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Abstract: The goal of this paper is to explore how TV viewers perceive the HbbTV interactive service, which has been increasingly used to broadcast additional contents on
TVs. If the volume of contents available to be provided to viewers is considered, the question is whether the developed user interfaces are up to the challenge. Are they easy
to use and intuitive? All this considering the fact that the user interface is controlled by a simple TV remote control. For the purposes of this research, the EVOtv user
application was used. The research was conducted by applying the User Eye Tracking and the User Opinion Survey through a Predefined Questionnaire testing methods.
Based on the obtained results it was concluded that the HbbTV user interface is easy to use, that EVOtv's design has been tailored to the medium it is used on (the TV) and

that the usage of HbbTV user interface is also affected by the age of users.
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1 INTRODUCTION

Today, television is an integral part of everyday life.
Numerous channels and contents find a way to their
respective viewers on a big screen. However, TV has a
huge disadvantage which decreases viewers' consumption
of content. What once used to be an advantage, has today
become a disadvantage if viewed from a certain
perspective linearity, i.e. linear TV: different contents, one
after the other, of which some are broadcast always at the
same time, such as the news. Why has this become a
problem? Reasons are several, and the most significant one
is the Internet.

Modern lifestyle is fast and unpredictable, the viewers
no longer adapt to the TV content, but rather expect to
watch it whenever it suits them; this is what the Internet
enables them to do. The viewers, younger generations in
particular, increasingly consume video-on-demand
(VOD), at the time when it suits them best and mostly on a
platform which is not the TV. They consume it on PCs,
tablets and smartphones, eliminating the TV from their
common use, to the extent that the TV is not used in the
same way it was used before. These users also use a PC or
an auxiliary device to, simultaneously with watching a
video contents, check the news, the weather forecast, text
messages etc.

How to retain viewers to watch the big screen, i.e. the
TV? This is easy, use the Internet. Connecting TV sets and
various STBs to the Internet has provided the opportunity
to present additional contents on a big screen, and the
results were smart TVs which, with their additional
applications, both successfully and unsuccessfully
resolved the issue of consuming different types of contents
ona TV. And then, a new technology emerged, the HbbTV
combining the best of both worlds, the HTTP and video
contents.

With HbbTV technology, the user's experience of
consuming additional content improves, it does not require
any additional devices or toggling from one application to
the next and waiting for them to download, which was
necessary on a typical smart television. HbbTV
applications are uploaded via existing channels. These
applications are based on web technologies: HTML, CSS
and Java. They can be run quickly and easily, uploaded on
full screen or part of the screen. On the other hand, they

can be run and stay hidden to be viewed by hitting only one
key. The applications are easy to administer, change and
update, with no interaction necessary on the part of the
user. All changes are made on the server, and the users can
upload the updated content with no additional updates and
waiting times, which is the case in classical smart TV
applications. HbbTV applications can be exchanged
according to the content the channel provides. As an
example, during a cooking show or a commercial break,
the application can be displayed, adding up to the linear
content of the TV channel by providing additional content
and information. For instance, by pressing the red button
on your remote you open a recipe of the dish prepared in
the cooking show. Our next question would be what such
a user interface should look like?

2 THEORETICAL FRAMEWORK
2.1 HbbTV Technology

HbbTV (Hybrid Broadcast Broadband TV) is a
platform which enables broadcasters to offer interactivity
and new content to their viewers, within their existing
terrestrial channel. This service is accessible to all users of
the DVB-T/T2 terrestrial and DVB-S/S2 satellite
television signal who have a TV receiver with integrated
HbbTV function. HbbTV is a set of interactive and
informative contents which are activated by pressing the
red button on a TV remote control when the screen displays
a tag indicating that it is possible to run the HbbTV
application [1].

The HbbTV specification was developed by industry
leaders to effectively manage the rapidly increasing
amount of available content targeted at today's end
consumer. It is based on elements of existing standards and
web technologies including OIPF (Open IPTV Forum),
CEA-2014 (CE-HTML), W3C (HTML etc.) and DVB
Application Signalling Specification (ETSI TS 102 809)
and DASH. The diagram below shows the relationship
between HbbTV and other existing standards [2].

The HbbTV can work with either broadcast or an IP
link, although it is most powerful when used in a connected
environment with a combination of broadcast and
broadband networking.

Fig. 1 shows the relationship among industry
specifications.
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Figure 1 HbbTV - relationship among industry specifications [2]

As mentioned earlier, HbbTV uses the already existing
broadcast and broadband technologies. To make the most
of the HbbTV, a TV receiver (a TV set, STB etc.) which
supports HbbTV has to be connected to the Internet using
the existing antenna connector. HbbTV can also operate
only through broadcast, but in such a case the two-way
communication, which enables faster delivery of content,
high quality and interactivity, which is why the technology
was developed in the first place, gets lost. Fig. 2 shows the
system general architecture.

HbbTV Device

Internet

BraodCast
Corporation

Figure 2 HbbTV general architecture [3]

User experience on TV sets has been defined by two
key factors: the TV applications' user-friendliness and the
TV remote control. Before the introduction of smart TVs
interfaces were not considered a problem. The interface
was simple and covered basic operations on a TV set.

Smart TVs made the situation much more complex. A
smart TV can be connected to the Internet and as such can
access numerous applications and information. The issue
here is how to enable the user to navigate through huge
volume of content using a common remote control.
Manufacturers tried to overcome the problem by designing
a new type of the remote control. This remote control has
less functions (buttons) and can control the cursor on the
screen (similar to a mouse function), which did not prove
to be the best solution.

Navigation through the HbbTV application is
primarily enabled by a common remote control, whilst the
control of the cursor is not supported. If a smart controller
has all the same function keys as the ones used by the
HbbTV application, it can be used to successfully navigate
through the user interface.

The development of a HbbTV user interface is not an
easy task. Although the HbbTV application is based on
HTML, CSS and JAVA web technologies, the
development of a user interface cannot take the same

direction as the development of websites. In order to
develop an HbbTV application user interface the
application has to be adapted to the display it is shown on,
a TV screen, and a device it is controlled by, a remote
control. When these two parameters have been defined (a
TV screen and a remote control) it becomes obvious that
navigation through a typical website using only a common
remote control is impossible and the site's readability can
also be questioned.

On the other hand, the user using the device itself (the
TV set), with the HbbTV application running, must also be
understood. Who exactly is the person using the TV set?
PCs, tablets and mobile phones are personal items which
individuals adapt to themselves, with content controlled in
a different way. As opposed to them, a TV set is a device
shared among all members of a household. These users are
of different ages and levels of education, and this should be
taken into consideration. When developing a user interface
tailored to TV screens, the following criteria shall be taken
into consideration: the size of the screen and the safety
zone, colours, typography and font size, the remote control
and limitations of the hardware.

From the research conducted in 2015 by Sven Pagel,
Tobias Simon and Christian Seemann on the HbbTV
usability analysis [4], the wireframe design of smart TV
applications can be divided into five key wireframes shown
in Fig. 3 below.

These wireframes are recommended and have obtained
satisfactory results, i.e. none of the given interfaces tested
negative. Ranking was performed according to the
following criteria: clarity, user-friendliness, operative
performance, video content search eligibility and
orientation. Grades range from 1 to 5, where 1 is very good
and 5 is bad (see Tab. 1 below).

Figure 3 Wireframes for HbbTV application [4]

Table 1 Wireframes research results

. 2. List | Thumbnails | SegmentedFullWireframe | Columns
directions
2.1 23 1.7 2.0 1.6

The application used in this research was created
according to the segmented full wireframe.

2.2 EVOtv Application

Research conducted for this paper used the EVOtv user
application which is publicly available and signalled in
Croatian DVB-T2 network. The application itself was
created according to the creation guidelines for smart TV
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and HbbTV applications described earlier. The purpose of
the application is to provide the user of the EVOtv service
(the viewer) additional, expanded content which can be
easily adapted to the screen view, increase the value of the
service itself and the level of user's satisfaction.

The content offered by EVOtv application has a link to
the content actually expected by the viewer to be shown on
TV, i.e. the type of content that viewers know they can
access via certain services which might already existon TV
screens (e.g. the teletext). In addition to such natural
television content, additional contents are offered, e.g. the
weather forecast, games and webshops, since the HbbTV
standard and technology enable them. Through additional
interactive content, such as the survey questionnaires, the
EVOtv team may learn about user satisfaction. By
providing feedback, HbbTV has also enabled insight into
channel ratings and can further improve its service.

EVOtvHbbTYV application uses a combined segmented
full wireframe design (see Fig. 4) and its graphic standard
is adjusted with the HrvatskiTelekom brand. Additional
content offered by the application includes:

*  The weather forecast for all major Croatian cities.
e The TV channel guide (comprehensive).

*  EvoTVWebshop device offerings.

*  Additional offering of channel packages.

*  Over 70 radio stations.

¢  Games.

* Assistance in using the application.

EVOtv

' nicxelodeon 305
PROGNOZA
.

PONUDE
NICKY, RICKY, DICKY  LJUBAVNIK NA 4)
RADIO Fepodne ICUSKI NA
i
ANKETA

PROMJENA 1GRE VI PRIATEL!
1GRE

o R Ly BN Y VR

Figure 4 EVOtvHbbTV app home screen
(retrieved from EVOtv server)

The application itself has two menus: a left-hand
textual menu and a central, image menu. The textual menu
provides all the content, whilst the image menu offers only
the most commonly used content.

2.3 User Interface Usability

According to J. Nielsen, 'Usability is a quality attribute
that assesses how easy user interfaces are to use. The word
,usability" also refers to methods for improving ease-of-use
during the design process. 'Usability is defined by 5 quality
components [5]:

* Learnability - How easy it is for users to accomplish
basic tasks the first time they encounter the design.

« Efficiency - Once users have learned the design, how
quickly can they perform tasks.

*  Memorability - When users return to the design after a
period of not using it, how easily can they reestablish
proficiency.

*  Errors - How many errors do users make, how severe
are these errors, and how easily can they recover from the
eITors

+ Satisfaction - How pleasant is it to use the design

For usability, another key attribute is usefulness one of the
most important qualities referring to usability of the
application interface itself does the interface do what the
users need?

The user interface usability is an important condition
for user's connectivity with the interface itself users will
abandon the interface in the following situations:

* The interface is difficult to use.

»  The user gets lost within the interface.

»  The user cannot find what he/she is looking for.
*  The information is difficult to read.

Therefore, it is important to test the user interface
usability. Testing the user interface usability can help in
achieving its usefulness. The testing comprises 3
components: Representative users, representative tasks and
monitoring what users do. Representative users are
respondents who the designed interface is intended for, in
this case the viewers, so that the HbbTV application would
be acceptable to an average TV user (6). Representative
tasks are actual tasks which respondents have to complete
in a tested user interface. The tasks themselves are related
to the assignment, i.e. the purpose of the application
interface. By tracking what users do it can be seen whether
the usability has been achieved or not. In the same way it
is visible whether the respondents had completed the task
successfully or not. If not, an analysis is made of items that
caused issues which can then be rectified [5, 7].

2.4 Related Work

Synchronization of the TV content with applications,
which offers viewers interactivity and new contents, a new
dimension of user experience, has been a topic of various
scientific research works in the recent years. As a hybrid
TV standard, HbbTV synchronises video and sound
broadcasting with different applications. These can be
delivered to users via the broadcasting channel or a
broadband network. Therefore, different HbbTV
applications can be developed to provide contextual
information within broadcasting TV shows and
commercials, such as geographically interactive TV
contents [3]. What is important is that commercials are
broadcast in a less provocative interactive format of
advertising, to generate higher level of acceptance by the
viewers [8].

The methodology of researching user interface
usability in order to improve the user experience when
applying interactive HbbTV application commonly uses
respondents' questioning through questionnaires and
interviews [9, 10]. However, the assessment of user
experience can be improved using sensors for users' eye
tracking when interacting with the interface [11].

Numerous researches have concluded that the age of
users affects navigation within user interfaces, especially
due to vision issues, cognitive or motoric problems [12,
13]. It can be assumed that age also affects the use of a
hybrid user interface, such as HbbTV applications.

Integration of new technologies into existing user
interfaces makes them more innovative. For example, by
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integrating AR into a web store, users can be given a near-
real view of products, adding a dimension of interactivity
that is missing from classic online experiences. Therefore,
web stores that successfully implement augmented reality
can significantly enrich the user experience, making it
more attractive, interactive and informed [14].

3 RESEARCH METHODOLOGY
3.1 Goals of the Research

The purpose of this paper is to explore the usability of
the HbbTVuser interface using the example of EVOtv
application, and at the same time determine the user
interface cognitive aspect, i.e. whether it is understandable
to its users. Furthermore, the interactivity, and in particular
the functionality of user interface, shall also be determined.

3.2 Hypotheses

Hypotheses of the research are given below:
H1: The HbbTV user interface is easy to use.
H2: The HbbTV application's design is adapted to the
media it is used on (the TV).
H3: User's age affects the usage of the HbbTV user
interface.

3.3 Methodology

During this research, when evaluating user interface

usability the following two methods were used:

*  Tracking method - user eye tracking method.

»  Testing method - users' opinion polling through pre-
defined questionnaires.

The research was conducted in the laboratory of
University North in Varazdin. The respondents arrived
individually to provide maximum comfort and to simulate
natural environment of using the TV as much as possible
(comfortable chair or armchair and relaxing atmosphere so
that the user may concentrate on his/her work). They could
not and need not have been familiar with the HbbTV
technology. Every respondent took the test individually
and received a set of 3 tasks which they had to complete.
Once the assignment was finished, the respondents had 2
to 3 minutes to try the application. Then they would fill in
the questionnaire where they answered questions mostly
connected to the user experience they had when using the
HbbTV application and questions about the application
design.

Respondents received an explanation of what was
being tested and what was expected from them. They were
also explained how to complete the tasks and which set of
keys on the remote control should be used. All respondents
received the same set of input so that the testing conditions
can be as precise as possible.

Fig. 5 shows the testing infrastructure diagram. In front
of the respondent is an eye tracker, STB (supporting the
HbbTV) and a TV set with a displayed image. At the side,
the evaluator is running the test, controlling the eye tracker
and recording the results.

COMPUTER

EYE TRACKER
Tede

RESPONDENT

o
o

INTERNET

l

HbbTV
SERVER

Figure 5 Testing infrastructure diagram

The respondents were people over 18 years of age who
use TV content for at least 1 hour a week. The respondents
were 16 women who had completed 4-year secondary
education or university. They were employed on
administrative position in offices. The age of the
respondents was required to better classify the results and
determine trends among observed population.

The equipment used in this research was the following:
e An STB set with the HbbTV technology, connected to
the Internet.

e ATV set.

* An eye tracker (Gazepoint GP3).

+ A PC with adequate software (Gazepoint Standard
Edition v6.7.0).

Every respondent was briefed on the goal and purpose
of research, what was expected of them and what the tasks
would be. They were made familiar with the HbbTV
application, the remote control and buttons, with special
remark made for the attention to be paid on the menu which
showed colours. Tasks which every respondent had to
complete:

T1: Check the tomorrow's weather forecast for Varazdin.
T2: Using the HbbT Vinterface, start Antena Zagreb radio
station.

T3: Check what the next event (a film/TV series) on HBO
channel is.

This was followed by a closed type survey
questionnaire with open-choice answers and their
appertaining grades. The grades were from one (1) to five
(5), where 1 means a bad experience and grade 5 means a
positive experience (modified Likert Scale questions).

By using the video recording created by the eye tracker
it was possible to determine if the user interface was easy
to use and understandable, regardless of age, gender and
education.

Fig. 6 is an example of how Task 1 was analysed. The
task was to check the weather forecast for Varazdin, for the
following day. The respondent completed the first part of
the task started the weather forecast from the menu. Fig. 5
shows the last 5 seconds of watching prior to the
respondent returning to the home screen portal. The image
clearly shows that the respondent successfully found the
referring city, her eyes tracked the weather forecast for the
following day and found the key to return to the application
home screen (portal).
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Figure 6 Respondent's eye tracking when completing task 1

Fig. 7 below shows completing of Task 3, where the
respondent had to find the event (a film, a TV series, a
documentary etc.) on HBO channel. The recorded part
shows that the respondent managed to find the HBO
channel, the event and searched for the information on how
to return to home screen.

02:55

Dan pesliie @
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Posao u divijin Kostim 2a Nicholasa

A onda se pojav Aquaman

Figure 7 Respondent's eye tracking when completing task 3

Fig. 8 shows the respondent's focus on the frame listing
the cities. The screenshot was made at the moment when
the respondent was using a remote control to change city
by city to reach Varazdin.

DANAS 15.10.202
)

TRODNEVNA PROGNOZA  sED)

evo —d

Figre 8 Respondent's focus when ompleting the task (listing of cities)

In addition to viewing the fixation (as shown in Fig. 6,
Fig. 7 and Fig. 8), the software enables the overall view of
a part or the whole recording using the view called the
'Heat Map'. This view enabled seeing how much the
respondent was focused on a particular part of user
interface in a certain period of time. Fig. 9 shows how
focused the respondent was when completing the weather
forecast tasks. It can also be seen that the respondent was

the most focused on choosing the city, which is correct,
because the respondent spent several seconds looking for
Varazdin. The image then clearly shows that the
respondent viewed all the important elements that provide
feedback on the checked weather forecast, i.e. the task.
Furthermore, the respondent managed to see the invitation
message to check the EVOtv additional offer which, for
this particular respondent, leads to a conclusion that the
interface is clear and easy to use.

Figure 9 Respondent's heat map when completing task 1

4 RESULTS AND DISCUSSION

The evaluation of HbbTV user interface (using the
example of the EVOtv HbbTV application) was conducted
according to guidelines described in Section 2.3User
Interface Usability. The results show that the users are
satisfied with the wuser interface simplicity and
intuitiveness, by grading it with 4.31 out of 5, which is a
very good result, considering that the 'Segmented Full
Wireframe' was used. In the research 'HbbTV Usability
Analysis' [4] an average 2 (on a scale from 1 to 5, where
1 = excellent and 5 = bad). Better wireframes were graded
1.6 and 1.7, and worse 2.1 and 2.3 (as described in Section
1.6). The respondents graded the adjustment of the HbbTV
application design to the medium it was used on, i.e. the
TV, with an average grade of 4.24. The respondents were
most satisfied with the text size and font choice, and less
so with the element layout, consistency, design and
content. The research itself resulted in a fact that the
respondents/users also found the consistency of navigation
very important. Adjusting controls, i.e. application control
using a remote control was graded with high 4.6. The
respondents unanimously consider that the remote control's
commands were used in the best possible way. However,
considering the application itself, there is still room for
improvement regarding adjustment of the user interface to
the remote control's buttons.

Based on the obtained results, with an average grade
of 4.38 it can be concluded that the EVOtv HbbTV
application's user interface is easy to use and intuitive.

Tab. 2 clearly shows that younger generations (age 18
to 30) perceive the HbbTV interface faster and better,
19.07% better than the next age group (age 30 to 40).
Younger generations are 32.15% and 31.6% respectively
better than age groups 40 to 50 and 50+.

Tehnicki viesnik 32, 1(2025), 217-223

221



Damir VUSIC et al.: HbbTV User Interface Usability

Table 2 Questionnaires

Personal Information

Total respondents: 16

Gender: F=16 M=0

Age: 18-29=4 30-39=4 40-49=4 50+=4

Have you used HbbTV apps before? YES=8 NO=8

Have you used smart TV apps before? YES=13 NO=3

Question (number of responses) ‘ Negative Undecided Positive ‘ AVG
UI Usability
How difficult was it to find the required answer to the task assigned to you? 2 7 7 4.31
Was every subsequent task easier to complete? 3 6 7 4.25
How would you evaluate your user experience with the HbbTV application? 2 5 9 4.44
Do you think the content was satisfactory? 1 10 5 4.25
Medium-adapted Design
Was using of the HbbTV application easy? 5 5 6 4.00
How satisfied are you with the text size used in the HbbTV application? 1 7 8 4.44
How satisfied are you with the font used in the HbbTV application, is the font sufficiently
1 7 8 4.44
readable?
How satisfied are you with the layout of elements used in the HbbTV application's user interface? 2 10 4 4.13
Do you think that the layout of elements was clear? 2 8 6 4.25
Do you think that the navigation was consistent? 1 10 5 4.25
How would you evaluate the HbbTV application's design? 2 6 8 4.19
Do you remember which button you used to return to home screen? R G Y B=16
Remote Control Usability
Do you think that too many or not enough buttons are used for the HbbTV application? 16 3.00
How satisfied are you with remote control buttons? 9 7 4.44
Do you think that the remote control buttons are well adapted to the HbbTV application? 1 7 8 4.38
Task Solving Rate
L 18-29 30-39 40 - 49 50+
The average rate of task solving (in seconds), as per age of respondents 1245 1485 1835 1315
Image or textual menu (I or T) 18-29 | 30-39 40- 49 S0+
1=75% | 1=100% T=75% T=50%

In questioning whether the users preferred an image to
a textual menu, the results slightly varied between testing
methods themselves. In the survey questionnaire method
the result obtained was pretty clear. The image menu was
preferred by 68% of respondents and the remaining 32%
preferred the textual one. This result was expected because
image information is processed in the brain 60000 times
faster than text [15]. The results of Eye Tracking method
were slightly different. The results of solving Task 1
demonstrated a 43.75% to 56.25% ratio in favour of the
textual menu, and in resolving Task 2 the ratio was 56.25%
to 43.75% in favour of the image menu. After completing
both tasks the ratio was 50% to 50%, i.e. the result was not
clear. The third task was not evaluated here, because it
could only be solved by using the textual menu. Since the
number of users preferring the image menu increased in
Task 2, it can be concluded that by every subsequent usage
of this application the ratio would increase in favour of the
image menu. What should not be forgotten is that the
respondents were given the opportunity to independently
use the application for a few minutes only after they had
completed the tasks. Therefore, we can assume that in the
end the ratio obtained by the eye tracking analysis should
also match the ratio we obtained in the end of testing.
However, this is a new hypothesis which could be
confirmed if testing were repeated and the respondents
recorded by the eye tracker once again, after they had
independently used the HbbTV application for a few
minutes. When percentages obtained by both methods are
summed up (200%), the result is 118% for the image and
82% for the textual menu. Based on this ratio it can be
concluded that the respondents preferred the image menu
by 30.5%.

5 CONCLUSION

The user interface simplicity was tested according to
usability components. The results show that the tested
interface has a learning capability, graded with an average
4.31. The ease of solving the task was graded with 4.5 by
the first three age groups (age 18 to 30, age 30 to 40 and
age 40 to 50), whilst the age group 50+ graded this criterion
with 3.75. Efficiency received an average grade of 4.25.
Age groups 18 to 30 and 30 to 40 graded the efficiency
with grade 4, age group 40 to 50 with 4.25 and age group
50+ with 4.75. Memorability was not part of this particular
testing. All evaluated errors were less severe, and
respondents recovered very quickly. In haste, they would
most commonly open the wrong item on the menu. The
respondents' satisfaction with using the application was
graded with an average 4.4. The most critical was the age
group 18 to 30, whilst all the other age groups graded
satisfaction with 4.5. All respondents individually
managed to complete their tasks, i.e. found information
which was necessary to justify application usefulness.
Considering an overall grade of 4.31 obtained in the third
ranked wireframe out of five tested separately, it can be
concluded that this interface is easy to use. Consequently,
it can be concluded that the hypotheses "The HbbTV user
interface is easy to use' is confirmed.

The grade referring to design adaptation to the medium
the HbbTV application is used on comprises two
components: adaptation of the design to the interface and
navigation across the interface using a remote control. The
adaptation overall grade is 4.42, where the design
adaptation to the interface was graded with 4.24 and
control adaptation with 4.6. Based on the results obtained,
it can be concluded that the hypothesis 'The HbbTV
application's design is adapted to the media it is used on
(the TV)", is confirmed.
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The analysis of grades obtained for the user interface
usability showed that age groups 40 to 50 and 50+ graded
and perceived the HbbTV application in a slightly different
way. Research results showed that these age groups needed
on average 31.6% more time to complete the task than the
age group 18 to 30. The results also showed that 60% of
age group 40+ preferred the textual menu, whilst in the age
group under 40 this menu was preferred by only 14%.
Considering all of these facts it can be concluded that the
hypothesis 'User's age affects the usage of the HbbTV user
interface' is confirmed.

Related to the conducted research, usability and the
overall user experience of an interactive HbbTV
application may be a deciding factor for the user adoption
of a solution. It is recommended that the HbbTV user
interface usability is evaluated with consideration for the
ordinary TV viewer.

6 REFERENCES

[1] https://oiv.hr/hr/usluge-i-platforme/oiv-hbbtv-interaktivna-
tv-za-povezane-gledatelje-i-personalizirano-oglasavanje/

[2] https://www.hbbtv.org/overview/

[3] Luaces, D., Viqueira, J., R., R., Gamallo, P., David, M., &
Julian, C. F. (2018). GeoHbbTV: A framework for the
development and evaluation of geographic interactive TV
contents. Multimed Tools Appl, 77, 28023-28048.
https://doi.org/10.1007/s11042-018-6021-6

[4] Pagel, S., Simon, T., & Seemann, C. (2015). HbbTV
usability Analysis. HbbTV Symposium, London.

[5] Nielsen, J. (2012). Usability 101: Introduction to Usability.
Retrieved from https://www.nngroup.com/articles/usability-
101-introduction-to-usability/.

[6] Chorianopoulos, K. & Spinellis, D. (2006). User interface
evaluation of interactive TV: a media studies perspective.
Univ Access Inf Soc, 5,209-218.
https://doi.org/10.1007/s10209-006-0032-1

[71 McCloskey, M. (2014). Turn User Goals into Task Scenarios
for Usability Testing. Retrieved from
https://www.nngroup.com/articles/task-scenarios-usability-
testing/

[8] Fondevila-Gascon, J., F., Vidal-Portés, E., Muiioz-Sanchez,
0., &Polo-Lopez, M. (2021). Interactive Advertising on
HbbTV: An Experimental Analysis of Emotions.
Sustainability, 13(14), 7794.
https://doi.org/10.3390/su13147794

[9] Guna, J., Kos, A., & Poga¢nik, M. (2014). Gaining
methodological insights from the user experience and
usability study of an interactive HbbTV application.
Proceedings of the 7th International Workshop on Semantic
Ambient Media Experiences (SAME 2014), Ambient Media
Usability, Interaction, and Smart Media Technologies,
Helsinki, Finland. 24-28.

[10] Guna, J., Stojmenova-Duh, E., & Pogacnik, M. (2017).
Users' viewpoint of usability and user experience testing
procedure - gaining methodological insights in a case of an
interactive  HbbTV application. Multimed Tools Appl,
76(15), 16125-16143.
https://doi.org/10.1007/s11042-016-3898-9

[11] Burger, G., Guna, J., & Pogacnik, M. (2018). Suitability of
inexpensiveeye-tracking  devicefor  user  experience
evaluations. Sensors, 18(6), 1822.
https://doi.org/10.3390/s18061822

[12] Hamisu, P., Heinrich, G., Jung, C., Volker, H., Carlos, D.,
Pat, L., & Pradipta, B. (2011). Accessible Ul design and
multimodal interaction through hybrid TV platforms:
towards a virtual-user centered design framework.
Proceedings of the 6th International Conference on
Universal Access in Human-Computer Interaction: Users
Diversity. (UAHCI 2011), Orlando, FL, USA. 32-41.
https://doi.org/10.1007/978-3-642-21663-3_4

[13] Goodman-Deane, J., Keith, S., & Whitney, G. (2008). HCI
and the older population. Proceedings of the 22nd British
HCI Group Annual Conference on People and Computers:
Culture, Creativity, Interaction, BCS, Swinton, UK, 2. 193-
194. https://doi.org/10.14236/ewic/HCI2008.72

[14] Vusic, D., Topljak, A., & Frank, D. (2024). Influence of
Augmented Reality on User Experience in E-commerce.
Proceedings of the 21st International Joint Conference on
Computer Science and Software Engineering (JCSSE).
Phuket, Thailand. 424-431.
https://doi.org/10.1109/JCSSE61278.2024.10613731

[15] https://www.emailaudience.com/research-picture-worth-
1000-words-marketing/

Contact information:

Damir VUSIC, Full Professor
(Corresponding author)
University North,

J. Krizanica 31b, Varazdin
E-mail: dvusic@unin.hr

Miljenko STUMERGER, Teaching Assistant
University North,

J. Krizanica 31b, Varazdin

E-mail: mistumerger@unin.hr

Mario TOMISA, Full Professor
University North,

Trg dr. Zarka Dolinara 1, Koprivnica
E-mail: mtomisa@unin.hr

Tehnicki viesnik 32, 1(2025), 217-223

223




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


