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ABSTRACT
Multiple media platforms today are fighting for viewer attention.
Sports broadcasting companies are up against second screen plat-
forms which keep feeding consumers with their constant push-
notifications. Both The Nielsen Company and Apple predicts that
television needs to get more interactive (e.g. AR, VR, eye tracking)
in order to keep up. This paper introduces an eye tracking con-
troller system in order to see if it could aid in this regard. This
controller allows the viewer to look up statistics and other game re-
lated information on-demand on the main screen. A user study was
conducted to determine if this controller could make the viewer
have an enhanced viewing experience than a regular broadcast
while at the same time also evaluated the usability of the system. 14
participants were recruited for the study, aged between 22 and 31
years old. The results indicate that the viewers have an enhanced
viewing experience and find the controller very easy to understand
and use. However, the results do not indicate any increase in visual
attention towards the main screen. To gain further insight into
the possibility of incorporating this system, further evaluation on
a wider age group is needed. It is also recommended to conduct
further research on the possible usage of this controller in different
sports and with various functionality.
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1 INTRODUCTION
Sports engages people. Whether you are competing in the World
Cup or your local low-tier division, you can be sure that there will
be someone cheering for you - it could be your friends, a couple
of locals from the neighboring town or millions of people from all
around the world. Garry Whannel - professor of media arts at the
University of Bedfordshire - describes sports fanship; "while there
are clearly aesthetic pleasures in merely watching a sport performance,
the real intensity comes from identifying with an individual or team
as they strive to win" [40]. The striving to cheer for individuals and
teams has lead to a quick adaptation of new technology into sports
coverage. The first live television broadcast of a sporting event
covered the 1936 Summer Olympics in Germany [34]. This opened
up a new frontier for fans all over the world to follow their favorite
athletes and teams. The business of broadcasting sports on TV has
grown significantly since then [20]. The rights to produce a live
televised sports broadcast are often sold per tournament or league
season to the highest bidder [5]. These broadcast rights more often
than not combines both the rights to broadcast to linear television

as well as the rights to stream over the Internet. The broadcasting
rights for the top two divisions of Swedish football during 2020-
2025 was bought by Discovery Networks for an estimated sum of
about 540 000 000 SEK per year [36]. The rights for the top two
divisions of Swedish ice hockey during 2018-2024 were bought by
C More for an estimated sum of about 570 000 000 SEK per year
[25, 31]. This is not just a trend in Sweden. Premier League (the
top football division of England) and the Swiss ice hockey league
have also sold their TV rights to record-breaking prices [33]. This
indicates that the popularity of watching sports are still on the rise
and that TV companies are willing to pay more and more for the
broadcasting rights.

A big part of the revenue of the broadcasters and other parties
involved are advertisements surrounding the event and in the broad-
cast itself [20]. Keeping the viewer engaged with the broadcast is
key for these companies to get advertisers to buy advertisement
space, but nowadays the attention of the viewers tend to be directed
to an alternative device (e.g. mobile phone or tablet). This is called
second screen viewing [35]. By enhancing the viewer experience
on the main screen, the attention of the viewers will stay there, and
they will be more exposed to the various advertisements surround-
ing the broadcast. Since these ads are a big part of the revenue for
the broadcasters [20], they want to keep the viewer’s attention to
the main screen. More viewer interaction has been introduced to
traditional sports television in order to keep the viewer’s attention
by elevating the viewer experience - e.g. live polls, social media
posts, etc [18]. This is not enough though. A recent report by The
Nielsen Company - a marketing research company - states that the
battle for the attention of sports viewers is fiercer than ever, and
that "sports, brands and media must experiment with new technolo-
gies such as voice activation, VR, AR and chatbots" [8]. Eddy Cue -
one of the senior vice presidents at Apple - believes that this will
not be limited to sports and that interactive television will become
a staple in future society [13].

Sports television has a possibility to become a driving force be-
hind this development of utilizing advanced technology to increase
the viewer experience. This could be VR, AR, or eye tracking. Eye
tracking is an advanced interaction technology that is easy to in-
stall, relatively cheap, and can have multiple uses. It could help
broadcasters enhance the viewer experience by adding new inter-
actions to sports broadcasts and streams. This thesis presents a
prototype of a software that enables such interactivity for an ice
hockey stream. Ice hockey streams usually have various statistics
show up at different points during the game to keep the game in-
teresting. Since these statistics are only shown at the discretion of
the TV production, users nowadays tend to use their second screen
to find it out [14, 26]. This prototype allows the user to look up



statistics without leaving their main screen. The thesis evaluates
whether the prototype enhanced the viewing experience or not,
and also the usability of it.

1.1 Research question
Was the viewing experience of an ice hockey game enhanced by intro-
ducing an interactive eye tracking controller which enables statistics
on-demand?

To help answer this question the following sub-questions were
formulated.

• Was the eye tracking controller easy to understand?
• Was the eye tracking controller easy to use?
• Was the eye tracking controller intrusive?
• Was the ice hockey broadcast perceived as more exciting
given the interactive system?

• Was the ice hockey broadcast perceived as more interesting
given the interactive system?

1.2 Delimitations
The primary focus of this study was on the usability of the eye
tracking interaction itself and how the interaction affected the
viewing experience. It did not compare different designs and content
of the controller, but notes were taken of any significant trends or
keywords that showed up.

There is currently not any proper infrastructure set up to im-
plement an interactive eye tracking system for regular television
broadcasts. It is also difficult to use optical eye trackers (see chap-
ter 2.3.1) properly for multiple users at the same time since they
might interfere with each others’ gaze detection. This thesis thus
focused on the viability of the prototype on single users streaming
ice hockey via the computer.

2 THEORY AND RELATED RESEARCH
2.1 The fight for attention
In A Theory of the Viewer Experience of Interactive Television, viewer
experience is broken down into different factors [21]. One of the
major factors of a good experience is how involved the viewer is
with the content. In turn, involvement is dependent on the visual
attention by the viewer. The visual attention of humans is an area
that has been explored for over 100 years. Various trials and studies
have brought multiple theories regarding the control of the visual
attention in humans. There are two mechanisms that have been
identified; bottom-up and top-down. Bottom-up attention is driven
by external stimuli (e.g. sudden changes in colors or contrasts) while
top-down attention is driven by active thinking [11, 27, 41]. There
are clear trends that the time where the visual attention is directed
at certain media (the attention span) is getting shorter with newer
generations than older ones. In a report conducted in Canada by
Microsoft in 2015 [22], 77% of people aged 18 to 24 are reaching
for their phone when they have nothing to do while only 10% of
people aged 65+ are doing the same. Meanwhile 79% of people aged
18 to 24 often were using another device at the same time as they
were watching TV, while only 42% of people aged 65+ are doing so.
A study by The Nielsen Company in 2014 shows similar trends. It
finds that 84% of Americans use their second screen while they are

watching TV [7]. They shift their visual attention away from the
main broadcast and with it, most of their mental focus [11]. One
way to combat this trend is to fill television broadcasts with more
content. This can be graphic elements, replays/inserted footage, or
various interactive elements, such as polls [8, 30].

Second screen applications synchronized with the on-screen con-
tent is one method to keep the viewers’ attention and enhance the
viewer experience. However, a 2012 study showed that viewers of a
television show used a second screen with some features activated
by a push-notification at certain points during the program. The
study showed that even though the viewers knew that nothing
new had appeared on their second-screen they still diverted a lot
of their attention to it [15]. Giving the viewer another reason to
grab their phone and be distracted by social media notifications is
troublesome and could be counterproductive.

2.2 Sports fans as an audience
Sports broadcasts has an additional factor that affects the amount
of involvement that the viewer experiences - fanship. Sports is a
category of entertainment that tend to create fans on many differ-
ent levels. Big European football clubs - such as Real Madrid or
Manchester United - have fans all over the world, even though a lot
of them have no personal connection to the teams [12]. Fan engage-
ment directly affects the involvement in the sports broadcast which
in turn affects the overall viewing experience by adding a dimen-
sion of commitment. The viewing experience of viewers are heavily
influenced by their mindset going into the viewing session [39]. The
level of involvement with the broadcast when your favorite team is
playing is not always higher though. You can experience emotional
ups and downs and a varied level of team identification based on
the competitive results the team has. There is a tendency to get a
feeling of "we win", and "they lose" [32]. That is, you connect with
a team and almost feel like you are a part of it when they achieve
success. On the other hand, you distance yourself from the team
when they perform badly. The magnitude of the sporting event
itself also affects the involvement and viewer experience. World
Cup (football), Super Bowl (American football), and the Olympic
Games are examples of what could be called "cultural high holy
days" [39]. For sporting events of this magnitude, the hype is built
up around the event by extensive media coverage and presumptive
analyses. This hype is enough to guarantee that viewers will feel
engaged when watching the event. Other parameters that affect the
behavior of viewers are the type of sport and the amount of people
watching together. The behavior can change quite a bit depending
on if you are watching on your own or if you are among a group
of friends. Some people need the social connection of a group of
friends to have a good viewing experience while watching sports
[38].

2.3 Eye tracking
The conventional way of examining visual attention is to track
movements of the eyes. Investigative eye tracking of humans has
been done since the 19th century. Back then it was done by man-
ually observing the movements of test subjects while they were
performing tasks. Even so, the French opthamologist Louis Émile
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Javal discovered in 1879 that the movements of the eyes while read-
ing are not a smooth motion as was previously thought. Instead,
it is a series of short fixations on select parts of the text [16]. This
discovery spurred an interest into the area, and more interesting
discoveries were made along the way (e.g. the nature of a given task
affects the eye movements a great deal [41]). Various eye tracking
devices with increasing reliability were developed to aid researchers
in their studies [3, 4, 16, 28]. It is important to note that visual at-
tention does not need to be directed the same way as your eyes are
[11]. It is possible to disassociate attention from the direction of the
gaze into the periphery. Astronomers do this to look at faint light
sources, since our periphery has a higher sensitivity to faint stimuli.
This means that an eye tracker cannot to a hundred percent track
the movement of visual attention, but only the physical movements
of the eyes.

2.3.1 Technology. Nowadays there are three main types of eye
tracking methods. The first method is called eye-attached tracking.
Just as the name suggests this method attaches an object to the
eye (e.g. a special contact lens with a magnetic field sensor). These
sensors can record extremely small movements of the eyes, but it is
expensive and difficult for a project of this scale to set up [11, 29].
The second method is called electric potential measurement and uses
electrodes that are placed around the eyes. With this method, you
can measure the movement of the eyes in the darkness and even
when the eyes are closed. Unfortunately, it is not very accurate at
determining what object the user is looking at since it can only
determine the direction you are looking at compared to your current
head direction [2, 11]. This system is not very practical to use in a
smaller study, and it might be perceived as intimidating to wear by
participants of the study. The third method is called optical tracking.
Optical tracking sends out light rays (mostly infrared) and uses the
reflection of the pupil as well as the reflection on the cornea (called
the Purkinje image). It then calculates what position on the screen
(gazepoint) the eye is looking at based on the angle between these
two reflections [9, 11]. The only prerequisite step that needs to be
taken before using an optical eye tracker (apart from starting up
the associated software) is a basic calibration for new users and
screens. The calibration checks the boundaries of the current screen
while measuring different parameters of the eye detection. These
parameters are the physical shape of the eye, and the refraction and
reflection on different parts of the eye. Optical eye trackers are the
most popular type of eye tracker since they are precise, relatively
cheap and very non-invasive in contrast to the other techniques.

2.3.2 As evaluation tool. Optical eye trackers are the current
industry standard when examining the viewer’s attentive behavior.
The results from such eye tracking studies can be picked apart into
three key characterizations; fixations, saccades and smooth pursuits.
In short, fixations are stabilizations of the gaze on fixed locations,
saccades are quick repositionings of the gaze to a new location, and
smooth pursuits are when the gaze is following a moving object.
The relationship between these three values are used to indicate
whether the user’s desire is either to maintain the focus of attention
on an object of interest or to change the focus attention (explore).
This theory neglects the fact that the visual attention is at the same
point as the gaze, but it gives an adequate indication on the attentive
behavior [11].

2.3.3 As interactive device. Eye trackers are not exclusively used
in investigations of the viewer’s gaze pattern, but can also be used
as an input device. There have been an increasing number of games
with eye tracking support (e.g. Hitman, Tom Clancy’s The Division,
and Rise of the Tomb Raider1), where the input from the eye tracker
is used as a complement to regular gaming input. Eye trackers
has an advantage as an interactive device in comparison to other
form of input methods in that it is both easy to learn and not at
all cumbersome to use. The user would simply move their eyes
to the point where they want to interact, as opposed to having to
learn how to control an intermediate hardware (such as a computer
mouse). To move the ’cursor’ (in this case, the eyes), is a natural
movement that the vast majority of people can do without effort
[17].

The main challenge of this interactive method is how the user
feedback is designed. This input modality do not have the same
clear command I select as when you are using a computer mouse
or other input method with buttons. There are similarities in some
gesture-based interfaces (such as the Kinect2) in that they do not
have an binary input (button) to instantly determine that I select.
Both of these input methods usually use a delayed selection method
called dwell-time [19]. Dwell-time is the amount of time that a
fixation is needed on a point to trigger the interaction. Finding the
perfect dwell-time is often done on an app-by-app basis by iterating
different dwell-times on different people. They tend to stay below
1 000 milliseconds and above 300 milliseconds [37, 42]. If it is too
long it might be annoying for the viewer and if it is too short you
run the risk of accidentally triggering it. The unwanted triggering
is more prominent than certain other input modalities in part due
to the sensors not being perfectly exact in their calculations of the
gazepoint (leading to flickering of the position), and in part due to
involuntary movements of the eyes since these are not even always
in line with what you think you are focusing at [17].

2.3.4 Ethical aspects. Ethics is an important area when develop-
ing new technology and interaction methods. The two main issues
to watch out for when further developing an eye tracking interac-
tion system are hidden data gathering and involuntary advertise-
ment activations. Since optical eye tracking is a subtle technology it
enables a possibility to gather data without the user knowing. This
data could give insight of the users that even the users themselves
are not aware about. There have been a number of studies that
indicate that you can find out unexpected things about a user by
just tracking their gaze, such as how fatigued you are [10] and if
you have an impulsive personality [6]. The second ethical issue to
acknowledge is more obvious to the user. It is theoretically possible
to add triggers to advertisements in the background to activate per-
sonalized pop-up advertisements on the screen. If this is handled
wrong, it could worsen the user experience in the same way as
pop-ups on websites.

2.4 Defining usability
Developing a new system requires some form of usability evaluation.
Usability is traditionally seen as being the collective term for 5

1https://tobiigaming.com/games/
2https://www.xbox.com/en-US/xbox-one/accessories/kinect
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different components [23]. For a system to have a good usability it
should;

• be easy to learn
• be efficient to use
• be easy to pick up again after a long absence
• have a low error rate
• be subjectively satisfying to use

Finding the usability of a system is most commonly done empiri-
cally by user testing [24]. A quick, yet effective empirical usability
method is the System Usability Scale (SUS) questionnaire. It consists
of 10 questions which the user answers on a 1 to 5 Likert scale. The
individual answers to specific questions should not be analyzed by
themselves. Instead, the answers should be recalculated to numbers
(as described by Brooke et al. [1]), added together, and multiplied
with 2.5. The resulting score is a number between 0 and 100, where
higher numbers suggest a better usability.

3 METHOD
A literature study was done to look at concepts and earlier work.
These concepts influenced the design choices when a prototype of
the interactive system using eye tracking was developed. It went
through an iterative design process. The first iteration was evalu-
ated in a pilot study on three people. Feedback from this study was
heeded in the development of the second iteration. This version
was also evaluated in a second pilot study before it was approved to
be used in the main study. A non-interactive reference version was
developed simultaneously as the interactive version. A flowchart
of the entire methodology process can be found in figure 1.

Literature study

Prototype 1
development

Pilot test 1

Prototype 2
development

Pilot test 2

Main study

Analysis

Reference version
development

Figure 1: Flowchart of the methodology process.

3.1 Prototype design process
Since one of the main points of this study was to evaluate the usabil-
ity of the new interaction, the viewer should not feel overwhelmed
by extensive exposure to it. Therefore the interactive parts was
confined to limited portions of the broadcast that the average ice
hockey viewer is expecting to see. A common feature of any ice
hockey broadcast is called the score bug. A score bug is a graphical
element that in most cases at least shows the teams playing, the
elapsed time and the current score of the game. Other features that
could (depending on the magnitude of the game and the company
broadcasting it) appear in a score bug is a timer for a penalized
player, statistics of the game, advertisements, and animations for
power breaks or goals. Examples of score bugs from different broad-
casters can be seen in figure 2.

Figure 2: Examples of score bugs from broadcasters (top-to-
bottom) NESN, CSN, and BTN containing various amount of
information.

The score bug in the prototype was made in a clean design with
the minimum information that can be expected from an ice hockey
broadcast. This information included the names of the teams, the
elapsed game time, the current score, if a player is currently serving
a penalty, and the penalty timer. The game chosen to use in the study
was a game from the Swedish Hockey League (SHL) in september
2017 between Växjö Lakers HC and Frölunda HC. The first period
from this game was chosen for the test of the prototype since it was
a fairly eventful period with five penalties and two goals. The first
iteration of the prototype aimed to keep the interaction simple for
the viewer by limiting it to the area in direct contact with the score
bug. The interactivity introduced was the ability to look up statistics
of the game with the eyes. The viewer could at any time during the
game bring up four of the more commonly known types of statistics
of the game. These were number of shots on goal (abbreviated SOG
in the graphics), hits (HITS), penalty minutes (PIM), and won face-
offs (FO). In order to lessen the risk of accidentally triggering these
"buttons", the viewer had to activate a STATS-button located at
the top of the score bug before being shown the different buttons
for the statistics (see figure 3), minimizing the number of hitboxes
present in the default view.

There were two additional interactions that were only available
at certain parts of the game. During penalties a penalty timer ap-
peared, showing the current number of players remaining on the
ice and the time left before the earliest penalty comes to an end
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Figure 3: The first iteration of the prototype, with the statis-
tics buttons clustered at the score bug. The top image shows
the yellow selection indicator bar while the bottom image
shows the four buttons to activate the different statistics.

(see figure 4). The viewer could trigger the penalty timer to find
out which player was in the penalty box, when the player was sent
there, and the reason for the player’s penalty. There were a total of
five 2-minute penalties during this period (sometimes overlapping)
of 20 minutes, leading to the timer being available for over a third
of the period. The final interaction was made available when the
first goal had been scored - around 14 minutes in. The viewer could
then trigger the scoreboard to find out who the latest goalscorer
was, when it was scored, and who made the assists. Both of these
pieces of player information are often displayed to the viewer of a
regular broadcast at the broadcaster’s discretion.

Figure 4: The penalty timer showing up at the right side of
the score bug when someone is in the penalty box. The bot-
tom image shows the additional graphical element contain-
ing the information that could be obtained.

The feedback system for the user interaction was a horizontal
yellow indicator bar located at the button (see figure 3). The trig-
ger occurred when the indicator completely filled up the button.

The optimal dwell-time (see chapter 2.3.3) for the triggers was de-
duced by trying out different durations on three different people. It
was decided that the dwell-time should be 5/6th of a second (~833
milliseconds).

3.1.1 First pilot study. This prototype was used in a pilot study
on three people. These people were recruited through social media
and had previous experience with watching ice hockey broadcasts.
They got to watch the entire selected period and give feedback on
the general design and functionality of the prototype via semistruc-
tured interviews. The purpose was to find major flaws in the design.
There were two issues that were pointed out by all three partici-
pants. The first issue was that it was too much of a hassle to get
to the statistics due to having to activate the STATS-button each
time, This was especially prevalent when the viewer wanted to
quickly browse through all the statistics. The other issue was a
problem in activating the desired button. Sometimes the wrong
buttons were triggered and sometimes it was hard triggering any
button at all. Two additional minor issues that two of the partic-
ipants experienced were also brought up. The first issue was the
duration of the graphics containing the actual statistics. For this
iteration they stayed visible for 4 seconds, but that was deemed as
too short. The other issue was the abbreviations of the statistics
buttons. It was confusing that the abbreviations were in English
but the information text was in Swedish.

3.1.2 Second iteration. For the second iteration of the prototype
the duration of the information graphics was changed from a fixed
timer into a mix between a fixed and a dynamic timer using the
eye tracker. It was set to always be visible for a minimum of 2
seconds, and then keep staying visible until the viewer looks away
for a total of 1 second. This way every viewer was given enough
time to read the information. The abbreviations for the statistics
buttons were changed to Swedish abbreviations; SOG to SKO, HITS
to TAC, PIM to UTV, and FO to TEK. In order to combat the two
main problems a different design was introduced. The cause of the
problem with activating the correct button was that the eye tracker
was not precise enough for the size of the hitboxes. As can be seen
in figure 3 the buttons were not visually in contact with one another,
but the hitboxes were bigger than the graphical buttons in order
to make it easier to activate them. The problems with activating
the correct button was due to the hitboxes being too close to one
another since they were too big, but the fact that it was sometimes
hard to activate the button at all implied that the hitboxes were too
small. By moving the four statistics buttons from the score bug to
the top of the screen they could be placed with a greater distance
between each other, minimizing the risk of triggering the wrong
button. The area of the hitboxes were increased to make it easier
to activate at all, and the STATS-button was completely removed.
The new layout of the prototype can be seen in figure 5.

The second iteration of the prototype went through another pilot
study in the same way as the first iteration. No new issues arose
and the prototype was ready to be used in the main study.

3.2 Reference version
Since the last two questions in chapter 1.1 suggested a compara-
tive study, a reference version of the prototype was developed to
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Figure 5: The second iteration of the prototype with the selector always visible at the top bar.

allow for an A/B-study. This development was done in parallel to
the development of the interactive prototype (see figure 1). The
reference version was a simulation of an ordinary non-interactive
broadcast that had the same design as the interactive version except
the interactive buttons which were removed. The statistics were
displayed to the viewer at fixed timestamps during the period (2
times per statistic), while the player information graphics were
shown when relevant (i.e. name of penalized player right after the
penalty and the name of the goalscorer right after the goal).

3.3 Main study design
The study was an A/B-study done individually, where one group of
participants got to use the interactive prototype and the other group
got to watch the non-interactive version. After a brief calibration
of the eye tracker (as explained in chapter 2.3.1) the participants
watched an entire period of ice hockey. They were encouraged to
stay relaxed and to try to forget about the presence of the eye tracker.
In order to see whether the prototype would keep the attention
of the participants to a greater extent than the reference version,
they were allowed to talk about both the study and about unrelated
things and were even allowed to use their cellphone should they
feel the need. All of this was to make the user feel more comfortable
and relaxed, while forgetting as much as possible that there was an
eye tracker present.

The study was located at different well-lit rooms at the Royal In-
stitute of Technology. The participants were seated approximately
50 centimeters from the screen, which was vertically positioned
and angled to get the optimal performance of the eye tracker (ac-
cording to its software). The participants started out by calibrating
the eye tracker for their eyes (see chapter 2.3.1) which took about
30 seconds. The participants then watched the first period of ice
hockey between Växjö and Frölunda with their respective version
(interactive or reference). The period was played in 20 minutes of
effective game time, and the full length of the video (including the
pauses in gameplay) was 34 minutes and 48 seconds. The partici-
pants were not told the purpose of the study and those who tried the
interactive version were not told that the broadcast was interactive.
The decision to do this was made in part to answer if the controller
was intrusive, and in part to see if it was easy to understand how
to control it when discovered. Notes were taken during the test on
comments relevant to the prototype and basic gaze point data were
logged to data files. Immediately after the study the participants
answered a short survey. The participants who used the interactive
version first answered the SUS questionnaire (see chapter 2.4) fol-
lowed by questions regarding how they experienced the game from

an entertainment perspective. They then got to talk about their
thoughts about the prototype in a semistructured interview. The
notes taken from the interviews were (along with the notes taken
during the study) cross-referenced with the other participants to
find statements shared by multiple people. The participants of the
reference study only answered the questions about the game.

3.4 Recruitment
The target group for the prototype was people who watch ice
hockey, both at a regular basis and more occasionally. The par-
ticipants of the main study were recruited through social media,
with the only prerequisite that they have watched an ice hockey
broadcast before. The test group who tried the reference version
consisted of seven people (five male and two female) between 23
and 26 years old. The test group who tried the interactive version
consisted of seven people (four male and three female) between 22
and 31 years old. The age and sex of participants were not taken into
account when assigning the test groups as it was made at random.
Two participants of the reference group stated they watch hockey
on a regular basis, while four stated they did not (one was not sure).
Two participants of the prototype group stated they watch hockey
on a regular basis, while five stated they did not. No participant
from any of the groups considered themselves as a fan to either
of the two teams playing the game. All participants were assigned
a 3-digit number as an anonymous ID. The first digit was used to
identify which group a member was a part of (1 for the pilot study,
2 for the reference group, and 3 for the interactive group). The
other two digits were unique for each participant. Due to an error
in assigning these unique numbers, there were no participant with
the numbers 202 or 300.

3.5 Tools
The software was developed using the game engine Unity (version
2017.3.1f1), Microsoft Visual Studio 17, and Processing (version
3.3.7). The video of the ice hockey game used during the test was
an mp4 file in 1280x720 running at 25 frames per second.

The test was conducted using a Windows 10 laptop with an
i7-8550 processor (1.8 GHz), 16 GB RAM, and the integrated graph-
ics card Intel UHD Graphics 620. The eye tracker was a Tobii Eye
Tracker 4C - which is an optical eye tracker (see chapter 2.3.1) -
mounted on the bottom of an external 16:10 screen with the resolu-
tion 1680x1050 (60 Hz).
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Participant Discovered at No. of interactions

301 26s 90
302 2m 27s 40
303 50s 29
304 14m 13s 16
305 37s 56
306 19m 17s 10

Figure 6: The number of interactions the participants had
with the prototype. The time of discovery is in real-time
minutes and seconds (not the game-time shown in the score
bug) and was noted when the participant noted the interac-
tivity for the first time.

Participant SUS score

301 95.0
302 92.5
303 87.5
304 65.0
305 92.5
306 67.5

Figure 7: The table to the left shows the SUS scores of each
participantwhile the image to the right shows a box diagram
of the scores.

4 RESULTS
One of the seven participants who tested the interactive proto-
type did not discover the interactivity at all during the test. The
results from this participant were omitted unless specifically stated
otherwise.

4.1 The prototype
The interactivity of the prototype was for most of the time found out
rather quickly. After the initial discovery the participant tended to
investigate it for about a minute before resuming to watch the game.
The time of discovery and the number of interactions (triggers) the
participants had can be found in figure 6.

The usability results yield a high score with a mean of 8̃3.3
(out of 100), a median of 90.0, and a standard deviation of 1̃2.3. The
highest score was 95 and the lowest 65. All scores and a box diagram
visualization can be found in figure 7.

The notes collected during the test sessions and the semi-structured
interviews were divided into short statements. These statements
were compiled and classified by their content. If the contentmatched
what another participant mentioned, they were classified as the
same statement (even if the formulations differed slightly). Figure
8 shows the statements that were shared by two or more partici-
pants. The statements were divided into 3 areas; usability, context,
and design. Usability contains statements dealing with the 5 com-
ponents of usability as explained in chapter 2.4. Context contains
statements dealing with the further usage of this prototype in a con-
textualized scenario (i.e. if it would be further developed to be used

by consumers). Design contains statements dealing with design
issues. The statements in bold were shared by three participants.
No statement was shared by four or more participants.

4.2 The prototype and the reference
The percentage of time that the participants of both versions of
the test spent looking at the screen was extracted from the saved
data set. Even though the participant with the highest percentage
was a part of the prototype study (98.2% of the time spent looking
at the game), both the average and the median were higher in the
reference version. The prototype version had an average of 88.5%
and amedian of 90.6%with the standard deviation 8.6. The reference
version had an average of 93.6% and a median of 94.2% with the
standard deviation 2.2. The amount of time the participants kept
their eyes on the screen can be found in figure 9. A t-test was made
on these results (with p=0.1, p=0.05, and p=0.01), but no statistical
significance was found.

The questions regarding the viewer’s interest in the game was
asked to both groups. The game was perceived as a moderately
good one but there were no discernible differences between the
two groups. A bar chart of the mean answers can be found in figure
10. A t-test was made on these answers (with p=0.1, p=0.05, and
p=0.01), and no statistical significance was found. There was no
connection to be found between the frequency the viewer watches
ice hockey and the enjoyment of the game.

5 DISCUSSION
It is important to note that the number of participants in this study
is not very substantial. All conclusions drawn from these results
should rather be seen as indications and trends.

5.1 The usability of the prototype
Judging by the SUS scores the prototype seemed very easy to under-
stand and use. As can be seen in figure 7, the scores were high all
across the board. The mean score was 83.3, only two participants
scored below 87, and half of the participants (three) got a score of
over 92. This was remarkable since nothing about the controller
was explained to the participants. They did know that there was an
eye tracker present since it had to be calibrated before but since eye
trackers are often used as evaluation tools or data gathering (see
chapter 2.3.2) nothing suggested that it was an interactive prototype.
Figure 8 contains multiple statements that confirms this assump-
tion. Statement (1), (3), (4), and (5) is in line with what Nielsen [23]
lists as two of the components of good usability. This was to be
expected since eye tracking is not a very cumbersome interaction,
as noted by Jacob and Karn [17], and the prototype only contained
basic interaction functions.

Statement (2) and (6) might seem troublesome from a usability
perspective, and could be a reason why participant 303 and 306
scored lower (see figure 7) on the SUS questionnaire (depending on
how much they felt it affected their experience). However, these
were only five instances of a total of 241 interactions (derived from
figure 6). The issue noted in statement (2) could be avoided rather
easily. The three accidental triggers occurred when the participant
wanted to look at the information that the trigger itself had. The first
case was when the participant wanted to see the amount of players
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Figure 8: Statements shared bymultiple participants divided into 3 areas. The participant ID is given at the top. The colored box
indicates that the participant has expressed the statement to the right. The bolded statementswere shared by three participants
while the rest were shared by two.

Participant % on screen
Interactive

301 90.7
302 72.2
303 98.2
304 84.0
305 88.3
306 90.6
307 95.7

Reference
200 94.7
201 91.4
203 94.2
204 97.1
205 90.6
206 94.3
207 92.8

Figure 9: The table to the left shows the percentage of the
total time that the participant looked at the screen. The im-
age to the right compares the numbers of the two versions
in a box diagram. Participant 307 is excluded from the box
diagram (see chapter 4).

in play (during a penalty) and for how much longer that would last.
The participant thus looked at the penalty-timer and accidentally

triggered the name of the penalized player. Likewise, the other two
accidental triggers happened when the participant wanted to look
at the current score but triggered the name of the last goalscorer.
It is not surprising that it is these two triggers that caused this
problem since they are located at places where the trigger itself
contains information. The other four triggers are located outside of
the score bug, on the frame of the screen. Also, they do not contain
any information that changed during the game. The text on the
triggers simply implied what kind of information that this trigger
activated. It is therefore recommended that triggers for eye tracking
controllers should not be located on information that the viewer is
inclined to look at for other purposes than directly related to the
trigger. The trigger should also not contain information that may
change during the game.

Looking at figure 8, there was no statement implying that the
prototype was annoying or intrusive, although two participants
noted the importance of this in statement (7). The fact that one
participant took over 14 minutes to discover the interaction (figure
6), another took over 19 minutes, and yet another did not discover
any interactivity at all implies that the prototype is not particularly
intrusive on the viewing experience.

5.2 Viewing experience
There are no indications that the interactive version of the broadcast
yielded a better viewing experience than the reference versionwhen
comparing answers from the questionnaire. The mean scores in
figure 10 are very close to each other, indicating that the participants
with both versions enjoyed the game at a similar level. However
looking at the statements (4), (9), and (10) in figure 8 the prototype
was appreciated by the study participants. Interesting to note is
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Figure 10: The mean of the questions regarding the participants’ interest in the game. They answered 1 to 5 on a Likert scale
where 5 equals to Strongly agree and 1 equals to Strongly disagree.

that figure 9 shows that the participants with the reference version
looked for a larger amount of time at the screen than the ones
with the prototype version. Only one with the reference version
looked at the screen less than 91% of the time, while five of the
participants with the interactive version did so. One possible reason
for this could be the impression the participant had of the study.
Even though measures were taken (see chapter 3.3) to make the
participant feel relaxed and forget about the eye tracker, it can be
hard to completely ignore it as it is located right in front of you.
This means that participants not aware of the interactivity might
think that the purpose of the eye tracker is to log data, which in turn
might lead to them looking more at the screen than usual. When
the users of the interactive version discovered the interactivity, they
became more focused on the interaction and might forget that the
eye tracker can be used to collect data. If the participant thinks that
the eye tracker is present for the interactivity and not for continuous
data collection, they might feel it is more okay to let go of the screen
with the eyes. As participant 304 noted (transcribed and translated
by the study conductor): "I guess I was aware that this was a test, so
at the beginning I might have tried to follow the puck a bit more than
usual". Participant 304 used the interactive version, but right at the
start of the test (before the discovery of the interaction) they are in
the same situation as the users of the reference version. This theory
is further supported by participant 307 who tried the interactive
version but did not discover the interactivity at all. 307 kept the
eyes on the screen for 95.7% of the time (see figure 9) which is well
above the mean for the interactive version (84.7%), but close to the
mean for the reference version (93.6%).

5.3 Methodology criticism
As mentioned in chapter 5.1, the results show that the system is
easy to use. However it is important to note that this was in a

controlled environment. All the lights of the room of the study
was turned on, and the distance between the screen and viewer
about 50 centimeters. The conditions could be vastly different when
watching on your own as the lightingmight be drastically lower and
the distance to the screen might be bigger. The angle to the screen
might also not be as straight on as it was during this study. These
factors has to be accounted for when developing the hardware if a
system such as this would ever be implemented.

As mentioned in chapter 3.3, measures were taken to increase
the feeling of watching the game naturally, but this could not real-
istically be fully achieved. Even though it was emphasized that the
users should try to forget about the eye tracker, it is hard to ignore
it. This is especially true for people who are new to the technology
are curious about it (the novelty effect). To not mention anything
about the eye tracker during the start of the test was not an option
since they had to make the calibration to use the application cor-
rectly, which unfortunately made them aware of it. The location of
the study could also have affected the feeling of watching the game
normally. The study was conducted at different locations at the
Royal Institute of Technology, whereas the optimal location would
in most cases be at the participants’ home. Sometimes the natural
way of watching is together with others. As noted in chapter 2.2,
people behave a bit different when watching the game all alone
instead of with a group of friends. It was not known how much this
was prevalent in this study since no question was asked about in
what way the participants usually watch ice hockey. However as
can be seen in figure 8, three participants shared statement (8), that
the system needs be be adapted to work when multiple people are
watching together. There was no question specifically about watch-
ing together with other people, suggesting that these participants
associated watching sports with being with other people.
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As mentioned in chapter 5, the number of participants was not
high. The demographic of study was also not representative of
the entire target group. There was an even spread in the previous
experience of watching ice hockey, but the age range could be
seen as relatively limited (22-31 years old), since people of all ages
watches ice hockey. A younger or older participant with other
experiences in new technologies might give different answers than
the ones given in this study.

In chapter 2.1, it was discussed how sports broadcasts are very
reliant on graphics [30], and there are more information informa-
tion than ever that wants to fit on the screen (e.g. see figure 2). The
system presented in this study would give control of the statistics
to the viewer. This requires more meticulous abbreviations to get
the less experienced viewer a chance of understanding what they
are able to do with the system. This was out of scope of this study,
but in chapter 3.1.1 it was noted as an issue.

5.4 Future Research
This system needs to be evaluated on a bigger scale. It needs both
a greater quantity of viewers as well as a wider group of people
(mainly in terms of age) in order to match the target group better.

As noted in chapter 5.2, it could not be determined whether the
use of this system makes the viewing experience of the game better.
Further research should be done to include more games to get
insight on if other parameters could yield different results. These
parameters include, but are not limited to, the tempo of the game
and the fanship of the viewers. The tempo the game is played in can
vary a lot between different games and will most likely affect how
enjoyable it is to watch. This system might have a bigger impact on
a game that is played in lower tempo since the viewer will not be
as captivated by the gameplay. Likewise, the system might enhance
the viewing experience in games where the viewer has a connection
and interest in one of the teams since it might provide information
on players that they have a connection with.

It would also be interesting to try this system on other types
of sports. It might keep the viewer more entertained during long
baseball or golf games, or it might give the viewer better options
to choose the content in track and field broadcasts where a lot
of competitions are running at the same time. Finally, since the
usability of the controller is good it would be interesting to see
whether it could enhance the viewer experience if it had other
functionality (e.g. the ability to change camera angles).

6 CONCLUSION
The introduced system did not keep the viewer attention to the
main screen at a higher rate than the regular broadcast. It also
cannot be determined whether this system enhances the viewing
experience of ice hockey broadcasts, but there are indications of
enhancement deduced by comments of the study participants. It
should be noted that the amount of participants is rather low and
in order to get more data, the system should be tested on a greater
variety of viewers as well as more ice hockey games. However, the
eye tracking interaction system is a very viable controller from a
usability point-of-view. It achieved really high scores on the SUS
usability scale, and it should be examined whether there are other
uses for it during sports broadcasts.
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