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Abstract: This research adopts Keller’s ARCS motivation theory as a method to create a teaching
experiment by integrating augmented reality (AR) into teaching in order to enhance learning interest
and learning effectiveness in a digital media design course. The purpose of this research is to examine
the application of AR in quarantine during the COVID-19 pandemic, whereby students can enhance
their learning interest, learning satisfaction, and learning performance. Augmented reality acts as a
tool for this research, wherein it is applied with the course of a 3D model-based interface and built-in
learning contexts for the “digital media design” of the learning topics. The learning performance
of the test group students was examined through the aspects of attention, relevance, confidence,
and satisfaction, according to the ARCS motivation theory. According to the results of quantitative
validation, experimental teaching with AR is more effective than traditional teaching methods. The
learning feedback of the test group students obtained a positive result by using the AR. This research
concludes with three results: firstly, integrating AR into teaching can improve students’ concentration
with respect to digital media design practice; secondly, video teaching with an AR interface can
help increase students’ confidence in digital media design learning; lastly, applying AR during
the learning process can enhance the digital media visual effects that effectively enhance students’
self-learning abilities.

Keywords: digital media design; augmented reality; the arcs motivation theory; learning interest;
learning effectiveness

1. Introduction

Alongside the advancement of digital technology, the integration of digital media into
daily life has become deeper and more thorough. Integrating AR technology into mobile
devices or other digital media forms has already made a huge impact in contemporary
businesses. It has also been applied in the field of education, entertainment, shopping,
medicine, and military, as well as in museum guides. In order to keep pace with the rapid
advancement of the world’s digital economy market trend, higher education teaching also
needs a breakthrough via digital media technology. Various innovative digital media tools
have had an increasing and beneficial influence in the education and learning process, espe-
cially for teaching methods, learning methods, the evaluation of learning effectiveness, etc.
The main issue here concerns the method by which one cultivates the talents of proficient
digital content producers in order to trigger further developments in digital industries.
This is the main issue in education, and will be considered in higher education levels at
this stage. Digital media design education is a field of innovative cross-disciplinary studies,
integrating information, design, media, art, etc. It is an innovative field that combines
tradition with modern technology, in which aesthetic skills, professional skills, and team-
work are the critical factors that can help students keep up with the rapid advancement
of modern digital trends. In addition to theory and knowledge learning, the core abilities
resulting from qualified digital media design education include software and hardware
training, design practices, and creative thinking. A digital media design teacher could use
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AR technology as an auxiliary tool for an innovative teaching method in order to enhance
overall learning effectiveness.

Methods for innovative learning environments that combine traditional teaching
methods with digital media technology have been popularized in instructional design [1–4]
and include augmented reality (AR), which has been commonly used in education by
providing an interactive learning environment. AR combines teaching materials with
augmented reality and has become more and more popular in recent years [3,5]. AR
technology can connect images and other various elements of the virtual world to the
real world by producing an overlapping action of animated images (as well as utilizing
stunning interactive features). Integrating AR technology into smart mobile phones has
the potential to create a better ambience and enhance the entertainment of students by
combining the virtual world and the real world in the field of education. This phenomenon
has been academically proven. AR can enhance students’ attention and create an overall
more pleasant learning experience and enhance the value of their education [6].

The result of integrating AR technology into teaching can improve most students’
learning effectiveness. However, key questions: what is the crucial factor that helps trigger
this learning effect? Is it by learning motivation, learning interest, learning attitude, or
instructional design that the AR approach is praised by learners? This research adopted
Keller’s ARCS motivation theory [7] to carry out a teaching experiment in order to verify
whether integrating AR technology into teaching can enhance “digital media design”
learning efficiency and improve overall learning performance. ARCS motivation theory
refers to a process of piquing students’ attention and interest through a novel teaching
program thar helps students comprehend that the things they learned are closely related to
their own lives, and, as a result, help them build self-confidence to handle new situations.
Consequently, students would feel a significant sense of accomplishment after learning.

This research takes mobile devices as the platform to develop 3D AR-based interfaces
as a teaching experimental tool by which the “digital media design” learning materials
can be instantly presented during the COVID-19 pandemic in 2021. The teaching program,
which is integrated using AR into digital media design learning content, would be a
valuable instrument for helping student learning. This research primarily uses this teaching
experiment to conduct an examination of student learning performance. The number of
test group students in the AR teaching program was 46 (Class 1, n = 46), and the number
of control group students learning with traditional teaching methods was 42 (Class 2,
n = 42). The quantitative empirical statistics method was applied for the examination of
the difference of learning efficiency between the two groups’ students (i.e., test group
students and control group students). The ARCS motivation theory was used to find
the influence factor of learning performance for the test groups. There are two main
purposes of this research. The first is to compare the difference in learning performance
and learning interest between the two groups of students after the experimental teaching.
The second is to examine if AR-based teaching can improve the test students’ concentration,
learning interest, confidence, satisfaction, and learning performance by means of the ARCS
motivation theory.

2. Literature Review
2.1. Digital Media Technology Applied in Self-Guided Learning

The wave of global digitalization has rapidly changed operations in the fields of busi-
ness, education, industry, design, etc. Technology and networks have been popularized for
20 years and have deeply changed aspects of peoples’ lives [8]. Higher education is facing
challenges, and the need for change is substantial. As a result, digital media proficiency
in teaching has become a core component of modern innovative education [9]. In Taiwan,
integrating digital technology into innovative teaching has become mainstream in educa-
tional reformation. The innovative education perspectives such as digital globalization
trend and global visions, as well as development capability, have been widely promoted
since 2013 in order to reach the goal of global higher education. The Ministry of Education
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in Taiwan has proposed that Taiwan’s education in the future will be connected with the
latest learning technology, media, creative learning methods and environment, as well as a
variety of learning programs to construct an innovative method for cultivating talents [10].

Nowadays, students who were born in 1982–2002 are called Generation Y. They have
been growing up in a digital age with globalization and unprecedented access to tools of
information, self-exploration, and entertainment. Therefore, their learning style mostly
focuses on visual, aesthetic, and multimedia interaction. Compared to the traditional
teaching methods in classrooms regarding the learning environment, they are more likely
to be willing to have an interactive learning environment where students are actively
engaged in the learning process [11,12]. Due to the rapid advancement of digital media
technology, industrial society has evolved into the digital era, a society full of digital
information that leads and influences the economy and culture. For Generation Y students,
they experience the innovative learning trend with the feature of visual thinking, digital
narratives, and high-speed networks, which shape their entertainment-oriented learning
style and also enhance their ability to operate digital devices and encounter large amounts
of information.

Digital media technology includes animation, games, interactive multimedia, AR/VR,
etc. These can enhance the Generation Y students’ learning performance and learning
efficiency, as has been verified by related studies [4,6,13–17]. Through online learning plat-
forms with digital media technology support, education and knowledge can be broadcasted
to users from different areas. Users can enjoy flexibility with this online learning platform
depending on their situation and adjust the learning speed. The critical features of AR- or
VR-based learning are not static but dynamic, and with more than two dimensions that
can be wisely seen in most AR teaching materials in the field of education [13,18]. Through
AR- or VR-assisted animation, games, or other interactive digital media, a unique learning
experience can be provided for students to enjoy unique learning benefits, both physically
and emotionally [19]. Regarding the development of AR, Kerr and Lawson mentioned the
prototype of AR, Master of Time, which is applied for the education of first-grade students
and used for the foundational principles of landscape architecture design. In their research,
they found positive results from learning by experiencing AR-based digital media courses
in situated experiences [13]. The teaching of landscape architecture education has been
conducted studio classroom settings for a long time in university. AR-based landscape ar-
chitecture education has become an innovative method for landscape architecture teaching.
Kerr and Lawson suggested that innovation in education cannot be achieved without a
deep understanding of AR digital media technology among educators.

In terms of the teaching materials, teachers can use digital media technology to
design more interesting content in order to increase students’ interest. Digital media
technology has been proved to enhance students’ skills, learning effectiveness, learning
motivation, self-learning capability, and satisfaction [20–22]. Previous researchers have
studied the integration of digital media technology into teaching in various contexts, for
example, in interior design [4], or in English teaching with digital media [23] and an AR-
based classroom [24], and even in cultural preservation and education [25]. Moreover,
digital media technology application can support traditional teaching methods, such as
with video podcasts or exotic ecosystems that can help enhance students’ environmental
education [26].

Based on the above-mentioned literature, we can conclude that digital media technol-
ogy can help Generation Y students understand the contents of their learning programs.
Digital media also can help teachers to create innovative programs for students. Thus, the
present research takes an AR-based teaching program with digital media as an assisted
learning tool for students to learn and experience a new form of education.
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2.2. Augmented Reality Realizes Innovative Teaching

In 1997, the concept of augmented reality had already been proposed by several
scholars, such as Azuma with the aspect of systematization [27]. The theory of augmented
reality has been practically and positively applied in various countries.

Innovative services based on virtual integrated reality have been widely applied in
the field of medicine, and in art exhibitions, electronic commerce, trade show design,
industrial product design, tour guidance, online learning, sports training, and physical
product digitalization [4]. Through AR technology, virtual 3D images can be simulated
as a real-world object and clearly seen from any perspective or angle. Therefore, the user
can perceive the stunning visual effects of the combination of the virtual world and real
world [28–31]. The AR 3D objects in the real world can be seen from a mobile phone device
that allows a virtual experience for users.

Since the advancement of digital technology applications, real object emulation has
become more popular in learning. Real object emulation can include digital technology,
3D models, animated images, as well as situations that can be repeatedly tested [32]. In
the realistic virtual world, the environment can allow a user to perceive an impressive
experience and also avoid the actual dangers of a real-world situation. Due to the above
characteristics, integrating AR technology, 3D, animation, or games into education can
be effective for learners to explore the world of knowledge [33,34]. As mobile devices
are common, AR application offers more innovative learning content for students, such
as real-time interactions with 3D graphics, visualization of 3D models, interactive UI,
audio/video content, academic keywords tagging, and infographics [4].

AR allows people to experience a real-world learning environment. AR-assisted
innovative applications have more applied value beyond the 2D-based interface with linear
video/audio modes in digital learning. By integrating AR technology into a head-mounted
display or other display devices, such as an Oculus headset, the digital information can
be presented in the user’s own perspective and the objects can be perceived in a situation
where the real world is combined with the digital world [35]. AR technology enables
students to experience various unique interactions as well as to strengthen their self-
learning capabilities.

According to above literature review, AR technology may be considered as an effective
method to enhance learning interest. Through smart mobile phones or tablets, a student
can learn in a simulated situation [36]. Hsu’s research results confirmed that the application
of AR technology can effectively help students to experience contextual topics and achieve
learning goals [3]. Hsu developed two AR-based game systems for learning English in
a contextual environment, finding that AR technology can create a ubiquitous learning
environment for students to experience. Furthermore, students’ learning motivation is also
improved by real-time feedback factors as well as the sense of participation. AR technology
enable students to experience a ubiquitous learning program and enhance their perception
of linguistics, and the result proves that students are more likely to actively learn English
through AR technology [37]. Khan et al. [38] claimed their results show that the AR system
can improve students’ learning motivation and skills. They proposed the ARToolKit-based
Interactive Writing Board (IWB) as a learning device that integrates AR technology. IWB
can be used to teach Arabic or Urdu to elementary school students.

Based on related studies and literature reviews, this research uses AR technology as
a tool to construct a digital multimedia instructional program by creating a ubiquitous
contextual learning environment for students in order to examine if applying AR into
teaching programs can enhance students’ learning performance and learning efficiency.

2.3. The Learning Motivation Theory

ARCS motivation theory was proposed by John Keller, an American professor who
suggests a systematized motivation model based on the motivation theory and other
related theories in order to stimulate students’ learning motivation [39]. Keller states
that learning performance cannot be enhanced if the instructional program design cannot
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arouse a student’s learning interest. Keller expected that educators can take the ARCS
motivation theory as a method to confirm and design instructional strategies according
to students’ requirements in order to arouse learning motivation and effectively enhance
learning performance. In 1987, Keller put forward four factors in the theory of learning
motivation that can effectively help teachers stimulate students’ learning motivation and
interest in learning [7]. The four factors are “attention”, “relevance”, “confidence”, and
“satisfaction”, comprising the crucial elements of the ARCS motivation theory. ARCS
motivation theory is used to improve teaching programs and help instructional design. The
four elements of the learning motivation theory must be taken into account for instructional
design in order to stimulate students’ learning motivation [7].

After integrating several motivation theories, ARCS motivation theory has been
proposed to strengthen systematized instructional design, which serves not only to provide
practical applications and conceptual organization but also to stimulate student interaction
and participation in learning activities. The four factors of the ARCS motivation theory
are closely related to each other where the educator’s teaching performance would be
directly affected. The teacher should apply the ARCS motivation theory during the teaching
process to facilitate student learning in a positive learning environment. The achievement
of the instructional program would be directly affected if one of the four factors of the
learning motivation theory is missing during teaching periods. John Keller emphasized
that ARCS also has the function of “diagnosing” problems and helping to improve learning
ability. This means that if learners are struggling to learn, there are ways to overcome these
problems through the ARCS model. In other words, teachers must use more adaptive
teaching methods to design textbooks for such students [40].

The four elements of the ARCS motivation theory as well as its definitions are clarified
in Table 1. Based on Keller’s ARCS motivation theory, the definitions of the four elements
are connected to the application purpose, which is divided into four parts: learning
attention, learning interest, learning behavior, and learning satisfaction [4]. Together, they
help teachers to recognize students’ learning motivation and also to create an interesting
and effective teaching program for students to learn with their full attention during class.

Table 1. The definitions of ARCS model.

Elements Definition Variable Purpose

A
Attention

Arouse students’ learning interest to
stimulate their curiosity in order to

maintain learning attention [4].
Learning attention

1. Confirm that students are immersed
in AR to practice multimedia
design learning.

2. Observe student enthusiasm about
the subject matter, and concentration
increase in learning.

R
Relevance

Students’ relevant personal
recognition is to be developed by the

innovative learning materials [4].
Learning interest

1. Take an AR-based instructional
textbook as a teaching approach to
incite students’ interest.

2. Make students feel that this course is
worthwhile so as to motivate their
interest in learning.

C
Confidence

Arouse students’ expectations of
success and help them to build
positive attitudes so as to help

increase their self-confidence [4].

Learning behavior

1. AR technology can be useful and
practical for students’ learning.

2. The confidence and concentration in
learning of students can be improved
via AR-based teaching activities.

S
Satisfaction

Students’ satisfaction can be
effectively enhanced during learning
by the improvement of self-learning

effectiveness [4].

Learning satisfaction

1. The AR-assisted learning program
can help student self-learning by
which their satisfaction, sense of
accomplishment, and learning
motivation will be
effectively enhanced.
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The crucial function of the ARCS motivation theory is to help teachers generate an
interesting instructional program that can attract learner attention and enliven the teaching
materials and also escalate student interest in learning and offer students a positive learning
experience. The variable of the “relevance” factor has been defined as “learning interest”,
which refers to when a teacher creates an appropriate instructional program in order
to amplify students’ learning interest during class, and meanwhile, during the learning
process, students can recognize the knowledge system and realize the learning value. The
learning performance and efficiency, however, will be directly affected by attention and
learning interest. As a matter of fact, any single element of the learning motivation theory
directly influences the others. Learning interest is considered as the core value of pleasant
learning [41].

ARCS motivation theory has been widely applied in experimental teaching research.
Chang et al. [4] used the ARCS motivation theory and integrated AR technology into
interior design to create a real-time visual effects feature and enable students to recognize
the problems that may be happening during the interior design and to find the best solution
through teamwork. Zheng et al. [22] pointed out that with the ARCS motivation theory,
instructional programs can be improved and students’ learning motivation can be strictly
and objectively evaluated. Chang, Chen, and Liao [24] applied ARCS motivation theory
to design an AR-assisted situational classroom for English teaching, and found that it
enhanced EFL students’ learning satisfaction during the experimental teaching.

Based on above-mentioned statements and literature reviews, this research uses ARCS
motivation theory as a tool to validate the effectiveness of experimental teaching. The
aspects of the validation include students’ learning attention (concentration), learning inter-
est, learning confidence, and AR-based learning satisfaction in digital multimedia design
teaching class. I also endeavor to verify if integrating AR technology into experimental
instructional programs can help enhance students’ learning performance.

3. AR-Based Teaching Tool in Digital Media Design Course
3.1. Course Instructional Design

In digital multimedia design courses, many students do not understand how to
produce a complete multimedia project. Thus, this research takes an interactive treehouse
as the learning theme for students to practice. At first, the teacher offers a draft of a
treehouse with an interactive design for students, as seen in Figure 1. After the instruction
of the concept of digital media design, the students undertake the phase of learning by
doing. The learning topics include:

• Topic setting: The teacher takes a treehouse based on the fairytale of Hansel and Gretel
as the digital media topic in which the various interactive buttons have been designed
for users to explore. To illustrate, a giraffe appears after pressing the first button. After
pressing the sixth button, the users can access the inner space of the treehouse, where
the scene of the Hansel and Gretel fairytale is presented in the form of a digital media
interaction, as seen in Figure 2.

• Program design: Programming capability as well as coding for the interactive tree-
house design is carried out by C# script that will be taught by the teacher in the class
for students to create various buttons for the variety of interactive effects.

• Platform practice: In order to develop an interactive digital media treehouse project,
students must be familiar with operating the Unity platform, taught by teachers, since
the digital media project was developed by Unity platform in this course.

• Content produce: Users’ experience in the interaction with digital media systems will
be affected by the perception of the content interaction. The project content includes
images, animation, sound effect, character dialogue in the story, navigation guides
and instructions for users, UI design, and so forth.

• Post-production effects: Various interactive effect settings for the treehouse in post-
production as the feedback of user behavior includes visual effects, vocal effects,
environmental sound effects, etc.
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This workflow for this study’s test group students who are learning through the
AR-based teaching program is shown in Figure 3.

3.2. Software Development

To execute this study, I applied the AR technology to create the aid-learning system
suited for smartphones and mobile tablets so that the students could enjoy this interactive
experience. I used the C# language on the Unity platform to develop the AR system and
provided it to the test group students and to validate their learning experience with digital
media design. The overall system architecture is similar to other Unity-based solutions,
as shown in Figure 4. I also compared traditional learning methods with the AR-based
textbook, which is described in Table 2. The application system-related specifications that
were utilized are listed below:

• Unity 2018.4.10f1 (64-bit): The developed platform built-in Vuforia Kits and C# script,
as illustrated in Figure 4.
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• SDK Tools for Android: It was necessary to install Android SDK to produce an
Android application package (APK) requiring Kits of Unity.

• Java SE Development Kit 8: In addition to SDK Kits, Unity also needs to install the
Java SE software development Kit to build APK.

• The 3D model creation software for AR, e.g., 3D MAX.
• The mobile device with an Android operating system for the AR application executing.
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Table 2. Descriptions of experimental and traditional teaching methods.

Traditional Teaching Methods Experimental Teaching Approach

Topic for interactive button design
Teacher:

• Homework exercise as well as the Explanation of Design
interactive button: Unity button design + design
concept guide.

• The teacher explains and demonstrates how to design
buttons on the Unity platform and C# interactive coding of
buttons in the classroom.

Students:

• Button material preparation or drawing from the
button sketch.

• Design button on Unity platform + C# interactive coding
for button.

Teacher:

• Comment on and revise the button design practice for the
user interface.

Teacher:

• Teacher assigns the exercise and explains the interactive
button design: Unity button design + UI concept guide.

• The teaching topic is the same as traditional teaching in the
classroom, yet students can self-practice with AR-assisted
interactive button design.

• Interactive button design and practice study with AR.

Students:

• Self-study how to design an interactive button and learn
the C# coding on the Unity platform with AR and the
teaching video.

• Students who were quarantined during the COVID-19
pandemic can still keep up with related exercises and
programming for digital media design project
development and use AR textbooks.

From a user-oriented perspective of digital media, this research developed an innova-
tive instructional approach for students to learn that is aligned with the traditional learning
steps, taking the example of the buttons’ design on the devices that can provide interactive
effects for users, as seen in Table 2.

4. Research Methods
4.1. Research Design and Approach

Bearing the principle of scientific and objective evaluation in mind, this research
was carried out the experimental teaching mechanism (illustrated in Figure 5) to examine
the instructional program and learning performance and to validate students’ learning
performance. This research adopted a “nonequivalent pre-test and post-test” design
as the method to examine how learning performance is affected by the experimental
teaching program. The independent variable, dependent variable, control variables, and
experimental phases for this research are clarified as follows. Firstly, the independent
variable in this research is the groups of students. One group is the test group students
who had the AR-based digital multimedia instructional program, and the other group is
the control group students who were taught by traditional teaching methods. Both groups
were examined by “digital multimedia design” pre-tests and post-tests in order to verify
the difference in learning performance between the two groups of students. Secondly, the
results of the pre- and post-tests of the two groups are used as variables to evaluate if there
is a significant difference in learning performance, via the t-test. Thirdly, there are three
control variables: the first is that the teacher who instructs the two groups of students is
the same, in order to have reliable research findings; the second is that the two groups of
students will be examined through the pre- and post-tests conducted by a researcher; and
the third is that the researcher is also the instructor carrying out the examination of student
learning performance via the knowledge tests of multimedia design.

The experimental phases can be divided into three. In the first phase, the “digital
multimedia design” pre-test and digital media learning interest scale test (Appendix A)
were completed in the first week of teaching. In the second phase, the two groups each
had a 50-minute AR-assisted digital multimedia design class three times a week and the
teaching experiment lasted for 18 weeks. In the third phase, the post-test was conducted
after the 18-week instructional program. The two groups were examined through “digital
multimedia design” tests (Table 1) in order to validate the difference in learning perfor-
mance between the two groups. The research subjects were 88 students at the National
Chin-Yi University of Technology (NCUT) management department; the number of test
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group students was 46 (n = 46) and the number of control group students was 42 (n = 42).
The post-test on the digital media learning interest scale for the two groups of students
was also conducted during the process.

Sustainability 2021, 13, x FOR PEER REVIEW 10 of 25 
 

of the pre- and post-tests of the two groups are used as variables to evaluate if there is a 
significant difference in learning performance, via the t-test. Thirdly, there are three con-
trol variables: the first is that the teacher who instructs the two groups of students is the 
same, in order to have reliable research findings; the second is that the two groups of 
students will be examined through the pre- and post-tests conducted by a researcher; and 
the third is that the researcher is also the instructor carrying out the examination of stu-
dent learning performance via the knowledge tests of multimedia design. 

The experimental phases can be divided into three. In the first phase, the “digital 
multimedia design” pre-test and digital media learning interest scale test (Appendix A) 
were completed in the first week of teaching. In the second phase, the two groups each 
had a 50-minute AR-assisted digital multimedia design class three times a week and the 
teaching experiment lasted for 18 weeks. In the third phase, the post-test was conducted 
after the 18-week instructional program. The two groups were examined through “digital 
multimedia design” tests (Table 1) in order to validate the difference in learning perfor-
mance between the two groups. The research subjects were 88 students at the National 
Chin-Yi University of Technology (NCUT) management department; the number of test 
group students was 46 (n = 46) and the number of control group students was 42 (n = 42). 
The post-test on the digital media learning interest scale for the two groups of students 
was also conducted during the process. 

In the process of learning by doing, the motivation element of learning digital multi-
media design courses among the students of the two groups was examined and analyzed 
by the pre- and post-tests; the factors were evaluated and validated in each learning topic 
for digital media design. The interest scale test was conducted for both groups to deter-
mine if applying this AR-assisted instructional experiment can effectively enhance learn-
ing interest.  

 
Figure 5. The three stages (phases) of the experiment. 

4.2. Test Questionnaire Design 
Based on the ARCS motivation theory, the research questionnaire was designed to 

evaluate the experimental teaching method. Before and after the experimental teaching, 
the questionnaires were distributed to validate the two groups’ concepts of digital multi-
media design and examine their learning performance and learning interest (Appendix 
A). The questionnaire was distributed via Google Forms and then collected and statisti-
cally sorted with the SPSS tool. An independent sample t-test was conducted on the pre-
test questionnaire in order to analyze the difference between the two groups’ learning 
performance and also to identify the homogeneity between the two groups of students. 
The result of the t-test showed that the analysis was non-significant, indicating the homo-
geneity between the two groups. The post-test after the experimental teaching examined 
the learning performance and to obtain further verification of whether integrating AR 

Figure 5. The three stages (phases) of the experiment.

In the process of learning by doing, the motivation element of learning digital multi-
media design courses among the students of the two groups was examined and analyzed
by the pre- and post-tests; the factors were evaluated and validated in each learning
topic for digital media design. The interest scale test was conducted for both groups to
determine if applying this AR-assisted instructional experiment can effectively enhance
learning interest.

4.2. Test Questionnaire Design

Based on the ARCS motivation theory, the research questionnaire was designed to
evaluate the experimental teaching method. Before and after the experimental teaching, the
questionnaires were distributed to validate the two groups’ concepts of digital multimedia
design and examine their learning performance and learning interest (Appendix A). The
questionnaire was distributed via Google Forms and then collected and statistically sorted
with the SPSS tool. An independent sample t-test was conducted on the pre-test question-
naire in order to analyze the difference between the two groups’ learning performance and
also to identify the homogeneity between the two groups of students. The result of the t-test
showed that the analysis was non-significant, indicating the homogeneity between the two
groups. The post-test after the experimental teaching examined the learning performance
and to obtain further verification of whether integrating AR technology into this digital
multimedia design instructional program can improve learning effectiveness.

Regarding the two groups’ knowledge of digital multimedia design, as seen in Table 3,
the learning performance pre- and post-tests included three parts: design capability, learn-
ing topic, and project creativity. The pre-test only focused on the first and second parts
of Table 3, since the students had no experience of developing the project. After the ex-
perimental courses, three parts of the evaluation were carried out by teachers based on
the post-tests.
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Table 3. Learning performance evaluation (knowledge test for digital media design).

Topic Final Term Project ID

Evaluation Date:

Work Title Evaluator

Learning Performance Evaluation Evaluation Element and Explanation Grade

Design capability

1. Design methods Project design procedure and method

2. Learning experience Project design learning experience is learning
by doing with instructor’s guidance

3. Project practice Project practice, guidance, problem solving,
problem-solving skills

4. Project capability Project planning and management,
challenge, integration

Learning topic

1. Topic Topic setting (theme communication and
interaction form) for digital media

2. Program design Programming capability and language coding
for digital media

3. Platform practice Operation proficiency for Unity platform

4. Content produce Content collection, planning, information
organization, and presentation

5. Post-production effects Post-production practice for digital media

Project Creativity

1. Theme Whether the theme is clearly conveyed for final
project work

2. Visual effect design Digital media visual effect design for final
project work

3. Application The value of digital multimedia design
application for final project work

4. Technique Digital media design techniques for final
project work

5. Innovation Innovative digital media design for final
project work

The data of the pre-test included a preliminary test and an interest scale test. The
examination of the difference of the two groups was performed by means of an inde-
pendent sample t-test to verify the homogeneity between two groups. If the result was
non-significant, this means homogeneity existed in the two groups and that this research
can take the result of the post-test to examine whether integrating AR technology into
digital multimedia design instructional programs can enhance students’ learning interest
and improve learning performance.

4.3. Research Participant

The research subjects in this research are sophomore undergraduate students who are
taking the “Digital Media Design” course in the department of information management,
National Chin-Yi University of Technology (NCUT) in Taiwan. Considering research
ethics, the experimental teaching groups were not divided among in the same class. The
42 students of the digital media design course in 2020 were used as the control group,
while the 46 students of the digital media design course in 2021 were used as the test
group. In 2020, COVID-19 in Taiwan was well controlled, and students were learning in
schools. The period of experimental teaching for the control group was from 2 February
2020 to 30 June 2020; the test group was from 22 February 2021 to 25 June 2021. In 2021,
COVID-19 started to spread in Taiwan and all the learning activities in Taiwan moved
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online. The researched AR-based teaching program can allow students to learn at home.
The two groups of students filled out the interest scale on the test questionnaire. The
preliminary test was conducted before the experimental teaching. The start date for the
control group was 3 February 2020, and that for the test group was 23 February 2021; the
final test was conducted after 18 weeks of the experimental teaching program. The control
group’s final test was on 30 June 2020 and the test group’s final test was on 22 June 2021.
There were 46 test group questionnaires and 42 control group questionnaires collected;
valid questionnaires totaled 88 for the examination. The ARCS questionnaires were sent
to the test group students by using Google Forms at the end of June 2021. Then, SPSS
was used to statistically analyze the data. The first analysis is the result of the average
value and standard deviation for two groups’ pre-test and interest scale test by t-test, and
the second is based on the pre-test results to conduct a single factor covariate analysis
(one-way ANOVA) to see if there is a significant difference between the two groups to
identify the homogeneity or lack thereof. The third analysis is the post-test result of two
groups, examined by an independent sample t-test in order to verify whether integrating
augmented reality into experimental teaching can improve learning performance. The
fourth analysis is the ARCS motivation theory model correlation analysis, conducted for
test group students. Finally, the last analysis is the hypotheses verification by regression
coefficient analysis.

5. Experimental Result
5.1. The Teaching Effective Validation of t-Test Analysis for Independent Sample

The results of the experimental teaching pre- and post-tests are shown in Table 4
(Knowledge Test for Multimedia Design). According to the results of the pre-test, it can be
seen that the values between two groups are quite close, whereas the test group’s post-test
values are relatively higher than the control group. In the analysis of the post-test, there
is a significant difference between groups. As for the aspect of learning interest, it can
be found that the pre-test results of the groups had no significant difference, while in the
post-test results, the test group values are relatively higher than the control group. There is
a significant difference between groups, which indicates that the experimental teaching
was successful in producing improved results compared to the traditional teaching way.

Table 4. The t-tests of pre- and post-tests for the two groups.

Test Items Group Students
Number

Pre-Test
Average

Pre-Test
Standard
Deviation

Post-Test
Average

Post-Test
Standard
Deviation

Knowledge Test for
Multimedia Design

Test group 46 69.565 9.0619 80.475 3.4213

Control group 42 65.905 10.7199 75.429 4.7727

Interest Scale Test
Test group 46 3.696 0.436 4.248 0.396

Control group 42 3.667 0.535 3.923 0.289

5.2. Test of Homogeneity of Test and Control Groups

In this study, I used the Knowledge Test for Multimedia Design as well as the Interest
Scale Test in order to make comparisons between the test group and the control group
regarding students’ learning capability. The tests were conducted before the experimental
teaching in order to verify whether there was a similar learning capability for these two
groups. Based on the results of pre-test and the interest scale test, regression coefficient
analysis was employed to perform the test of homogeneity of regression between the
two groups, to confirm whether the regression line was parallel or not within the group
and if the difference between the two groups by p value reached a statistically significant
level. The one-way ANOVA was then used to examine homogeneity by verifying whether
the average values between groups were close enough to confirm the learning capability
homogeneity. The level of significance of the statistical analysis was 0.05 (95% confidence
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level). The ANOVA result shows that there are no significant differences between two
groups in the “Knowledge Test for Multimedia Design” and “Interest Scale Test”, which
means the two groups of students had the same learning capability (seen in Table 5). Table 5
verifies whether the two sets of learning abilities are the same for comparison. This test
was performed before the experimental teaching to check if the two groups were different,
or if the two groups showed similar learning abilities. The results show that the two groups
are homogeneous.

Table 5. The pre-test results for the two groups.

Test Items Resource SS df MS F Value Variability Homogeneity
Test Significance

Pre-test:
Knowledge Test for
Multimedia Design

SSB 294.168 1 294.168 3.009 0.086
SSw 8406.923 86 97.755
SST 8701.091 87

Pre-test: Interest
Scale Test

SSB 0.18 1 0.018 0.078 0.78
SSw 20.272 86 0.236
SST 20.291 87

p > 0.05. In Table 5, the data show that the pre-test results of the groups are non-significant (F = 3.009, p = 0.086 > 0.05; F = 0.078,
p = 0.78 > 0.05) and that the values meet the principle of paralleled standard, which means homogeneity existed between the two groups
and thus the issue that the different learning capability may affect this experimental teaching research can be removed. Therefore, this
research can further take ANOVA to examine the post-test of the two groups.

5.3. ANOVA for Post-Test

This research took the post-test of two groups as the examination of learning effi-
ciency. After 18 weeks of the experimental instructional program, the “Knowledge Test
for Multimedia Design” examined the two groups’ learning performances. As mentioned
in Section 4.2, the final test results of groups were evaluated in three parts: design ca-
pability, learning topic, and project creativity. The post-test of “Learning Interest Scale”
(Appendix A) was also conducted after 18 weeks of the experimental teaching program.
The ANOVA statistical analysis was used for evaluation. The level of significance of the
statistical analysis was 0.05 (95% confidence interval). The result of ANOVA, in Table 6,
shows that in the Knowledge Test for Multimedia post-test, there was a significant differ-
ence between the test group and control group (F = 32.907, p < 0.001). Regarding learning
performance, the analysis result indicated that the test group students who experienced
the AR-based teaching program fared better than the control group students who were
taught by the traditional teaching way. The difference in learning efficiency between the
two groups was validated. As for the part of interest scale test, this research considers the
post-test of the groups’ learning interest as the dependent variable to carry out the ANOVA.
The level of significance of the statistical analysis was 0.05 (95% confidence interval). As
can be seen in Table 6, the ANOVA shows that on the interest scale, post-test results had a
significant difference between the two groups (F = 18.895, p < 0.001). It is clear that inte-
grating AR technology into instructional programs can be more effective than traditional
teaching methods. Thus, the first aim of this research has been achieved.

Table 6. ANOVA analysis for learning performance.

Test Items Resource SS df MS F Value Variability Homogeneity
Test Significance

Post-test:
Knowledge Test for
Multimedia Design

SSB 558.902 1 558.902 32.907 0.000 ***
SSw 1460.661 86 16.984
SST 2019.563 87

Post-test: Interest
Scale Test

SSB 2.305 1 2.305 18.895 0.000 ***
SSw 10.491 86 0.122
SST 12.796 87

*** p < 0.001.
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6. ARCS Motivation Theory Model for the Examination of Learning Motivation
6.1. The Definition of the ARCS Motivation Theory Model Constructs

Based on Keller’s ARCS motivation theory elements and its definition [7], this work
designed an approach for evaluation that includes four constructs, the first being attention.
Students’ attention was evaluated. The second construct is relevance. Students’ personal
recognition was developed by the AR-assisted teaching approach as well as past learning
experience; students’ learning interest can be aroused and evaluated by the method of
questionnaire. The third construct is confidence. After this experimental teaching program
using AR, students built up their self-learning capabilities and their confidence was be
evaluated. The fourth construct is satisfaction. Students’ satisfaction with the AR-based
teaching program was evaluated. Based on ARCS theory, I designed twenty questions
divided into four parts (Appendix B). The definitions of the ARCS theory’s four elements
are clarified as follows:

1. Attention. The role of attention in learning is important in that the capacity for
information processing is limited. From this perspective, immersed experiences
are regarded as when one’s attention is focused on an object for longer periods
of time to allow cognitive processing [42]. Based on the evaluation approaches of
Csikszentmihalyi [43] and Chambers [44], “immersed experiences” are classified into
the part of “concentration” for this study’s questionnaire design. Individuals will
devote more attention, energy, and time to certain things they are interested in. Thus,
concentration is considered as a sort of “immersed experience”, which often takes
place during the process of learning; that is to say, when students are attracted to
situational contexts during learning, they tend to focus better on the program and
immerse themselves in it [42].

2. Relevance. An AR textbook design and its learning topics can help to enhance student
learning interest and make students immerse themselves in learning activities, and if
they forget about the time—these are evaluated by using the construct of relevance.
Learning interest can help cultivate self-learning capability and enhance pleasant
learning experiences [6]. Based on the definition of relevance, the aspect of learning
interest was designed for this research questionnaire in order to evaluate students’
interest in AR textbooks for digital multimedia design instructional programs and its
learning topics.

3. Confidence. Confidence can be seen as a sort of learning style. Does an AR-based
teaching program enhance students’ self-confidence? When a student recognizes that
learning efficiency is enhanced by AR teaching, their confidence will be improved, as
well. Chang et al. [4] stated that by observing students’ learning behavior during the
AR-based class, students’ confidence can be examined. Moreover, Zheng et al. [22] also
proposed that confidence refers to a kind of mental state; to illustrate, in a student’s
internal mental state, the expectation of success is aroused while experiencing an
interesting and enjoyable learning program.

4. Satisfaction. Satisfaction is evaluated during the experimental teaching to verify if
integrating AR into teaching can enhance student satisfaction. Zheng et al. [22] stated
that students will be satisfied with AR-based experimental teaching programs if they
feel that the courses are helpful.

This research took Likert’s five-point scale as the method to carry out the survey; the
questionnaire was designed for students to rate the questions so the research constructs
can be validated for examination. Regarding the questionnaire, numbers 1 to 5 are used for
students to examine their learning performance; 5 indicates “strongly agree”, 4 is “agree”,
3 is “neutral”, 2 is “disagree”, and 1 indicates “strongly disagree” (see Appendix A). The
ARCS model and research hypotheses are illustrated in Figure 6.
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This study’s four hypotheses are listed below:

Hypothesis 1. The factor of learning interest in the relevance construct positively affects students’
attention.

Hypothesis 2. The factor of learning interest in the relevance construct positively affects students’
confidence.

Hypothesis 3. The factor of learning interest in the relevance construct positively affects students’
satisfaction.

Hypothesis 4. The factor of learning interest in the relevance construct positively affects students’
learning performance.

The research hypotheses were tested using reliability analysis, efficiency analysis,
correlation coefficient analysis, as well as the research hypothesis tested approach.

1. Reliability Analysis: Cronbach alpha values are the indicator for the reliability of each
construct’s analysis data.

2. Validity Analysis: Confirmatory factor analyses are applied for the examination of
construct validity degree; data reduction is conducted by the confirmation factor
analysis and the factor is extracted by the principal component analysis. Finally,
analysis data are verified by means of the Varimax Method of Kaiser–Meyer–Olkin
and Bartlett’s Spherical Verification.

3. Correlation Coefficient Analysis: Pearson’s correlation coefficient analysis is applied
for the examination of this relationship between factors. The correlation coefficient
matrix between two variables is analyzed according to the analysis results and can
verify if they are positively related to each factor in the motivation theory model
(significant existence).

4. Research Hypothesis Tested Approach: This research takes the principle of the regres-
sion analysis and the assumption of model constructs as the approaches to create the
regression functions to examine the research hypotheses. The relationship between
the cause and effect of the two variables can be testified, and the variables are directly
or indirectly affected by each other and can be validated. The analysis finding R2 as
the dependent variable in the variables can be explained by independent variables
and the percentage that was produced by the regression analysis model. This research
uses SPSS 12.0 to carry out the regression statistical analysis in order to examine
how the dependent variable is affected by one single independent variable or several



Sustainability 2021, 13, 12296 16 of 24

variables, and the β coefficient is obtained based on the significance. Finally, the
explanatory power of the model is based on the adjusted R2 value.

6.2. Reliability Analysis and Validity Analysis

According to the results of descriptive statistics on the test group survey from an ARCS
questionnaire in Appendix B, the data on the test’s groups learning performance were
collected by the Knowledge Test for Multimedia Design post-test and converted through
the Likert 5-point scale. In Table 7, the mean of each element in the ARCS motivation theory
shows that the test group students positively view this experimental teaching program
and that they are satisfied with AR learning (average value of each element > 3). The test
group students’ feedback on the AR-based experimental teaching is positive. Learning
attention, learning interest in AR teaching, learning confidence, and learning satisfaction
were positively affected by the experimental instructional program.

Table 7. Descriptive statistics of the ARCS model elements for the examination of the test group.

Elements Number Mean Standard Deviation

Learning attention 46 4.3261 1.26797
Learning interest for AR teaching 46 4.1696 0.30395

Learning confidence 46 4.2174 0.35734
Learning satisfaction 46 4.1551 0.31408

Valid N (excluded completely) 46

Cronbach’s alpha values are taken as indicators of the examination of reliability degree;
values under 0.35 show a low degree of reliability (α < 0.35), values between 0.35 and
0.70 indicate a medium reliability degree (0.35 < α < 0.70), and there is a high degree of
reliability if the value is over 0.7 (α > 0.7). After statistical analysis of the constructs, the
alpha of “learning attention” is 0.9, “learning interest in AR teaching” is 0.824, “learning
confidence” is 0.890, and “learning satisfaction” is 0.849. Overall, the questionnaire’s
reliability degree is 0.7, which means there is a high degree of reliability. The data of the
survey show consistency in the acceptable range for this research.

Since the units of the variable measurements are the same in this study, based on a five-
point Likert scale, the reliability can be measured by Cronbach’s α value. If Cronbach’s α
value is less than 0.35, it has low confidence, whereas medium confidence is 0.35 < α < 0.70
and an α value greater than 0.7 shows that the reliability is high and acceptable. The
reliability validation for the questions in this questionnaire shows a high reliability for the
standard of Nunnally [4,45].

For the examination of the validity degree, I used SPSS to carry out the confirmatory
factor analysis (ES). Factors were extracted by principal component analysis with the
Varimax method of KMO and Bartlett’s Spherical Verification to further determine how
suitable the data are for the factors. Through factor analysis, the KMO analysis value was
0.668, and spherical verification was 815.680; the values are significant, which means the
questionnaire questions are applicable for a factor analysis in this research.

By means of principal component analysis (PCA) and the Varimax method, four
factors have been extracted: learning attention, learning confidence, learning satisfaction,
and learning interest, and rotation square and the loading show that the eigenvalues are
4.108, 3.937, 3.328, and 3.301, respectively. It is clear that all the eigenvalues are greater
than 1, indicating a high degree of validity for the factors, as the rotation square sum is up
to 72.482, as seen in Table 8.
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Table 8. Total variance explained of the factor loadings.

Ingredients Initial Eigenvalue Rotation Square Sum of Factor Loadings

Sum Variance% Cumulative% Sum Variance% Cumulative%

Learning confidence 9.237 46.187 46.187 4.435 22.175 22.175

Learning satisfaction 2.574 12.872 59.059 4.155 20.775 42.950

Learning interest 1.357 6.783 65.842 3.400 16.999 59.950

Learning attention 1.328 6.640 72.482 2.506 12.532 72.482

Note: Extraction method: principal component analysis.

6.3. Correlation Coefficients Analysis

In this section, I use Pearson’s correlation analysis to explore the linear relationship
between two variables and determine whether the two variables are positively correlated.
Based on the analysis results, the correlation coefficient matrix between the two variables
obtained was analyzed (see Table 9). According to the correlation verification results of
this study, it was found that:

1. Regarding the test group learning performance analysis, the “learning attention” and
“learning interest in AR teaching” have a significant positive correlation, 0.432 (**);
“learning attention” and “learning confidence” are significantly and positively corre-
lated, 0.409 (**); “learning attention” and “learning satisfaction” are significantly and
positively correlated, 0.413 (**); and “learning attention” and “learning effectiveness”
are significantly and positively correlated, 0.501 (**).

2. In the test group students, “learning interest in AR teaching” and “confidence of
learning behavior” are positively correlated and the correlation coefficient is 0.545 (**);
“learning interest in AR teaching” and “learning satisfaction” are positively correlated
and the correlation coefficient is 0.497 (**); and “learning interest in AR teaching”
and “learning effectiveness” are positively correlated and the correlation coefficient
is 0.732 (**).

3. There is a significant positive correlation between “learning confidence” and “learning
satisfaction” in the test group students and the correlation coefficient is 0.712 (**);
“learning confidence” and “learning effectiveness” are positively correlated and the
correlation coefficient is 0.658 (**).

4. “Learning satisfaction” and “learning effectiveness” have a significant positive corre-
lation; the correlation coefficient is 0.714 (**).

Table 9. Correlation analysis.

Learning
Attention

Learning
Interest

Learning
Confidence

Learning
Satisfaction

Learning
Performance

Learning attention
Pearson Correlation 1 0.432 (**) 0.409 (**) 0.413 (**) 0.501 (**)

Significance (two-tailed) 0.003 0.005 0.004 0.037

Learning interest
Pearson Correlation 0.432 (**) 1 0.545 (**) 0.497 (**) 0.732 (*)

Significance (two-tailed) 0.003 0.000 0.000 0.003

Learning confidence
Pearson Correlation 0.409 (**) 0.545 (**) 1 0.712 (**) 0.658 (**)

Significance (two-tailed) 0.005 0.000 0.000 0.000

Learning satisfaction
Pearson Correlation 0.413 (**) 0.497 (**) 0.712 (**) 1 0.714 (**)

Significance (two-tailed) 0.004 0.000 0.000 0.0000

Learning effectiveness
Pearson Correlation 0.501 (**) 0.732 (*) 0.658 (**) 0.714 (**) 1

Significance (two-tailed) 0.000 0.003 0.000 0.0000

* p < 0.05 (two-tailed), ** p < 0.001 (two-tailed), n = 46.
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Based on the Pearson correlation coefficient analysis findings, the data regarding the
correlation of the ARCS motivation theory model and learning performance are shown in
Table 9.

6.4. Research Hypothesis Test

This research used path analysis as a tool to statistically examine the overall statistic
model explanatory power. The linear regression analysis was conducted to validate four
hypotheses concerning whether students’ (1) learning attention, (2) learning confidence,
(3) learning satisfaction, and (4) learning performance can be significantly enhanced by
AR-assisted instructional programs. The causal relationships between two variables and
how they directly or indirectly affected each other were analyzed. The R2 value is the
indicator for the percentage of total variance calculated by the independent variables
and the regression analysis model. This research used SPSS to carry out the statistical
regression analysis.

In the following functions, one can see how the independent variable directly or
indirectly affect the others by the method of linear regression analysis; values are ob-
tained by the path analysis approach to show how one variable is affected by the other.
Furthermore, the adjusted R2 value is taken as the explanatory power indicator for the
dependent variable. By means of the path analysis, the four research hypotheses are
explained as follows:

1. Function 1: Learning attention = f {Learning interest}. According to Keller’s ARCS
theory, the factors that affect learning interest are external environmental factors such
as teaching methods and textbook design; in this research, this factor is the AR-based
teaching. The F statistic value is 10.110 and the significant level is p = 0.003 < 0.05.
Linear regression analysis has a reliable predictive capability for the verification of
the hypothesis. Based on the analysis, “learning attention” is positively affected by
the factor of “learning interest in AR teaching” in the test group students (β = 0.432,
p = 0.003 < 0.05, R2 = 0.168). The explanatory power is 16.8%, which is significant.
Thus, H1 is valid. Based on the linear regression analysis model, it was proved that
AR teaching can effectively improve students’ self-confidence during learning.

2. Function 2: Learning behavior = f {Learning interest}. Linear regression analysis
results show that “learning behavior” is obviously affected by the factor of “learning
interest”; the value is significant (β = 0.641, p = 0.000 < 0.001 R2 = 0.281). The
linear regression statistics analysis model has a reliable predictive capability for the
examination of hypothesis. Learning behavior is positively affected by the factor of
“learning interest” and the correlated value is significant. Thus, H2 is valid. It was
proved that the test group students’ learning behavior is affected by the AR teaching
and that the learning confidence can be improved.

3. Function 3: Learning satisfaction = f {Learning interest}. According to the linear
regression analysis results, “learning satisfaction” is positively affected by the factor
of learning interest AR teaching and the correlation value is significant (β = 0.481,
p = 0.001 < 0.001 R2 = 0.272). The linear regression analysis model has a reliable
predictive capability for the verification of the hypothesis. It was proved that “learning
satisfaction” is positively affected by the factor of learning interest in AR teaching.
Thus, H3 is valid.

4. Function 4: Learning effectiveness = f {Learning interest}. According to the linear re-
gression analysis, learning effectiveness is positively affected by the factor of learning
interest and the correlated value is significant (β = 0.538, p = 0.000 < 0.001 R2 = 0.526).
The linear regression analysis model has a reliable predictive capability for the verifi-
cation of the hypothesis. The explanatory power is up to 52.6. Thus, it was proved
that “learning effectiveness” is positively affected by the factor of learning interest;
therefore, H4 is valid.

The overall linear regression analysis findings are shown in Figure 7 in which arrows
appear between the factors showing the different facets and the asterisk (*) shows that the



Sustainability 2021, 13, 12296 19 of 24

coefficient correlated value is significant. The confidence interval is 95%, which means
there is 95% credibility coverage of the true value. This result is the same as the judgment
result of the 95% level p-value of statistical verification.
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The following four research hypotheses have been validated:

1. Students’ learning interest is aroused by AR textbooks. The teaching result proved
this research aim. Thus, H1 is verified (as mentioned in Section 6.3). Learning interest
in AR teaching can positively affect learning attention (attitude). The learning topics
for digital multimedia design were designed for the contingency of the COVID-19
pandemic during the experimental period; however, it is crucial that the teaching
design is compatible with studying in isolation. Hypothesis 1, which makes the AR
teaching program possible for such a contingency, has been validated (circle 1 in
Figure 8).

2. Some research related to AR-based teaching took gameplay as the theme to carry
out the examination [33,34]. Nevertheless, the factor of learning interest for AR-
based teaching videos was taken here as the independent variable to conduct the
examination. In the verification of H2, the impact of the AR textbook on learning
confidence reached 64.1%. The research found that the AR with teaching videos can
help students practice homework exercises successfully according to their individual
abilities, and enhance the confidence of students to continue learning. A student’s
performance obviously depends on his or her individual abilities. The AR textbook
enlivens the learning materials by which student learning motivation and interest
can be enhanced, and then students voluntarily put in more effort. According to
the research findings and the linear regression analysis, mentioned in Section 6.4,
self-learning capability and learning confidence can be improved by AR-assisted
instructional programs. This hypothesis, H2, has been validated (circle 2 in Figure 8).

3. By using the AR textbook-based teaching method, self-study motivation can enhance
students’ learning satisfaction. Students’ learning satisfaction can be enhanced while
they are immersing themselves in the AR textbook during learning. From the perspec-
tive of equity, students can achieve high-quality learning value and commitment to
the learning process through long-term self-study with AR textbooks. This hypothesis,
H3, is validated (circle 3 in Figure 8).

4. Through an AR-based instructional program, students can self-study repeatedly;
meanwhile, learning motivation can also be enhanced, and the learning performance
would be improved. This research hypothesis, H4, has been validated. The explana-
tory power R2 that learning interest for AR textbooks affecting learning performance
is up to 52.6%. This means that learning performance is significantly affected by
the factor of learning interest. Hypothesis 4 has proved that AR learning influences
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students’ motivation, encouraging students to put in more effort into learning and
thus improving their learning performance (circle 4 in Figure 8).
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In Keller’s psychological research related to motivation theory [40], Keller divided
teaching experience and learning experience into output and input constructs. The con-
struct of input includes individual and environmental factors; the construct of output
includes effort, attitude, and learning performance. Individual factors include learning
motivation, learning interest, individual learning capability, knowledge and skills, and
so forth. Environmental factors are the learning situation in the classroom, instructional
design, and teaching approach innovation. Students’ learning attention is affected by the
teaching topics, attractiveness of learning materials, learning mood, and external envi-
ronment (see Figure 8). Thus, instructional program design is a critical component of
environmental factors; students will be attracted by the interesting and useful learning
materials, and lively teaching lets students enjoy learning [41]. During the experimental
teaching, students’ learning experiences are relative to their own learning interest, which
is of positive emotional value. In the process of learning, students gradually recognize
the meaning of the knowledge system and its value which in turn affects their learning
attention, learning interest, and learning performance, and even one affects one another.
Learning interest is considered as the core value for enjoyable learning [39]. For creating a
positive cycle of learning effectiveness, individual factors that encourage students make
more efforts are the main concern in ARCS motivation theory. The critical point for a
positive cycle of learning effectiveness is to arouse learning interest through instructional
program design—in other words, to enable students’ learning interest to be stimulated by a
comfortable and interesting learning environment. An excellent instructional design would
use an interactive approach to increase students’ learning interest by which the learning
confidence is enhanced, and in turn, they will show initiative in learning. Students who
put in more effort can achieve better learning performance, which is the learning value that
the ARCS motivation theory emphasizes.

This research used regression analysis to verify that students’ learning attention,
learning confidence, learning satisfaction, and learning effectiveness (the explanatory
power is 52.6%) can be enhanced by an AR textbook design during the COVID-19 pandemic.
The independent variable of the regression analysis is the learning interest for the AR
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textbook design. We all know that there are many factors that affect students’ learning
effectiveness. For example, learning materials, instructional program design, interactions
with peers, individual learning capability and style, etc. By means of the regression
analysis, I examined the four factors of Keller’s ARCS motivation theory model, “attention”,
“relevance”, “confidence”, and “satisfaction”; the learning effectiveness of test group
students was also enhanced by using an AR textbook design.

7. Conclusions and Limitations

In this work, I designed an AR textbook for a mobile smartphone platform in which
digital media design teaching materials can be visualized. AR technology can present
real-time digital multimedia design instructional topics and teaching materials as well as an
operation guide, which is an effective way to encourage students’ self-learning. Students
can view or preview the learning content at any time, even in lockdown period during
the COVID-19 pandemic. An AR textbook-based experimental teaching program has been
evaluated in this research. For the semester-long digital multimedia design courses, the
pre- and post-test data were collected for the examination of student learning performance.
In order to verify if an AR textbook can stimulate students to learn actively, and if students’
learning interest as well as learning effectiveness can be enhanced, the feedback regarding
the aspects of learning interest, instructional program design, learning confidence, and
learning satisfaction from students are the critical data for examination.

In Section 5, the learning performances of the two groups of students were statistically
analyzed by independent sampling t-tests. The results showed that after this experimental
instructional program, the learning performance of the test group was better than the
control group. In Section 6, Keller’s ARCS motivation theory model was used to examine
whether applying AR into experimental teaching programs affects learning motivation,
learning interest, or learning performance. By means of verified reliability, validity, cor-
rection coefficient analysis, and regression analysis, the second purpose of the research
was examined. This research concluded that integrating AR technology into digital mul-
timedia design instructional programs can effectively enhance learning efficiency and
teaching efficiency.

In my previous research [4], an interior design course teaching was used as a research
field. The students used an AR device as an aid for viewing 3D model prototypes of
furniture placement and verified the layout design practice results intuitively. In this
research, AR instructional videos were used to teach students how to develop digital media
projects, involving the Unity platform operation and program coding technology learning.
The students of the test group needed to learn all the topics set in the AR course completely
before they could establish the practical technology for project development. In the past,
the practical technology in digital media was taught and demonstrated by teachers in
physical classrooms. Due to the COVID-19 pandemic in Taiwan, all schools were closed
at the time of study, and students could only build their self-learning ability through the
eLearning system. This is the most obvious difference in the experimental teaching design
of these two studies. The test group students of this research needed to continue learning
and completing their practice homework while relying on AR textbooks.

The contribution of this research is proving that AR teaching materials are suitable
for normal learning programs during the COVID-19 pandemic. At present, it appears
as though online learning and self-study at home will become the norm for the students
all over the world. Digital media design was the research field, and the coding program
and the project development as professional domain knowledge of the Unity platform
were found suitable for AR teaching materials for online learning solutions. According to
the correction coefficient analysis in Section 6.3 and the regression analysis in Section 6.4,
the AR textbooks (teaching videos) provided by this research can improve students’ self-
learning ability. The self-learning ability of students—that is, the correlation between
learning interest, learning attention, learning confidence, learning satisfaction, and learning
performance of the ARCS model—is significant, and the four hypotheses of this research
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were verified. The research results confirm that the use of AR teaching materials promoted
the positive performance of the test group students in terms of their learning motivation,
which means that the students in the experimental teaching program established their
self-learning ability.

However, the limitations of the research are that for successful AR teaching experi-
ences, teachers must devote substantial additional time to work on AR-based textbooks,
in contrast to other teaching models, which represents a major impediment for educators.
As Kerawalla et al. [16] and Rasimah et al. [17] noted, limitations occur due to a lack of
a foundational knowledge and “conceptual framework” for teachers to apply the digital
media technology [13]. Only when teachers can use digital media technology and continue
to invest in the production of teaching materials can they provide students with novel and
rich educational textbooks.
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Appendix A

Interest scale test for test and control groups

1. I think that learning digital media design is interesting in the planning practice.
2. I think that learning digital media design is interesting in the coding practice.
3. I think that learning digital media design is interesting in the developed platform practice.
4. I think that learning digital media design is interesting in the content design practice.
5. I think that learning digiatl media design is interesting in post effect and integrated

practice.

Appendix B

ARCS questionnaire for test group
A: Learning attitude for digital media design

1. I can immerse in the digital media design learning for the planning practice.
2. I can immerse in the digital media design learning for the coding practice.
3. I can immerse in the digital media design learning for the developed platform practice.
4. I can immerse in the digital media design learning for the content design practice.
5. I can immerse in the digital media design learning for the post effect and integrated

practice.

R: Learning interest for digital media design by AR materials

1. I think that learning digital media design by using AR is interesting in the planning
practice.

2. I think that learning digital media design by using AR is interesting in the coding practice.
3. I think that learning digital media design by using AR is interesting in the developed

platform practice.
4. I think that learning digital media design by using AR is interesting in the content

design practice.
5. I think that learning digital media design by using AR is interesting in post effect and

integrated practice.
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C: Learning behavioral for digital media design

1. I have confidence in the digital media design learning for the planning practice.
2. I have confidence in the digital media design learning for the coding practice.
3. I have confidence in the digital media design learning for the developed platform

practice.
4. I have confidence in the digital media design learning for the content design practice.
5. I have confidence in the digital media design learning for the post effect and integrated

practice.

S: Learning satisfaction

1. I am satisfied with the digital media design learning for the planning practice.
2. I am satisfied with the digital media design learning for the coding practice.
3. I am satisfied with the digital media design learning for the developed platform

practice.
4. I am satisfied with the digital media design learning for the content design practice.
5. I am satisfied with the digital media design learning for the post effect and integrated

practice.
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