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Abstract: Research into the design of serious games still lacks metrics to evaluate engagement with
the experience so that users can achieve the learning aims. This study presents the new EPUX metric,
based on playability and User eXperience (UX) elements, to measure the capability of any serious
game to maintain the attention of players. The metric includes (1) playability aspects: game items
that affect the emotions of users and that constitute the different layers of the game, i.e., mechanics,
dynamics and aesthetics; and (2) UX features: motivation, meaningful choices, usability, aesthetics
and balance both in the short and in the long term. The metric is also adapted to evaluate virtual
reality serious games (VR-SGs), so that changes may be considered to features linked to playability
and UX. The case study for the assessment of the EPUX metric is Hellblade, developed in two
versions: one for 2D-screens and the other for VR devices. The comparison of the EPUX metric scores
for both versions showed that (1) some VR dynamics augmented the impact of gameplay and, in
consequence, engagement capacity; and (2) some game design flaws were linked to much lower
scores. Among those flaws were low numbers of levels, missions, and items; no tutorial to enhance
usability; and lack of strategies and rewards to increase motivation in the long term.

Keywords: serious games; game design; game evaluation; game engagement; virtual reality

1. Introduction

Following Djaouti et al.’s work [1], serious games are tools that use video game
structures both for a broad range of non-entertainment purposes and for varied audiences.
The desired goals are either to convey a message, to teach a lesson, or to provide an
experience, regardless of whether commercial objectives are at the same time achieved [2].
Developing serious games requires many types of expertise, so the process often lacks
structural unification [3]. Different theories and models have been proposed for this task
from various perspectives: educators, engineers, designers, players, etc. [4]. Designing and
developing serious games is therefore challenging because there is no unified criterion to
achieve an engaging experience that helps with the learning objective [5].

Engagement has been defined in many ways in serious game research [6]. When
studying the definition of engagement during an educational experience, some authors
focus on aspects such as behavior, motivation, cognitive effort and attention [7]. Other
authors define it as an affect or emotion related to a pleasurable experience [8]. Finally, there
are also studies that define engagement by referring to associated concepts: immersion,
presence and flow [9]. Although there is no consensus on the definition of engagement, it
can be identified as “a multidimensional construct with behavioral, affective and cognitive
components that affect the intensity and emotional quality of a user’s involvement in
initiating and performing activities” [10].
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In tests reported in recent studies of some relevance [11,12], engagement was found to
be essential for achieving the goals of serious games. Furthermore, it is not only researchers
who understand its importance, as players also believe that it helps them with their
learning [13–15]. This research aims to identify the playability and User eXperience (UX)
features that affect player’s engagement for serious game design. The first objective of this
paper is to propose a theory applicable to all purposes and scopes within the categories that
Göbel [16] advanced, so multiple features are considered. The elements of the game design
process that affect engaging gameplay must be identified to develop this framework [17].

From the study of these elements, the second and main objective was the design of
a metric to evaluate engagement in serious games gameplay. The challenge of creating
tools to assess serious game design was identified a decade ago in the research work
of Bellotti [18]. It is a difficult task, considering that the serious games literature is still
developing, besides which there are many different genres and application areas. Recent
works have created tools that encompass different dimensions, which Göbel categorized in
his literature review [16], dividing the evaluation into learning, gaming, and UX aspects.
A review of these frameworks [19] shows that each one may be more or less complete,
but they usually lack one of the three aspects to be assessed. Moreover, they offer only a
qualitative analysis, so no score is attached to the design result. Furthermore, no study has
been exclusively focused on engagement, which would be a mix of the mentioned gaming
and UX aspects [20].

Although there are other studies, such as Reese’s research [21], that develop metrics on
gameplay aspects of serious games, they do not focus on engagement. They address flow,
the cognitive state that provides a sense of deep enjoyment so rewarding that it motivates
engagement in the learning environment [22]. These are two closely related terms, but
engagement can be considered a component of flow so it will be studied more specifically
in this study. There is, therefore, still a gap in this field, which this paper seeks to fill: a
metric for the analysis of serious games that researchers and educators may use to score
engagement elements.

However, this study must adapt to the experiences of virtual reality serious games
(VR-SGs), which show great educational capabilities [23,24]. This technology creates immer-
sive environments and very attractive interactions that affect engagement sensations [25].
Playability features in VR change gameplay perceptions and engagement [26–30]. Further-
more, UX is unlike other devices because of the headset screen and controllers, which affect
the design needs [31,32]. Even people used to playing video games may find it difficult
to adapt to VR interactions and environments [33]. Therefore, VR opens up a completely
different way of engaging with serious games, so the metric has to be modified for the
evaluation of VR-SGs.

In conclusion, this research tries to solve (1) the absence of focus on playability and
UX elements that create engagement; (2) the lack of its quantitative evaluation in serious
games; and (3) the adaptation of the developed metric to 2D and VR serious games. It
draws from serious-game design models for researchers, considering playability elements
and UX-related perceptions. Hence, our first objective was to pinpoint the main features
that affect player engagement for 2D and VR serious games, as a theoretical guide that can
be used in the design of a serious game. The second and the main objective was to develop
two versions of the Engagement Playability and User eXperience (EPUX) metric (one for
2D-screen devices and another for VR devices) with which to evaluate aspects of playability
and UX. In this study, its characteristics are summarized in two tables (one for each version
of the metric), so that it is fully operative, which might explain the different elements.
Additionally, these two tables are extended in File S1 as a fully operative metric. Finally,
a case study of the serious game Hellblade: Senua’s Sacrifice was conducted to validate
the metric. Hellblade is a serious indie game that was developed to raise awareness of
people suffering from psychotic episodes and the difficulties that they face. It was chosen
because it is a quality game that adapts its playability and UX to 2D and VR versions and
both versions of the game could therefore be tested with the metric. The strengths and the
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weaknesses of the engagement design could be identified from the results. Additionally,
as a sub-objective, levels of engagement in both versions were compared to show which
visualization device (VR headsets or 2D-screens) was more engaging.

2. Materials and Methods

In this section, the main engagement elements from previous theories of serious
games design are discussed. The elements applicable to 2D-screen serious games are also
described, as are any necessary variations for VR experiences.

2.1. Serious Games Engagement Layers

Different game theories were studied in order to identify the elements of the game
design process that affect engagement. The criterion was that these studies have to involve
all the agents in the creative process of a serious game: developers, content specialists, and
other stakeholders. The reason is because this metric is designed for specialized researchers
who understand and collaborate in these projects. The five models identified were as
follows: the Mechanics, Dynamics and Aesthetics (MDA), the Design, Play and Experience
(DPE), the Design, Dynamics and Experience (DDE), the Learning Games Design Model
(LGDM) and the Educational Digital Games (EDG) frameworks. A comparative and
qualitative analysis of these theories was performed to identify similarities, differences and
gaps between the layers and agents that affect the engagement aspects.

The MDA framework [34] with its 3 layers (mechanics, dynamics and aesthetics)
formed the basis of engagement features that represent the main playability elements. Each
category influences the others in order to create emotional responses, so that the player
actively wants to play and to achieve the educational aims. But since the 3 layers of the
MDA framework did not cover the entire gameplay, other studies such as the DPE model
expanded them [3]. This framework includes other layers in the game design regarding
learning content, storytelling and UX, as shown in Figure 1. On the one hand, the role
of MDA layers in playability engagement is reaffirmed in DPE theory and UX is another
added component that affects it. On the other hand, the importance of narrative and the
inclusion of learning content as appealing for the player is also identified in DPE theory
and included in the following theories. However, their effect on engagement is not studied
in this paper as they are beyond the scope of playability features.
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The following 3 theories include the MDA and DPE layers that are summarized in
Figure 1, as well as focusing on other particular agents of the game design process. The
LGDM framework [6,25] is centered on the need for collaborative development between
content specialists, creative experts, and stakeholders from design to dissemination. While
content specialists show greater interest in learning content, stakeholders decide on the
devices and resources that affect UX. In addition, creative experts are in charge of designing
the MDA and the UX layers, which in a serious game design corresponds to the expert
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researchers. Additionally, there is the DDE framework [35], which covers the development
process of the MDA and the DPE layers, from game production to the player’s eventual
journey. The DDE framework is centered on mechanics game coding more so than on
dynamics due to the unpredictability of the different type of players and their various
behaviors. This theory emphasizes the importance of developers and their resources
in the variety of mechanics that affect the engagement of players. Finally, the overall
perspective of the previous 4 theories has been adapted to the EDG framework [4]. This
framework follows the future line of research that should include both the MDA and the
DPE layers, together with stakeholders and researchers, as with the LGDM model, and
with development teams as with DDE theory.

The analysis of these serious games design theories allows us to identify the essential
categories for games development. Regarding playability features, it has been shown how
MDA layers and UX gather together the main elements of engagement. In addition, the
variables that most affect development are (1) device choice due to its effect on UX and
(2) capabilities of the researchers and development team to create attractive MDA layers.

2.2. Serious Games Engagement Elements

Engagement with a serious game should create an intrinsic motivation in the players,
so that they wish to complete the experience. By doing so, it will be more likely that the
games achieve the learning goals related to the intended message, lesson, or experience.
The Key Characteristics of a Learning Game (KCLG) [36] define the emotions that should
be induced to make a game engaging. The first one is challenge, which is defined by
relevant, clear, and fixed goals in the game. Another is curiosity, understood in a sensory
and cognitive way, and fantasy, which evokes mental images related to the player. Later,
control was added as a feeling of self-determination and command of the learner [37]. There
are various studies where the effect of these emotions on the serious purpose are discussed;
however, these characteristics turn out to be fundamental when focusing on engagement.

More recently, Kim and Lee [38] developed the Dynamical Model of Gamification of
Learning (DMGL). It is a framework that relates each emotion to the 3 layers of the MDA
framework. The definition of each layer is: (1) mechanics are the components that are
represented and the range of actions before the player; (2) dynamics are the predictable
runtime behaviors that emerge from mechanics; (3) aesthetics are the audiovisual responses
that evoke emotions in the player [39]. Regarding DMGL connections, game mechanics
create difficulties for the players so that they feel the challenge. Elements of mechanics that
build this feeling are levels, points, goals, and quests, which represent challenges for the
player to overcome. Moreover, other elements such as rewards, badges, virtual items, and
feedback (from either the game or other players) help to construct the fantasy elements
of the game, as they reward the gameplay results. The category of dynamics is focused
on creating challenge and awakening curiosity. Behaviors that produce rewards stimulate
curiosity in the player, leading to progressive unlocking of the reward system and the
appointments while continuing the game. Additionally, dynamic behavior patterns and
systems based on time and vanquishing opponents encourage their desire to challenge
themselves and others. Finally, game aesthetics are responsible for evoking a strong fantasy
sensation when they evoke the virtual world. In this way, the audiovisual effects produce
positive emotions such as love, beauty, delight, and surprise. Apart from these feelings,
aesthetics also creates thrills, envy, connection, and comedy, as the player negotiates the
dynamics, which in turn stimulate curiosity.

Figure 2 summarizes these connections explained by DMGL theory. As the MDA
framework encompasses most of the main game elements, DMGL factors can be trans-
formed into evaluation criteria. Consequently, the appearance of game components will
be quantified in every action as the game progresses, as highlighted in the DDE frame-
work [30]. In this way, the capacity of serious games to engage players with the objective
can be measured [40,41].
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Nevertheless, the MDA framework lacks an essential aspect to allow the player to
interact and engage with the gameplay. The UX layer that the DPE model identified was
previously mentioned in the Introduction [3]. UX can be defined as the general effect of
interactions with the game that are produced in the perceptions of the player [42]. UX
design is based on two main elements: (a) graphic interface, interactive through a 2D-screen
and peripherals, and (b) interaction, the player’s experience and impact in the game [23].
Both features should be carefully planned to offer positive gameplay so that the user can
enjoy the experience and fulfill the game objective.

Ferrara [43] identified the following UX features: motivation, meaningful choices,
usability, aesthetics and the balance between these variables. Moreover, both long-term
and short-term interactions should be considered for each feature. Motivation corresponds
to the attraction that the initial user feels toward game interactions and the available
rewards which maintain a long-term interest in achieving the goal. The second layer,
meaningful choices, includes the decisions and interactions of each player that influence the
game results. These are short-term tactics and long-term strategies that can be performed
in individual or collaborative gameplay. The usability layer has to plan both interface
and interaction elements to facilitate the perceptions of players of their own actions and
the proposed goals. Interfaces should offer a sense of control from the start that can be
progressively mastered. Aesthetic UX features relate to a pleasant direct sensory experience,
which has to continue while the narrative unfolds and with it the game. Finally, balance
measures how challenging and fair the game system is. UX must rate how much the
basic game interactions are quickly learnt and perceived. Moreover, long-term aspects are
measured by the player’s effect throughout the game due to participation and progress.

The MDA framework defines playability aspects that are interrelated with UX ele-
ments, as shown in Figure 2. On the one hand, the most direct relationship is that of graphic
interface aesthetics with MDA aesthetics, as both layers refer to audiovisual representation
and the sensations it provokes. On the other hand, usability evokes a sense of control as
the player masters the mechanics that the game offers. Finally, motivation related to the
interactions and the meaningful choices about them depend on dynamic behaviors. All
these aspects, and their balance and relationships, influence player engagement, so these
are quantified in the EPUX metric. Likewise, the capacity of the development team referred
to in the LGDM framework [6,25] must be taken into account in the evaluation. Their
results are not comparable with the results of large studios with an in-house capacity to
create commercial games.
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2.3. Playability and UX Necessities for VR Experiences

Serious games developed for VR devices need an adaption of the EPUX metric. VR
technology substantially changes player interactions, the control a player can exercise
and emotional responses [44]. Consequently, playability and UX components must be
individually considered for the advancement of VR serious-game design.

First, UX elements have to be examined because there were some issues found in
earlier studies that had designed VR-SGs [33]. Those referring to UX development were
as follows:

• Interactive experiences are preferred due to a “balance between costs, nowadays-
technological development, immersion feeling and the possibilities that users have”.
On the contrary, passive experiences are usually limited and rarely achieve the pro-
posed objectives.

• Immersion and usability are highly correlated with user satisfaction which is necessary
for the game objective.

• Most studies show that users enjoy the experience, but the unfamiliar interface of VR
technology limits the full potential for learning and training. In consequence, every
VR-SG should include an extensive pre-training stage so users gain confidence and
make the most benefit of its interaction with the VR environment.

Together with the LGDM framework, the importance of considering the development
team and its limitations has been highlighted in this study. There are fundamental VR-
related factors that will determine whether the experience is passive or active: VR devices,
development possibilities, and team budget [29]. The researcher using the EPUX metric
must try to be aware of these sorts of restrictions for the development of VR-SGs. Another
no less important result is user satisfaction and how the interface is controlled and learnt.

First of all, the specific headset for which the game is developed must be considered. As
one review underlined [33], VR users prefer experiences in which there is interaction with
game components, following UX layers of motivation and meaningful choices. Therefore,
devices such as Oculus Rift or HTC Vive will be better for serious games [45], because
these headsets include interactive controllers and have 6 degrees of freedom (DoF). This
characteristic means that the device tracks rotational and translational motion, so that there
is interaction through the environment that creates more flow and presence. On the other
hand, 3 DoF headsets such as Oculus Go, which only have rotational motion, will be less
preferable due to their restrictive interaction [45].

A probable future problem was also detected in connection with development because
of budget limitations. Designing high-visual-quality VR environments and explorative
interaction experiences could be impracticable due to its high costs [33]. Hence, evaluating
SG-VRs should consider the outcomes of gaming with those constraints in mind, without
blindly penalizing game components that are not of high quality. On the basis of this
interactive experience, some inconveniences such as VR sickness and headaches [22,46]
must be avoided so that the interaction leads to user engagement. In addition, no highly
complex actions using controllers or body movements within the VR environment should
be implemented. When users are unfamiliar with VR controllers, this novel interaction
causes difficulties in their physical and virtual movements [32]. Any of these mishaps could
disturb the perceptions of users and affect their motivation to continue with the experience.

Another relevant aspect is UX possibilities of learning how to interact. SG-VRs should
design a training tutorial to make users comfortable with movement and controls in the
virtual environment. This usability feature will increase the perceptions of players with
regard to their own actions and the game goals [31]. Additionally, UX design should
achieve more difficult interactions according to the user’s meaningful choices, thereby
leaving more space for flow sensation. Finally, even if the game development is restricted,
the interface should be audio–visually pleasant with regard to the quality of its aesthetics.
This layer is a constant in every user interaction, so it has to be attractive, accessible, and
easily understood. The interface may use controller buttons or movement, although any
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changes that the player makes should be accompanied by visual or audio effects. These
new metrics are collected in Figure 3, defining their connections with VR UX elements.

Electronics 2024, 13, x FOR PEER REVIEW 7 of 20 
 

 

mishaps could disturb the perceptions of users and affect their motivation to continue 
with the experience. 

Another relevant aspect is UX possibilities of learning how to interact. SG-VRs 
should design a training tutorial to make users comfortable with movement and controls 
in the virtual environment. This usability feature will increase the perceptions of players 
with regard to their own actions and the game goals [31]. Additionally, UX design should 
achieve more difficult interactions according to the user’s meaningful choices, thereby 
leaving more space for flow sensation. Finally, even if the game development is restricted, 
the interface should be audio–visually pleasant with regard to the quality of its aesthetics. 
This layer is a constant in every user interaction, so it has to be attractive, accessible, and 
easily understood. The interface may use controller buttons or movement, although any 
changes that the player makes should be accompanied by visual or audio effects. These 
new metrics are collected in Figure 3, defining their connections with VR UX elements. 

 
Figure 3. Scheme of proposed UX elements for VR. 

Regarding playability features, mechanics and dynamics elements which involve 
challenge are exactly the same for VR-SGs [31]. The player likewise has to overcome the 
mechanics’ quests, goals, and levels, as well as using strategies to cope with patterns and 
progression in the dynamics. In contrast, the way that fantasy mechanics features are per-
ceived by VR users is radically different [5]. The experience changes from watching vid-
eos, items and characters on a 2D-screen to experiencing them within a VR surrounding. 
In addition, the design of the experience varies greatly depending on the type of interac-
tion and the headset. When the game has 3 DoF, its players only have the freedom to look 
around, which lowers their engagement. At another level, a 6 DoF experience lets the play-
ers walk around and interact with objects and characters at the scene [27]. The possibility 
of being able to move in space and change the orientation and the perspective in which 
the virtual elements are displayed improves engagement and, therefore, the outcomes of 
the game [26]. 

Curiosity aspects are quite different, because of the specific flow within the VR envi-
ronment. Options for exploration and interaction with characters, items, and venues will 
strongly affect user engagement. Once again, these metrics have to be reconsidered to as-
sess the extent to which the process of unlocking and progressing is immersive for the 
player. Finally, the aesthetic layer which includes every visual and sound effect is quite 
different in a VR environment due to the surrounding sensations that it generates [27]. 
The emotions of fantasy and curiosity evoked within a VR environment will be stronger 
than 2D-screen experiences as long as the user perceives them as well integrated; other-
wise, the emotional effect could be negative [30]. Audiovisual metrics must therefore be 
closely examined to ascertain whether positive instead of negative sensations are induced 

Figure 3. Scheme of proposed UX elements for VR.

Regarding playability features, mechanics and dynamics elements which involve
challenge are exactly the same for VR-SGs [31]. The player likewise has to overcome the
mechanics’ quests, goals, and levels, as well as using strategies to cope with patterns and
progression in the dynamics. In contrast, the way that fantasy mechanics features are
perceived by VR users is radically different [5]. The experience changes from watching
videos, items and characters on a 2D-screen to experiencing them within a VR surrounding.
In addition, the design of the experience varies greatly depending on the type of interaction
and the headset. When the game has 3 DoF, its players only have the freedom to look
around, which lowers their engagement. At another level, a 6 DoF experience lets the play-
ers walk around and interact with objects and characters at the scene [27]. The possibility
of being able to move in space and change the orientation and the perspective in which the
virtual elements are displayed improves engagement and, therefore, the outcomes of the
game [26].

Curiosity aspects are quite different, because of the specific flow within the VR en-
vironment. Options for exploration and interaction with characters, items, and venues
will strongly affect user engagement. Once again, these metrics have to be reconsidered to
assess the extent to which the process of unlocking and progressing is immersive for the
player. Finally, the aesthetic layer which includes every visual and sound effect is quite
different in a VR environment due to the surrounding sensations that it generates [27]. The
emotions of fantasy and curiosity evoked within a VR environment will be stronger than
2D-screen experiences as long as the user perceives them as well integrated; otherwise,
the emotional effect could be negative [30]. Audiovisual metrics must therefore be closely
examined to ascertain whether positive instead of negative sensations are induced in the
player when assuming the role of a spectator. Having adapted these aspects well, user
involvement with playability should be assured.

3. Results

In this section, the EPUX metric is presented to evaluate engagement characteristics in
serious games and to examine its strengths and flaws. A second version is also introduced
to apply to VR-SGs with the necessary changes. The application of the EPUX metrics to the
serious indie game Hellblade: Senua’s Sacrifice is then discussed, both for the 2D and the
VR versions. Finally, the results of testing the metrics with two study group assessments
are presented to evaluate its independence with the user, once again for 2D-screen and
VR devices.
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3.1. EPUX Metric for 2D-Screen Serious Games

In this paper, the EPUX metric is proposed in order to apply the theories that are
described in Section 2 to evaluate 2D-screen serious-game engagement. Table 1 reflects
the scheme of the features that are evaluated and shows the maximum marks, while File
S1 collects a detailed description of the proposed marks and levels for each category that
is evaluated. This metric introduces a complete novelty when grouping the playability
and UX aspects, as well as assigning scores in their evaluation. The total score of 100 will
rate the playability and interaction possibilities. According to the result, it will be possible
to estimate the capacity to engage the player during the game. A high score will mean a
higher probability of the user achieving the expected goal. On the other hand, a low score
will mean poorly engaged players, likely to jeopardize the serious game objective.

Table 1. EPUX metric for 2D-screen serious games (green for Playability emotions and blue for
UX elements).

Playability Emotion MDA Layer Features Marks

Mechanics Levels, points, goals, quests. /10
Challenge

Dynamics Time and enemy patterns, opponent players. /10

Mechanics Rewards, badges, virtual items, feedback. /10
Fantasy

Aesthetics Audio and visual effects relating to love, beauty, delight,
and surprise. /10

Dynamics Reward scheduling, progressive unlock, and appointments. /10
Curiosity

Aesthetics Audio and visual effects regarding thrill, envy, connection,
and comedy. /10

SUBTOTAL /60

UX element Term-time Features Marks

Short-term Initial attraction to play. /4
Motivation

Long-term Available rewards during the game. /4

Short-term Possible tactics for player. /4
Meaningful choices

Long-term Possible strategies for player. /4

Short-term Sense of control from the start. /4
Usability

Long-term Possibility of mastering the interface. /4

Short-term Pleasant direct sensory experience. /4
Aesthetics

Long-term Pleasant experience throughout the game. /4

Short-term Basic game interactions are quickly learnt. /4
Balance

Long-term Progress of player affects the interface. /4

SUBTOTAL /40

Score distribution is based on the importance that is attributed to each feature in
the theories described in the previous sections, from which the engagement aspects were
extracted. MDA playability was identified as more important for engagement design than
UX in the following frameworks: EDG [4], DDE [35], LGDM [6,25] and DPE [3]. The UX
effect depends on the interaction with playability elements [42] so it has a lower score
than MDA layers with a ratio of 1:1.5. In this way, playability is more fundamental, but a
game difficulty could pass without a good UX. Within playability, Challenge, Fantasy, and
Curiosity are each worth 20%, because the KCLG framework [36] establishes equity between
its emotions. At the same time, each of the three emotions are, in DMLG theory [38], equally
divided between two MDA layers involved in the feeling, as they are also equated in that
theory. The appearance of the elements described above in each section must be taken
into account to evaluate these features in a serious game. Each one will be valued at over
10 points for inclusion throughout the actions developed in the experience. Regarding UX
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elements, the score is equally divided between the five UX features (Motivation, Meaningful
choices, Usability, Aesthetics, and Balance), because these characteristics, as Ferrara [43]
determined in his study, are of the same importance. The 8 points that each is worth are
equally split between short- and long-term applications, as the author also established
similar importance to motivate the gameplay from the beginning of the game to the end.
The score will be determined according to the features available in the game interface from
among all those described in Table 1.

3.2. EPUX Metric Modification for VR

Following the modifications under Section 2.3, this study proposes a variation of the
EPUX metric to evaluate playability and UX elements in VR, as described in File S1 (a
detailed description of the proposed marks and levels for each category for evaluation). The
same total ratings will be used: 60% for playability and 40% for UX features. Regardless
of the device for which the serious game is designed, the gameplay is prioritized over the
UX upon which it is based. Nevertheless, some sections are separated or have more added
features to take into account the distinct VR characteristics. This new structure is shown
below in Table 2 as a scheme of the complete metric, with VR differences indicated in italics.

Playability scores are the ones that change the most in the VR version, as explained
under Section 2.3, except for the challenge emotion. These challenge-related mechanics
and dynamics have to be equally designed for every device, so they each have a maximum
score of 10. On the other hand, mechanics for fantasy and dynamics for curiosity have to
be evaluated in different ways depending on their interactivity [10,25–30]. In the same way,
the aesthetic layer depends on the surrounding VR environment to generate emotions [27].
Therefore, these scores of 10 are divided equally into 5 points. One part will continue
to measure the appearance of playability elements and the emotions that the aesthetics
are intended to provoke, but another is meant to score their integration within the VR
environment. If it is not properly implemented, the engagement emotions that are sought
will not be evoked [27,30,33]. If the gameplay in VR is not perceptibly interactive, the
player becomes a spectator, feeling neither fantasy nor curiosity. Unless the aesthetics are
adapted to the virtual environment, emphasizing immersion and interactions, a sense of
beauty or thrill will not be evoked in the player.

Regarding UX elements, the division and the ratings of features are exactly the same
as for the 2D metric. The engagement of these experiences depends on interaction with the
devices and how well they are designed, which should be evaluated in the same way in the
2D-screen as in the VR. What changes when evaluating SG-VRs is the aspects that have
been explained under Section 2.2 and that are included in other sections. The chosen device
and the controllers for the game affect motivation and meaningful choices. If these permit
interaction with the virtual environment and items, the player will be driven to continue in
the long term. Likewise, when these interactions are permitted, the range of tactics that
the player can apply in the short term will increase. One of the main features to consider
is the interface design in VR to facilitate user control. The inclusion of a tutorial will be
valued in the short-term balance section, as it is based on general adaptation to the game.
Continuing with this sense of control, short-term usability is used to evaluate whether there
are complex actions within VR which could frustrate the player. The section on long-term
usability will also take into account that some tools have been applied to avoid dizziness or
headaches while playing. Finally, aesthetics always have to offer a pleasant experience, but
in the long term, the budget limitations to develop the game should be considered.



Electronics 2024, 13, 281 10 of 20

Table 2. EPUX metric for Virtual Reality (green for Playability emotions and blue for UX elements;
special features for VR are marked in italics).

Playability Emotion MDA Layer VR Features Marks

Mechanics Levels, points, goals, quests. /10
Challenge

Dynamics Time and enemy patterns, opponent players. /10

Rewards, badges, virtual items, feedback. /5
Mechanics These are interactive and may or may not be integrated in the

VR environment. /5

Aesthetics
Audio and visual effects regarding love, beauty, delight,

and surprise. /5Fantasy

The sense of surrounding intensifies the emotion. /5

Reward scheduling, progressive unlock and appointments. /5
Dynamics

Interactive in nature and may or may not be explored. /5

Aesthetics
Audio and visual effects regarding thrill, envy, connection,

and comedy. /5Curiosity

A sense of interaction intensifies the emotion. /5

SUBTOTAL /60

UX element Term-time VR Features Marks

Short-term Initial attraction to play. /4
Motivation

Long-term Available rewards during the game. The device and the
controllers permit interaction. /4

Short-term Possible tactics of players. Interaction dependent on device
and controllers. /4

Meaningful choices
Long-term Possible player strategies. /4

Short-term Sense of control since the beginning. There are no complex
actions necessary to play. /4

Usability
Long-term Possibility of mastering the interface. No dizziness or

headaches caused. /4

Short-term Pleasant direct sensory experience. /4
Aesthetics

Long-term Pleasant experience throughout the game. Budget limitations
taken into account. /4

Short-term Basic game interactions are quickly learnt. There is a tutorial. /4
Balance

Long-term Progress of player affects the interface. /4

SUBTOTAL /40

3.3. Study Case: The Evaluation of Hellblade: Senua’s Sacrifice

In this sub-section, the EPUX metrics presented in File S1 are tested on Hellblade:
Senua’s Sacrifice, shown in Figure 4. This is an independent AAA game (a high-quality
low-budget experience) developed as an adult fantasy experience at Ninja Theory studios
and released in 2017 [47]. Hellblade is a commercial game that addresses a social and
educational objective in its development: to raise awareness of people living with mental
illness. Specifically, the story is focused on Senua, the lead character, who suffers from
psychotic episodes, lives with her illness and faces the effects on her path through life. The
studio worked with expert neuroscientists and psychologists, mental illnesses associations
and people affected by psychosis, so that the illness was not represented as mere fantasy. It
is in fact based on scientific studies and real experiences. Hellblade is a commercial project
that may not be academically classified as a serious game due to its lack of quantifiable
knowledge outcomes. Nevertheless, the conscious objective and the application of the
gameplay and educational content mean that the game is classified as a social awareness
and impact game and can be studied as such. Both the narrative and the story that this video
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game recounts have been analyzed in some papers in the context of an empathetic approach
towards mental health awareness [48,49]. Particularly, the importance of collaboration
between researchers and commercial developers was highlighted in the study of Fordham
and Ball [50] so that players could engage with this important issue through a ludic
framework. The game was adapted a year later to VR, which permitted the comparison
between both versions in this case study.
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3.3.1. Evaluation of the 2D-Screen Device Edition

The application of the EPUX metric to Hellblade is extensively presented in File S2
and gives a total result of 59 out of 100. This score means that the design of both playability
and the UX are acceptable for game engagement. Furthermore, the scores of both sections
pass the minimum, 35/60 for playability aspects and 24/40 for UX elements. Regarding
playability emotions, both challenge sections score 5 points. The mechanics of Hellblade
offer basic goals to progress through the plot and enemies with dynamic patterns. At
important story points, there are some goals and missions that have to be accomplished
to move on. However, there are few changes to the basic goals that offer little variety
throughout the story so defeating enemies becomes simple and there are no items to
gain experience points or levels. Regarding the evocation of fantasy, there are only some
Norse stone totems (as Figure 4 shows) that can be found, so this section only scored 3 for
mechanics. On the other hand, aesthetics scored 7, because the effects are of a certain
quality, creating an environment in which the player immerses and connects with Senua’s
situation. Curiosity is the playability emotion with the highest score: 15 of 20. The game is
based on dynamics in which the player, acting as Senua, has to constantly solve puzzles
and unlock the next test such as, for example, aligning scenario items to form a symbol
(as Figure 4 shows). Once again, the aesthetics are quite good, using the sets and the
extraneous voices to convey chilling emotions.

Every UX element rates 5 or 4 points of 8, meaning that the interface is acceptable, so
the user will have no expected problem when playing. Regarding motivation, Hellblade
presents an unknown and interesting environment with a narrative and effects that invite
the player to explore the game and its simple interface facilitates gameplay. So, in the
short term, there is high attraction, though the focus decreases in the long term due to
the lack of interactive rewards. Likewise, the game is based on short-term tactics, based
on how to unlock puzzles or defeat enemies, which depend on meaningful user choices.
However, there is no kind of long-term strategy as the game has no experience progression
or defined economy. Initially, the game shows little usability, because it includes no tutorial,
so the player may at times lose track of the situation. As the game progresses, the controls
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have to be mastered to fight and to solve the puzzles. The interface aesthetics are simple
and attractive from the beginning as the interactive items are differentiated, encouraging
a following. Nevertheless, the gameplay becomes somewhat repetitive throughout the
experience. Finally, balance is quite good in the short term because it is easy to learn the
necessary controls quite quickly. In contrast, some interactions increase in difficulty as the
player progresses with the story.

3.3.2. Evaluation of the VR Edition

The virtual reality version of Hellblade tells the same story as the previous version.
The player has to go through identical environments and face the same mechanics and
dynamics to solve the puzzles. Nevertheless, some adaptations have been introduced in the
gameplay for VR devices. In this edition, the control of Senua is still in the third person, but
the camera through which the player observes the game changes positions according to the
obstacles she encounters. These movements respond to the need to adapt to a 360◦ vision
and prevent the user from becoming dizzy. Furthermore, at certain points within the game,
the controls are locked and cinematics are played. In most instances, the perspective is
changed to a screen where the video is played. In others, the VR environment is used,
so that Senua speaks to the player directly, simulating very close contact. These different
adjustments are shown in Figure 5.
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When the metric was applied to this version of Hellblade, it scored 67 out of 100, as
shown in File S2. This score is the result of adding the 41 points of the playability part to
the score of 26 for the UX features. All playability emotions had a minimum acceptable
rating, but challenge had the lowest one in this table. Once again, the mechanics and
dynamics of the game progress lacked sufficient variety, each of which only scored 5. When
evaluating fantasy, the Norse stone totems, which are the mechanics items, were too few
and not directly interactive, but were merely integrated in the environment, so this section
received 3 points. On the other hand, fantasy aesthetics achieved the highest score of 10.
The visual and sound effects were of great quality in VR. In fact, the player is completely
surrounded and lives a delightful experience as Figure 5 shows. With regard to curiosity,
the dynamics scored 8 points as they promote the progressive unlocking of gaming features,
while the VR environment permits more direct interaction and exploration when solving
the puzzles. Finally, the aesthetics once again scored very highly because of their quality
and the interactive ability to intensify emotions.

The evaluation of the UX elements resulted in all of them achieving at least half of the
full score. Starting with motivation, the initial attraction to play the game is very high, but
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that attraction is lost as the experience continues. There are only a few totems throughout
the story, and these have few interaction possibilities. The same situation repeats for the
meaningful choices of the game. Hellblade includes a lot of tactics with which the player
can interact with the environment and unlock the puzzles, yet is lacking in long-term
strategies. Concerning usability, there is no tutorial to begin the control of Senua, so the
user could be a little confused. However, the player can master the interface as the game
progresses. In addition to this section, there are no development issues which could cause
typical VR inconveniences, such as dizziness or headaches. The evaluation of aesthetics
concluded that the game offered a satisfactory experience due to the audio–visual quality
when starting playing, although this impression is not as strongly felt throughout the game.
Finally, the short-term balance was considered to be good, because the player can easily
learn to play, even without a tutorial. In the long term, some of the interactions become
more difficult as both the player and Senua advance through the scenarios of the game.

3.4. The Evaluation by Study Groups

The study was performed with volunteers from the University of Burgos community
who tried one of the versions. All were master’s degree students, with similar socio-cultural
characteristics and knowledge of video game design and multimedia experiences. The
volunteers were explained the objective of this study and the metric features so that they
would have a solid foundation for using the EPUX metric. The 2D-screen devices group
was formed of twenty-four people and the VR group of twenty-three people, both groups
being almost equal. Each group was informed of the educational purpose of the game
and the EPUX metrics for its evaluation. They played the game for an hour and were then
asked to fill in the metric and a survey including personal data, in addition to their interest
in video games and former experience with VR devices. Likewise, they were asked to
rate their experience and describe the video game with five adjectives. This information
was sufficient to cluster the surveys into two types of evaluators: non-usual players and
usual players. The correlation between the results and age and gender was studied but did
not yield any results relating these factors to the engagement evaluation. The results, the
average scores and standard deviations, along with the individual results of the researcher
are available online [51], while the main outputs are summarized in Figures 6 and 7.
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3.4.1. Group Results of the 2D-Screen Device Edition

This study group consisted of twenty-four people, ten women and fourteen men in
their twenties up to their fifties. Fourteen of the participants were used to video games,
while the other ten never usually played. Regarding the playability emotions metric,
the average subtotal was 37.21, set alongside the result of 35 from the researcher, with a
standard deviation of 6.31. Looking at the features’ averages in Figure 6, the values were
quite close to the original researcher outcome and the standard deviation was acceptable
at lower than 2, as the total score was 10. The lowest variation, 1.48 corresponded to the
fantasy emotion aesthetics, indicating that players agreed on the video game aesthetic’s
ability to recreate the environment. In fact, the study group scores reaffirmed those of
the individual researcher, highlighting the audio–visual elements, compared to the more
disappointing scores for mechanics and dynamics.

As regards the UX elements metric, the average subtotal score was 23.54, almost
equal to the result of 24 from the researcher, and the standard deviation was 6.28, as
is summarized in Figure 6. Both values indicated even closer assessments than in the
playability section. Furthermore, the characteristic averages differed in quite a similar way
to the previous section, in most cases distanced below one with respect to the scores of the
experts, and the standard deviation was around 1, a relatively high number considering
that 4 was the highest score. These marks also showed that the metric offered a comparable
measurement of both the long- and the short-term characteristics of the game.

The total average score was 57.79, close to the score of 59 of the researcher, with
a standard deviation between both scores of 11.54. The conclusion that can be drawn
from these ratings is that, according to the participants, the game barely met the playable
characteristics necessary for a serious game. This assessment corresponds to the Hellblade
playability weaknesses analyzed in Section 3.3.1. However, a great difference may be
observed within this group when considering the personal data of the group members.
On the one hand, the participants who were accustomed to playing scored the video
game with higher scores, similar to those of the researcher. In addition, the correlation
coefficient between the EPUX metric total scores and their perception of the game as
a fun experience is 0.37. On the other hand, those who hardly ever or never played
video games tended to give lower ratings, especially in the UX section. In this case, the
coefficient of relationship between total scores and fun perception is much higher at 0.70.
A linear regression fit for both cases also provides some arguments in the same direction:
although the correlation is mainly not linear between both variables (R2 0.14 and 0.49,
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respectively), it also shows how the total EPUX score does not strongly depend on the
fun perception (EPUX = 2.00 × Fun + 38.17 and EPUX = 3.19 × Fun + 39.85, respectively),
but the dependence is stronger in those who hardly ever or never played video games.
This comparison reveals that an absence of both gaming experience and predisposition
to play video games affected the perceptions of the evaluator with regard to motivation
and possible game options. Usual players are able to evaluate game design features more
objectively without being affected by the greater or lesser enjoyment of the experience.

3.4.2. Group Results of the VR Edition

The second group consisted of nine females and fourteen males, also aged between
their twenties and fifties. Of these, fourteen people expressed less interest in video games
and nine much higher levels of interest. Nevertheless, most participants barely had any
experience with VR, which was therefore a completely new experience for them all. Con-
cerning the playability metric, the subtotal average score was 41.9, a value almost identical
to the score of 41.0 of the researcher, and the standard deviation was 6.66, as shown in
Figure 7. Regarding the ratings for each characteristic, the results showed a standard devia-
tion of around 1, which underlined the very similar scores from the participants in most
cases. As with the evaluation of the researcher, the highest scores were matched with the
perception of aesthetics and their integration in the virtual environment. On the contrary,
the most distant average values corresponded to the mechanics that caused fantasy. This
variation may be due to the fact that most participants have played VR for the first time;
thus, they perceived virtual items in more immersive and suggestive ways.

In the UX element section, the sub-total average score was 23.89, once again close
to the researcher marks of 26.0, and the standard deviation was 4.3, as is summarized in
Figure 7. The standard deviation of each aspect was around 1.0. As with the previous
study group, the short-term and the long-term characteristics once again showed similar
deviations. These data reaffirm the stability of the metrics. On the one hand, the average
values closest to the scores of the researcher were usability and aesthetics, as the students
themselves described the game as “attractive, interesting and immersive”. On the other
hand, motivation, meaningful choices, and balance aspects were more subjective elements,
dependent on the way they perceived their control over the game.

The total average score of the group members was 65.26, almost equal to the score
of 67.0 of the researcher, with a standard deviation of 10.01. So, the scores of this study
group also confirmed the evaluation of the researcher, awarding the VR version a higher
score, and thereby confirming that this technology increased the playability and learning
of this video game. Regarding the way in which the participants’ level of familiarity with
video games affected their scores, the group members with greater familiarity gave lower
ratings to the playability aspects and the UX balance than the other group members. These
participants also have a much lower correlation coefficient between total scores and fun
perception (0.33) than non-usual players (0.78). The same occurs with the linear regression
fits, which are lower with habitual players (EPUX = 4.38 × Fun + 30.15) than with non-
habitual players (EPUX = 6.02 × Fun + 25.87). As in previous case, the linear regression
fits for both cases just provide more some arguments in the same direction, although the
correlation is mainly not linear between both variables (R2 0.11 and 0.61, respectively). The
higher expectations of regular players with regard to specifications and control over the
game interface might explain these lower scores. And like the PC version, they are able to
evaluate playability features more objectively.

4. Discussion

The EPUX metric has been developed for the evaluation of serious game engagement
among expert designers. One of the researchers applied the metric to both versions of
Hellblade: Senua’s Sacrifice to test the capability of the metric to assess these elements
and to compare 2D-screen and VR applications. The analysis was also conducted with
two groups of university volunteers to reduce subjectivity in the case study. The sample
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consisted of people with an interest in the experience and with a similar level of studies
which could produce homogeneous results. A comparison of the scores of each study
group with the scores of the researcher was intended to establish whether people with
different levels of gaming experience could apply the metric with roughly similar results
when looking at the weaknesses and strengths of different features of Hellblade. If the
results were very different, it could be determined that the EPUX metric should be better
explained or that some other aspects may need to be included.

The evaluation of the researcher of both versions of this game with the EPUX metric
yielded a positive result. Therefore, Hellblade: Senua’s Sacrifice has well-designed playa-
bility and UX for its learning aim to raise awareness of mentally ill people living through
psychotic episodes. However, there are some differences between the ratings of the two
editions. Starting with the final result, the first version scored 59 out of 100, and the VR
version scored 67. Comparing both tables, the different scores showed how the same game
using a VR headset offered certain advantages over traditional video game devices.

The playability results for the 2D-screen device and the VR version improved from
35 to 41. The main increase in this section was due to the difference in the perception
of aesthetics. From the start, Hellblade has a high-quality audio–visual design adding
an emotive attachment for the player with the storyline. When the game transfers these
features to the VR environment in a way that surrounds the player, the sensations that the
game conveys are maximized. Fantasy and curiosity aesthetics are therefore scored highest
of all. As for dynamics, there was only a slight rise in the curiosity section. This change is
because unlocking the puzzles was perceived in a more interactive and direct way in the
VR game. The scores for the other features of dynamics and all the mechanics were exactly
the same for both versions. All objectives, enemies, patterns, and items remain the same
in the story. In conclusion, what VR enhances is the feeling of fantasy, bonding with the
imaginary world, and curiosity to become familiar with the experience.

UX scores barely differed, ranging from 24 in the 2D-screen device version to 26 in the
VR version. Motivation, meaningful choices, usability and balance sections were equally
scored, as shown in both tables of File S2. The similar ratings should be pointed out, because
it means that the game has been well adapted for VR. The experience neither caused control
problems in the VR environment, nor generated dizziness, nor headaches for the players.
The only section that changed was aesthetics, following the same trend as in the playability
evaluation. VR UX aesthetics was awarded 2 more points, because the sensory experience
was greatly increased on this device. However, as in the previous version, the long-term
section also lost a point, because the environment was finally quite repetitive.

Furthermore, the results of both study groups confirmed the suitability of these metrics
for use as an evaluation tool for more serious games, both in VR and in traditional devices.
The total averages yielded very similar scores to the ratings of the researcher, which sustain
the strengths and weaknesses found in Hellblade. From the case study, an ideal evaluator
profile can also be defined: a person with some experience and liking for video games.
This background might mean that the person is more critical with playability and more
objective with the UX. It is also likely that in future experiences, the playing time will need
to be further extended, so that the participants are able to assess the characteristics more
accurately. Likewise, these tests point out that certain UX elements may be more subjective,
such as motivation, meaningful choices, and balance aspects.

In summary, the Hellblade case study demonstrated that the metrics served to evaluate
the engagement design of a serious indie game. The various features encompass all the
important playability and UX components. Analyzing these characteristics provides a
result to determine whether the experience is engaging. The proposed tables can be used
to assign an equitable score to the importance of the elements that are identified and can
be easily understood. In this way, observing the results can determine whether any MDA
layer has flaws and how the design may be improved. Likewise, the problems that the user
may have in the interaction with the game or devices will be identified and classified as
short- or long-term issues.
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Specifically, this study case has shown how a well-adapted experience to VR can
increase the gameplay and, therefore, the engagement capacity. A comparison of the
previous tables also showed that the low scores in some sections responded to flaws in
game design. The change in these features and their application might be practically the
same in both versions. Regarding playability, the game might need to include more varied
levels, missions, items and rewards throughout its duration. These aspects could improve
the scores for mechanics and dynamics to offer a greater challenge. With regard to UX
elements, introducing a tutorial to explain the controls at the beginning of the game might
enhance usability and balance. Furthermore, adding strategies and rewards in the long
term might also increase motivation and scores for meaningful choices.

5. Conclusions

In this study, the main elements that affect serious games engagement and the pro-
posed EPUX metric have been gathered together for their evaluation. This study can be
applied to 2D-screen and VR experiences through two versions of the metric. All aspects
under consideration fit into playability and UX characteristics. The VR metric needs some
changes that are associated with its user interactions, unlike any other device experience.
Both versions were presented in two tables, introducing the novelty of scored results to
measure the assessment. The validity of the metric was tested in a case study of an indie
serious game, pointing out its weaknesses and strengths and showing results that could be
applied to future developments.

This work has also been focused on the capabilities of VR in serious game research
due to its level of engagement. The virtual environment affects the player’s feelings to
commit with the game, which is essential for the learning goal. In the first instance, every
VR-SG should be designed according to the VR headset and the development team budget
limitations. From thereon, virtual items and interactions must be well adapted both to
the issues that have been explained and to the narrative so as to ensure the learning aims
of the game. Another notable concern in this paper is the adjustment of usability to VR
experiences. Acquiring VR control in the game should be offered through interactive
tutorials. Once these interactive matters are resolved, the game will prevent disturbing
perceptions for VR users. VR-SG development could then be focused on applying VR
capabilities to increase the emotive reactions of players through playability elements. These
features will involve items that are integrated in the game environment, player interactions,
and visual and sound effects.

Finally, as mentioned, the new metrics and evaluation tables have been tested on
Hellblade: Senua’s Sacrifice, a serious indie game developed to raise awareness of the
difficulties of mentally ill people living through psychotic episodes. The case study has
shown how the EPUX metric can serve a habitual video game player to evaluate the engage-
ment design. The similar scores from both the researcher and the study group members,
together with the correlation coefficients and linear regression fits, have demonstrated that
the metric is well defined to understand the features being assessed. Nevertheless, the
methodology followed in which usual and non-usual players have participated has its
limitations since EPUX metric is intended for game design experts. It is expected that the
evaluation of usual players will be similar to that of experts based on the results obtained,
but future validations are necessary.

However, the scores help to determine playability flaws and UX that may cause short-
or long-term problems. In particular, this game might need the inclusion of a tutorial at
the beginning and more mechanics, dynamics, and potential strategies throughout the
story [52]. Additionally, Hellblade’s adaption shows how VR can increase engagement
capacity using the available technology. As the VR environment is well implemented, the
perceived emotions of the players are enhanced. It also offers better playability and UX,
because its mechanics and dynamics produce an active experience involving movement
around the scenario and interaction with puzzles and enemies [53].
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Future works will apply the EPUX metric to different serious games with more evalu-
ators to reinforce its utility for assessing these engagement experiences. Likewise, these
future tests will address the characteristics of the evaluators and include a quantitative
evaluation of their impressions of the metric. We will continue to explore the relationship
of scores between those who are usual and non-usual players, as results have shown that
regular players evaluate more objectively. We expect their assessment to be similar to that
of game design experts, so we will seek the participation of game designers to verify this
hypothesis and the usefulness of the EPUX metric in the evaluation of design engagement.
In this process, some layers of the EPUX metric will be studied in more detail, such as
aesthetics, where image quality, intensity, color harmony and saturation, quality of sound
effects and music, and level of detail and realism can be quantified [54]. Additionally,
VR characteristics will be further analyzed to synthetize each game element, influencing
its intrinsic sensations [55]. From there, more developed and detailed metrics will be
defined to create future VR-SG engagement frameworks. These developments will lead
to comparisons between the improvements outlined in this study and subsequent game
evaluations. Additionally, the value of serious games that may be built on the basis of
these key factors and features will be tested and, likewise, their validity or need for further
redefinition confirmed. Finally, not only the engagement aspects of playability and UX will
be studied, but also how these aspects are related to the learning content to guarantee that
the learning aims may be achieved [56].

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/electronics13020281/s1, File S1: Detailed rubric of the 2D and VR
versions of EPUX metric.; File S2: Comprehensive evaluation of the 2D and VR versions of Hellblade:
Senua’s Sacrifice with EPUX metric.
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