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Abstract

With the growth in the number of apps from different contexts
in cloud software repositories, usability has become one of the
key aspects to improve application competitiveness and end-
user productivity. Usability can be included in the software
development process both in the design phase and in the
evaluation phase, where one of the most widespread formal
methods is the heuristic evaluation, in which a group of
evaluators inspect the usability of a software product taking
into account a set of specific heuristics, in order to identify
usability problems associated with the heuristics, which are
rated by the evaluators according to the parameters of severity,
frequency and criticality. In order to extrapolate the heuristic
evaluation to other contexts such as Smart TV environments,
this article proposed as a contribution the development of a
heuristic evaluation on a video game deployed on a Samsung
Smart TV, which involved the participation of 3 evaluators who
inspected the video game according to Pinelle's usability
principles for video games. This work is intended to serve as a
reference regarding the application of the heuristic evaluation
method in software deployed in different environments.

Keywords: heuristic evaluation, Smart TV, usability, video
game, usability.

I. INTRODUCTION

With the increase in the number of applications deployed in
cloud app stores, one of the most relevant aspects to improve
software competitiveness in the market and user productivity in
the interaction is usability [1]-[5]. According to ISO 9126,
usability is an attribute that defines software quality, along with
other relevant attributes such as: functionality, reliability,
efficiency, maintainability and portability [6]-[10]. In the same
sense, according to I1SO 9241-11, usability can be defined as
the extent to which a software product can be used by specific
users to achieve specific objectives with effectiveness,
efficiency and satisfaction in a specified context of use [11]-
[14].

The articulation of usability in the software development
process can be done in the design phase through the
incorporation of heuristic principles, or in the evaluation phase
through the application of formal inspection methods such as
heuristic evaluation or through user tests developed in a
usability laboratory [15]. Heuristic evaluation is an efficient
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and economical evaluation method in which a group of
evaluators inspect the compliance of a set of heuristic principles
on a given software, in order to obtain a list of usability
problems and rate them taking into account parameters such as
severity, frequency and criticality [16], [17]. The above, in
order to determine the usability problems that should be
prioritized to improve the quality of the evaluated software.

Although the heuristic evaluation method has been widely
spread in the context of general-purpose applications, making
use of Nielsen heuristics, its use has not been evidenced in other
specific contexts such as video games or applications deployed
in Smart TV environments, taking into account usability
heuristics specific to the applications of such contexts. In this
paper we propose as a contribution the application of the
heuristic evaluation method in the analysis of usability
problems of video games deployed in Smart TV environments.
The heuristic evaluation was performed using the 10 usability
heuristics proposed by Pinelle, which were obtained from the
review of common usability problems within the GameSpot
portal [18]-[20]. Specifically, a heuristic evaluation was
developed on the Urban Ninja video game, which was installed
on a Samsung Smart TV. The heuristic evaluation presented in
this paper is intended to serve as a reference as an effective
method to be applied in the evaluation of video games on
different platforms, from the perspective of usability. Similarly,
the methodology used in this paper is intended to serve as a
reference for the extrapolation of heuristic evaluation to other
types of applications deployed in non-conventional
environments.

The rest of the article is organized as follows: Section 2
presents the methodology considered for the development of
this work. Section 3 describes the results obtained from this
research, which includes the development of the different
phases considered in a heuristic evaluation of the Urban Ninja
video game installed on a Samsung Smart TV. Finally, Section
4 presents the conclusions and future work derived from this
research.

Il. METHODOLOGY

For the development of the present research, an adaptation of
the methodological phases that make up a heuristic evaluation
was carried out [21]. Thus, 5 methodological phases were
considered in this work: characterization of Pinelle's usability
principles, identification of usability problems in the Urban
Ninja video game, consolidation of usability problems,


mailto:gchanchig@unicartagena.edu.co
mailto:mospinaa@unicartagena.edu.co
mailto:wycampo@uniquindio.edu.co
server
Text Box


International Journal of Engineering Research and Technology. ISSN 0974-3154, Volume 14, Number 10 (2021), pp. 987-992
© International Research Publication House. http://www.irphouse.com

evaluation and/or rating of identified problems and finally
analysis of results (see Figure 1).

P2. |dentification of
usability problems

P1. Characterization
of Pinelle's principles

P3. Consolidation of
usability problems

P4. Evaluation of
identified problems

I—l

P5. Analysis of
results

Fig. 1. Methodology considered

In phase 1 of the methodology, Pinelle's 10 usability principles
were explored in order to determine the purpose and scope of
each of these heuristics, as well as their extrapolation to the
context of video games deployed in Smart TV environments.
Once the Pinelle principles had been characterized, in phase 2
of the methodology, each of the evaluators carried out an
individual inspection of the Urban Ninja video game in order
to identify usability problems associated with the Pinelle
heuristic principles. Based on the inspection carried out by each
evaluator in phase 2, in phase 3 the evaluators proceeded with
the consolidation and discussion of the usability problems, in
order to reach a consensus regarding the unfulfilled principles
in the different problems identified. In phase 4, the evaluators
rated the consolidated problems on a scale of 0 to 4, according
to the parameters of severity and frequency. Similarly, in this
phase the criticality of each problem identified is obtained from
the sum of severity and frequency. Finally, in phase 5, from the
ratings assigned by each evaluator, the average and standard
deviation of severity, frequency and criticality are obtained. In
the same way, problem rankings are obtained according to
severity, frequency and criticality, which allow to guide the
videogame development team on those problems that have a
higher priority to be solved, in order to improve the usability of
the software product. Lastly, a set of recommendations are
proposed as an alternative to the solution of the problems
identified in the heuristic evaluation developed on the Urban
Ninja video game.

111. RESULTS AND DISCUSSION

This section presents the results obtained in this research,
which includes the development of the different phases of the
heuristic evaluation. Thus, this section first presents a brief
description of the Urban Ninja video game and Pinelle's
usability principles. Subsequently, the consolidated list of
problems, the rating assigned by the evaluators to the problems
identified and the analysis of the results obtained from their
rating are presented. Finally, a set of recommendations
obtained for the different usability problems considered in the
evaluation are presented.

The heuristic evaluation developed and described in this paper
was performed on the Urban Ninja video game, which was

988

downloaded from the Samsung Smart TV app store. The main
character of the video game is a ninja, who must run over the
roofs of the buildings of a city avoiding collisions with the
different obstacles he encounters on his way (see Figure 2). To
control the movement of the ninja, the player must use the up
and down buttons on the Smart TV remote control. The game
also has a main menu that allows you to start the game, check
the ranking of scores, review the game credits and exit.

Fig. 2. Urban Ninja video game

As previously mentioned, the heuristic evaluation was
performed using Pinelle’s 10 heuristic principles, which are
described in Table 1 and were inspected in the Urban Ninja
video game [18], [19].

Table 1. Pinelle's heuristics

Heuristic Description

The
respond

H1. Provide consistent
responses to the user’s
actions.

video game must
predictably  to
different user actions.
Character movements,
collisions and physical laws
have a behavior that is
consistent with the real
world.

H2. Allow users to
customize video and

The video game must allow
the user to configure audio

audio settings, | and video options, game
difficulty and game | speed and difficulty level.
speed.

H3. Provide predictable | The video game's controlled

and reasonable | units (enemies, interactive

behavior for computer | objects, etc.) have a

controlled units. predictable and reasonable
behavior, keeping
consistency with the real
world.

H4. Provide | The video game must

unobstructed views that
are appropriate for the
user’s current actions.

provide unobstructed views.
The cameras used in the
video game must adapt to the
movement of the character.
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H5. Allow users to skip

The game must allow the

non-playable and | user the option to skip

frequently repeated | frequent and  repetitive

content. content that is presented at
different times during the
video game.

H6. Provide intuitive | The video game controls or

and customizable input
mappings.

inputs must be intuitive,
conventional and easy to
configure.

H7. Provide controls
that are easy to manage,

and that have an
appropriate  level of
sensitivity and

responsiveness.

The sensitivity of the video
game controls must be
adequate and depending on
the type of video game it is
possible to configure it.

H8. Provide users with
information on game
status.

Sufficient information about
the game state (levels, lives,
scores, enemy) should be
provided  using  visual
indicators, which help to
understand the objectives of
the video game.

Ho. Provide | The video game must

instructions, training, | provide the necessary help

and help. instructions to operate it and
optionally include a training
level.

H10. Provide visual | The different visual

representations that are
easy to interpret and
that minimize the need
for micromanagement.

representations used by the
game should be easy to

interpret and should be
consistent with real-world
information.

Once Pinelle's heuristics were characterized, the 3 evaluators
in the heuristic evaluation
consolidated the usability problems present in the Urban Ninja

participating

video game, which are shown in Table 2.

Table 2. Consolidated list of usability problems

identified and

Id Usability problems

Unfulfilled
principles

P1 | The video game does not allow | H1

options

effects).

the configuration of multimedia
(enable
background music and/or audio

or disable

P2 Before starting the game, a | H5

message  with

instructions is always displayed.

the  game

P3 | The video game controls are | H6

intuitive, but not customizable.
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P4 | The sensitivity of the controls is | H7
not adequate and cannot be
adjusted.

P5 | The game does not have a status | H8
bar and does not show the score
obtained, the current level or the
time elapsed since the start.

P6 Instructions are presented every | H9
time the game is started, but not
in the main menu.

From the consolidated list of problems, each of the evaluators
proceeded to rate the severity, frequency and criticality of each
problem. Severity evaluates the gravity of the usability problem
and its scale is between 0 and 4, where 0 indicates that there is
no usability problem, while 4 means that the problem is
catastrophic. Frequency evaluates how often a user may
encounter the identified problem and is scaled between 0 and 4,
where 0 indicates that the problem occurs less than 1% of the
time, while 4 indicates that the problem may occur more than
90% of the time. Criticality is obtained from the sum of severity
and frequency, so its scale is between 0 and 8 [21]. Details of
the severity and frequency rating scales are presented in Table
3.

Table 3. Severity and frequency rating scale

Rating Severity Frequency
<1%

1-10%

0 It's not a usability problem

1 Cosmetic usability
problem. Does not need to
be resolved unless extra
time is available on the
project.

2 Minor usability problem, | 11-50%
whose solution has a low

priority.

3 Major usability problem, | 51-90%
whose solution should

have a high priority.

4 Catastrophic usability | >90%
problem, whose solution
is imperative for the

product to be released.

Taking into account the list of problems in Table 2 and the
rating scale in Table 3, Table 4 shows the ratings assigned by
each of the evaluators in terms of severity, frequency and
criticality for each of the problems identified in the heuristic
evaluation.

Table 4. Problem ratings
Id El E2 E3
S F | C S F | C S F | C
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PL |2 2 4 2 2 4 2 2 4
P2 |1 3 4 2 3 5 2 3 5
P3 |1 1 2 1 1 2 1 1 2
P4 |2 2 4 2 2 4 1 1 2
PS |3 3 6 3 4 7 3 2 5
P6 |1 1 2 2 2 4 1 0 1

By averaging the ratings of the 6 problems identified in terms
of severity, frequency and criticality, it is possible to obtain the
results shown in Figure 3. According to the results in Figure 3,
it can be seen that the most severe problem is P5, while the least
severe is P3. Similarly, Figure 3 shows that the most frequent
problems are P2 and P5, while the least frequent problems are
P3 and P6. Likewise, it is possible to observe in Figure 3 how
the most critical problem is P5, while the least critical problems
are P3 and P6. In this sense, it is important to prioritize in the
development of the Urban Ninja video game, the inclusion of a
status bar that allows to visualize the score, the level and the
time, in order to improve the immersion and the understanding
of the objectives of the video game.

Average ratings of usability problems
6,0

47
4,0

3,3
3,0 3,03,0
3,0 2,3
2,02,0 = 2,0 s

2,0 , i 13
1,01,0 1,0

10

0,0

P1 P2 P3 P4

Severity Frequency Criticality

Fig. 3. Average ratings of usability problems

The prioritization of the problems at the criticality level can be
seen more clearly in Table 5, which shows the ranking of the
problems identified according to criticality, including the
priority associated with each problem according to the average
obtained at the criticality level.

Table 5. Ranking of problems according to criticality

Id Criticality Priority
P5 6.0 High
P2 4.67 Medium
P1 4.0 Medium
P4 3.33 Low
P6 2.33 Low
P3 2 Low
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On the other hand, when applying the standard deviation to the
ratings assigned by the evaluators in terms of severity,
frequency and criticality, the results shown in Figure 4 are
obtained. It is possible to observe, according to the results of
Figure 4, that in problems P1 and P2 the standard deviation of
the problems for severity, frequency and criticality is 0, since
in these problems there was total coincidence in the evaluators'
ratings. Similarly, in the case of problem P2 there was
coincidence in the frequency rating assigned by the evaluators,
while in the case of problem P5 there was coincidence in the
rating assigned by the evaluators to severity. It is also important
to mention that the maximum standard deviation for severity is
0.6, for frequency is 1.0 and for criticality is 1.5.

Standard deviation of usahility problems ratings

1,8
16 1,5
j_’L
12
1,0
0,3

06

1,2

1,01,0 1,0

06 06 0,6 0,6 0,6

0,4

0,2

0,00,00,0 0,0 0,0 0,000 0,0

P1 P2 P3 P4 P5 P&

Severity Frequency Criticality

Fig. 4. Standard deviation of usability problems ratings

Finally, based on the evaluation results, Table 6 presents a set
of recommendations to improve the usability of the Urban
Ninja video game, which are described for each of the 6
usability problems determined.

Table 6. Recommendations obtained for the Urban Ninja
videogame

Id
P1

Recomendaciones

It is recommended to include in the video game
the option to enable or disable background
music and/or sound effects.

P2 It is recommended to remove the message that
appears before starting each game and to
include an option to consult the instructions in

the main menu.

P3 It is recommended that the video game provide
the flexibility for the user to customize the
interaction controls, taking into account the

buttons available on the remote control.

P4 It is recommended to include an option in the
main menu to adjust the sensitivity of the
controllers, in order to improve the response of

the video game character.

P5 It is recommended to include a status bar in the
video game, in which the level, the score and
the time elapsed in the game are shown. The

above in order to facilitate the understanding of
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the objectives of the video game and improve
the user's immersion in it.

P6 It is recommended to include an option in the
main menu that allows consultation of the
video game controls, as well as their

customization.

Complementing the above, as a positive aspect of the video
game, it is important to mention that the different interfaces
make use of the same range of colors, allowing a consistent and
recognizable design for the player.

IV. CONCLUSIONS

Heuristic evaluation is one of the most widespread usability
evaluation methods, characterized by its simplicity and
effectiveness. Mainly, heuristic evaluation has been spread in
desktop applications or web applications, having as a challenge
its adaptation to other contexts that have gradually gained
ground in the field of interactive applications, as is the case of
software deployed in Smart TV environments. In this paper we
proposed as a contribution the development of a heuristic
evaluation of usability on video games deployed in Smart TV
environments. The heuristic evaluation developed is intended
to serve as a reference to apply this evaluation method in other
non-conventional contexts of interactive applications.

For the conduct of the heuristic evaluation presented in this
article, the 10 usability heuristics proposed by Pinelle were
used, which proved to be suitable to be extrapolated to other
contexts such as Smart TV environments, in order to identify
usability problems. Thus, in the case of the heuristic evaluation
developed, a total of 6 usability problems were identified that
do not comply with Pinelle's heuristic principles, of which 1 has
a high priority, 2 have a medium priority and 3 have a low
priority. The heuristic evaluation performed on the Urban Ninja
video game deployed on a Samsung Smart TV, allowed
determining that the usability problem with high priority to be
solved corresponds to the non-inclusion of a game status bar
that allows the presentation of the level, score and time. The
solution to this usability problem will allow the end user to
become more immersed and understand the objectives of the
video game in a clearer way. Other aspects that have a medium
priority and that can help to improve the interaction with the
video game, are the inclusion of an option to enable and disable
background music and sound effects, as well as the suppression
of the message that appears every time a game of the video
game is going to be started.

Finally, this work proposed a set of recommendations
associated with the 6 usability problems identified, which are
intended to guide the video game development team on the
functionalities to be included and the elements to be adjusted in
order to improve end-user interaction, as well as to contribute
to the competitiveness of the application in the Smart TV
application store.

As a future work derived from this research, we intend to
propose a set of usability criteria associated with each heuristic
and corresponding to the environment of video games deployed
on Smart TV environments. It is also intended to complement
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the heuristic evaluation conducted with a user test developed in
a usability laboratory, in order to determine additional usability
issues.
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