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Serious games are at the forefront of discussions about the future of learning. Research
shows that they can help improve student motivation and knowledge transfer by making
learning experiences more pleasurable. Teaching practices are increasingly enhanced or
complemented by serious games; skills and knowledge are developed by recreating realistic
situations allowing learners to enhance their procedural knowledge, all while having fun.
Literature is scarce when it comes to identifying factors that influence learners’ satisfaction
when using serious games. In this paper, we present empirical results from an ongoing
research project. We developed a questionnaire using factors identified in the literature and
collected the responses of n = 110 business students from classes using serious games as a
tool. Analyses were performed using partial least squares structural equation modeling
(PLS-SEM). We used the following predictor variables for our model: performance and
status feedback and tracking, ease of use, reliability, perceived control, instructor support,
aesthetics, realism entertainment, goal clarity, immersion, and progressive challenge.
Results show that sense of control, entertainment and effectiveness have a direct positive
influence on learners' satisfaction while other factors influence satisfaction by mediation or
as components of theoretically justified higher-order constructs. The sample size and its

composition limit the generalization of results. Further studies are needed.

1. Introduction

With today’s many new applications and technological
innovations, learning using serious games appears as an
increasingly viable alternative to more traditional teaching
environments. Serious games combine both playful aspects
(e.g., rules of control, scoring, challenge, and artificial
characters with utilitarian contents (e.g., learning, teaching,
information). [1]. Serious games are often thought of as
educational games and these terms are often used synonymously
[2]. Although they are games, they do not pursue entertainment,
enjoyment, or fun as their primary purpose. Instead, the gaming
component is used as a motivator to engage and captivate
players to encourage and facilitate learning. Serious games,
particularly those that simulate reality follow a learning model
often qualified as experimental [3]. This category has two
characteristics: (1) it is linked to a learning cycle based on
experimentation and reflection and (2) it is based on anchoring
learning in a simulated reality, building on practical experiences
[3] while learning from one’s mistakes without the inherent risks
associated with failure in the real-world.
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Virtually recreating real-world situations allows learners to
develop procedural knowledge and skills by performing complex
tasks without any of the real risks typically associated with bad
decisions [4]. Learning objectives are all achieved while having
fun. The ludic aspect is, in fact, what separates serious games
from other learning environments that may also make use of
information technology. Industry predictions attest to the
popularity of game-based learning. According to a recent Global
Game-Based Learning Market report, serious games will
probably reach $17 billion by the year 2023, surpassing 37% in
terms of growth rate. This is being driven by improvements and
innovation in virtual and augmented reality and artificial
intelligence [5].

Nevertheless, the literature on serious games also
acknowledges limits and difficulties. Primarily, good games are
not easy to design. Games developed by the entertainment
industry, set up exclusively for amusement, often fail. Arguably,
designing successful serious games is even more difficult.
Serious games must not only be entertaining; they must also help
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students achieve learning goals. Presented by this dual challenge,
many serious game projects continue to fail [6].

When a learning environment is well-designed, it generates a
more positive impact on the player’s attitude and learning
experience [7]. However, relatively few studies have tried to
identify the antecedents of serious game success in the eyes of
learners. Although their popularity continues to steadily increase,
few studies have empirically examined the factors that affect
learners' satisfaction with serious games. The purpose of our
research was to identify factors affecting learner satisfaction in a
serious gaming environment and to assess the relative importance
of these factors.

We collected data collection from 110 university business
students enrolled in courses using serious games to simulate real
life managerial situations. We used SmartPLS3 software to
conduct statistical analysis. Results from our analysis show that
among the twelve antecedents of satisfaction identified through
our literature review, sense of control, fidelity, effectiveness, and
entertainment influence directly students' satisfaction with
serious games. However, further analyses revealed the presence
of multicollinearity among the independent variables of the
model making some factors appear statistically unimportant.
Treatment of our initial model was attempted to remedy the
situation by considering the existence of mediating variables and
theoretically justified superordinate constructs depicted as
second-order factors. Our results show that while some factors
affect learners’ satisfaction with serious games directly, others do
so indirectly through mediating factors or as part of higher-order
factors and, as such, should not be neglected when designing
successful games.

2. Literature Review
2.1. Benefits of Serious Games

Serious games are increasingly used in academia [8]; [9].
Several reasons explain the growing interest in serious games.
First, an increasing number of educational institutions are
transitioning from traditional pedagogical and didactic to more
learner-centered approaches. The latter emphasizes the more
active and participative role of learners [10] and serious games
can create authentic (ecologically valid) and immersive
environments [11]. Their interactivity helps learners in better
understanding complex tasks, knowledge acquisition, and
retention. Serious games also promote better concentration more
than passive learning environments [12]. This represents a major
transition from a traditional listening/observing only learning
model to one founded on live experiences and practice.
Compared to traditional classrooms where knowledge
transmission is typically passive, serious games are more
effective because of the interactivity they allow [13]. Moreover,
the playfulness of games promotes greater interest in learning
activities, engagement, focus, and enthusiasm. Serious games
provide several benefits to learners [14]. Well-designed games
are fun, enjoyable and increase student motivation. Linked to
motivation is the concept of satisfaction. Studies have evidenced
the importance of this concept in education [15], and yet, few
studies have examined the antecedents of learners’ satisfaction
while interacting with serious games [16]; [17].

Www.astesj.com

2.2. Satisfaction with Serious Games

In business, the concept of customer satisfaction is a vital
component of a company’s success. Research shows that
employee satisfaction enhances productivity and organizational
performance [18]. Customer satisfaction is positively linked to
perceived service quality. Satisfaction also impacts positively on
customer loyalty [19]. In the area of education, studies have
demonstrated a positive relationship between learner satisfaction
and both motivation and achievement [20]. Gameplay can
generate strong, positive feelings in learners. These, in turn,
motivate learners to continue playing (i.e., continue using the
technology) and learning. Learners’ satisfaction with serious
games is more pronounced when positive emotions are high [21].

Satisfaction is one of the most researched concepts in the area
of Information Systems (IS) [22]. When compared to other
measures, user satisfaction is among the strongest of indicators
employed by researchers to measure IS success [23]. According
to [24], user satisfaction is “the affective attitude towards a
specific computer application by someone who interacts with the
application directly”. Through a literature review, our paper first
seeks to identify antecedents of serious game satisfaction from
the perspective of learners. We then propose and empirically test
a model to investigate the degree to which these antecedents
relate to satisfaction.

2.3. Antecedents of Satisfaction with Serious Games

Twelve main factors were identified from an intensive review
of the literature [25] as potential predictors of satisfaction,
defined below :

Ease of Use is borrowed from the Technology Acceptance
Model [26], it is defined as the degree to which a particular
technology is perceived to be intuitive and simple to use.

Reliability is the degree to which the serious game worked
smoothly and without problems. In Marketing, reliability has
been identified as a crucial dimension of perceived service
quality (i.e., the literature on SERVQUAL), while in Information
Systems (IS) /Information Technology (IT) research, it refers to
whether a system functions properly and can be defined as the
degree to which a user possesses inherent confidence in the
system [27].

Aesthetics reflects a subjective experience that is evoked by
players during the process of interaction with the game interface
[28]; [29]; [30], namely using sound, sight, and motion [31].

Fidelity/Realism describes the psychological and physical
similarities that exist between a particular game and the
environment it seeks to represent [32], the realism of a simulation
[33].

Instructor assistance and support. Several studies show
that the teacher plays an essential role in the success of IT
integration in classrooms [34]. We define instructor assistance as
the degree to which learners perceive that the instructor provided
encouragement, help, and information on the use of the serious
game. Instructors provide assistance at two levels, theoretical and
technical [35].
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Perceived control is defined as the degree to which learners
feel capable of influencing and bringing about change to the
world of play [36]. This can be achieved via multiple
customization options such as, the pace of the game, the choice
of the type of feedback the learner believes would be useful to
progress more successfully through the game and even the
capability of manipulating the appearance of one’s playable
character [37]. Research shows that when the learner has more
control over their learning, they become more involved in the
game and even try more complex strategies [38] and a resulting
increase in positive attitudes [39].

Progressive challenge is the degree to which the game
challenges the learner with increasingly difficult problems and
increasingly complex challenges. Successful game progression is
built on previously acquired knowledge, abilities, and skills
developed and learned while playing [40]. Successful learning
ensues when players progressively adapt to and succeed in
performing tasks that are increasingly challenging and complex.

Effectiveness is defined as the capacity/power of the serious
game to improve the knowledge of learners [41]. Whereas
conventional games seek to boost the playfulness aspect of the
game, serious games seek to create learning environments that
support improvements in skills training (e.g., professionals).
These skills are other than those associated purely with play.
Indeed, research shows that serious games can be very effective
in improving professional and academic skills [42].

Status/Performance tracking and feedback is the degree to
which the simulation’s progress information and feedback is
perceived as constructive and helpful. Assessment and feedback
are pillars of teaching effectiveness [43]. They help learners
achieve the game’s objectives [44]. Performance feedback must
be specific and presented at the right time [45]. Feedback
includes information on the state of the player, instructor
help/assistance during play, tips and clues [41]. It can take the
form of visual, auditory, tactile prompts [46].

Entertainment is the degree to which the learner finds the
game play pleasurable. Research defines pleasure as an attitude
or an emotion that can satisfy intrinsic needs and produce a
positive reaction [47]. The entertainment value derived from
gameplay is largely determined by the quality of design of the
“educational ludo” environment [48]. Entertainment value
impacts positively on learners’ satisfaction.

Immersion is the ability of a game to create an immersive
experience in the learner [49], the feeling of "being there" [50].
It occurs when the learner temporarily accepts the reality of a
game and focuses on this reality through his involvement in the
game. It reflects the degree of player engagement in the game
environment [49].

Goal clarity refers to the need to clearly define what
objectives must be achieved during game play. It is a
fundamental principle of instructional design [51]; [52]. Studies
(e.g., [53]) demonstrate that serious game environments can fail
to promote concentration or rouse curiosity in learners mainly
because their goals are ill-defined, ambiguous, or misunderstood.
Clarity of objectives is crucial in effective game design because
it serves to increase commitment and concentration [54].
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3. Hypotheses

In this section, we present the hypothesized relationship
between each factor and the learner’s satisfaction with the serious
game (see Table 1). The questionnaire items for each
measure/factor are presented in the Appendix. For the sake of
parsimony, only questionnaire items that successfully passed the
card-sorting exercise (item validation) are presented.

Table 1: Hypotheses of Original Model

H1 A positive and significant relationship exists
between ease of use and learners’ satisfaction

H2 A positive and significant relationship exists
between reliability and learners’ satisfaction

H3 A positive and significant relationship exists
between aesthetics and learners’ satisfaction

H4 A positive and significant relationship exists
between fidelity and learners’ satisfaction

H5 A positive and significant relationship exists

between instructor assistance and support and
learners’ satisfaction

H6 A positive and significant relationship exists

between feeling of control and learners’
satisfaction
H7 A positive and significant relationship exists

between progressive challenge and learners’
satisfaction

H8 A positive and significant relationship exists
between and learners’ satisfaction
H9 A positive and significant relationship exists

between performance/status tracking and feedback
and learners’ satisfaction

H10 | A positive and significant relationship exists
between entertainment and learners’ satisfaction

H11 | A positive and significant relationship exists
between immersion and learners’ satisfaction

H12 | A positive and significant relationship exists
between goal clarity and learners’ satisfaction

4. Methodology

PLS-SEM (Partial Least Square - Structural Equation
Modeling) is a multivariate statistical modelling technique
increasingly being used by researchers in IS/IT, education and in
other areas because of several advantages. It is often favoured
when analyzing models using smaller sample sizes or data with
non-normal distributions. Specifically, we used the statistical
software package called SmartPLS.

4.1. Item Creation and Refinement

We generated an initial set of items and then refined and
validated them before including them in a questionnaire. Steps
were as follows.

e Creation or adaptation of items based on the definition of
concepts [55].

e Validation of the questionnaire items using the card-sorting
method [56].
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The card sorting method seeks to verify, whether the items
initially chosen by the researcher to be included in the
questionnaire relate accurately to the concepts that (s)he is trying
to measure. For this, four (4) judges were recruited: two
professors from the IS/IT area and two students enrolled in a
master’s program in Information Systems/Information
Technology. The validation process required each judge to sort
the initial questionnaire items by properly combining each one
with the actual construct that item was intended to measure.
When at least 3 out of 4 judges (or 75% of judges) would
successfully associate a specific item to its expected construct,
the item in question was deemed to accurately reflect the concept
it was intended to measure and was therefore included in the
questionnaire.

4.2. Data Collection and Sample Size

After validating the initial set of items using the pretest and
the sort-by-card method, the items were included in an online
questionnaire created using the Google Forms application. Three
(3) lecturers from the business school of our university were
contacted to help us recruit students. These lecturers were chosen
because, in their classes, they used a serious gaming platform that
simulated the typical challenges and problems encountered by
managers of small- and medium-sized businesses. Over a period
of approximately one (1) week, we visited the classrooms of
these lecturers to explain to students the purpose of our study and
invite them to participate. We printed information sheets
containing our contact details and the URL for the online
questionnaire. During our visits to classrooms, these sheets were
provided to students. All questionnaire items were of the Likert
type ranging from 1 (Strongly disagree) to 5 (Strongly agree).

Data collection was done over a period of three (3) weeks.
Two emails were sent to the lecturers to remind their students to
participate in the study. Participation was completely voluntary.
All'in all, there were 345 students enrolled in all the classes we
had visited. A total response of n = 110 was received across all
students enrolled in the courses, a response rate of about 33%.

Demographic information was as follows: As for age, 23- to
27-year-old students represented the largest group of participants
(45% of respondents). As for gender, there was just about the
same number of women as there were of men: 55 and 49
respectively while six (6) respondents preferred not to specify
their gender or chose “other”. In terms of education, 37% of
participants hadn’t finished their undergraduate studies. The
remaining students specified that they had, at least, obtained a
bachelor (or equivalent degree).

4.3. Original Model

The Partial Least Square - Structural Equation Modeling
(PLS-SEM) approach allows the modelling and testing of
complex cause-and-effect relationships. Two of the strengths of
PLS-SEM s that the technique allows the modeling of latent
variables and works well with smaller samples [57]. We used
SmartPLS version 3.3.0.

Measurement Model - In SmartPLS, the measurement
model was solved using the factor weighing scheme. Evaluating
the measurement model includes an analysis of (1) reliability, (2)
convergent validity, and (3) divergent validity [58]. We used
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Cronbach's alpha to analyze reliability and refine our scales. The
cut-off value was 0.7 as recommended by [59]. Convergent
validity was achieved by retaining items with loadings above or
equal to 0.7. We also tentatively retained items with loadings
between 0.4 and 0.7. These were later scrutinized further by
examining their composite reliability (CR) and average variance
extracted values (AVE). If CR was greater or equal to 0.7 and
AVE was greater or equal to 0.50, the item was considered
acceptable and was retained in the model [60]. All items with
loadings that did not attain a minimum threshold of 0.4 were
removed, one by one, starting with the item with the smallest
loading. After each item removal, the model was recalculated and
re-evaluated. This process continued until only acceptable items
remained. The final loadings of indicators from the measurement
model are presented in the Appendix.

Next, we turned towards establishing discriminant validity.
For this, the Heterotrait-Monotrait Ratios (HTMT) were
examined. A value of 0.85 or less for HTMT indicate good
discriminant validity [61]. The two highest HTMT values in our
model were between effectiveness and entertainment and
between entertainment and immersion, with values of 0.724 and
0.703, respectively. Acceptable Cronbach alpha, CR, and AVE
values presented in Table 2 all point to a good measurement
model.

Table 2 - Construct Validity and Reliability

Construct Cronbach | Composite | Average

alpha | Reliability | Variance

Extracted
Assistance and Support 0.922 0.944 0.809
Fidelity 0.922 0.945 0.810
Effectiveness 0.902 0.928 0.720
Aesthetics 0.874 0.911 0.641
Entertainment 0.859 0.914 0.780
Goal Clarity 0.839 0.886 0.611
Immersion 0.834 0.881 0.599
Satisfaction 0.832 0.900 0.749
Reliability 0.829 0.883 0.654
Progressive Challenge 0.804 0.872 0.633
Performance and 0.775 0.869 0.689

Feedback

Ease of Use 0.767 0.852 0.660
Control 0.700 0.869 0.768

Structural Model - The structural model was generated
using a path weighing scheme. A bootstrap of 5000 subsamples
was used to generate the p-values. Path coefficients and t-values
using SmartPLS3 are presented in Table 3 below which also
shows whether the associated hypothesis is supported or not.

Out of all the paths specified in our original model, only four
(4) were significant (at the 0.05 level). The highest path value is
between entertainment and satisfaction (0.258), followed by
effectiveness and satisfaction (0.205), control and satisfaction
(0.187), and fidelity and satisfaction (0.164), in decreasing order.
As such, only hypotheses H4, H6, H8, and H10 were supported.
The paths not showing up as significant were perplexing. For
instance, in our model, ease of use has no significant effect on
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learners’ satisfaction. This result contradicts numerous studies
which evidence the importance of perceived ease of use on users’
technology acceptance. We suspected the presence of
multicollinearity in our model.

Table 3: Path Coefficients and p-values (Original Model)

Supported Hypotheses Path |p-value
Coeff.

H4 (Fidelity - Satisfaction) 0.164 |0.049*

H6 (Control - Satisfaction) 0.187 |0.049*

H8 (Effectiveness - Satisfaction) 0.205 |0.038*

H10 (Entertainment - Satisfaction) 0.258 |0.014*

Note: * =p < 0.05

Unsupported Hypotheses Path |p-value
Coef.

H1 (Ease of Use - Satisfaction) 0.006 |0.937

H2 (Reliability = Satisfaction) 0.088 |0.250

H3 (Aesthetics - Satisfaction) -0.021 |0.788

H5 (Assistance and Support > 0.035 |0.656

Satisfaction)

H7 (Progressive Challenge - Satisfaction) |0.098 |0.250

H9 (Performance and Feedback > -0.027 |0.702

Satisfaction)

H11 (Immersion - Satisfaction) 0.096 |0.267

H12 (Goal Clarity - Satisfaction) 0.082 |0.334

4.4. Multicollinearity, Higher-Order Constructs, and Mediation

Statistical models that contain several independent variables
that are highly correlated to one another and not just with the
dependent variable can cause a serious problem called
multicollinearity. It makes accurate interpretation of statistical
results difficult because it increases the standard errors of the
coefficients. By overinflating the standard errors,
multicollinearity may cause coefficients of some independent
variables to appear to be non-significant. In other words,
multicollinearity makes it look like the relationships between
some independent variables and the dependent variables are
statistically insignificant.

To test for multicollinearity, we first ran a SmartPLS model
which contained only two (2) constructs: ease of use and
satisfaction. As expected, and supported by literature, the path
was now highly significant (path=0.408; p=0.000) which
suggested the presence of multicollinearity [62] and/or
mediating variables [63] in the original model (i.e., misspecified
paths).

According to [62], the presence of multicollinearity among
the independent factors of a model may indicate that higher-
order structures are present and should be considered.
Respecifying a model with these higher-order structures can
effectively reduce the effects of multicollinearity but should be
theoretically argued and empirically tested. In other words,
higher-order constructs should not be extracted through a purely
data-driven approach. They should be grounded in theoretical
logic extracted from the existing literature.
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In a model, a lack of statistically significant paths when these
are supported by theory (or strong conjectural evidence), can
suggest the presence of mediating variables that are not being
considered or are incorrectly specified in that model. When
mediation occurs (figure 1), an independent variable (X) has
little or no statistically discernable direct effect on a dependent
variable (Y). Instead, X acts on Y via an intervening variable
(M). As such, the independent variable (X) affects the mediating
variable (M) which, in turn, affects the dependent variable (Y).
In other words, an independent variable (X) influences the
dependent variable (), but this influence is not direct. Instead,
variable X influences variable Y through some other variable
(M). Mediation can be complete or partial.

Figure 1: Mediation
4.5. Alternate Model

Following established guidelines to assess your
measurement model and testing that discriminant validity falls
within acceptable boundaries are very important steps in
Structural Equation Modelling (SEM) but it does not guarantee
that your structural model will yield significant paths [61].
Indeed, many of our initial hypotheses were not supported in our
original model. Given that our analyses suggest the presence of
higher-order constructs and mediation, we reworked our original
model by respecifying alternative paths, paired with theoretical
justification. These modifications to our original model are
currently specified as propositions given that, in the coming year,
we intend to explore in more detail existing literature to better
substantiate these proposed alternate paths and the addition of
higher-order structures.

Higher-Order Construct 1 = Platform Transparency

During our initial analyses, a significant correlation was
noted between reliability and ease of use (0.434). Also, among
all constructs considered in our study, these two were the only
factors that were “technological” in nature.

In a now-famous article entitled “The Computer for the 21%
Century” published in Scientific American in 1991 (pp 66-75),
the author Mark Weiser writes that “(t)he most profound
technologies are those that disappear. They weave themselves
into the fabric of everyday life until they are indistinguishable
from it”. The article argues that the best technologies are made or
eventually become transparent to users. Technology should never
be cumbersome to use. Learners’ attention should be drawn to the
contents of the communication rather than to the equipment used
to communicate it, and players/learners should not be concerned
by technological issues. Arguably, difficult to use, unintuitive
interfaces, and unreliable IS/IT platforms riddled with recurrent
bugs and glitches, are likely to take away from the learner’s
overall serious game experience and diminish one’s enjoyment
of it, and thus, should reflect negatively on the user’s satisfaction
with the serious game.
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To represent this in our model, we re-specified reliability and
ease of use as dimensions of a second-order construct which we
named “Platform transparency”. We define this second-order
construct as the perception that the game’s underlying
technological platform does not distract from the user’s overall
gaming experience and learning objectives because of
inadequate design and technical problems.

When technological platforms supporting serious gaming are
inherently unstable, unintuitive, and/or difficult to use, it is likely
to impede on the overall learning experience, reducing gaming
enjoyment and negatively impacting one’s sense of control over
the entire experience. Previous empirical studies in IS support our
assertions. There is a negative relationship between ease of use
and one’s perceptions of control and enjoyment while using
information technologies (e.g., [64]).

e P1: The more the game’s technological platform is perceived
to be transparent during gaming (easy to use and reliable),
the greater the learner’s entertainment while playing the
serious game.

e  P2: The more the game’s technological platform is perceived
to be transparent during gaming (easy to use and reliable),
the greater the learner’s sense of control while playing the
serious game.

Higher-Order Construct 2 = Guidance

In the original model, our analysis showed non-significant
relationships between satisfaction and three (3) independent
variables, namely goal clarity, performance and feedback, and
assistance and support. Rather than modeling three (3) direct
paths to satisfaction, we considered the possibility that mediation
was present. It could be argued that, rather than impacting on
satisfaction directly, these three (3) antecedents may be factors
influencing learners’ perceived effectiveness of the serious game,
which would then impact satisfaction. In other words, perceived
effectiveness could be a moderating variable. However, the path
coefficients from assistance and support (path=0.132; p=0.102),
from performance and feedback (path=0.016; p=0.843), and
from goal clarity (path=0.130; p=0.112) to perceived
effectiveness of the serious game were all non-significant.

Next, we reviewed the definitions of these three constructs
collectively while re-examined their individual items to see
whether an over-arching concept could connect them together.
This led us to re-specify all three (3) concepts as dimensions of a
common, second-order construct. We labeled this higher-order
structure as “Perceived guidance”. We define this as the degree
to which the user perceives that the serious gaming experience
provides a clear understanding of goals and sufficient guidance
and orientation on how to achieve them by adequately informing
learners of their progress and by providing information about
what they are doing right/wrong. We propose that the more
effective serious games are those characterized by clear,
achievable goals where learners’ progress is guided by regular,
useful feedback reinforcing successful actions and results all
while encouraging users to take corrective measures or try
alternate strategies following unsuccessful ones. As such, we
reason that guidance will impact satisfaction, but indirectly. The
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relationship will likely be mediated by perceived effectiveness.
The following proposition is then stipulated.

e P3: The greater the perceived guidance received during the
serious gaming experience, the more the learner will
perceive the serious game as effective.

Mediation

Based on our literature review, our original model
hypothesized a significant path between the serious game’s
progressive challenge and learner’s satisfaction. Statistically,
this path was not significant. We then reasoned that the learner’s
perceived effectiveness of the serious game could be mediating
this relationship, making it look like progressive challenge has
no effect on learners’ satisfaction. Arguably, games designed to
be progressively challenging are also likely to be perceived as
being more effective by learners given that such games would
allow learners to progress in their knowledge and skill acquisition
gradually. We postulate the following proposition:

e P4: The greater the perceived progressive challenge of the
serious game, the more the learner will perceive the game as
being effective for learning.

In our original model, the path between immersion and
satisfaction was statistically non-significant. This path was
dropped and, instead, we specified a path between the concepts
of immersion and entertainment. Studies have recognized that
games’ ability to create immersive experiences is among the most
pleasurable aspects of video gameplay [65]. This brings us to the
following proposition:

e P5: The greater the perceived immersion during serious
gameplay, the greater the entertainment.

A path was also drawn linking aesthetics to immersion.
Aesthetically superior games help in generating an immersive
experience while playing suggesting that both concepts are
linked. This relationship is expressed in the following
proposition:

e P6: The better the aesthetics of a serious game, the greater
the immersive experience perceived by the learner.

Research has also identified a link between the entertainment
value of games and their perceived effectiveness [66]. Well-
designed, fun games can put learners in a better mood which then
positively impacts their perceived effectiveness of the serious
game in supporting learning [67]. As such, we propose that a
positive relationship exists between the entertainment value of a
serious game and the perceived effectiveness of the game as a
learning platform.

e P7: The greater the perceived entertainment value of a
serious game, the greater the perceived effectiveness of that
serious game.

In our original model, the path between fidelity and
satisfaction was found to be positive and significant. However,
the literature that pertains to the realism of games also suggests
that there may be mediating effects between these two factors. It
is likely that positive relationships exist between fidelity (how
closely the game simulates reality) and the training effectiveness
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of the serious game and immersion as well [68]. This brings us to
the following propositions:

e P8: The greater the perceived fidelity of the serious game,
the more the learner will perceive it as effective.

e P9: The greater the perceived fidelity of the serious game,
the more the learner will perceive it as immersive.

With these propositions, we specified a new, alternative
model which included the higher-order constructs described
previously and added paths for mediation (Figure 2). We ran it
using bootstrapping with 5000 subsamples.
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Figure 2: Structural Model (alternate model)

Tables 4 (hypotheses) and 5 (propositions) present the results
of the structural model. In this respecified/alternate model, all
paths are significant. This alternate model explains R? = 65.7%
of the variance in our data on satisfaction.

Table 4: Hypotheses Path Coefficients and p-values (Alternate Model)

Hypotheses Path p-value
Coeff.

H4 (Fidelity - Satisfaction) 0.194 | 0.009**

H6 (Control - Satisfaction) 0.255 | 0.001**

H8 (Effectiveness - Satisfaction) 0.273 | 0.002**

H10 (Entertainment - Satisfaction) 0.322 | 0.000***

Note: ** = p <0.01; *** = p <0.001

Table 5: Proposition Path Coefficients and p-values (Alternate Model)

Propositions Path | p-value
Coeff

P1 (Platform Transparency = 0.310 | 0.000***

Entertainment)

P2 (Platform Transparency - Control) | 0.284 | 0.017*

P3 (Guidance - Effectiveness) 0.220 | 0.001**

P4 (Progressive Challenge > 0.252 | 0.002**

Effectiveness)

P5 (Immersion - Entertainment) 0.612 | 0.000***

Www.astesj.com

P6 (Aesthetics = Immersion) 0.219 | 0.011*
P7 (Entertainment > Effectiveness) 0.360 | 0.000***
P8 (Fidelity > Effectiveness) 0.197 | 0.017*
P9 (Fidelity > Immersion) 0.401 | 0.000***
Note: * =p < 0.05; ** = p <0.01; *** =p <0.001

5. Conclusion

Through a literature review on serious games, we identified
several factors which seemingly impact learners’ satisfaction
with serious games. Using these factors, we tested an original
model using PLS-SEM. This original model specified paths
going directly from each factor directly into satisfaction
suggesting direct effects.

However, several paths from our original model were
statistically non-significant. We respecified an alternate model
supported by theoretical foundations and previous research. It
included both mediation and second-order factors which helped
provide a richer, more complete picture of how factors identified
through our literature review relate with one another to positively
impact learners’ satisfaction with serious games. Every factor
considered in this study was found to have a positive effect on
learners’ satisfaction, although not necessarily a direct effect.
Several relationships were mediated through other factors while
some factors are best combined into higher-order structures.
Results suggest that none should be neglected when designing
serious games.

Overall, the ludic component plays a central role in serious
games. Entertainment value derived from playing serious games
has a strong, positive impact on learner satisfaction. Although
they are primarily learning tools, people perceive them as games,
and as such, expect them to be designed to be fun to play. The
importance of entertainment value is followed by whether the
learner perceives the serious game as effective, the learners’
sense of control during play, and last, by the fidelity/realism of
the game. These findings suggest that to design successful serious
games that satisfy learners, it is important to create a ludic
environment that is fun, simulates reality well, all while making
learners feel like they are in control of this environment.
Perceived effectiveness of the serious game holds an important
role in generating satisfaction in learners. Perceived effectiveness
is a direct antecedent to satisfaction and acts as a mediating
variable for several of the other variables identified in our
literature review. Although other variables gained mediator status
in our alternate model, none mediated a greater number of
variables than did effectiveness. Our results also show that some
variables do not impact satisfaction directly. Their effects on
satisfaction are completely mediated through other factors. This
includes aesthetics, immersion, and progressive challenge.

An important limitation of this study is the sample size.
Although PLS-SEM handles small sample sizes well, small
sample sizes raise questions about the generalizability of results.
Another limitation of this study is that it is cross-sectional. This
means that results do not take into account how time influences
the relationship among variables. A factor can be more influential
on satisfaction from the onset of play. Others may become more
important in explaining satisfaction later on, as the learner
amasses more experience. For instance, the importance of
providing increasingly challenging and more varied learning
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situations may become more and more important in explaining
whether players continue to derive satisfaction from a serious
game as their experiences and skill set grow. As such, the
temporal stability of factors as antecedents of satisfaction should
be investigated in future studies. Moreover, our surveys use self-
reporting. These can cause respondents to inflate their opinions
and responses making it hard to capture the true relationships
among constructs. Interviews could be conducted in the future to
validate our results. Since the respondents are all business
students a generalization can be challenged for other disciplines.
Finally, research is further needed to identify additional factors
that may impact satisfaction with serious games and to explore

the

nature of the relationships that may exist between these

factors.
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Appendix

Item

code Aesthetics Loading

AES1 |The simulation is visually appealing 0.827

The visual design of the simulation

AES2 is attractive

0.881

| appreciated the aesthetic side of the

AES3 | .
simulation

0.841

AES4 The color con_trast makes it easier to 0.758
understand windows

Control
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CON1 | was able to complete the simulation 0.883 CLAL The game’s instructions were precise 0.831
at my own pace and obvious
The simulation gives the user control CLAZ2 |Objectives were clearly defined 0.858
CON2 . . 0.870
to better manage his learning oo e
understood the learning objectives
Ease of Use CLA3 throughout the simulation 0.733
EOU1 |The interface is intuitive 0.815 From start to finish, | understood the
__ — CLA4 |task to be accomplished in the 0.694
EOU2 |[This simulation is easy to use 0.872 simulation
EOUA4 The simu_lation controls are logical 0.791 CLAG The purpose of the game was always 0780
and consistent clear while | was playing '
Effectiveness Immersion
EFF1 This game has helped_ me improve 0.867 IMM1 Whl!e playing this game, I did not feel 0.835
the knowledge I acquired in class the time pass
EEE? The game asks’me to put |r.1to 0.855 IMM?2 | was very |nvol\_/ed in this simulation 0.746
practice what I’ve learned in class when | was playing it
EFF3 The game covers the material _and 0.885 IMM3 I lost track of time while playing the 0.822
concepts that are related seen in class game
EFF4 | feel like | have acquired new 0.773 When | was playing the game, |
knowledge using this simulation ' IMM4 |became very focused on what | was 0.732
doin
The simulation allowed me to put into J
EFF5 |practice all the skills | acquired in 0.859 IMM5 The simulation had me focused on the 0.724
class task at hand
Entertainment Instructor assistance and support
ENT1 |The simulation was fun 0.884 The teacher's mastery with simulation
INS1 0.900
_ _ _ was useful for learners
ENT2 |l would like to play this game again 0.886
_ _ The competence of the teacher with
EnT3 |The time I 'spent playing the game was | ) oq ) INS2 |this technology was appreciated by the |  0.891
pleasant students
Fidelity
The teacher was able to help learners
: : INS3 to use technology 0.909
FID1 ;?Sai;gr:]lila“on does reflect real 0.935
INS4 T_he tlez#:hers knowfle:j?e of the 0.898
There was a very good physical and Simufation was usetul to us
FiD2 |Psychological similarity between the 0.885 Performance / status and feedback
simulation and the environment it
sought to represent PERF3 T_he fee_dback offered dur_lng the 0.875
_ _ simulation was constructive
The simulation encourages learners to
FID3 |use the same cognitive processes they 0.911 The information offered by the
will have to use in the real-world PERF4 |simulation helped me to make better 0.768
_ N decisions for the rest of the game
The simulation is faithful to the types
FID4 |of problems encountered in the real- 0.867 The simulation kept me informed of
PERF6 0.837
world my status (e.g., score, feedback)
Goal Clarity Progressive challenge
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The increasingly difficult situations
CHA4 |presented by the game stimulated my 0.699
desire to learn
This simulation offers an adequate
CHAG |amount of difficulty to stimulate the 0.795
interest of the learner
The simulation was able to sharpen my
CHAZ7 [skills allowing me to meet 0.880
increasingly complex challenges
This game allows different levels of
CHAB8 |challenges, well suited for different 0.797
learners
Reliability
REL1 |The simulation worked well 0.871
REL2 |This technology was reliable 0.820
REL3 | found that the technology worked as 0.852
expected
REL4 I had technical problems (reverse 0.704
item)
Satisfaction
SAT1 Ir_1 gene_ral, I consider ch:lt this 0.809
simulation was well designed
SAT?2 |l enjoyed using this game for learning 0.887
SAT3 O_veraII_, I am satisfied with this 0.899
simulation
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