions for the viewers as the players in the show.
To make it clear who is who in this section, the viewers is
hereby referred as users, and the people that are playing in
the teams in the show, on the TV, are referenced as TV-
players.

Figure 3 shows a storyboard for “the destination” game el-
ement. The interaction was straight forward to transform;
as in the television, the users should be able to “pull the
emergency break” at the point they figuring out the ques-
tion. In other words, the video is played while the users are
guessing, and when they figuring out the answer, the users
interact. The interaction makes the video pause and enables
to leave an answer. The video is then continued as usual.
With the design principles for iTV in mind, the feedback of
correct or wrong answer is not presented right away after
the interaction is made. Instead feedback is given when the
answers are revealed in the show.

In this game element, the design principle to involve the
user in lightweight content editing [5], is applied. As the
TV-players might be answering before the users, that video
sequence is cut out if so is.

Figure 3: Storyboards of the “the destination” game

element.

Figure 4: Storyboards of the “destination questions”

game elements.

Figure 5: Storyboards of the “music quiz” game el-

ements.
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When it comes to the destination supplementary questions,
all the questions in each set are told at once. The TV-
players are then answering the questions in turns of each
team. Thus the user interaction was designed to be between
the revealing of the questions and the replies from the TV-
players. However, each team has a little time to discuss
the questions before they leave their answer. This element
was also designed to be available for the users. Hence the
video was considered to be paused for a certain time as long
as the users are discussing and leaving the answer. Figure 4
shows the storyboard for this game element. Even here is the
feedback of correct or wrong answer not presented directly.
Instead the show continues and when the hosts of the show
reveal the correct answers and handing out the points, the
users also get their points.

The music quiz is based on a live music performance and the
questions are asked before the band starts to play. The TV-
players are then supposed to figure out the answers during
the performance, write it down and tell their answers when
the music ends. The corresponding interaction for the users
is to let them answer during the performance as a metaphor
for writing it down to keep the flow in the show without too
many interruptions. The questions are not told in any order,
and the answer for a question can be found in some specific
part of the performance. The design considers the users to
be able to answer the question in self-imposed order, just like
the TV-players. The storyboard for the music quiz is pre-
sented in figure 5. The last game element is “Who’s there”,
where the teams pulls the emergency break when they fig-
uring out the answer. The interaction flow is similar to ’the
destination’ and the same interaction design was applied for
this element.

To summarize the available interactions, there are two dif-
ferent time aspects of user interactions; user interaction is
available during a specific time space but not at a specific
moment, or user interaction is available on a specific time.
The interactions time dimension mapped to the game ele-
ments is visualized in figure 6.

Multimodal interaction and gestures was considered when
designing the interaction that represents pulling the emer-
gency break. A simple way to for the user could be to click.
However, a more natural way for pulling objects might be
“swiping” gestures on the touch pad, which was considered

E2: Destination questions
E3: Music quiz
E4: Who’s there?

Figure 6: Time-line of a typical ”P̊a sp̊aret” show.

in the design for evaluation.

The next problem tackled was how the viewers should leave
their answer. In the show, the TV-players respond with free
guessing. The most natural way of leaving an answer would
be to speak your answer. However, the Siri remote does not
support speech input in Swedish. The next most similar in-
put would be free word guessing by typing the answer. A
good method for simple texts is multi-tapping [2]. However,
the Apple TV remote just support virtual keyboard as it
only has a few buttons. With that in mind, the design con-
sider another approach by discarding free word input and
replace it with predefined alternatives. Alternatives instead
of free guessing goes against the second principle to provide
interactive entertainment elements that match the main TV
content [5] - the players in the show are not given any alter-
natives. Therefor, this was an experiment to try out these
corresponding, interactive elements instead.

To summarize, there are several di↵erent design concepts in
the first iteration of the prototype: interaction while the

video is playing; pausing the video before interac-

tion; pausing the video after interaction for further

interaction; programmatically manage video based

on user interaction (cutting parts out of the show);

using touch-gestures for more natural feel of inter-

action; synced feedback to the TV content instead

of after user responds; and provide alternative inter-

active elements corresponding to the TV content.

4.1.1 Graphical interface

As alternatives was chosen as a technique for user input, the
design take advantage of the focus engine on the tvOS plat-
form. The focus engine maps the UI content relational place-
ment to a focus environment [1]. The focus moves to the
next focusable element in the preferred direction by swiping
on the touchpad. For example, if two buttons are placed
side by side on the screen, the focus is moved to the right
by swiping right on the touchpad, and back to the left. The
focus engine methods can be overridden to modify the be-
haviour of navigation for a tailored application.

When showing the alternatives on the screen, the focusable
alternative elements where placed in a grid rather than a
list. This design decision was based on that the viewer only
has a certain time to find the answer. A grid placement of
the alternatives minimizes number of “swipes” to move focus
from the first element on the view to the last. This design
was applied to the alternatives views for “the destination”,
“destination questions” and “who’s there?” game elements.
Rapid online prototypes are shown in figure 7. For “the
destination” and “who’s there?”, the view appears on user
interaction - when the viewer “pulls the emergency break”.
To communicate that interaction is available, an image of
the emergency break is displayed on the top of the screen.
Additionally, an instructional label is shown a few seconds
when the game elements begins.

As the music quiz questions are answered during a perfor-
mance in no specific order, all the alternatives have to be vis-
ible during this time. In this case, the alternatives were im-
plemented as dropdown alternatives to make it clear which
alternatives belongs to which question.

6



Figure 7: Rapid prototypes.

4.1.2 Auditory interface

As television shows are media of audio-visual content, au-
ditory feedback was considered in the design. A clicking
sound was considered as feedback when selecting an alter-
native, to clarify for the user that an alternative has been
chosen and not terminated. Sound as feedback was also ap-
plied when the alternative is shown to clarify the time limit
with a ticking sound. A sound feedback is also played when
the emergency break is pulled - the same sound e↵ect used
in the show when the TV-player pulls the emergency break.

4.2 Results from the user tests
This section presents the results of user tests and begins
with a presentation of the data from the self-reports i.e the
AD ACL and the di↵erential scale. Section 4.2.2 presents
the results from the observations and interviews.

4.2.1 Self-reports results

The self-reports show that the greatest change in the eigh-
teen feeling states are found in happiness, excitement, en-
thusiasm, exaltation, involvement, entertainment, sociabil-
ity, festivity, and activity where the average change was at
least 0.5 points in the positive direction. The results also
show that the mean change of the feeling state tiredness
was minus one point on an average, which pointing at that
the interactive version has a perceived invigorating e↵ect.
However, the standard deviation of the feeling states for
the non-interactive, interactive, and change are quite big for
most of the point values, and the only feeling states where
the mean change are greater than the standard deviation are
excitement and entertainment. The results of these feeling
states are shown in table 1. The average score and standard
deviation for all words are presented in appendix A1, and
the mean change in appendix A2.

The results from the seven-point di↵erential scale are pre-
sented in figure 8, where the mean value is the average point

Table 1: Score results for the feeling states excited

and entertained from the AD ACL reports

Excited Entertained

Non-interactive m 1.80 2.10

s 0.60 0.30

Interactive m 1.80 2.10

s 0.60 0.30

Change m 1.80 2.10

s 0.60 0.30

in a scale from one to seven. The questions are presented in
table 2. A mean point value over four means it leans to the
right word in the scale column in figure 8, and below four
to left word. The data from figure 8 show positive results in
all aspects, in general, as the neutral value is four. Notable
results are those where the mean value and the standard
deviation lean to one answer (where m - s > 4 or m + s <
4), which are question 1, 3, 6, 13, and 14 in figure 8. Those
are the questions where the user group statistically agree
on one statement. One notable question is no 3, where the
mean are high (strong) and the standard deviation small.
The test persons thought that playing along with the show
was fun, which also correlate with the results from the AD
ACL, where the feelings that where gained by the interactive
version was entertainment and excitement.

To refer to the design concepts that was supposed to be eval-
uated, the first three - interaction during the video plays,
pausing the video before interaction, or pausing the video
when the user interacted - are answered in question 10,11
and 12. All of them seem to generate a positive experience
for the users with about the same average scores. A slightly
bit more distinctly for interacting while video is paused and
pausing the video after interaction, where the standard de-
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Figure 8: Mean value and standard deviation results

from the seven-point semantic di↵erential scale eval-

uation.

viation of the scores are smaller.

The test persons were not united in the question of cutting
out the TV-players answer if the user has not answer yet,
the fourth concept. The mean value is quite in the middle
and the standard deviation is high (question 8, figure 8).
When looking in to the details of the data, single reports
show both one pointers and seven pointers among the an-
swers. The fourth key design concept, using touch-gestures
for more natural feel of interaction, turned out to be posi-
tive with a low standard deviation in the data set. The fifth
concept, giving feedback synced to the TV content, i.e. let
the players in the show answer before the user gets feedback
of right or wrong, was a positive experience according to the
data with a high average score and low standard deviation
(question 14, figure 8). This result also goes in line with
the design principles [5]. The test scores of the last concept
to provide alternative interactive elements corresponding to
the TV content has a high standard deviation and the replies
are relatively spread - some thought it was not a good idea
of having alternatives when the players in the show are not
given any, while some of them thought it was good, even
fair.

4.2.2 Findings from the observations and interviews

No skipping happened during any of the user tests and all
the participants were engaged in all the interactive elements.
One notable observation is that during all the user tests,
there was a lot of talking between the test persons, both
about the questions but also about trivial topics. None of
the participants had ever used the remote control for the
Apple TV 4th generation, which also made an impact in the
beginning - there was some misses and they selected wrong
answer. In the latter tests, the test persons began with get-
ting familiar with the system and the remote, which resulted
in no misses. This can also explain the large deviation in
figure 8, question 9, because the low points (di�cult) where
only shown in those sets where the test persons did not get
the ability to “warm up” with the device and try out the
remote. The wrong choices made by misses also resulted in
bad atmosphere among the participants for a short time.

Table 2: Questions for the seven-point semantic dif-

ferential scale

No Question Scale 1 to 7

1 The interactive TV show felt... Excluding

to Including

2 In the show, I felt... Separated

to Involved

3 To play along with the show was... Boring

to Fun

4 The experience to play along with Excluding

the show was... to Including

5 To play with others was... Unnecessary

to Important

6 To “swipe” with your fingers to Unnatural

”pull the emergency brake” felt... to Natural

7 To have alternatives felt... Unfair

to Fair

8 When the players answer in the Unnatural

show was cut out felt... to Natural

9 To use the remote to interact was... Hard

to Easy

10 I understood right away how to Disagree

interact... to Agree

11 The experience that the video Disruptive

paused before interaction... to Enriching

12 The experience of interaction Disruptive

while the video was playing was... to Enriching

13 The experience that the video Disruptive

paused when interacting was... to Enriching

14 To watch the players answer before Annoying

we got feedback of how we tot Thrilling

One observation was that the interactive TV show had dif-
ferent e↵ects on di↵erent people in engagement. One person
showed nervousness and less focus on the actual TV show
between the interactive elements, and instead began doing
other things. Other people watched the show more carefully.
One pair of participants discussed the questions so much
that they stopped watching the show and missed when the
answer was revealed.

Results from the open interviews relates to the results from
the self-reports. While discussing the topics about paus-
ing/pausing when interacting/not pausing the video, some
comments was that the di↵erent methods fits better to dif-
ferent game element. Results from the self-reports show that
the participants were divided in the opinions about the con-
cept of cutting out parts felt natural or not based on how
the users had interacted. Interviews revealed that some was
referring to the show - that it was good for the users, others
thought the question was about how natural the film cutting
itself was. One person felt sorry about the missing part that
gets cut out. Quote from the test persons (translated from
Swedish to English):
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“It’s good that their answers get cut out if you have not an-
swered yet, but also a bit pity. You might miss something
funny...”.

“It’s nice but also not nice”.

“I think that they need to customize how they record the show
to make it really good. But if they do, it will be good...”.

And even if the part, where the TV-players in the show
leave their answer, gets cut out, you still get some clues.
Quote from a test person:

“You heard them say ’Haag’ when they were discussing”.

The self-reports also showed that it was not a good idea
of having alternatives when the players in the show are not
given any, while some of them thought it was good, even
fair. One observation is that it gets weird when they think
they know an answer for a question but their answer is not
among the shown alternatives. When discussion the usage of
alternatives instead of free-word input, there were two main
arguments: “it’s cheating” which refer to the fact that the
players in the show are given no alternatives, and the other
about the game’s di�culty level. Quotes:

“It’s good because it gets a little bit easier and you can guess
when you do not know and still play along”.

“It’s also a bit more including when more people has a chance”.

When asking if there was an easy way of leaving their answer
without giving alternatives, more people agreed on that it
might be better - if it is done good and easy. One stated that
the alternatives are good because they keep the flow of the
show, and the others during that interview session agreed.
However, people that was positive to the alternatives said
that they are positive to free-word input too - because that
is how it is when you play for “real” - on the condition of
high usability and easy to use.

The test persons were also asked what they thought about
getting feedback on the screen or getting feedback in their
handheld devices, a second-screen solution. The test persons
showed more positivity to getting feedback in ’first-screen’.

“Now you want stu↵ to happen in on screen”.

“Maybe, write with the mobile could work, but I definitely
want things on the TV screen as well”.

The interviews also resulted in some insights about UI de-
sign. Selection of the wrong answer happened one time when
the buttons were dismissed caused by the time limit, and the
test person tried to select an alternative in the last second
but instead selected next question. During one sequence,
in the beginning of the “music quiz”, an animation with
the instructions take place at the same time as the alter-
natives arrive on screen. Some of the participants missed
the instruction and instead red the questions. Many of the
participants did not see the time limit when the music quiz
alternatives where shown. This was also mentioned several
times in the discussions. There were also comments about

the auditory time signal, the ticking sound. Utilizing the
auditory channel made the players more free to not always
have to look at the screen. One comment is that the ticking
sound also could have accelerated in tempo when the time
is running out.

An overall observation is that the participants where very
engaged in the show during the interactive sequences. A
good quote to end this subsection with is:

“I listened better when I got to be in the game, the show
actually became more fun”.

4.3 Text input experiment results
The next iteration of the prototype implements a virtual
keyboard for text input and a filter function for “the des-
tination” element. The input characters filtering an array
of cities presented in a list view, where the user selects the
word intended (see figure 9). The idea was to make the game
element as close as it gets of free guessing of a city without
having to type the whole name, due to the interaction dis-
comfort of using virtual keyboards in iTV.

The prototype was evaluated with a user test of three per-
sons with the “quick and dirty”-method [15], where two of
them participated in the previous user test and one person
where totally new to the whole concept. Of the two persons
who participated in the previous test, one of them leaned
to being positive to the use of predefined alternatives where
the other one was negative towards using alternatives. The
setting was the same; in a home environment where they
watched a full length show to get in the right mood.

All of them thought the virtual keyboard together with a
filter function was a good method. The two persons who
participated in the earlier test thought using virtual key-
board together with a filter function was better than using
predefined alternatives. When asking the person who did
not participate in the previous test what he felt about us-
ing predefined alternatives instead, he said that he liked this
way better.

However, the filter solution is much slower to use than a se-
lection of six predefined alternatives. Because of that I asked
them how it felt to be the one who did not hold the remote

Figure 9: Print screen of the filter input in “the

destination” game element.
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control and if it could be disturbing to wait and watch slow
typing. They all agree in that they had no problem with
that and was forbearing, because, it made the game element
much better, according to them.

5. DISCUSSION
5.1 Result discussion
The objective of this study was to explore how interaction
can be added to video in “first screen” iTV application for
media devices, to identify technical possibilities and design
requirements. This study shows no preferable mode of how
and when to add interactivity, during paused or playing
video. However, the interview answers point towards that
the video content itself decides which mode are most suit-
able. It might be so that the prototype was designed suitable
for all the all di↵erent modes for each element as the di↵er-
ent modes were applied in di↵erent game elements. Thus we
can discard that one mode is better than another in general.

About enabling programmatic video editing based on user
input, the results showed very di↵erent opinions among the
test-users, but the interviews point towards di↵erent percep-
tion of the question. It might be so that the people who were
valuing to not hear the TV-players answer before they had
answered themselves replied with higher scores, but the peo-
ple who thought about the aesthetic video cutting did not.
Because from an aesthetic perspective, I agree that it does
not feel so natural. Developing a piece of software which
dynamically cuts the video perfectly is a di�cult task. And
even if it is done with some good image recognition tech-
nology that can make good cuts, there are still some video
content left that could give clues to the user. To make it
perfect, a special video edit made for the interactive version
might be required.

The chosen platform, tvOS, is however a platform that can
be used as a target for developing interactive TV applica-
tions, as one of the main intents of the platform is to be
used for streaming video on the TV. The UIKit framework
and AVFoundation can be used to create interactive over-
lay views over a video view, and using the MVC approach
seems to be suitable in the Apple environment. However,
this study does not evaluate other software design patterns
and leave it open to find even more suitable designs. One
of the most critical point for such device, as well as other
media devices for the TV set that uses a remote, are the text
input, which is a huge constraint. The filter function works
good for delimited allowed input, e.g. defined category. One
interesting aspect is that usability is not considered to be the
most important, it is rather the experience of the interactive
element. A harder and slower interaction might be a better
solution if it matches the TV show better.

The significant findings from the AD ACL tests showed that
interactivity in the show gained entertainment and excite-
ment, but in many other feelings state as well among the
participants, e.g. involvement. This is also shown in a pre-
vious study on second-screen which stated that interactivity
made it more exciting and involving [17].

5.2 Method discussion
This study has bias as the test persons where all about 25-35
years old, consisted of 4 women and 6 men, which probably

a↵ected the results. Persons in that age are often more used
to technology and using the apps in their everyday life. The
results might be whole di↵erent if the study is made once
again on 65- to 75-year-old people, which decrease the reli-
ability of this study.

Some concerns regarding the usage of the self-reports must
also be discussed. Firstly, using self-reports, which generates
quantitative data, on such few people decreases the reliabil-
ity. Secondly, the tests are very subjective. An emotional
step from “do not know” to “agree partly” of a feeling state
might not be equal to the step between “agree partly” and
“agree completely” in the AD ACL test as an example, and it
might variate from person to person. The same concern the
di↵erential scale, as a 5 pointer may not be a 5 pointer to
some other person. Conclusions must be considered to only
point to a direction of the reality, but certainly not explain-
ing the whole picture. For more reliable conclusions, the
study most involves more test persons and a control group.

5.3 Future work
First of all, future research would be to validate the con-
clusions of this report with bigger user tests. Further, new
input methods are required to make it easy for the user
to make free word guessing in such a game like this. Fu-
ture research might include testing more ways of user input,
such as gesturing the letters on the touch pad, using fuzzy
logic as some examples. An exciting approach would be to
use speech interaction. Only then can interactive elements
match the TV content more truly if the show demands it.

The Apple TV with tvOS also supports Bonjour, a protocol
for detecting and delegating connections with other units in
a local network. A new way for interactive TV would be
to integrate second-screen with first-screen, having a media
device connected to the TV as a middle node where users
use mobile devices for interaction. It might also be one so-
lution for the text input, as as it might be easier to type on
the mobile device while still providing feedback on the main
screen.

6. CONCLUSIONS
The conclusions of this project is that media devices for
the TV set can be used to create interactive TV applica-
tions. Furthermore, this study demonstrates that interac-
tive TV can gain in entertainment and excitement among
users. When developing for the Apple TV and native tvOS,
the UIViewController can be used together with the AV-
Foundation framework to create interactive video overlay
views. The MVC design pattern is suitable without giving
any restrictions against using other design patterns.

When designing the interactive elements, a conclusion based
on this study is to follow the show as close as possible. In-
teractive overlays can be used both when video is playing in
the background or the video is paused, and should take the
video content and context into consideration when choosing
which mode. For a really good experience, the interactive
version should be in mind already in the production of the
video content. Too many events happening at the same time
in the interactive TV show can nevertheless steal attention
from other events, and should be considered in the design.
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Using multimodal interactions such as gestures and auditory
feedback seems to be good options when suitable. Using a
virtual keyboard together with a filter function is a good
method for text input in a defined and delimited domain of
allowed input. However, for free input, a better method is
required.
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APPENDIX
A. FIGURES OF THE AD ACL EVALUATION
In this appendix are the average scores and standard devi-
ation from the AD ACL evaluation presented. In appendix
A1 are the results from non-interactive version presented
together with the interactive version results. A score of 0
means do not agree with the statement, 1 can’t decide or
do not know, 2 agree partly, and 3 agree completely. In A.2
are the mean change in score together with the standard
deviation presented.

A.1 Average feeling-state scores for the non-
interactive and the interactive versions.
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