(IJACSA) International Journal of Advanced Computer Science and Applications,

Vol. 14, No. 8, 2023

An Integrated Instrument for Measuring Science,
Technology, Engineering, and Mathematics: Digital
Educational Game Acceptance and Player Experience

Husna Hafiza R.Azami', Roslina Ibrahim?, Suraya Masrom?®,
Rasimah Che Mohd Yusoff*, Suraya Yaacob®

Razak Faculty of Technology and Informatics, Universiti Teknologi Malaysia, 54100 Kuala Lumpur, Malaysia

1,2,45

Computing Sciences Studies, College of Computing, Informatics and Media,
Universiti Teknologi MARA Perak Branch, Tapah Campus, 35400 Malaysia®

Abstract—Digital educational games (DEGs) are effective
learning tools for subjects related to science, technology,
engineering, and mathematics (STEM), yet they are still not
widely used among students. Existing instruments typically assess
player experience (PX) and acceptance separately, even though
both are essential DEG evaluations that can be merged and
analyzed concurrently in a thorough manner. This study,
therefore, proposes an integrated instrument called DEGAPX
that combines fundamental technology acceptance factors with a
broad range of PX criteria. The proposed instrument can be used
by educators and game designers in the selection and
development of DEGs that satisfy the needs of target users. This
article describes the process of developing the scale instrument
and validating it through two rounds of expert judgment and
among students after using three DEGs related to STEM. The
proposed instrument, which comprised 15 constructs measured
by 67 items, was proven to be reliable and valid.
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I.  INTRODUCTION

The complexity of the modern world, which necessitates
that the workforce be prepared with the knowledge and
abilities to tackle cross-disciplinary problems, is argued to
make science, technology, engineering, and mathematics
(STEM) education necessary [1]. In contrast to the growing
demand, there have been fewer STEM graduates in many
countries [2]. STEM-related degrees accounted for six out of
ten of the educational programs, with the highest percentage of
dropouts among 44,406 students at 20 Malaysian public
institutions [3]. A universal concern in education is learner’s
lack of enthusiasm in STEM fields.

The use of modern pedagogical approaches such as
educational gaming technologies has been advocated by
academics as a way to improve students’ interest, engagement,
and performance in learning [4], [5]. Among 408 university
students in Malaysia, more than 60% of them prefer using
online games to supplement their studies because they believe
games can make their learning more enjoyable [6].

Moreover, it has been demonstrated that game-based
learning applications may improve learners’ understanding,
interconnection, and exploration of scientific and mathematical
concepts. This instructional tool can give students

opportunities for experiential learning that let them apply the
concepts learned in the classroom to actual situations while
also developing their creativity, critical thinking, and problem-
solving abilities [7]. Furthermore, the COVID-19 pandemic
highlights the importance of educational technologies like
DEGs as a preparation for an unpredictable future that may
require remote instruction. These technologies enable the
acquisition of knowledge and skills outside of the classroom

(8], [9].

Digital educational games (DEGs) are online or offline
applications in electronic devices that integrate fun and
educational elements [10]. This technology is anticipated to be
widely used and accepted because current learners are people
who have grown up with a heavy reliance on the internet and
other information technologies such as digital games [11]. It
has been shown that around 80% of all internet users
worldwide between the ages of 16 and 44 play video games in
the year 2022 [12]. Therefore, DEGs are useful and pertinent
technological applications that can support students’ learning.

Although DEGs offer great promise and are a good fit for
today’s learners, they have not yet received widespread
acceptance. Game developers face challenges in creating
successful, well-received DEGs since they are more difficult to
design than commercial entertainment games due to the need to
serve both educational and recreational goals [13]. Numerous
DEGs have fallen short of the expectations placed upon them
in terms of learning or enjoyment outcomes [14].

With the growth of DEGs, more research is required to
assist game developers, instructors, and policymakers in the
design, development, selection, and implementation of DEGs
that satisfy students’ preferences as the key target users. When
an information system is widely adopted by the intended
audience, it can be considered successful [13]. Although there
has been various researches that investigate the predictors of
DEG acceptance, a systematic literature review shows that
most of them primarily concentrate on technological
acceptance viewpoints, which are insufficient to fully
comprehend students’ preferences for DEGs [15].

Given the distinctive and complex features of DEGs, a
variety of player experience (PX) factors that contribute to
players’ pleasure should be incorporated into the acceptance
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model and instrument since it can affect users’ decisions to
utilize the technology [16]. Existing studies normally evaluate
DEG acceptance and PX separately [19]. Performance
expectancy, effort expectancy, and social influence are
prevalent characteristics of technology acceptance [17], [18].
By incorporating PX factors, the assessment of acceptance can
be expanded to include crucial DEG design features such as
enjoyment, relevant content, feedback, and challenges.

Hence, the purpose of this research is to present an
inclusive DEG acceptance instrument called DEGAPX that
integrates PX factors. The instrument is crucial and helpful in
designing and developing potentially popular DEGs. The
instrument can be used by DEG developers to adapt the design
that suits users’ needs to boost the likelihood of DEG success.
The instrument can also be utilized as a guide by instructors
when identifying which DEGs could appeal to their students.
The subsequent sections of this paper comprise a literature
review, methods, results, and discussion, followed by a
conclusion in the last section.

Il. LITERATURE REVIEW

A. Digital Educational Game Acceptance Factors

According to Dillon and Morris [20], acceptance refers to
the willingness of individuals to use an information system that
has been created for them. Current approaches to technology
development and adoption have considered the requirement for
predictive measures of users’ likely usage in order to judge the
success of a technology. The technology may be deemed
unsuccessful if the majority of the population rejects it. By
analyzing the data obtained for the measurement scales in
questionnaires, previous studies have frequently been able to
forecast and explain why people want to use a particular
technology [17], [18].

One of the most well-known theories for predicting human
behavior when it comes to probable technology acceptance or
rejection is the unified theory of acceptance and use of
technology (UTAUT). The theory combines eight other
renowned theories such as the technology acceptance model
(TAM) for explaining and forecasting technology usage [18].
Three independent variables in UTAUT namely performance
expectancy, effort expectancy, and social influence predict
behavioral intention that affects use behavior.

UTAUT had previously been used to investigate what
criteria led Malaysian university students to choose DEGs for
learning programming [21]. In place of social influence and
facilitating condition variables from the original UTAUT
model, the research added attitude, self-efficacy, enjoyment,
and anxiety. With the exception of self-efficacy and anxiety, all
other independent variables were seen to have a substantial
impact on students’ intention to utilize the DEG. The use
behavior construct was left out with justification that DEG was
still a relatively new technology in the area where the study
took place and the students were still unfamiliar with it.

Wan et al. [22] look into what influences undergraduate
students’ acceptance of six digital board games and their ability
for independent learning. The instrument was derived from the
integration of UTAUT with flow theory as well as the
motivated strategies for learning questionnaire (MSLQ). To
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identify the causes of primary school students’ intentions to
continue using mobile games for learning mathematics, another
study also made an effort to combine multiple theories such as
flow theory and the game-based learning model [23].
Nevertheless, the only variable from technology acceptance
was the ease of use.

B. Digital Educational Game Player Experience Factors

According to ISO 9241-210:210 (clause 2.15), user
experience (UX) is defined as the way a person feels and
behaves after using or anticipating the use of a system, product,
or service. For digital educational games (DEGs), UX is
sometimes referred to as player experience (PX). Assessment
of PX broadens game usability evaluation by focusing on
meaningful and enjoyable experiences of users rather than only
getting rid of technological barriers [24].

PXis a crucial factor in determining how long a person will
play DEGs which will determine the DEG’s success [25].
When a game has a strong PX, consumers are more likely to
play it frequently, stay engaged for a longer duration, and
recommend it to others [26]. Despite the wide variety of
learning games available today, some of them are unattractive
to consumers and have low retention rates, as consumers get
bored after a few gaming sessions [27]. The absence of
elements that can improve PX may be one of the causes.
Consumers may lose interest when their playing experience
falls short of their expectations. Therefore, it is critical to
include PX in DEG evaluation.

There have been many different methods for evaluating
PX, including questionnaire scales, field studies in real-world
settings, lab studies, and online studies where participants can
be anonymous [28]. Since studies on the variables that
determine user acceptance generally use measurable constructs
evaluated using Likert scale questionnaires, prior literature that
assessed PX in DEG using a similar method was reviewed. The
PX factors derived from those studies can then be analyzed in
the same manner as the acceptance factors without any
problems.

One of the most popular measurement scales used by
researchers to gauge how consumers feel while playing games
is the game experience questionnaire (GEQ) [29]. Seven
different factors are measured by the questionnaire’s items,
including the positive affect (enjoyment), negative affect, flow,
challenge, tension, as well as sensor and imaginative
immersion, which relates to a rich gaming experience,
beautiful design, and engaging game plot. However, there were
no learning-related factors in the GEQ scale.

Nagalingam et al. [31] proposed one of the recent
instruments to thoroughly assess PX in digital learning games
called the educational game experience (EDUGX). The
instrument which had been reviewed by experts and tested
among 273 computer science diploma students, had
demonstrated content validity, internal consistency, convergent
validity, and discriminant validity. There were six components
to the instrument including immersion, usability, flow, player
context, and learnability, each of which was broken down into
a number of sub-components. The immersion component
gauges how invested individuals feel in the game they play,
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whereas usability measures the extent to which players found
the game to be effective and satisfying. On the other hand,
learnability represents the educational aspect of the game;
player context pertains to the user background and the social
interaction that the game supports, while flow indicates the
state of total focus.

I1l. METHODS

A. Instrument Development

The development of the DEGAPX scale instrument for this
research follows the guideline by DeVellis [32], where the first
step entails reviewing theories from past studies relevant to the
research objective. Since this research intends to propose a
comprehensive instrument for measuring the acceptance of
DEGs with the integration of PX components, constructs that
evaluate DEG acceptance and PX in prior studies were
identified from two separate systematic literature reviews [15].

1) Determination of constructs: Performance expectancy,
effort expectancy, and social influence are the constructs in
UTAUT by Venkatesh et al. [18] which had been proven by
many studies to have an impact on students’ intention to use
DEGs [22], [33], [34]. Hence, this study chooses these three
constructs together with behavioral intention from UTAUT to
represent the core technology acceptance constructs in the
proposed DEGAPX instrument.

From the review of PX constructs used by scholars [27],
those proposed by Nagalingam et al. [31] in the EDUGX
framework can be considered for this research since they were
developed after taking into account diverse PX criteria in other
studies. However, some adjustments were made.

For instance, EDUGX [31] and the frameworks in other
existing research [35], [36] used a control factor to assess the
extent of freedom felt by players over the game menu,
character movement, actions, and strategies. Since DEG is an
instructional tool, this study decides to transform the construct
into a learning control construct that focuses on players’
perceptions of control over their learning recovery, problem-
solving approaches, and ability to choose the game content that
they want to learn and the difficulty level.

Apart from that, under the game usability component in
EDUGX [31], operability was defined as the game
performance including its accessibility, ease of use, and lack of
technological glitches, while understandability was defined as
the game’s messages, functions, inputs, and outputs being
simple to understand. On the other side, the game system sub-
component indicated how well a gaming gadget operated in
terms of being simple and comfortable to use. These revealed
that operability, game system, and understandability from the
EDUGX framework [31] and effort expectancy from the
UTAUT model [18] were comparable. Therefore, this research
chose to use the effort expectancy construct to cover the game
usability measurement items in EDUGX. In addition,
knowledge improvement under the learnability component of
EDUGX is similar to the UTAUT model’s performance
expectancy construct, which measured the game’s capacity to
enhance students’ learning performance.
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As a result, 14 constructs were considered for this study, as
shown in Fig. 1, including performance expectancy, effort
expectancy, social influence, and behavioral intention from
UTAUT [18], as well as learning relevance, attractiveness,
enjoyment, challenge, clear goal, learning control, social
interaction, feedback, concentration, and immersion modified
from EDUGX [31] for player experience measurement.

Construct Definition

Player experience

Learning The degree to which the game instructions

relevance are appropriate with user’s learning goals,
previous knowledge and preferred way of
learning.

Attractiveness  The level of player attraction to the game as
a result of its sensory elements, such as
audio and visual.

Enjoyment The degree to which an individual perceives
the activity of using the game is enjoyable.

Challenge The degree to which users believe the game
is difficult enough and appropriate for their
skill level.

Clear goal The extent to which a player perceives the
goals are clearly presented.

Learning The extent to which users believe they have

control control over their learning in the game.

Social The extent to which the game supports and

interaction encourages social connection and
interaction.

Feedback The degree that individuals perceive the
game provides feedback on progression and
accomplishment.

Concentration  The ability of the game to deliver stimuli that
will pique players’ attention and encourage
player’s focus.

Immersion A state in which players believe they are
actively participating in the content of the
game and completely involved in the game
world.

Technology acceptance

Performance The extent to which individuals perceive that

expectancy using the game will help improve their
performance in STEM learning and skills.

Effort The extent of ease related to the use of the

expectancy game.

Social The extent to which individuals perceive that

influence important others believe DEGs should be
used.

Behavioral Degree of an individual's intention to use

intention DEGs related to STEM.

Fig. 1. Definition of the 14 constructs in the DEGAPX instrument that
integrates technology acceptance and player experience measurement.

2) Determination of items and measurement format: After
a thorough examination of the validated items used in prior
studies, a scale which consisted of 87 items in total was
generated to measure the constructs in the DEGAPX
instrument. Some items were modified from previous research
to suit the context of this study. New items were also
proposed, including those under the performance expectancy
construct that measure the perception of students on their
STEM learning and skill improvement through the DEG.

For the format of responses, students were required to
indicate their agreement on each questionnaire item using the
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five-point Likert scale with 1 (strongly disagree), 2 (disagree),
3 (not sure), 4 (agree), and 5 (strongly agree). The instrument
questions were prepared in Malay, as well as in English
language as the respondent’s first and second language,
respectively. The instrument had been proofread by an English
lecturer with a master’s degree in Teaching English as a
Second Language (TESL), and the Malay translation had also
been examined by the Malaysian Institute of Translation and
Books (ITBM) to ensure accurate translation.

B. Content Validation through Expert Judgment

For evaluating a new or updated measurement instrument,
the establishment of content validity is a crucial first step
before performing other validation techniques [37]. Based on
the opinions of subject-matter experts, the content validation
procedure enables researchers to acquire data on the relevancy,
clarity, and comprehensiveness of an instrument.

The instrument for this research was scrutinized by experts
in the field pertinent to this research, as shown in Table I. Two
rounds of expert review were conducted, following Polit et al.
[38] and Tojib [37]. The documents for the expert panel were
prepared following the detailed guideline by Elangovan &
Sundaravel [39] to ensure that the experts understand what is
expected of them and to facilitate the validation process.

TABLE I. EXPERTS PROFILE
Expert Field of Expertise Years of
Experience
El Game-based learning, creative content 20
Game design, educational technology, visual
E2 ) - 19
informatics
Educational games design and evaluation,
E3 acceptance and use of information system, 15
usability, user experience
E4 Human computer interaction, science, 15

technology, engineering, and mathematics

Game-based learning, e-learning, learning
E5 technologies, gamification, augmented reality, 15
virtual reality games

Technology acceptance, multimedia in
E6 education, augmented reality, science, 15
technology, engineering, and mathematics

E7 User experience in educational games 8

E8 Mobile application and games development 6

Information system, technology acceptance

and adoption 4

E9

The first round involved nine experts, and the second round
was conducted with three of the experts to validate the refined
instrument. These numbers of experts are within the suggested
range by Polit et al. [38]. The selection criteria for the content
experts were those who hold a Ph.D. qualification and actively
conduct research in the field of interest or have experience
developing DEGs [37].

The content validity index (CVI) is a reliable approach to
judge whether the content of a new or revised scale is valid.
Another commonly used method for measuring content
validity is the content validity ratio (CVR) by Lawshe [40].
The goal of the content validation for this research was to
ascertain whether any item needed to be revised or eliminated
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based on the CVR value, the CVI value of individual items (I-
CVI), as well as whether more items were required in order to
fully explore the construct in light of expert opinion from the
comment section [38], [40].

The CVR threshold is influenced by the number of experts.
For nine panel of experts, items that achieve the CVR value of
0.78 and above can be retained, while the rest can be
considered for elimination [40]. Similarly, items with I-CVI
values are higher than 0.78 which shows that the scale has
excellent content validity, whereas values below 0.78 indicate
that the items need to be revised or eliminated. I-CVI can be
calculated by dividing the number of experts who gave a three
or four rating on a four-point relevance scale by the total
number of experts [41].

Low CVI values could indicate that the operationalization
of the underlying construct in the items was not good, or
information and directions given to the experts were
insufficient, or the experts themselves were biased or
inadequately skilled [38]. Hence, a lot of effort was put to
create high-quality items as well as to choose a strong panel of
expert judges. CVI for the overall scale (S-CVI/AVE) can then
be determined. While 0.80 is the minimum acceptable value for
S-CVI/AVE, 0.90 or above is advised for a scale to be deemed
to have great content validity [38].

C. Instrument Testing among Target Respondents

It is important to conduct a pilot study among target
respondents to determine whether a specific research
instrument is appropriate for use without any errors or
shortcomings before it can be employed in a larger scale
research. The reliability and validity of the questionnaire items
and how well respondents understood the items need to be
judged during this stage [42].

The research sample consists of 14 years old students from
a public school in Terengganu, one of the states in Malaysia.
Approval from the Ministry of Education (MOE) Malaysia and
the Terengganu State Education Department was requested
before the data collection. Following that, a meeting was held
with the school principal to obtain permission and discuss the
schedule. All students were given a form for parental or
guardian consent.

The research objectives were briefly explained to the
participants including the games that they need to play and
evaluate, as well as the confidentiality and anonymity of their
feedback. They were reminded of the significance of this study,
the necessity of reading each survey question thoroughly
before responding and to avoid providing incomplete or
straight-lining (identical) responses.

Three DEGs were chosen for testing, based on the
DEGAPX instrument, such as having relevant content, clear
goals, attractive features, and ability to improve students’
learning and skills pertinent to STEM. The first DEG decided
for this research is a simulation game called Poly Bridge 2
(https://mww.polybridge2.com/) by Dry Cactus that lets
players learn the foundations of bridge design. Players need to
construct bridges that work well under specific conditions
using the materials provided.
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The second DEG in this study, RoboCo (https://roboco.co/)
by Filament Games, requires students to design robots that can
complete a range of tasks. Students can practice their coding
skills using Python language when automating their robots.
The two games, Poly Bridge and RoboCo, can help players
become more creative as well as better at problem-solving and
design-thinking, which are important skills in STEM. On the
other hand, the third game, Moonbase Alpha
(https://www.nasa.gov/offices/education/programs/national/Itp/
games/moonbasealpha/index.html) was published by NASA
and free-to-play. Students can play alone or collaborate in a
team with other players to repair equipment and resume
oxygen production at the moon outpost. The screenshots of the
three games were shown in Fig. 2.

Poly Bridge 2

o)

Moonbase Alpha

Fig. 2. The images of the three STEM DEGs used in this research.

While some students played all three games, others
engaged in one or two games only. They need to answer a self-
administered paper-based questionnaire after playing the game
for about 90 minutes in the school computer laboratory. There
were 281 valid responses obtained from students. RoboCo
received 87 responses, Moonbase Alpha received 93 responses,
and Poly Bridge 2 received 101 responses.

D. Reliability and Validity Assessment from Instrument
Testing

Using SmartPLS 3, reliability was examined based on outer
loading of items, Cronbach’s alpha (o), and composite
reliability (CR). Outer loadings denote the proportion of the
item variance that is explained by the construct, while o and
CR assess the intercorrelation between items.

On the other hand, average variance extracted (AVE) can
be used to evaluate convergent validity, which refers to the
strength of a positive correlation between items. For
discriminant validity, heterotrait-monotrait (HTMT) can
determine how distinct one construct is from other constructs.
Table Il showcases the criteria by Hair et al. [43].
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Exploratory factor analysis (EFA) with principal
component extraction and varimax rotation can also be carried
out in IBM SPSS Statistics 27 software to assess construct
validity. The data set is appropriate for factor analysis if the
Keyser-Meyer-Olkin  (KMQO) value surpasses 0.5 with a
significant Bartlett’s test of sphericity result below 0.05.

TABLE II. RELIABILITY AND VALIDITY ASSESSMENT CRITERIA BY HAIR
ET AL. [43]
Criteria Guidelines
- Remove items with loadings less than
0.4
- Retain items if their loading exceeds
Outer loading 0.7.

- Remove items with loadings between
0.4 and 0.7 if AVE and CR can be satisfied.

More than 0.70 is satisfactory.

Cronbach’s alpha (o) Between 0.6 and 0.7 is acceptable.

Composite reliability
(CR) - Must exceed 0.70.

Average variance

extracted (AVE) Must exceed 0.5.

Heterotrait-Monotrait

(HTMT) Should be less than 0.9

IV. RESULTS

This section describes the results from the expert judgment
and instrument testing of the DEGAPX instrument.

A. Content Validity

In terms of the constructs, all experts remarked them to be
adequate in representing the whole aspect of DEG, and that
none need to be added or removed. Thus, the proposed 14
constructs remained.

In light of first round of content validation results by nine
experts for the items used to measure each construct, the CVI
of the entire scale (S-CVI/AVE) was found to be 0.97, which
passed the minimum acceptability limit. Five items did not
meet the 0.78 content validity ratio (CVR) cut off, so they were
regarded as weak in representing the particular constructs and
can be eliminated. Some experts had issues with the items, and
while certain research used them to measure the construct, their
inclusion was not deemed vital since they were not included in
other studies.

Among 87 items in the initial pool, 65 of them can be
accepted without any necessary changes as all of them
displayed excellent content validity based on the I-CVI and
CVR value and were deemed relevant and clear by the experts.
17 items that also exceeded the 0.78 threshold for I-CVI and
CVR, however, need to be refined according to experts’
comments and ratings on clarity. The improvement included
rewording, rephrasing, elaborating, and providing examples to
improve the comprehensibility of the items. From the experts’
comments, the proposed questionnaire items were deemed
adequate, with no additional items needed.
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The modified scale underwent a second round of validation LR3 The DEG content is connected to the other 0.652
with the help of experts E2, E3, and E6. They were one of knowledge | already had. _
those who provided a lot of input in the preliminary round. | Lra :\él;it,gf ttgeslf?r:“t'ﬁfégg’ ities are related to the 0.678
With a 1.00 average scale content validity (S-CVI/AVE) score, - d :
the findings showed agreement on all 84 items in the revised | Attractiveness Construct
DEGAPX instrument, with no additional adjustments being AT1 I like the general appearance of the DEG. 0.778
recommended.
o o o o AT2 | am attracted to the DEG as a whole. 0.774
B. Reliability, Convergent Validity and Discriminant Validity - - -
. . AT3 Generally, | find the DEG to be visually appealing. 0.781
During the pilot test, none of the students had any trouble
understanding the survey questions. When 281 survey AT4 The DEG design is attractive. 0.776
responses obtained were aqalyzed in SmartPLS 3.0, 17 items ATS | like the graphic used in the DEG. 0.642
need to be removed to satisfy the criteria in Table 1. Apart
from that, the performance expectancy construct also needs to Enjoyment Construct
be separated into two categories k_Jased on EFA rotated 1l | think the DEG is enjoyable. 0.836
component matrix to achieve the required value of AVE. As a - T s
result, the DEGAPX instrument with 15 constructs measured | EJ2 DEeée were moments when I'had fun playing the 0.795
by 67 items achieved the requirement for reliability and — - -
validity, as displayed in Table IlI. The 67 items are listed in | &3 I find the DEG interesting. 0.782
Table 1V, with their outer loadings above 0.40. EJ4 Something happened during the DEG playing session | -,
o . that made me smile. )
The suitability for factor analysis was demonstrated from El5 The DEG does not become repetitive or boring asit | .o,
the 0.875 value of KMO and a significant result of Bartlett’s progresses. :
test (n=281; y* = 11,997.707; d.f. = 3,486; p < 0.001). Next, the | Challenge Construct
relationship between the constructs can be investigated to cht My skill gradually improves through the course of 0760
determine the significant predictors of STEM DEG acceptance. overcoming the challenges in the DEG. :
CH?2 The difficulty level of challenges increases as my 0707
TABLE Ill.  RELIABILITY AND VALIDITY ASSESSMENT RESULTS skills improveq. _ )
o R AVE CH3 The DEG provides new challenges at an appropriate 0.770
Construct Items 506 0.7 >05 pace.
(>0.6) (>0.7) (>0.5) CH4 The DEG provides different levels or types of 0679
Attractiveness (AT) 5 0.808 0.866 0.566 challenges, according to player’s preference. '
Challenge (CH) 4 0711 | 0820 | 0533 Clear Goal Construct
Overall game goals are presented in the beginning of
Clear goal (CG) 3 0688 | 0827 | 0.615 CGl the DEGg_ g P ginning 0.797
Concentration (CN) 4 0674 0.802 0507 cG2 The intermediate game gqals or sub-goals are mostly 0775
presented at appropriate times.
Effort expectancy (EE) 7 0.842 0.881 0.514 CG3 The game goals are generally clear. 0.780
Enjoyment (EJ) 5 0.784 | 0.854 | 0.544 Learning Control Construct
Feedback (FB) 4 0.743 0.833 0.559 | feel a sense of control over the actions that | take to
LC1 solve the problems or to achieve better results in the 0.794
Immersion (IM) 5 0.757 0.836 0.506 DEG.

- . A | feel a sense of control over the strategies that | use
Behavioral intention (IN) 5 0754 | 0835 0.505 LC2 to solve the problems or to achieve better results in 0.806
Learning control (LC) 3 0606 | 0793 | 0.563 the DEG.

o . v LC3 The DEG supports my recovery from errors or 0639
earning performance 5 0749 | 0833 | 0503 mistakes. '
expectancy (LE) ) -

] Social Interaction Construct
Learning relevance (LR) 4 0.728 0.830 0.553 _ _

_ | am able to interact with other people such as other
Skill performance expectancy 4 0.729 0.831 0.553 SF1 players or friends or online community when playing | 0.774
(SE) the DEG.
Social influence (SF) 4 0.675 0.803 0.507 The DEG makes me interact with other people such
SF2 . M . 0.821
. - as for getting help or sharing information.
Social interaction (ST) 5 0.841 0.886 0.609 - -
SF3 I like to play the DEG with other people. 0.780
TABLE IV. DEGAPX INSTRUMENT CONSISTING OF 67 ITEMS SF4 Lﬁ&:ﬂg to play the DEG with other players if | 0.737
Code Item Statement Loading SF5 I would enjoy the social interaction through the DEG. | 0.786
Learning Relevance Construct Feedback Construct
LR1 DEG content is relevant to my learning need. 0.851 FB1 I receive feedback on my game progress. 0.855
LR2 The way the DEG works suit my way of learning. 0.779 FB2 'Drgge"’e immediate feedback on my actions in the 0.780
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The DEG notifies me immediately when there are

My friend or classmate thinks playing DEG is a good
SF4 idea. 0.808
Behavioral Intention Construct
IN1 I intend to use DEG related to STEM in the future. 0.611
IN2 I predict | would use DEG related to STEM in the 0656
future.
IN3 | am interested to play the DEG again. 0.761
IN4 I plan to use thg DEG to expand my learning or 0716
improve my skill.
IN5 I am willing to play the DEG frequently. 0.793

FB3 0.634
new tasks.
The DEG notifies me immediately when there are

FB4 new events. 0.702

Concentration Construct

CN1 The D_EG provides content that stimulates my 0773
attention.

CN2 The D_EG provides various stimuli to maintain my 0818
attention.

CN3 Generally, | am not distracted from tasks that the 0592
player should concentrate on.

CN4 I am not burdened with unrelated tasks. 0.637

Immersion Construct
I can become less aware of my surroundings if I play

IM1 the DEG for a long time. 0.643

IM2 The DEG can mgke me temporarily forget worries 0.788
about everyday life.

IM3 | thlr_1k the DEG can some?lmes make me not notice 0.761
the time passes when playing.

IM4 | feel emotionally involved in the DEG. 0.633

IM5 | thlnk the DEG (_:a_n_make me spend more time 0.720
playing than my initial plan.

Learning Performance Expectancy Construct

LE1 I would find the DEG useful in my study. 0.709

LE2 U5|_ng the DEG would enab_le me to learn the related 0.768
subject or concept more quickly.

LE3 Learning through the DEG would help me to 0.784
understand the related subject or concept better. )

LE4 The DEG can he_lp me relate the knowledge learnt to 0550
real world situations.

LE5S The DEG woqld allow me to relate knowledge from 0.710
multiple learning subjects.

Skill Performance Expectancy Construct
The DEG can help me apply knowledge or skills to

SE1 situations or practices related to technology or 0.685
engineering.

SE2 The DEG can improve my skill in problem-solving. 0.742

SE3 The DEG can improve my creativity skills. 0.722

SE4 The DEG can increase my ability to design, test, and 0.819
evaluate solutions.

Effort Expectancy Construct
It is easy to learn the related subject or concept or

EEL | §ill through the DEG. 0.656

EE2 | find the DEG easy to use. 0.780

EE3 Learning to use the DEG is easy for me. 0.725
I think it will be easy for me to become skillful at

EE4 using the DEG. 0.686
The interaction with the DEG is clear and

EES understandable. 0.695

EE6 The DEG rules are generally clear and 0722
understandable.

EE7 The DEG instructions are mostly clear and 0747
understandable.

Social Influence Construct
People who are important to me think that | should

SF1 use DEG. 0.654

SF2 I think my school will support the use of DEG. 0.614

SF3 I think my friend or classmate will support the use of 0.757

DEG.

V. DISCUSSION

This section discusses the validated 15 constructs of the
DEGAPX instrument and the items used to measure them.

A. Learning Relevance

This construct was altered from Luyt et al. [44] and Sideris
and Xinogalos [45] with some extensions, where learning
relevance was measured not only by players’ perceptions of
how well the game content corresponds to their existing
knowledge and learning needs but also by how closely the
game activities matched the learning tasks in the DEG and
players’ learning styles. Students in this study mostly
participated in quiz learning games, which are effective
educational interventions for drill-and-practice activities and
receiving immediate performance feedback on knowledge
learned in classrooms. Because of that, the different learning
objectives and approaches of the three STEM DEGs in this
study may have an impact on students’ perceptions of the
learning relevance of the games.

Students may perceive the STEM DEGs have a little
amount of instructional content relevant to their prior
knowledge since the games place more emphasis on the
application of knowledge to solve real-world problems. In
addition, students might not find the games meet their
educational needs unless they already have a keen interest in
pursuing careers pertinent to the games. Nonetheless, students
might find the games suit their learning styles and offer
appropriate activities, which results in items LR2 and LR4
being added. The four items proposed, which had been proven
to be reliable and valid can gauge how players feel about the
DEGs’ learning relevance from various angles.

B. Attractiveness

This construct was judged based on the overall appearance
and design of a DEG, particularly its virtual aesthetics, as
derived from Phan [30] and Tao [46]. One of the experts raised
the possibility of other multimedia forms that can fall under
this attractiveness construct, but the proposed items were
deemed sufficient for this research.

There are many different types of DEG multimedia, such as
texts, images, and animations, which would result in too many
items if they were measured separately and could cause
respondent fatigue when answering the survey. Future research
that evaluates DEG with fewer constructs can include more
items for measuring specific features of DEGs that users can
find appealing.
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Attractiveness had been demonstrated to have a significant
correlation with students’ enjoyment when playing DEGs [46].
The suggested items are beneficial for developers to determine
the attraction level of their game prototype designed for
teaching and learning purposes.

C. Enjoyment

All experts agreed that the five items in Table IV were
pertinent for assessing the degree of enjoyment felt by players.
Several studies have revealed that students” willingness to play
DEGs is significantly influenced by their level of enjoyment
[13], [47], [48]. Hence, this construct is one of the most
important criteria for a successful DEG.

D. Challenge

The four items proposed were found reliable and valid for
representing the challenge construct. This construct is intended
for ensuring a DEG provides suitable challenges for players’
skill level, which are neither too easy, making players bored,
nor too difficult, causing players distress [49]. RoboCo and
Poly Bridge 2 games offer a variety of challenges, where
players can only access the next challenge after completing the
one before it. While some students enjoy demanding games,
others might favor easy, relaxing games that do not require
much mental effort. Thus, games that allow users to select their
preferred difficulty level might appeal to a wide range of
consumers.

E. Clear Goal

This research offers three items, as presented in Table IV,
for assessing the goal clarity of a DEG as adapted from the
validated items in prior research [30]. The items were all
regarded as relevant by the experts and can influence students’
willingness to play learning games [22].

F. Learning Control

It is believed that players’ learning performance can be
enhanced when they have control over their learning in the
game. Hence, the learning control construct put forth in this
study embodies the assistance provided by a game for players
to learn from their mistakes as well as the freedom to select
their preferred course of action and problem-solving tactics.

G. Social Interaction

The items for this construct were modified from Phan and
Keebler [30] and G Petri et al. [14] to measure the extent to
which students believe the game promotes social connection,
whether it be for knowledge sharing or help-seeking.
Additionally, this construct gauges how much students think
the game allowed them to play with other players if they want
to and how much they enjoy the interaction.

Social interaction is a wonderful game design element that
can boost students’ enjoyment and motivate them to play a
game repeatedly to engage with other players through
communication, cooperation, and competition in the game.

Not all games have a multi-player feature, but even without
it, social interaction can still be encouraged when players can
communicate with other people, such as when getting help or
sharing information through an online chat room, discussion
forums, or game-based learning activities in classrooms.

Vol. 14, No. 8, 2023

Hence, the proposed five items listed in Table IV are generic
enough and adequate to measure players’ perception of social
interaction through a DEG.

H. Feedback

Playing a DEG will be more pleasurable if it offers
consumers immediate feedback and informs them of their
progress, achievements, failures, and new tasks. The four items
in Table 1V, which had been constructed based on Nagalingam
etal. [31] and Fu et al. [35], were proven reliable and valid.

. Concentration

The four items for measuring the extent of concentration
perceived by students when playing a DEG were developed
based on previous research [22], [35]. The items evaluate how
much players believe a DEG does not burden them with
unnecessary duties, does not take their attention away from
activities they should be concentrating on, and provide a
variety of stimuli to keep players interested. Concentration was
established as a significant determinant of students’
instructional computer games acceptance [13]. Thus, it is a
crucial factor to consider when developing DEGs.

J. Immersion

Immersion had been demonstrated to have a substantial
impact on students’ intention to continue using mobile learning
games in a previous study [23]. Hence, game creators should
design DEGs with fun, challenging activities and interesting
features that can make players feel immersed. Items presented
in Table 1V can be used in the assessment of a DEG since they
appropriately reflect the immersion criteria.

K. Performance Expectancy

Due to the focus of this study being STEM DEGs, the
survey items from prior research [50] were expanded to
incorporate performance expectancy from two categories
including knowledge and skill improvement. DEGs for STEM
must not only facilitate and improve students’ comprehension
and performance in learning certain concepts or topics, but also
fostering their abilities pertinent to STEM like designing,
creativity, and problem-solving.

Given that performance expectancy is one of the most
important factors in predicting whether or not students will
accept DEGs [51], it is imperative to ensure that any DEG
being developed for STEM will benefit students in some way
beyond simply enhancing their academic performance. Games’
potential should be utilized to provide students with learning
opportunities that go beyond a straightforward replication of
what is taught from the pedagogical tools traditionally used in
classrooms [52].

All items suggested for representing performance
expectancy were deemed relevant by experts. The items can be
utilized by game developers when designing games intended to
enhance students’ learning performance and skill development.

L. Effort Expectancy

This construct measures the degree of ease associated with
using DEG. Past research typically represents this construct
with questionnaire items that gauge how simple it is to learn
how to use a game and acquire knowledge or skills through it
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[46], [48]. The scope of the items employed in existing
literatures when measuring effort expectancy was widened to
include game usability components linked to user-friendliness,
such as unambiguous rules and instructions.

Since many studies have shown that effort expectancy is a
significant predictor of students’ intention to use DEGs [15],
game developers can consider integrating various game design
elements that encourage ease of playing and assess target
users’ perception using the items shared in Table IV.

M. Social Influence

The survey questions used in existing research [18], [34]
that typically measure social influence using items like SF1 in
Table 1V were expanded to include specific people that may
have an influence on students, such as their school, friends, and
classmates. Past research had displayed strong association
between social influence and students’ intention to play DEGs
[22][33]. Therefore, positive peer perception and school
support towards the use of DEGs may encourage students to
use them. Game designers can also consider utilizing
community forums, social media pages, and advertisements
that improve the game impression and social influence.

N. Behavioral Intention

The sample students of this study had never played the
three STEM DEGSs, namely Moonbase Alpha, RoboCo, and
Poly Bridge 2, before the instrument testing. They were
allowed to play the games for about 90 minutes before
completing the questionnaire. The opening hour of a game is
known to be crucial for hooking and enticing players to keep
playing and recommend it to others. A lot of DEGs had been
abandoned for the reason that they were not captivating enough
to hold players’ interest. The initial user experience can have
an impact on retention and the possibility that the player will
suggest the game to other people.

Hence, five items were proposed to measure students’
interest to play a DEG again and frequently, as well as their
willingness to use DEGs related to STEM in the future. From
the ratings and comments by experts, all five items were found
to be relevant and clear for measuring the early acceptance of
STEM DEGs among students.

VI. CONCLUSION

This paper describes the development of a scale instrument
called DEGAPX and its evaluation through expert judgment
and instrument testing. The instrument integrates technology
acceptance and player experience (PX) factors for studying and
understanding students’ perception of digital educational
games (DEGs) associated with science, technology,
engineering, and mathematics (STEM).

Among the 15 constructs suggested in the DEGAPX
instrument, five of them, namely learning performance
expectancy, skill performance expectancy, effort expectancy,
social influence, and behavioral intention, were derived from
the unified theory of acceptance and use of technology
(UTAUT). The other ten constructs include learning relevance,
attractiveness, enjoyment, challenge, clear goal, learning
control, social interaction, feedback, concentration, and
immersion.

Vol. 14, No. 8, 2023

The instrument with 67 items was found to be reliable and
valid after going through two rounds of expert judgment and
being tested among 14 years old students after they played
three DEGs applicable to STEM, including Poly Bridge 2,
Moonbase Alpha, and RoboCo.

The proposed DEGAPX instrument can enrich existing
literature on DEG acceptance and PX, especially for STEM
education. Despite the various studies available on DEG
acceptance, most of them concentrated largely on common
technology acceptance factors without thoroughly taking into
account the PX elements that are crucial in the design of
successful DEGs. Prior research typically evaluates acceptance
and PX separately, even though both evaluations can be
combined and measured simultaneously in a comprehensive
manner. Game developers can utilize the instrument proposed
in this research for designing promising DEGs that have the
potential to be widely received by students.

For future work, the proposed instrument will be further
analyzed using the partial least squares structural equation
modeling (PLS-SEM) method to study the relationship
between the constructs and figure out the significant
determinants of DEG acceptance. This research contains a few
limitations. First, because the research sample consisted of 14-
year-old Malaysian secondary two students, other research can
improve the generalizability by widening the scope to include
students from different education levels and learning
institutions. This study also emphasizes students’ evaluation of
DEGs. Future research may look into investigating the
perception of other educational stakeholders, including parents,
teachers, school administrators, and policymakers.
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