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Abstract: VR has shown positive growth in the world in recent years, which is mainly due to projects
such as learning, games, entertainment and experiential activities. VR has changed the way of life
of users, providing users with more interesting interactions and immersive experiences. This study
aims to investigate students’ practical capabilities and learning effectiveness under the instruction
strategy of integrating virtual reality into simulation games into the Vehicle Body Electrical System
Comprehensive Maintenance and Repair Services Practice curriculum for students of the Dept. of
Auto Mechanics in a skills-based senior high school. Two student classes of the Dept. of Auto
Mechanics major in Electrical Engineering featuring practical subjects in one skills-based senior high
school in central Taiwan were chosen as the participants for this study. By way of pretest—post-test
research design and heterogeneous grouping, an 8-week instruction experiment was conducted in
which ZPD (zone of proximal development) instruction strategies were used in the experimental
group (with 43 persons), while traditional didactic instruction strategies were used in the control
group (with 36 persons). ZPD instructional strategies analyze and collect quantitative and qualitative
data to investigate the instructional effectiveness and feasibility in developing ZPD as the research
material in the practical curriculum for the study area of the Power Machinery in Vehicle Body
Electrical System Comprehensive Maintenance and Repair Services practice. According to the
research objective, the results are concluded as follows. (1) Students achieved the best learning
effectiveness when adopting ZPD (zone of proximal development) strategies in which virtual reality
was integrated into the vehicle charging and starting system to investigate students” automotive
diagnostic troubleshooting and fault-clearing capabilities. (2) Students attained the highest acceptance
in learning phenomenon when adopting ZPD (zone of proximal development) strategies in which
virtual reality was integrated into students’ familiar practice factory environment and the tools and
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equipment operation process. (3) Students had a higher acceptance of learning effectiveness when
using virtual reality simulation games in the disassembly and functional detection of vehicle charging
and starting systems. (4) There is a positive effect when integrating virtual reality simulation games
into ZPD instruction strategies in the knowledge, skills and attitude on students” overall inquiry
practical capabilities and their learning effectiveness.

Keywords: skills-based senior high school; virtual reality; ZPD (zone of proximal development)
instructional strategies; learning engagement; learning effectiveness

1. Introduction

In the past two years, the world has been affected by the new crown epidemic (COVID-
19), which causes significant changes in human life and patterns. The supply—demand
gap in global stock markets appears as a result of the coronavirus crisis and at the same
time leads to the rise in international raw material prices, supply chain problems, and
chip shortages. As a result, there are also wave-like changes in daily food, clothing,
housing and transportation biotechnology [1]. According to the data released by the
Ministry of Economic Affairs (MOEA) in Q1 2022, the demand for the Taiwanese auto
parts market will be tightened in 2020 due to the COVID-19 epidemic and the disruption
of the supply chain in many cities around the world, resulting in an annual decrease of
4.4% in output value; in 2021, with the continuation of the goods tax subsidy policy and
the extension of the epidemic, the purchase of cars will emerge, and the gradual lifting
of the seal in Europe and the United States will lead to a recovery in demand for auto
parts. Taiwan’s auto parts market will grow at an annual rate of 21.0% [2,3]. The global
semiconductor supply chain is facing disruptions that affect operations, cause shutdowns
in some countries, and at the same time, widen the gap between automotive electronics
and consumer electronics components that reduce chip shortage. Nevertheless, due to
the proper control of the epidemic in Taiwan, and also because Taiwan’s geographical
location is not within the scope of the US—China trade war, Taiwan has advanced process
technology, as well as close and reliable industrial clusters, which help Taiwan stand out
in the global automotive industry chain [4,5]. Taiwan’s performance in the automobile
industry has grown prosperously in the past five years against the trend in the context of
poor sales in the global auto market, which is mainly due to the epidemic factor in that
people are worried about the risk of infection in the public transportation system. Therefore,
the new demand for “mobility and autonomy” has been spawned, which also drives the
sales of new cars and second-hand cars to show a growth trend all the way, becoming a
unique phenomenon in Taiwan [6]. Taiwan'’s vehicle industry is an extremely important
industry in Taiwan, and the total output value of Taiwan’s vehicle industry continues to
grow with an increase of 7.22% from January to September in 2022 (NT$560.9 billion from
January to September) that accounts for about 4.30% of the total output value of Taiwan’s
manufacturing industry [7]. Despite the global epidemic, the smart EV industry is still
standing, which is largely due to “policy and regulatory oversight”. As environmental
awareness rises, carbon emission rules are becoming more stringent and zero-emissions
vehicle purchase policies are accelerating. By the end of 2020, more than 20 countries around
the world have announced bans on the sale of conventional fuel vehicles or require the latest
batch of vehicles sold to be zero-emissions vehicles. At the same time, “tax and subsidy
incentives” are being offered by most countries to meet their 2030 environmental policies,
and governments are extending incentives to revive the smart EV market as the epidemic
hits economic activity in many countries. International organizations and governments
have been influenced by climate change and green economy thinking. From the Kyoto
Protocol to the Paris Agreement to the United Nations Climate Change conference, the
emphasis on climate issues continues to grow, and this has led to the development of the
smart electric vehicle industry [8,9]. According to the data from the National Greenhouse
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Gas Inventory in 2022 of the Environmental Protection Agency of the Executive Yuan, the
International Energy Agency announced that Taiwan’s fuel combustion emission carbon
dioxide emission index has occupied 22nd place in the world, and among them, the
transportation part accounted for 14.17%, which is enough to show that the automobile
industry is booming. In addition, Taiwan has also successively launched new energy
vehicle policies in the past two years to improve air pollution problems [10]. In the
face of the international 2050 Net Zero Emissions target, electric vehicles have become
one of the key projects for Taiwan to achieve this goal. Taiwan’s global semiconductor
industry is well positioned to meet the large demand for EV chips from automakers. With
its electrical, electronic control, and battery technologies and component manufacturing
capabilities, Taiwan is actively entering the global EV supply chain, and it has become a
major focus for domestic universities to train industry talent [11,12]. Muzir et al. (2022)
believes that in addition to new energy vehicles, good energy management is also an
important factor improving the sustainable development of the industry [13]. With the
substantial increase in the number of vehicles listed in Taiwan, which indirectly causes
a serious talent shortage in the vehicle industry, “satisfying the thirst for talents” can be
said to be imminent [14]. The rise of electric vehicles has changed the automotive industry
from mechanical engineering (mechanical engines, drive shafts, brake discs) to relying
on electrical and mechanical engineering (motors, batteries, power distribution panels,
power converters) and information electronic engineering (onboard computers, networks,
radar, sensors, display panels, etc.) technologies; whether it is electrical and mechanical
engineering or information network electronic engineering, components or subsystems,
especially in the IC chip manufacturing, design and other semiconductor industry areas,
almost all are Taiwan's strengths [15]. As a consequence, Taiwan’s auto industry is facing a
rapid transformation, in which electrification and intelligent vehicles have become one of
the hottest topics in Taiwanese society [16]. Therefore, for the process of future automotive
technology development, it is necessary to carry out the revision of courses related to
automotive electrical appliances, to add the course content of hybrid vehicle technology
research activities, to plan innovative courses such as Electric Vehicles Theory and Practice,
Electric Vehicle Theory and Core Competencies Practice and Related Issues in order to
enhance Taiwan’s automotive technology capabilities [17].

According to the educator Piaget, “the basic model of behaviour that human indi-
viduals use to adapt to their environment is primarily through the cognitive effects of
balance, adaptation, accommodation, and assimilation to produce cognitive change and
learning” [18,19]. The Organization for Economic Cooperation and Development (OECD)
suggested “The Future of Education and Skills 2030” in 2018 to assist countries in education
innovation [20]. The focus is on thinking about the competency-oriented nature of students
and the appropriate teaching style for teachers to effectively guide students to learn the
attitudes and knowledge needed for the future. According to Lan (2019), the implementa-
tion of the competence-oriented curriculum focuses on the design of learning experiences,
including the “selection of contexts” and the “organization of contexts”. Students explore
in learning contexts through peer discussion, interaction with materials and equipment,
so the choice of contexts determines what concepts students will learn, and then teachers
organize and arrange the concepts in different learning contexts to facilitate the develop-
ment of relationships between concepts [21]. The basic model of behavior can be applied
to cooperative learning, allowing students to interact and cooperate to achieve common
learning goals and build the ability to collaborate with others. Through a variety of learning
styles, students can acquire rich learning connotations and problem-solving skills that use
the function of education to transform the process of class [22]. The implementation of
re-cognitive structures can sharpen students’ potential learning outcomes of computational
thinking to solve life and learning problems, which in turn can lead to a richer life [23].
Scaffolding learning provides students with learning resources that match their original
abilities and significantly enhances learning motivation through mutual guidance and
learning between teachers and students and peers [24]. Lin and Lin (2007) believe that the
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temporary scaffolding created by teachers can make learners focus on learning goals and
control frustrations in the process, while providing demonstrations and giving successful
experiences. Thus, through the teaching method of scaffolding theory, students can develop
skills and problem-solving abilities so that technical learning can be most effective [25]. The
traditional teaching method in our country tends to tell the teaching method of “teacher
teaches directly while students concentrate on listening”. This kind of teaching method
focuses on the one-way imparting of knowledge, in which students cannot absorb concepts
effectively and, as a consequence, students’ new ideas and new knowledge created will
be limited [26,27]. The most important thing in technical courses is to teach organized
and systematic professional skills and to increase the familiarity of professional technical
operations. Therefore, the teaching and learning sequence of technical courses should be
taught and sequenced with great care with regard to the difficulty of the skills, and the
consistency of the integration of different types of skills should be considered [28]. Today’s
society is in an era of rapid development of information technology that focuses on the
understanding of students’” knowledge, the multiple development of inspiring individual
potential, and the promotion of collaborative learning among groups. It plays a very impor-
tant role in the goal of cultivating scientific and technological talents in response to social
needs in my country’s current senior high schools [29]. Kao (2017) explored the impact of
virtual reality on the future of education and found that virtual reality is a multi-wisdom
learning approach that can increase students’ desire to learn and efficiency. In the future,
there will be many contexts in teaching not only through slides and whiteboards but also
by allowing students to actually see, hear, and simulate live situations, which can deepen
students’ impressions and learning [30]. The goal of teaching is to guide and assist learners
in constructing knowledge, and teachers’ teaching methods and strategies will directly
affect the effectiveness of digital technology learning [31]. The biggest advantage of the
VR technology simulation system is that it can be practiced at any time as long as the
host is turned on, which is highly convenient. It is possible to practice the operation skills
repeatedly from various dangerous situations [32]. Lee (2021) showed how VR technology
works with visualization simulation engine software to accurately represent the ship’s
six-degree-of-freedom acceleration response, the ship’s trajectory, and marine environment
interaction on the screen, enhancing the sense of immersion in the simulated operating
environment [33]. VR teaching is significantly more effective in enhancing nursing expertise
and anatomical knowledge than traditional teaching methods [34,35]. An et al. (2023) stated
that VR can facilitate interaction between teachers and students through virtualization,
regardless of location, to improve the teaching of practical knowledge, which is a weakness
of current lecture-based teaching, especially in the COVID-19 era. VR teaching increases
student motivation and satisfaction, especially in practical knowledge [36]. The adoption
of new technologies such as virtual reality (VR) as a training method helps with teaching
and learning compared to traditional methods, which have shown significant limitations in
engaging young students growing up in a smartphone culture of constant entertainment.
In addition, not all educational centers or organizations can integrate specialized labs or
equipment for training and instruction. Using VR applications, it is possible to reproduce
training procedures with a high degree of similarity to real procedures, filling in the gaps
of traditional training. In addition, it reduces unnecessary investment, prevents economic
loss, and avoids unnecessary damage to laboratory equipment [37]. This study mainly
explores the subjects of Vehicle Body Electrical System Comprehensive Maintenance and
Repair Services Practice with the main purpose of preparing students for future electric
vehicle courses and allowing students to use scaffold-assisted VR virtual reality technology
teaching to assist students with the intangible concepts of power and current to let students
understand the problems of circuit faults, trouble-shooting strategies, so that talents are
not wasted and technology is not hidden. This way not only finds a way to relieve the
shortage of talents in the auto industry in the past one or two years but also provides an
endless supply of talents and contributes a lot to the automotive industry service market
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for projects such as new energy vehicles, next-generation smart vehicles, smart high-level
diagnosis and maintenance, etc.

2. Literature Review
2.1. General Guidelines of Curriculum Guidelines of 12-Year Basic Education and Core
Competencies

The 21st century is an era of rapid growth of Internet technology in which the year
2022 officially ushering in the era of Web 3.0. The miniaturization of electronic equipment,
digitization of resource libraries, and all kinds of informatization have made learning
resources available to teachers at their fingertips. The communication world of the Internet
of Everything indeed shortens the distance between the worlds, and meanwhile, the
cognitive gap between generations is also shortening rapidly. The talents needed by
various industries in the future will also be different from those of yesterday [38]. To
respond to the rapid change of the century, The Ministry of Education promulgated the
Curriculum Guidelines of 12-Year Basic Education General Guidelines in 2014, which has
been officially implemented in 2019. The new curriculum emphasizes “people” as the core
and the concept of whole-person education with the focus on each student becoming a
“whole person” and the demonstration of education in assisting the all-round development
of “people” [39].

The positioning of core competencies in the Curriculum Guidelines of the 12-Year
Basic Education takes part in the holistic perspective of the European Union and OECD in
which “Competency” was defined as an individual’s knowledge, abilities and attitudes that
are indispensable for the healthy development of his or her needs of life situations [40], and
the core competencies team proposed the 10 Core Competencies and core competencies
of continuing the Grade 1-9 Curriculum in order to outline the image of the learner
(autonomous action), the image of learning (communication and interaction) and the
meaning and value of learning (social participation) in the hope of cultivating students’
affection and attitude toward learning, being willing to learn and enjoy learning [41].

The Ministry of Education clearly defined in the “General Guidelines of Curriculum
Guidelines of 12-Year Basic Education” announced in March 2014 that “core competencies”
refers to the knowledge, ability and attitude that a person should possess in order to adapt
to current life and face future challenges, and it emphasizes that learning should not be
limited to subject knowledge and skills. Instead, we should pay attention to the combination
of learning and life and demonstrate the whole-person development of learners through
practice [42].

Based on the spirit of whole-person education and with the basic concepts of “Spon-
taneous”, “Interactive”, and “Common Good”, students are emphasized and considered
self-motivated learners. Therefore, school education should be good at arousing students’
learning motivation and enthusiasm, and it also should guide students to properly develop
various interactive abilities with themselves, with others, with society, and with nature, and
to help students apply and practice what they have learned and experience the meaning
of life, and as a consequence, they are willing to contribute to the sustainable develop-
ment of society, nature and culture as well as to seek mutual benefit and common good
together [42].

Looking at the historical development of education reform in my country, the “teach-
ing quality”, “educational philosophy” and “educational action” of school education are
some of the most important keys to promoting the curriculum. Therefore, the newly added
core competency in the 12-Year Basic Education General Guidelines was seemingly seen
as new perspectives for skill-based high school group branches. However, there are many
similarities between core competency and the functional connotation that has always been
emphasized by the skill-based high school group branch in which both emphasize the
cultivation of knowledge, ability and attitude related to real life or industry. In the imple-
mentation of education policy, it is necessary to train teachers to have the core competency



Electronics 2023, 12, 2576

6 of 45

of “Curriculum Design”, “Curriculum Instruction” and “Curriculum Evaluation” to carry
out the 12-Year National Education Curriculum Guidelines [43].

In Chen’s opinion (2018), competence-oriented curriculum and instruction put forward
five key points centered around the learner. The first circle is integration, which states
that curriculum and teaching must integrate knowledge, attitudes and skills; the second
circle is context, which emphasizes that curriculum and teaching need situational and
contextualized learning; the third circle is procedural, in which teaching emphasizes the
learning process, methods and strategies; the fourth circle is practical, which states that
learning performance must be practiced; and the fifth circle is generative, which stands for
the learning of any knowledge. No matter through contextualization, process, or practical
practice, it is ultimately necessary to return to the learner’s own integration to generate
new knowledge, new seeing and new self-knowledge [44], as shown in Figure 1.

2
Context,
situational and
contextualized
learning

1

Integration of
knowledge,
skills and
attitudes

Procedural,
learning process,
methods and
strategies

Center of
learner

4

Generative, new

understanding, Practical,
new seeing and performance of
new self- practice

knowledge

Figure 1. Learner-Centered Five Competence-Oriented Curriculum and Instructional Key Point.

Lu (2017) indicated that in the ideal of a multi-faceted and multi-assessment for core
competency-oriented curriculum, teachers with literacy competency-related curriculum
capabilities will be an important indicator [45]. Wu (2017) also mentioned that education
field teachers need to grasp the pulse of the times and social trends as well as timely link
with education reform, which will benefit students’ learning, and it can also cultivate
students with the knowledge, skills, attitudes and values needed in the future [46].

In summary, when teachers in each field start to think about implementing competence-
oriented instruction strategies by integrating the context of life situations into the course
teaching, leading students to apply knowledge of life, and cumulating in-depth understand-
ing, multi-level cognition and perceptual learning, students will start to learn independently
in the future and to communicate and interact through learning activities toward an oppor-
tunity for social participation, which encourages students to become lifelong learners and
better selves.

2.2. The Era of Competence-Oriented Instruction and Assessment

Our process is influenced by the competence-based education (CBE) movement in Tai-
wan that puts special emphasis on basic abilities, ability indicators, curriculum integration,
and collaborative teaching when formulating the syllabus. At the same time, referring to
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the “key capabilities” framework of Australia and Canada, 10 Core Competencies were
proposed to unify the curriculum objectives of each learning area [47]. When the Organiza-
tion for Economic Cooperation and Development (OECD) completed the “Definition and
Selection of Competencies, DeSeCo” project, the Ministry of Science and Technology imme-
diately launched related plans [48] in which “Ability” was changed to “Competence”, and
at the same time, the name of “Key Competencies” was changed to “Core Competencies”.
Meanwhile, referring to the holistic view of the European Union and OECD, “Competence”
was defined as “the knowledge, abilities and attitudes that are indispensable for the healthy
development of individuals and the needs of life situations” [40].

Regarding competencies-oriented instruction, it is emphasized that competencies-
oriented instruction has no fixed model and is not fixed in one model. It is an instruction
that summarizes principles from its meaning. Therefore, Wang (2021) integrated the
principles of competencies-oriented instruction, as shown in Figure 2 [49].

Cultivate students’ core competencies

v

Integrate students’ balanced learning content
and performance

v

Context connects real situation and makes
sense for students

v

Emphasize on students’” participation & active
learning and emphasize on learning strategies

v

Be able to practice and apply what they have
learned

v

In line with learning principles and

instructional theories

Figure 2. Competence-oriented instructional principles.

The General Guidelines of Curriculum Guidelines of 12-Year Basic Education takes
“core competencies” as the main axis of curriculum development and the policy of teaching
practice, and “assessment” aims to check students’ learning effectiveness and learning
development. Therefore, “competence-oriented assessment” has naturally become an
important medium for transforming learning between teaching and learning. Wu (2018)
indicated that competence-oriented education has the value of guiding teacher training and
development, and the connotation of competence-oriented teacher education includes three
dimensions: knowledge, skills and attitude [50]. Therefore, how to effectively cultivate
students’ ability to learn the knowledge, skills and attitudes needed in the future through
teacher training has become the direction of efforts for teachers in every field to teach
innovative thinking. “Assessment” aims to check students’ learning effectiveness and
learning development, so “competence-oriented assessment” has naturally become an
important medium for transforming learning between teaching and learning.
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The competence-oriented assessment mentioned in the international test focuses more
on “scientific literacy”, “mathematical literacy” and “reading literacy”. What is a literacy
proposition? Taking the connotation of “scientific literacy” of PISA as an example, the
content includes testing the subjects” scientific proof ability, scientific issue ability and
ability to explain scientific phenomena, etc., which is different from the connotation of the
science achievement test. Gardner (1992) believed that good teaching evaluation should
fully reflect the actual situation of students’ important abilities and development to assist
teachers to have a more sensitive understanding of individual differences [51]. Ho (2017)
suggested that assessment methods should match the nature of teaching and learning
content, and the assessment content should include multiple assessments [52]. It was also
recommended by Wu and Lin in 2012 that teachers design a “standards-based assessment”
for assessing learning content during the assessment process [53].

The General Guidelines of Curriculum Guidelines of 12-Year Basic Education have
been fully launched, and the competence-oriented assessment test has been officially
included in important examinations such as General Scholastic Ability Test, Subject Tests,
TVE Joint College Entrance Exam, and Comprehensive Assessment Program for Junior High
School Students, etc. in 2022 in order to evaluate the effectiveness of competence-oriented
instructional strategies through assessment implementation. At the same time, through the
competence-oriented assessment, teachers are guided to assist students in completing the
transformation of the learning process. In summary, the proposition and implementation of
competence-oriented assessment are the key work items of this study, looking forward to
using the research results to provide on-site teachers of education to conduct professional
teacher communities and to deepen competence-oriented instruction and assessment work.
This study also hopes to help teachers transform from the traditional teaching mode
to quality-oriented professional teachers from design, measurement, implementation,
reflection to practice in order to enhance students’ learning effectiveness.

2.3. Zone of Proximal Development (ZPD) and Scaffolding Theory

Vygotsky elaborates on the theory of individual cognitive development from a socio-
cultural point of view, arguing that the high level of human psychological development
originates from actual human activities and that the external environment has a decisive
influence on human behavior. Vygotsky also emphasizes that in the process of social
interaction, using the cultural symbol system as a mediating psychological tool, individuals
apply the activities of others to themselves and gradually internalize them to form a new
way of action and develop higher mental functions. Therefore, the concept of zone of
proximal development (ZPD) was proposed. Vygotsky defines the zone of proximal devel-
opment as “the distance between the level of development in which the individual solves
problems alone and the level of potential development formed through the interaction of
other people or psychological tools” [54]. Doolittle (1998) proposed the dynamic nature
of the “zone of proximal development” based on the connotation of “zone of proximal
development”. He believed that learners are stimulated to learn in the “zone of proximal
development” through the assistance of peers or instructors in the learning process, and
that the “zone of proximal development” is an evolving and forward-moving process in the
interaction between teachers and students and peers [55]. Vygotsky’s perspective suggests
that teachers should understand the needs of children before interacting with students and
use their cognitive abilities as a starting point to guide social interaction. Interactions with
students should be with more knowledgeable or skilled individuals, such as parent-child
interactions, mentoring, or collaborative interactions with more capable peers. Through
such social interactions, Vygotsky believes that students not only participate in the joint
problem-solving process but also grow cognitively. Vygotsky’s theory of “zone of proximal
development” is applied to teaching with a focus on learning support or the “scaffolding of
learning. “The term “scaffolding” was first coined by Wood, Bruner and Ross (1976) and is
close to the spirit of Vygotsky’s ZPD [56]. Wood et al. argue that scaffolding is the process
of reducing the freedom of the learner to figure out what to do, and that the instructor
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prompts the important features of the learning task and demonstrates them appropriately,
and that by guiding the learner’s learning through these supports, the learner will be able
to accomplish a higher level of learning than if they were studying alone [57]. Bruner (1985)
proposed Scaffolding Instruction, in which teachers provide a scaffolding that supports
student learning and allows students to climb from spontaneous concepts to scientific con-
cepts so that they remain in their immediate zone of proximal development and progress
upward [58].

2.4. Virtual Reality (VR)

The term virtual reality (VR) was mentioned in the English book The Theater and its
Double published in 1958; however, it was not until the 1990s that more people invested in
relevant research in academic and practical circles [59]. After 2000, research literature was
published, and after 2010, due to the maturity of related technologies, there was substantial
growth in both academic literature and patented technologies. Sin (2020) indicated that
throughout the development of VR and with the advancement of technology and the
decline of prices, in recent years, VR has shown positive growth globally, which is partly
due to the rapid acceptance of VR by the consumer market [60]. The main demand comes
from projects such as games, entertainment and experience activities, and more importantly,
VR has changed the way of consuming content, providing users with more interesting
interactions and immersive experiences.

Syamimi (2020) indicated that VR is often used for training and learning because it
allows learners to experience actual situations in an immersive and safe environment, while
traditional teaching methods usually require the assistance of physical equipment and
learning space, and it may even be necessary to suspend machinery operating hours to cope.
In this case, trainees or learners may face problems such as environmental safety or danger
due to improper preparation measures. Therefore, with the help of the characteristics, VR
training can be carried out anywhere and at any time; creating a reduction in the resource
costs and trainers” waiting times. In addition, trainers can also define the VR environment
by themselves, train staff or learners for different situations, and provide learners with a
richer source of knowledge to solve various problems [61].

Literally speaking, virtual reality refers to a virtual environment that is close to reality,
which uses computer technology to simulate a three-dimensional, highly realistic 3D space,
lets users experience the situation, and creates an experience just like in real life. Using VR
in a situational learning environment not only allows students to have sensory immersion,
directional navigation, and immediate signs of manipulating perception, it can also act as
a promoter of positive emotions, and it can create effective and better learning outcomes.
Chang (2020) believes that the construction of VR technology through virtual reality and
simulated environments allows students to interact in real situations, and at the same
time it increases students’ learning motivation by using their positive attitude to improve
learning efficiency [62].

This study focuses on the application of virtual reality in teaching and learning. The
following are examples of successful applications of virtual reality in teaching and learning
in recent years. Kumar et al. (2023) showed that virtual reality simulators can increase
the motivation of medical students to learn. They found that the use of virtual reality
simulators increased students’ motivation to learn and developed motivation through
indicators such as attention, relevance, satisfaction and confidence [63]. Ryu et al. (2021)
showed that virtual reality could reduce anxiety levels and improve procedural efficiency
in children undergoing chest radiography [64]. They conducted a randomized clinical
trial and showed that the VR experience appeared to reduce children’s anxiety levels and
increase the efficiency of the procedure compared to the same content on a tablet. Kuna
et al. (2023) found that virtual reality has potential applications in vocational education
and training. Their study shows that virtual reality systems can be used for education
and training in secondary vocational school apprenticeships and have good potential
for application [65]. Gémez-Cambronero et al. (2023) validated that the gamification
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process can facilitate hands-on practice by designing, developing and evaluating a virtual
environment gamification experience for aircraft maintenance [66]. Their study showed
that the ease of use of the gaming experience facilitated the learning of aircraft maintenance
skills and that the use of the VR experience did not cause dizziness to the user.

Taken together, this literature shows that VR technology can be used to increase
students’ motivation to learn and reduce children’s anxiety levels, and it has potential for
use in vocational education and training. In addition, the use of virtual reality technology
can enhance students’ practical skills and abilities and create a better learning experience.
Therefore, the application of virtual reality technology in education is very promising and is
expected to bring more innovations and advances in various fields of learning and training
in the future.

2.5. VR Practical Curriculum Integrating into Vehicle Body Electrical System Comprehensive
Maintenance and Repair Services Practice

This study aims to develop the competence-oriented instructional strategy of integrat-
ing virtual reality VR into the curriculum guidelines of the 12-Year Basic Education for
automobile Vehicle Body Electrical System Comprehensive Maintenance and Repair Ser-
vices Practice, in which the adopted curriculum standards were announced by the Ministry
of Education in 2019 and are applicable to first-year freshmen in 2019. The following de-
scribes the core competencies for the study area of power machinery as well as the learning
performance and learning content of Vehicle Body Electrical System Comprehensive Main-
tenance and Repair Services Practice. The study area of power machinery mainly cultivates
six core competencies of students. First of all, students must cultivate the core competencies
and capabilities of self-specialization and the spirit of maintaining professional ability in
order to have the capabilities to understand systematic thinking, technology application,
symbol recognition, problem solving and the use of various professional equipment and
instruments. Through the integrated use of the above-mentioned competencies capabilities,
the different fields of expertise, and the skills in making good use of various strategies,
students can achieve the ultimate goal of technical services [67].

Students in the study area of power machinery mainly focus on technical services in
which students should put more emphasis on the quality of communication and coordina-
tion with customers and the ability of teamwork while demonstrating their professional
capabilities. Among them, communication and interaction with customers or car owners is
the source of information needed by students in the study area of the power machinery
to improve the quality of technical services. Moreover, it is an indispensable basic conno-
tation for students in the study area of power machinery to cultivate civic awareness of
occupational safety and health, professional ethics, environmental protection, labor laws,
professional regulations, etc.

The VR practical curriculum of students in the Dept. of Auto Mechanics in a skills-
based senior high school is based on the learning priorities of the Ministry and practical
subjects, in which the group’s core competencies are integrated with the goal of achieving
the whole-person development of learners through instruction and utilization. Moreover,
among them, in the core competencies corresponding to professional practice subjects,
the following are the more important basic subjects: Applied Mechanics, Principle of
Machinery, Principles of Engine, Principles of Chassis, and Basic Electricity. By possessing
this basic background knowledge, students will be able to help themselves face and solve
various problems in the workplace in the future and at the same time quickly understand
and find feasible solutions. Among them, students in the Dept. of Auto Mechanics must be
familiar with electronic testing-related equipment, such as professional languages and tools,
which echoes the future in the practical technical curriculum in that students must have
a quick understanding of machinery, vehicles, robotic bicycles, hydraulics, pneumatics,
power machinery skills and other fields.

In this study, students in the Dept. of Auto Mechanics in a skills-based senior high
school are investigating participants in VR practical curriculum integrating into Vehicle
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Body Electrical System Comprehensive Maintenance and Repair Services Practice. In
summary, the core competencies of the whole group correspond to the corresponding
project of the professional practical curriculum content. The details are shown in Table 1.

Table 1. Corresponding items of group core competencies to professional practice curriculum content.

Professional Practice Curriculum Content

Specific Connotation

Vehicle skills field:

1.

2.

Maintenance and Repair Services practice of automobile
chassis.

Maintenance and Repair Services practice of automotive
air conditioning.

Comprehensive Maintenance and Repair Services Practice
of vehicle body electrical system.

Make use of professional technical data written in
Mandarin and foreign languages.

Make use of tools, measuring tools, electrical testing
instruments and equipment.

Systematic thinking, analysis, and exploratory
competency.

Have systematic thinking capabilities.

Check, adjust and change car engines, automobile chassis
and electromechanical appliance and equipment
components.

Make good use of every strategy to execute technical
services.

Communicate with clients.

With understanding and utilization of occupational safety

and hygiene knowledge.

2. Explore the basic competencies of work ethics and
environmental protection.

3. Develop individual potential, have a positive attitude
toward self-values and be good at career planning.

1.  Have competencies in professional and labor laws and
regulations and have competencies in relevant issues,
speculation and conversation.

2. Cultivate civic consciousness and social responsibility.

Source: The Center for Study Area of the Power Machinery of Ministry of Education (2019).

2.6. The Investigation and Practical Skills of Scaffold-Assisted Virtual Reality Integrating into
Vehicle Body Electrical System Comprehensive Maintenance and Repair Services Practice

A total of 108 new curriculum guidelines [68] consider “ZPD” and “Inquiry and Prac-
tice Curriculum” as curriculum development targets as well as guidelines for instructional
utilization which aim to investigate whether practical curriculum could be appropriately
developed and precisely implemented in instruction. If what is mentioned above could be
achieved, then instruction effectiveness would be extended, students’ science learning mo-
tivation would be promoted and, meanwhile, students’ science conceptual comprehension
and confidence in practical capabilities would be increased under the way of instruction
complying with instructional materials core concepts. The instruction development of
“Science Inquiry and Practice” should be based on the Curriculum Guidelines of 12-Year
Basic Education-General Guidelines (CIRN) in the philosophy of “spontaneous, interactive,
and common good” and also consider core competencies as the target of curriculum devel-
opment [19]. The following are the explanations of the viewpoints and vertical literature
in “Inquiry and Practice Instruction”, “Vygotsky’s Scaffolding Theories Integrated into
Instruction” and “Units Analysis of Inquiry and Practice Instruction” in sequence.

2.6.1. Inquiry and Practice Instruction

Concerning Inquiry and Practice Instruction, which emphasize that curriculum content
should comply with contemporary science knowledge development, curriculum design
should be implemented following the spirit of inquiry and practice, and at the same time,
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student’s learning performance should be evaluated by practical assessments in order to
expand their existing conceptual structure and promote scientific knowledge construction
and development [69]. Therefore, the integration of science inquiry as well as practical
curriculum in investigation experiment, argumentation, and writing would be beneficial to
students for their development in the core competencies of science investigation capabilities
and science concepts. Science inquiry is the process of a person who solves scientific ques-
tions by making use of logic and interpretation capabilities, including forming a problem,
proposing a hypothesis, designing solving plans and choosing reasonable explanation,
which are considered effective methods to cultivate students’ science competencies [70].

Science Inquiry focuses on students’ investigation into science phenomena or questions
through their thinking and practice, and, as a result, it develops their science knowledge
and understanding of scientific concepts [71]. National Science Education Standards in the
United States indicate that inquiry capabilities include students’ forming appropriate inves-
tigation questions through background concepts, explaining their own investigation design,
applying various application technology methods to transfer the investigation results,
building a scientific model, etc. [72]. By way of ZPD-type guiding and teamwork, students’
science active investigation and studying, practical operation, design, research and devel-
opment, analysis and expression capabilities would be stimulated and improved and, as a
consequence, science education would be more comprehensive, complete and pioneering.

Unlike traditional teaching that majorly focuses on knowledge and practice, Inquiry
Practice Instruction strengthens the connotation of investigation and practice subject, em-
phasizes students’ spontaneous observation and exploration and aims to improve their
scientific comprehension in the process of experimental building process from scratch,
among which “Inquiry Learning” is the most indispensable part with a focus on the sci-
entific investigation process, including four main items as follows: (1) finding problems,
(2) planning and studying, (3) argumentation and modeling, and (4) expression and sharing.
Scientific issues are used to guide them and help develop their critical thinking skills, and
meanwhile, in order to help equip students with core knowledge as well as develop their
ability to inquire and practice their scientific argumentation communication skills, each
exploration and experimental operation with the foundation of existing experiences is
required [73].

Inquiry Practice is a way for students to actively construct knowledge of which
teachers play supporting, supervisory and guiding roles in the process. Systematic design
curriculum units guide students to actively find and investigate situational problems,
among which systematic thinking capabilities are the most indispensable part. Systematic
thinking emphasizes that so-called “Systems” are the relevance formed by a series of high-
level thinking operations and the interaction of different factors, Moreover, it also means
for the various effects formed in the promotion of overall operational system power and
furtherly, the systemic development was deduced under time variables with the aim to
achieve systemic targets for solving system problems [74].

Gharajedaghi (2011) indicated that one of the basic capabilities in systematic thinking
is the ability to develop holistic thinking [75]. This kind of thinking ability can provide
students with a broad perspective and is used in systematic thinking to group and classify
events with the focus on process, making it convenient to separately reflect and show
the value of the corresponding event and create the impact of related events. Jacobson’s
(2001) empirical research shows that there is a different focus in mental models between
those developed through the holistic lens of systematic thinking and those of traditional
models [76]. The differences in mental models produced by holistic focus are associated
with differences in decision making. A holistic systematic thinking approach helps in
overall risk evaluation.

2.6.2. Inquiry Practice Capability Integrated into Vygotsky’s Scaffolding Theories

Vygotsky’s scaffolding theories are used in this study to guide students” development
and the building of new skills in which teachers and students could integrate virtual
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reality as supporting equipment in their interaction strategy and, at the same time, it helps
relieve students” learning burdens and assists their simulation demonstration and guiding
process before their practical operation [77]. Chen (2021) indicated that there would be an
obvious difference under the condition that students have basic science knowledge first
and then start the interdisciplinary investigation [78]. In addition, teachers could observe
teachers and students’ interaction in a hierarchical way through the instruction process and
positively and quickly improve the instruction problems and alternative instruction plans
or solutions to the deficiency.

The design of the Inquiry Practical Curriculum integrated Vygotsky’s scaffolding theo-
ries as basic architecture with layered supporting brackets to include situational learning
topics in which the situational simulation of real skills was built through virtual reality.
Then, students learn by joining the situation and independently exploring the simulation
environment of virtual reality as well as through the recording and analyzing of peers
about the participants’ situational and virtual environment in order to reach the target of
cooperative and negotiating learning with peers. These kinds of instructional strategies
not only make students able to use scaffolding methods to develop cross-science and cre-
ative learning directions but also improve their learning effectiveness as well as learning
motivation [79]. There are various models for scaffolding methods. Reigosa indicated that
scaffolding support makes it easier for teachers, students and peers to learn and investigate
through the ZPD (zone of proximal development) in which students could complete the
missions through teachers’ supporting tools to find solutions to the problems they are able
to or are not able to solve [80]. Therefore, this study used the conceptual model of ZPD to a
design a strategy model that meets the study’s requirement of virtual reality presenting in
Vehicle Body Electrical System Comprehensive Maintenance and Repair Services Practice
practical capability investigation, as shown in Figure 3. The abbreviation of the zone of
proximal development is ZPD in this study and the modeling concepts were used to input
virtual reality as a supporting tool and then to use investigation practice as guidance for
students to actively investigate situational problems and at the same time to cultivate
their systematic thinking, problem-solving, and self-directed learning capabilities. In this
model, orange lines and green lines focus on supporting learning through virtual reality,
and meanwhile, the difficulty levels were added in three periods so that students could
observe the problems in the practical curriculum first and then correctly assume and find
the solutions to the fault causes through maintenance and repair and ways of detection.

Instructional model of ZPD instructional strategy and inquiry

‘ Problems investigation and practical process ‘
practical integrated with visual reality in Vehicle Body Electrical

Basic

In
System Comprehensive Maintenance & Repair Services Practice = . Find problems Problem Look up maintenance manual
Unit 1 . ati ; v y
through observation hypothesis or maintenance and repair
/
Stu EE“_ are not able / Vehicle Charging Tfer and explain the
to make it / System Maintenance failure problems

& Repair Services

. Find problems Problem Look up maintenance manual
Unit 2 H H P

through observation hypothesis or and repair

students are able to

/M
make it in assisted
learning

students are able to_|/
make it without any |
assistance

Vehicle Starting fifer and explain the
System Maintenance
& Repair Services

X Unit3 Find problems Problem Took up maintenance mansal
1 through observation hypothesis or e and repair

nfer and explain the

failure problems

failure problems

Figure 3. Strategy model of integrating virtual reality into Vehicle Body Electrical System Compre-
hensive Maintenance and Repair Services Practice investigational practical capability.

2.6.3. Learning Effectiveness in Practice Capability Instruction Units

Through the strategy model of inquiry practice capability mentioned above, scaf-
folding and level learning were integrated into the following three units of Vehicle Body
Electrical System Comprehensive Maintenance and Repair Services Practice for the inquiry
practice instruction. The three units are (1) Basic Instrumental Operation, (2) Vehicle Charg-
ing System Maintenance and Repair Services, and (3) Vehicle Starting System Maintenance
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and Repair Services, which were planned and divided into three levels (entry level, basic
level, and advanced level) and redefined into the following new unit names: (1) Unit
1—Get Familiar With Practice Factory Environment and Maintenance Tools Operating Pro-
cedure, (2) Unit 2—Disassembly and Functional Testing of the Automotive Alternator and
Starting Motor, and (3) Unit 3—Functional Testing and Troubleshooting of the Automotive
Alternator and Starting Motor. In this study, systematic testing and repair images built in
virtual reality were used to comply with learning key points of curriculum units in order to
meet the target of learning effectiveness through practical verification. The relationship of
practical skills instruction among the three different units is explained as follows.

1.

Entry Level: In “Unit 1—Get Familiar with Practice Factory Environment and Mainte-
nance Tools Operating Procedure”, virtual reality assisted students with the vehicle
maintenance plant environment to become familiar with the tool equipment, operating
line and safety and hygienic knowledge simulation practice. Then, the investigation
of students’ learning effectiveness in knowing basic tools and operation processes and
knowing the vehicle maintenance plant environment was conducted through their
practical skills evaluation, which is shown in Figure 4.

First period: build systematic

Second period: investigate and evaluate
students’ learning effectiveness in Maintenance
& Repair through inquiry practice

Entry level: practical

testing and repair image by skill units

virtual reality

1.To know vehicle maintenance plant environment gmft'l - SettFaméhalj With tand 1.Knowing basic tools & operation process Knowing
2.To get familiar with the tool equipment ractice Factory Environment an environment

Maintenance Tools Operating 2.knowing vehicle maintenance plant and tools
3.0perating line and safety and hygienic knowledge | procedure environment

Figure 4. Unit 1: Virtual reality that integrates into becoming familiar with the vehicle maintenance

plant environment and maintenance tools operating procedure.

2.

Basic Level: In “Unit 2—Disassembly and Functional Testing of the Automotive Alter-
nator Starting Motor”, virtual reality assisted students with becoming familiar with
disassembly processes and tools and equipment usage. Then, the investigation of stu-
dents’ learning effectiveness was conducted through their practical skills evaluation,
which is shown in Figure 5.

Second period: investigate and evaluate
students’ learning effectiveness in Maintenance
& Repair through inquiry practice

First period: build systematic testing
and repair image by virtual reality

Basic level: practical
skill units

1To get familiar with disassembly process Unit 2 - Disassembly and Functional 1.T; B fam:].ia{ wlilh e spplcstion ol e testing | 1o e e
X . and diagnostic tools
2 Tools & equi ; Testing of the Automotive Alternator and [ Dicassembly and fanctional testing of the testing
-Tools & equipment using Starting Motor automotive alternator and starting motor

Figure 5. Unit 2: Virtual reality that integrates into an automotive alternator, starting motor disas-

sembly and functional testing.
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3. Advanced Level: In “Functional Testing and Troubleshooting of the Automotive Alter-
nator Starting Motor”, virtual reality assisted students with observing abstract failed
components to explore the troubleshooting strategy and then investigate and clear the
fault causes, in which students’ practical skills helped them quickly understand the
fault causes and reach the target of their learning effectiveness in functional testing
and troubleshooting by using the maintenance manual and applying diagnostic tools,
which is shown in Figure 6.

Second period: investigate and evaluate students’
Basic level: practical skill units learning effectiveness in Maintenance & Repair through
inquiry practice

_

1.To observe abstract failed components

First period: build systematic testing
and repair image by virtual reality

1.To investigate and clear the fault causes

Unit 3 -Functional Testing and > Took TeooTcaton o vestaate ond
2.To explore the troubleshooting strategy Troubleshooting of the Automotive de;:)m:?a:?l c;ﬁf;“ lon otinvestigate an

Alternator and Starting Motor 3 Functional testing and troubleshooting of the
automotive alternator and starting motor

3.To investigate and clear the fault causes

Figure 6. Unit 3: Virtual reality that integrates into automatic maintenance and fault clearing.

Based on the background and motivation mentioned above, this study complied with
the execution of 12-Year Basic Education Curricula General Guidelines and developed the
ZPD instruction strategy in Vehicle Body Electrical System Comprehensive Maintenance
and Repair Services Practice curriculum for the Study Area of the Power Machinery in a
skills-based senior high school so as to position teachers as guiders and helpers in teaching
and learning while students are self-directed learners. This encourages students to connect
daily situational contexts from their learning experiences and therefore cultivates students’
integration capability in their knowledge, skills and affection and further strengthens
students’ inquiry practice and learning effectiveness.

3. Methodology
3.1. System Architecture

The Steam Game Platform was used in this study as the development platform as an
instruction system development platform, and the Car Mechanic Simulator VR vehicle
repair simulation software was used as an instruction scene. Car Mechanic Simulator
VR is equipped with abundant and realistic vehicle repair scenes, and multiple missions
and learning methods in vehicle maintenance and repair-related knowledge and skills are
included in the VR games. Therefore, Meta’s Oculus Quest 2 (VR equipment used in this
study) has an independent tracker, helmet and joystick for participants to interact with
game avatars, pick up items in the game scenes and operate missions. The testing system
developed in this study for Vehicle Body Electrical System Comprehensive Maintenance
and Repair Services Practice helps students complete their training and testing in automo-
tive diagnostic troubleshooting through providing students with virtual reality simulation
game operation and, meanwhile, providing them with suitable virtual scenes.

In this study, games missions designed for Vehicle Body Electrical System Comprehen-
sive Maintenance and Repair Services Practice were considered instructional environments.
Three different sets of scenes and missions were designed for grouped students to practice
their skills in fault causes diagnosis and troubleshooting, and the system architecture is
shown in Figure 7. First, the projection of the visual scenes was shown on the computer
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screen. Then, secondly, the instructor helped and assisted students with mission comple-
tion. Finally, lesson-observation teachers and peers helped record the interaction situation
between the instructor and the students. The record is aimed at evaluating how instructors
and peers helped solve problems and complete missions in VR games.

Integrate game
scenes into tasks

Mission]: basic
instrumental
operation

é

Mission2: maintenance
& repair of vehicle
charging system

Mission3: maintenance

& repair of vehicle
starting system

!

User interface
Oculus Quest 2

Instructor’s assistance and
guidance

Screen projection to
— computer
Oculus Quest 2

Observer teacher’s evaluation

‘Qualitative data collec(mr/

Student

Peer evaluation

Figure 7. System architecture.

3.2. System Function and Design

Virtual reality (VR) was used in this study as the instructional tool, and the Car
Mechanic Simulator VR simulation game was used in practical simulation instruction in
which three different missions were designed and planned by projecting the VR scenes on
the computer screen and by instructor’s assisting. Students” assessments were conducted
by lesson-observation teachers and peers in class to collect qualitative data.

Before the game simulation, the instructor recorded the VR game scenes and provided
students with VR equipment and operative examples in order to help those students who
first use VR to know and become more familiar with the VR system operation and its
environment and to make it easier for students to be more proficient with VR equipment
and adapt to it. Oculus Quest 2 equipment functions include microphones and sound
systems, in which the voice output provides students with immersive experiences in VR
game scenes. Students could operate the VR handles to control the location and direction
in the VR game environment and also to use the maintenance tools or other components
through VR handles. This study used a series of VR equipment for students to simulate
the scenes of vehicle maintenance plant and complete the missions. The practice scenes
are shown in Figure 8. Students were able to give feedback to lesson-observation teachers
many times in the experimental instruction process when they felt dizzy or disoriented,
and they could take off the VR equipment if they felt uncomfortable.

There is a slight gap between the VR simulation game scene and the real vehicle repair
plant working environment. Therefore, through the comparison between the real vehicle
repair plant and the simulation scene, students are able to figure out the fault causes in
the missions and find solutions to the problems. In addition, different failure cases enable
students to think for themselves, discuss with peers, reason logically, solve problems, and
strengthen their self-reflection skills, as shown in Figure 9.
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Figure 9. Components selection and diagnostic troubleshooting.

3.3. Research Purpose

This study aims to apply the interdisciplinary/cross-region knowledge into the cur-
riculum design of Vehicle Body Electrical System Comprehensive Maintenance and Repair
Services Practice for students in the Dept. of Auto Mechanics of a skills-based senior high
school. Then, the technique of virtual reality was applied, and the instructional materials
were digitalized in order to verify students’ inquiry practice capability and learning effec-
tiveness by their experiment instruction activities. The research purposes are described
as follows:

1.  To develop curriculum design that integrates with interdisciplinary/cross-region
instructional strategies as well as digitalization-oriented virtual reality technique
design in the Vehicle Body Electrical System Comprehensive Maintenance and Repair
Services Practice curriculum in the Dept. of Auto Mechanics of a skills-based senior
high school.

2. Todevelop interdisciplinary /cross-region instruction learning assessment for the Vehi-
cle Body Electrical System Comprehensive Maintenance and Repair Services Practice
curriculum in the Dept. of Auto Mechanics of a skills-based senior high school.

3. Toinvestigate students’ inquiry practice learning effectiveness after integrating VR
simulation game curriculum into the Vehicle Body Electrical System Comprehensive
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Maintenance and Repair Services Practice curriculum in the Dept. of Auto Mechanics
of a skills-based senior high school.

3.4. Participants

Two classes of students in the Dept. of Auto Mechanics taking Electrical Engineering
practical subjects in one skills-based senior high school in central Taiwan were chosen as
the participants for this study. Those students completed the Electrical Engineering practice
curriculum before the instruction experiment. There were a total of 36 students in the
control group in which the traditional didactic instruction strategy was conducted, and
meanwhile, there were a total 43 of students in the experimental group in which the VR
simulation game instructional strategy was conducted. Heterogeneous grouping is adopted
in the instruction process in this study in which there were a total of five groups. According
to the announcement of the Statistics Office of the Ministry of Education, the Dept. of Auto
Mechanics in the country in 2022 were divided as follows [81]: Taipei-New Taipei-Keelung
(14), Taoyuan-Hsinchu-Miaoli (16), Yilan-Hualien-Taitung (5), Taichung-Changhua-Nantou
(16), Yunlin-Chiayi-Tainan (15), Kaohsiung-Pingtung (13), and Penghu-Kinmen-Lienchiang
(2). Among them, the Taichung-Changhua-Nantou is one of the areas with the most Dept.
of Auto Mechanics schools, so the consideration is to obtain the materials needed for its
research and its teaching stability and fairness [82,83], so this study focuses on schools in
central Taiwan.

3.5. Research Design

This study uses a quasi-experimental design in which the students” academic per-
formance in the Vehicle Body Electrical System Comprehensive Maintenance and Repair
Services practical subject is measured by their pretest scores. In addition, the instruction
environment control was conducted before the instruction experiment in which the control
variables were students’ grades, instructors, instruction hours, students” degrees, instruc-
tion content and evaluation. The instructional experiment progress was conducted for
8 weeks (four hours each week), and there were a total of 32 instruction hours, includ-
ing the instructional preparation week, assessment week and the final-examination week.
The instruction experimental design is shown in Table 2, and the instruction experiment
progress is shown in Figure 10.

Table 2. Instruction experimental design.

. . . Experimental Post-
Instruction Period Grouping Method Pretest Treatment Test
Experimental group Heterogeneous grouping O X1 Oy
Control group Heterogeneous grouping O3 Xp (O

X1 ZPD instructional strategies. X, Traditional didactic instructional strategies.

3.6. Instructional Material Development

This study used competence-oriented instructional material design and integrated
inquiry practice capability based on technology education issues, and it referred to 12-Year
Basic Education Curricula General Guidelines in the study area as well as the approved
textbooks by the National Academy for Educational Research. The National Academy for
Educational Research is the highest authority on educational research in the Republic of
China (Taiwan) and is part of the Ministry of Education [84]. The instructional activities
content was designed to include learning performance, a definition of core competencies,
integration of issues, connection with other regions and subjects and the building of
curriculum learning outcome, in which three topics (“Basic Instrumental Operation” “Fault
Diagnosis Maintenance and Repair of Automatic Charging System” and “Fault Diagnosis
Maintenance and Repair of Automatic Starting System”) were developed as reference in
instructional strategy development and at the same time were conducted referring to the
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following methods proposed by Huang (2021), including “Situational Mission Learning”
and “Integrating with Cases Experiences” [85].

( Electrical Engineering and Electronics Practice ) [Prior knowledgEI
.
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technology ¢ t - - . .
e gy opeEee traditional didactic
oriented VR simulation . .
game instruction instruction

_._ ....... _. ..... -
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and electricity safety, VR headset operation instruction
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N ~ process and knowing vehicle 2% week
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N
| Instructional experiment period: the first practical assessment |
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instruction of instruction of 4™ week
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Figure 10. Process flow of instruction implementation.

After the integration analysis of virtual reality integrated into practice capability units
through this reference, the relationship diagram of the completion in the investigation of
students’ practice capability and learning effectiveness was finished and shown in Figure 11,
in which the unit analysis was reorganized and planned in hierarchical and periodical
models to execute the curriculum design of inquiry instruction. The vertical item stands
for the objective of practice capability instruction in which three classifications were listed
(entry level, basic level, and advanced level), while the horizontal items stands for the
curriculum content and items. The relationship between the first and second periods is
explained in sequence as follows.
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Figure 11. Relation chart of investigation practical capabilities and learning effectiveness when

integrating /combing virtual reality into practical skills instruction units.

1.

In the first period, the virtual reality-assisted building system was considered as
the goal in which the curriculum instruction was conducted at the entry level in
“Unit 1—Get Familiar With Practice Factory Environment and Maintenance Tools
Operating Procedure” with the issues of factory environment safety and hygienic
knowledge. In the second period, the testing of practical evidence and students’
learning effectiveness in maintenance and repair were considered as the goal in
order to verify and test students’ practical learning effectiveness in basic tools and
equipment and their operation processes in vehicle maintenance plants.

At the basic level, the virtual reality-assisted building system was considered as the
goal in which the curriculum instruction was conducted in the first period in “Unit
2—Disassembly and Functional Testing of the Automotive Alternator and Starting
Motor”. The curriculum was designed for students to become familiar with virtual
reality components disassembly processes and choosing tools and equipment. In the
second period, the testing of practical evidence and students’ learning effectiveness
in maintenance and repair were considered as the goal in order to verify and test
students’ application in familiarity with testing and diagnostic tools and their learning
effectiveness in vehicle maintenance and the disassembly of an automotive alternator
and starting motor.

At an advanced level, the virtual reality-assisted building system was considered as
the goal in which the curriculum instruction was conducted in “Unit 3—Functional
Testing and Troubleshooting of the Automotive Alternator and Starting Motor” in or-
der to help students’ observations of abstract failed components and explore students’
troubleshooting strategies and investigation in fault clearing. In the second period,
the testing of practical evidence and students’ learning effectiveness in maintenance
and repair were considered as the goal in order to verify and test students’ operation
capabilities in fault causes and troubleshooting, to evaluate students” application
process in looking up maintenance manuals and eventually to verify their learning
effectiveness in automatic maintenance and fault clearing.

Instructional activities and materials were designed and planned in the way of synchro-

tie, in which after the instructor explained the issues about circuit application, energy issues
and safety, students would be able to think about the concrete concept and practical con-
nection first; then, they could observe related information in vehicle maintenance and
repair cases or experiences as well as in industrial development. In addition, concerning
the instruction hours, issue-integrating depth and student’s acceptable skills development
during the instruction activities period, students were guided to implement situational
induction, problems investigation and interdisciplinary/cross-region thinking. The instruc-
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tion process is shown in Figure 12, while the competence-oriented instruction materials are
shown in Figures 13-15.

Contextual Phenomenon Diagnostic Problem solving Implementation Integration and
issues occurs problem definition strategies troubleshooting reflection
Interdisciplinary/
Cross-region
thinking

Figure 12. Process flow of instruction in this study.
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Figure 13. Competency-based instructional materials used in this study—problems situational
analysis skills.
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Figure 14. Competency-based instructional materials used in this study—problem diagnosis
and definition.
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Investigation thinking = Interdisciplinary/ Interdisciplinary/
Cross-region thinking Cross-region thinking

At present, the neutral switch of the car is a mechanical structure. Is
there any other type of switch that can replace the application? If an
electromagneticinduction switch is used, will the induced current
produce a signal difference with the sensing distance? Try to measure
the currentchange from the change of the adjustment distance.
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Figure 15. Competency-based instructional materials used in this research—interdisciplinary/cross-
region thinking.

The following is a brief description of the instruction process in this study.

1.  Contextual issues: guide students to observe the classification in vehicle industry,
vehicle types, vehicle driver’s driving and operative behavior and then determine the
differences between different vehicle types and operative behaviors.

2. Phenomenon occurs: the induction and analysis were conducted from the phe-
nomenon results in the situations. Example: What is the relationship between the
vehicle’s starting system and the starting motor? What is the difference between
motor’s types and specifications, and are there any alternatives?

3. Diagnostic problem definition: help students define the range and distinguish prob-
lems fields from the fault phenomenon. For example, how do students solve problems
when the starting motors cannot work which causes the vehicles to not be able to start,
or in the situation of abnormal noise when the starting system works?

4.  Interdisciplinary/cross-region thinking: To seek related instructional materials and
investigate interdisciplinary / cross-region problems. For example, electric fire switch
and brake switch signals are required to start the motor, but if the detection signal is
changed to magnetic induction, what would happen to the sensoring condition?

5. Problem-solving strategies: to plan circuit prospecting, diagnostic equipment op-
eration, and dynamic and static detection from the content of the “Problem Defini-
tion” section.

6. Implementation troubleshooting: to implement the process of system troubleshooting
and plan fault clearing strategies to conduct the practical operation according to the
diagnosed problems.

7.  Integration and reflection: to organize and classify the problems students encountered
in the practical and judging process during the automatic fault cases in order to avoid
making the same mistakes.

3.7. Research Tools

Hsieh (2021) indicated that learning assessment aims to help students improve their
learning quality, guide students’ learning methods and provide them with feedback for
students to understand their learning developing direction and, meanwhile, help develop
the knowledge, skills and attitude that they need in lifelong learning. Students agreed that
college students’ self-evaluation help is beneficial to their own learning process supervision,
and at the same time, they also valued the judging and feedback skills for peer review [86].
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In Hsu (2021), when conducting competence-oriented instruction assessment, other than
developing and designing multiple and appropriate assessment methods and tools, the
coherency in learning targets, learning key points and learning assessments is more impor-
tant, in which the competence-oriented instruction assessment should focus on curriculum,
instruction and assessment systematization [87]. In addition, the learning targets of the
curriculum were designed according to the learning key points. Therefore, learning activi-
ties design should comply with the learning targets while the assessment design should
also respond to learning objectives. Lin and Chen (2021) thought that competence-oriented
instruction learning effectiveness assessment should be designed in situational, open and
including but not limited to single correct answers, and they also emphasized students’
capabilities for using the skills and knowledge they have learned to solve problems in
real situations [88]. In Tseng and Hsu (2018), the examination in instructors’ rolls and
assessment models changing is required in order to help learners appropriately develop
and learn, and the implementation is also necessary for learners to cultivate their core
competencies. Moreover, how students express their learning process is considered one
of the key points of the learning assessment in which the difference between traditional
paper and pencil tests and modern multiple assessment promotion was reviewed [89]. Wu
(2019) indicated that the following four elements, including life situations, learning content,
learning performance and core competencies in the study area should be designed and
planned into the learning assessment [90].

Core competencies are considered the curriculum development target in the curricu-
lum guidelines of the 12-Year Basic Education General Guidelines in order to highlight the
subjectivity of scholars and at the same time help students build their life confidence and
increase their learning desire and inspire their creative courage, in which instructors play
the roles of helpers as well as counsellors. By creative curriculum design and implementa-
tion, students’ learning engagement capabilities could be strengthened while the ideal of
whole-person education could be realized.

Positive learning assessment is helpful for instructors to diagnose learners’ learning
difficulties, and Wu (2017) indicated that there are educators who advocate adopting
three other learning assessments, including “Assessment for Learning”, “Assessment as
Learning” and “Assessment of Learning”, in which by the timely modification according to
the assessment results and the implementation of instructional activities, learners’ learning
motivation and learning engagement would be increased while difference learning was
balanced [91].

The learning assessment designed in this study includes situational assessment, learn-
ing process assessment and practical assessment, which were designed and planned ac-
cording to the integration induction of experts and scholars’ research experiences as well
as referred after the literature review of the previous section in this article. The learning
effectiveness assessment tool developed in this study belongs to situational, open, essay-
questioned proposition (without the limitation of one single model answer). Moreover,
the assessment rubrics were conducted in multiple assessments in which the “Assessment
Rubrics” was developed based on the fundamental premise of learning targets with fields in
knowledge, skills and attitude [26,29,88,92-100]. The development plan of the assessment
tool is explained as follows.

3.7.1. Learning Assessment Testing Method

By situation entry and integration into the learning process through real car failure
scenarios, the test questions are designed with one question and one answer to situational
fault diagnosis troubleshooting. After making an inductive analysis based on the situational
questions, students write the troubleshooting process and method based on the results of
the inductive analysis and then use the VR game case simulation to carry out practical
exercises, real car disassembly and assembly practice testing. Finally, the students write
their learning experiences and reflections, as shown in Figure 16.
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Figure 16. Process flow of learning assessment testing in this study.

3.7.2. Evaluation Rubric Scale Developed in This Study

The performance evaluation rubric scale for Vehicle Body Electrical System Compre-
hensive Maintenance and Repair Services Practice in this study, adapted from Liao et al.
(2023) [29], was classified into three components: knowledge, skills and attitude. Using the
performance evaluation scoring viewpoint of Tang (2019), Tseng et al. (2021), Sui (2021) and
Huang (2021), we also adopted the rating scale of rubrics [101-104]. The evaluation items
were divided into 3 parts, knowledge (K), skills (S) and attitude (A), and 5 performance
levels in which the critical points of the evaluation were stated and listed. Knowledge
(K) occupied 33% of the total scores in the learning performance part, skills (S) occupied
34%, and attitude (A) occupied 33%. The performance range was 20 points in terms of the
five performance levels. The performance evaluation was conducted by 3 observers and
was commonly scored by them in which the average value was considered as the practical
evaluation grades of the students.

Rubrics can be used to measure complex and subjective learning tasks [105] and are a
good tool when the expected learning outcomes are presented in terms of performance,
and there are different levels of performance that need to be observed for appropriateness,
completion or completeness [98]. Rubrics can be used to measure the results of oral presen-
tations, research reports, discussion participation, personal documents and teamwork, for
example [106].

A rubrics scale usually consists of four sections: task description, performance vector,
performance level and performance description [98,105], which differentiate learning tasks
into performance vectors and describe in detail the performance behaviors at different
levels of each vector [106], serving as indicators of learning outcomes, which helps stu-
dents understand teachers’ performance expectations and enhances the transparency and
efficiency of teachers’ marking [98].

The evaluation rubric scale developed in this study is shown in Table 3 as follows.

Table 3. Evaluation rubric scale developed in this research.

Level Excellent Very Good Good Fair Poor
Performance 100-81 80-61 60-41 40-21 20-0
Industrial Be excellentin ~ Be very good in Be good in Be fair in Be poor in
safety and industrial safety  industrial safety industrial safety industrial safety —industrial safety
hygienic and hygienic and hygienic and hygienic and hygienic and hygienic

Q knowledge knowledge knowledge knowledge knowledge knowledge
)

3 . . Be excellentin  Be very goodin  Beexcellentin  Bevery goodin  Be excellent in
° Fault diagnosis - . . . - . . . - .
& fault diagnosis ~ fault diagnosis ~ fault diagnosis  fault diagnosis  fault diagnosis

3 and problem d probl d probl d probl d probl d probl

° definition and problem and problem and problem and problem and problem
g definition definition definition definition definition
s . . . .. .
~ Technical terms Be excellentin ~ Be very good in Be good in Be fair in Be poor in

and application
of tools and
instruments

technical terms

and application
of tools and
instruments

technical terms

and application
of tools and
instruments

technical terms

and application
of tools and
instruments

technical terms

and application
of tools and
instruments

technical terms

and application
of tools and
instruments
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Table 3. Cont.
Level Excellent Very Good Good Fair Poor
Performance 100-81 80-61 60-41 40-21 20-0
Be excellent in . . Be fair in Be poor in
Be very good in Be good in
tools assembly tools assembly tools assembly
. tools assembly tools assembly o .
and position L s and position and position
: and position and position - : .
planning (meet Janning (meet Janning (meet planning (meet planning (fail to
the situational panning tmee panning tmee the situational meet the
Tools assembly . the situational the situational . o
" requirements: . . . . requirements: situational
and position requirements: requirements: - .
. more than : : 1 item) or requirements:
planning : 3 items) and 2 items) and . . .
4 items) and . . partially comply 0 items) and fail
. comply with the comply with the . .
comply with the standard of the standard of the with the standard to comply with
standard of the . . of the the standard of
. maintenance maintenance . .
maintenance maintenance the maintenance
manual manual
manual manual manual
S Be able t
3 Be able to Be able to cabieto .

S Be able to complete part  Fail to complete
® complete the complete the . .
= . . complete the . . of the the diagnostic

g . . diagnostic . . diagnostic . .
% Diagnostic diagnostic diagnostic trouble
n . trouble trouble .
instrumental . trouble . trouble shooting
. shooting . shooting .
operation shooting shooting progress alone
progress alone progress alone
progress alone progress alone after the
before the . after the .
. on the deadline . after the deadline
deadline deadline .
deadline
Be able t
Be able to Be able to Be able to cabeto .
complete part  Fail to complete
complete the complete the complete the
of the the breakdown
. breakdown breakdown breakdown .
Operation after - . - breakdown maintenance
. maintenance maintenance maintenance . .
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and explain the  and explain the  and explain the . .
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solutions before  solutions on the  solutions after . .
- . . solutions after the deadline
the deadline deadline the deadline .
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Circuit Circuit Circuit Circuit Circu
measurement,
measurement, measurement, measurement, measurement,
. computer
Tools using and computer computer computer computer diagnosis, VR
materials diagnosis, VR diagnosis, VR diagnosis, VR diagnosis, VR assi%t lear;lin
application assist learning assist learning assist learning assist learning and &
performance and and and and disassembly &
during practical ~ disassembly &  disassembly &  disassembly &  disassembly & assembl Y
process assembly assembly assembly assembly inapDro ri}; te
< inappropriate inappropriate inappropriate inappropriate approp
R . . . . (include and
) (0-3 items) (3-5 items) (6-8 items) (9-11 items) .
(3] over 12 items)
%]
o hari
B2 Grgup S arlp & Be able to Be able to Be able to Need other
= during practical . . . Be not able to ,
= instruct most of  instruct most of  instruct most of . classmates
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performance of the classmates
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capability P P p P
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4. Results and Discussion

4.1. Results

4.1.1. Prior Knowledge Analysis of Students” Learning Effectiveness in Vehicle Body
Electrical System Comprehensive Maintenance and Repair Services Practice under
Different Instructional Strategies

The students in both the experimental and control groups have completed Electri-
cal Engineering and Electronics Practice before the instructional experiment. Therefore,
students’ learning effect is considered as their prior knowledge. The instructional experi-
ment progress was conducted for 8 weeks, in which three periodical learning effectiveness
assessments designed in situational and multiple ways and according to the unit implemen-
tation content are required for students during the instructional experiment. During the
assessments, students explained the content of the case according to the situation, and they
applied the knowledge and skills learned in the classroom to conduct detection analysis,
diagnosis induction, diagnosis process, solution, and operation tests.

In order to understand the difference in students’ learning effectiveness between VR
game simulation instruction and the traditional didactic instruction strategies in Vehicle
Body Electrical System Comprehensive Maintenance and Repair Services Practice, the
independent samples t-test was used to examine the difference between students in both
control and experimental groups about their learning effectiveness. Academic performance
in Electrical Engineering and Electronics Practice was considered as the covariance to
conduct the homogeneity test on overall learning effectiveness and was further investigated
to see if students’ learning effectiveness would differ according the implementation of
different instructional strategies under the condition of excluding the impact of students’
prior knowledge. Meanwhile, the opinions and feedback from the two observers during
the instruction and the results of the three practical learning assessments were induced and
analyzed supported by the qualitative data in order to conduct the instruction activities,
time distribution adjustment and the triangulation of qualitative data.

According to Table 4, “Recapitulation sheet of students’ prior knowledge scores”, when
students participated in the Electrical Engineering and Electronics Practice curriculum
before the instructional experiment, students in the experimental group received average
scores of 57.44, while students in the control group received average scores of 57.50. There
was a 0.06 points average score for the control group, which was slightly higher than
that of the experimental group. After the academic performance was conducted in the
independent samples t-test, the t value is —0.014, p = 0.391 > 0.05, which is below the
level of significance. The results showed that there was no significant difference in the
background capabilities of students before Electrical Engineering and Electronics Practice
among both groups.

Table 4. Recapitulation sheet of students” prior knowledge scores.

Number of Average Standard

Ttem Group Students Value Deviation t Value
Academic performance in Electrical Experimental group 43 57.44 19.89 0014
Engineering and Electronics Practice Control group 36 57.50 16.41 ’

4.1.2. Variance Analysis in Vehicle Body Electrical System Comprehensive Maintenance
and Repair Services Practice under Different Instructional Strategies

The periodical practical learning effectiveness assessments are conducted after the
implementation of every unit, and the results are shown in Table 5. A brief description of
the summary of learning effectiveness through the implementation of VR game simulation
instructional strategies follows.
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Table 5. Recapitulation sheet of students’ prior knowledge scores in knowledge, skills, and attitude.

Number of Average Standard
Ttem Group Students Value Deviation t-Value
Experimental group 43 17.02 9.80
Knowledge —0.883
Control group 36 19.00 10.04
Experimental group 43 23.34 8.50
Skills 2.245
Control group 36 19.11 8.17
Experimental group 43 17.30 7.89
Attitude -1.118
Control group 36 19.55 10.01

1. Analysis of the effectiveness of the first learning assessment:

The assessment was conducted in the 3rd week of the instructional experiment, and
the testing content was the safety and hygienic knowledge and basic instrumental operation
in a vehicle maintenance plant. The testing results show that the average score of the control
group students is 4.75 higher than that of the experimental group, and the t value is —1.257,
p = 0.339 > 0.05, which fails to reach the level of significance. From the further questions
regarding the analysis of knowledge, skills, and attitude from Table 6, the testing results
show that the average score of control group students in the knowledge component is
3.24 higher than that of the experimental group, and the t value is —1.427, p = 0.951 > 0.05,
which fails to reach the level of significance. The average score of control group students
in the skill component is 1.29 higher than that of the experimental group, and the t value
is 0.514, p = 0.003 < 0.05, which fails to reach the level of significance. The average score
of control group students in the attitude component is 0.23 higher than the experimental
group, and the t value is -0.330, p = 0.787, which fails to reach the level of significance.

Table 6. Recapitulation sheet of Vehicle Body Electrical System Comprehensive Maintenance and
Repair Services Practice assessment learning effectiveness scores.

Item Group Number of Students Average Value Standard Deviation t Value
The first assessment of Experimental group 43 66.13 15.21
learning effectiveness Control group 36 70.88 1836 —1.257
The second assessment of Experimental group 43 86.23 8.74
learning effectiveness Control group 36 7572 1556 3.603 ***
The third assessment of Experimental group 43 90.79 6.26
learning effectiveness Control group 36 84.00 9.76 3.599

Note: ***p < 0.001.

2. Analysis of the effectiveness of the second learning assessment:

The assessment was conducted in the 5th week of the instructional experiment, and the
testing content was the automatic fault diagnosis and maintenance and repair of the vehicle
charging system. The tested results shows that the average score of experimental group
students was 10.51 higher than the control group, and the t value was 3.603, p = 0.000 < 0.05,
which reaches the level of significance. From the further questions analysis in knowledge,
skills, and attitude from Tables 6-9, the tested results show that the average score of
experimental group students in the knowledge component is 1.08 higher than that of
the control group, and the t value is 0.860, p = 0.000 < 0.05, which reaches the level of
significance. The average score of experimental group students in the skill component
is 5.73 higher than that of the control group, and the t value is 2.182, p = 0.000 < 0.05,
which reaches the level of significance. The average score of experimental group students
in the attitude component is 3.69 higher than the control group, and the t value is 6.174,
p = 0.450 > 0.05, which fails to reach the level of significance.
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Table 7. Recapitulation sheet of Vehicle Body Electrical System Comprehensive Maintenance and
Repair Services Practice assessment learning effectiveness scores in knowledge item.

Item Group Number of Students Average Value Standard Deviation t Value
The first assessment of Experimental group 43 25.76 9.97
learning effectiveness Control group 36 29.00 10.09 —1.427
The second assessment of Experimental group 43 37.02 4.19
learning effectiveness Control group 36 35.94 6.83 0.860 ***
The third assessment of Experimental group 43 38.04 2.36
learning effectiveness Control group 36 36.50 535 1.707 ==

Note: ***p < 0.001.

Table 8. Recapitulation sheet of Recapitulation sheet of Vehicle Body Electrical System Comprehensive
Maintenance and Repair Services Practice assessment learning effectiveness scores in skill item.

Item Group Number of Students Average Value Standard Deviation t Value
The first assessment of Experimental group 43 33.48 8.49
learning effectiveness Control group 36 34.77 1288 0.514 ***
The second assessment of Experimental group 43 39.06 6.75
learning effectiveness Control group 36 3333 15.59 2.182
The third assessment of Experimental group 43 41.95 9.33
learning effectiveness Control group 36 39.00 561 1.734 *

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

Table 9. Recapitulation sheet of Recapitulation sheet of Vehicle Body Electrical System Comprehensive
Maintenance and Repair Services Practice assessment learning effectiveness scores in attitude item.

Item Group Number of Students Average Value Standard Deviation t Value
The first assessment of Experimental group 43 6.88 3.06 —0.649
learning effectiveness Control group 36 711 3.04 ’
The second assessment of Experimental group 43 10.13 252 6.174
learning effectiveness Control group 36 6.44 2.75 .
The third assessment of Experimental group 43 10.79 205
| > 3.253 ***
learning effectiveness Control group 36 8.50 4.03

Note: **p < 0.001.

3. Analysis of the effectiveness of the third learning assessment:

The assessment was conducted in the 7th week of the instructional experiment, and
the testing content was the automatic fault diagnosis and maintenance and repair of the
vehicle starting system. The tested results show that the average score of experimental
group students is 6.79 higher than that of the control group, and the t value is 3.599,
p = 0.004 < 0.05, which reaches the level of significance. From the further questions analysis
in knowledge, skills, and attitude from Tables 6-9, the tested results show that the average
score of experimental group students in the knowledge component is 1.54 higher than that
of the control group, and the t value was 1.707, p = 0.000 < 0.05, which reaches the level
of significance; the average score of experimental group students in the skill component
is 2.95 higher than the control group, and the t value was 1.734, p = 0.042 < 0.05, which
reaches the level of significance; the average score of experimental group students in the
attitude component was 2.29 higher than that of the control group, and the t value was
3.253, p = 0.000 < 0.05, which reaches the level of significance.

4.1.3. Variance Analysis in Vehicle Body Electrical System Comprehensive Maintenance
and Repair Services Practice under Different Instructional Strategies

Analysis of overall learning effectiveness.
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(1) Homogeneity of regression coefficients within groups in overall learning effectiveness.

The homogeneity test of the regression coefficient in overall learning effectiveness is
shown in Table 10 in which F =2.420, p = 0.124 > 0.05 (below the level of significance), and
therefore, the analysis of one-way analysis of covariance (one-way ANCOVA) would be
conducted in a later step.

Table 10. Homogeneity of regression coefficients within groups in overall learning effectiveness.

Type III Sum of

Resource Squares df Mean Square F p
Different instruction strategies *
academic performance in 336.810 1 336.810 2420 0.124

Electrical Engineering and
Electronics Practice

(2) Excluding the impact of prior knowledge on students of both groups on overall
learning effectiveness, the testing result is F = 17.522, p = 0.000 < 0.05, which reaches
significant difference and means that the overall learning effectiveness in Vehicle Body
Electrical System Comprehensive Maintenance and Repair Services Practice will be affected
according to the instructional strategies that shown in Table 11. From the recapitulation
sheet of statistics in the overall learning effectiveness of the basic electricity practical
(Table 12), the adjusted average scores of experimental group students are 11.26 points
higher than the control group, which shows that the VR simulation game integrating into
the ZPD instructional strategy has a positive effect on the overall learning effectiveness.

Table 11. Recapitulation sheet of analysis of covariance in Vehicle Body Electrical System Compre-
hensive Maintenance and Repair Services Practice overall learning effectiveness.

Source of Variation SS df MS F p
ﬁ:;iigﬁgfﬁgrgzgﬁﬁi1;;:;;1 1020.362 1 1020362  7.1966 **  0.009
Instructional strategies 2484.476 1 2484.476 17.522 *** 0.000
Deviation 10,776.295 76 141.793
Total 410,625.000 79

Note: ***p < 0.001.

Table 12. Recapitulation sheet of statistics in overall learning effectiveness of Vehicle Body Electrical
System Comprehensive Maintenance and Repair Services Practice.

Group Number of Students  Average Value  Standard Deviation = Average Value after Adjustment
Experimental group 43 76.04 1.81 75.95
Control group 36 65.58 1.98 64.69

Analysis of overall learning effectiveness in knowledge components.

(1) Homogeneity test of regression coefficient in overall learning effectiveness—
knowledge component.

In the homogeneity test of regression coefficient in the overall learning effectiveness-
knowledge component (Table 13), the value was F = 2.199, p = 0.142 > 0.05 (below the level
of significance), and therefore, the analysis of covariance (one-way ANCOVA) would be
conducted in a later step.
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Table 13. Homogeneity of regression coefficients within groups in overall learning effectiveness—
knowledge component.

Resource Typg};:;::l of df Mean Square 3 y
Different instruction strategies *
academic performance in
Electrical Engineering and 86.929 1 86.929 2199 0.142
Electronics Practice—knowledge
component

(2) Excluding the impact of the prior knowledge of students of both groups on the
overall learning effectiveness, the testing result was F = 15.891, p = 0.000 > 0.05, which
makes a significant difference and means the overall learning effectiveness in Vehicle Body
Electrical System Comprehensive Maintenance and Repair Services Practice will be affected
according to the instructional strategies that are shown in Table 14. From the recapitu-
lation sheet of statistics in the overall learning effectiveness of Vehicle Body Electrical
System Comprehensive Maintenance and Repair Services Practice—knowledge component
(Table 15), the adjusted average score of experimental group students is 6.29 points higher
than the control group, which shows that there is a positive impact of the integration of
competence-oriented instruction on students” overall learning effectiveness—knowledge
component in VR simulation game integrating into the ZPD instructional strategy.

Table 14. Recapitulation sheet of analysis of covariance in Vehicle Body Electrical System Comprehen-
sive Maintenance and Repair Services Practice overall learning effectiveness—knowledge component.

Source of Variation SS df MS F p
Academic performance in Electrical
Engineering and Electronics 631.776 1 631.766 15.732 *** 0.000
Practice—knowledge component
Instructional strategies 638.150 1 638.150 15.891 *** 0.000
Deviation 3050.035 76 40.158
Total 36,150.000 79

Note: ***p < 0.001.

Table 15. Recapitulation sheet of statistics in overall learning effectiveness of Vehicle Body Electrical
System Comprehensive Maintenance and Repair Services Practice—knowledge component.

Group Number of Students  Average Value  Standard Deviation = Average Value after Adjustment
Experimental group 43 21.86 5.69 23.05
Control group 36 18.19 8.14 16.76

Analysis of overall learning effectiveness in skill components.

(1) Homogeneity of regression coefficients within groups in overall learning
effectiveness—skill component.

In the homogeneity test of regression coefficient in overall learning effectiveness—skill
component (Table 16), the value is F = 1.583, p = 0.212 > 0.05 (below the level of significance),
and therefore, the analysis of covariance (one-way ANCOVA) would be conducted in a
later step.
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Table 16. Homogeneity test of regression coefficient in overall learning effectiveness—skill component.

Resource Typgtllliai:;n of df Mean Square F p
Different instruction strategies *
academic performance in
Electrical Engineering and 104.335 1 104.335 1.583 0.212
Electronics Practice—skill
component

(2) Analysis of covariance (one-way ANCOVA) in the overall learning effectiveness—
skill component.

Excluding the impact of the prior knowledge of students of both groups on the learn-
ing effectiveness in the skill component, the testing result is F = 8.893, p = 0.004 > 0.05,
which is a significant difference and means the learning effectiveness in the skill compo-
nent of Vehicle Body Electrical System Comprehensive Maintenance and Repair Services
Practice will be affected according to the instructional strategies that are shown in Table 17.
From the recapitulation sheet of statistics in overall learning effectiveness of Vehicle Body
Electrical System Comprehensive Maintenance and Repair Services Practice—skill compo-
nent (Table 18), the adjusted average score of experimental group students is 6.54 points
higher than the control group, which shows that there is a positive impact of the integra-
tion of competence-oriented instruction on students’ overall learning effectiveness—skill
component in a VR simulation game integrating into the ZPD instructional strategy.

Table 17. Recapitulation sheet of analysis of covariance in Vehicle Body Electrical System Compre-
hensive Maintenance and Repair Services Practice overall learning effectiveness—skill component.

Source of Variation SS df MS F 4
Academic performance in Electrical
Engineering and Electronics 437.209 1 437.209 6.584 *** 0.012
Practice—skill component
Instructional strategies 590.586 1 590.586 8.893 *** 0.004
Deviation 5046.932 76 66.407
Total 69,256.250 79

Note: ***p < 0.001.

Table 18. Recapitulation sheet of statistics in overall learning effectiveness of Vehicle Body Electrical
System Comprehensive Maintenance and Repair Services Practice—skill component.

Group Number of Students  Average Value  Standard Deviation = Average Value after Adjustment
Experimental group 43 32.38 6.54 30.98
Control group 36 22.77 10.26 24.44

Analysis of overall learning effectiveness in attitude components.

(1) Analysis of overall learning effectiveness in attitude component.

In the homogeneity test of regression coefficient in overall learning effectiveness—
attitude component (Table 19), the value is F = 0.106, p = 0.931 > 0.05 (below the level
of significance), and therefore, the analysis of covariance (one-way ANCOVA) would be
conducted in a later step.
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Table 19. Homogeneity test of regression coefficient in overall learning effectiveness—attitude

component.
Type III Sum of
Resource Squares df Mean Square 3 y
Different instruction strategies *
academic performance in
Electrical Engineering and 4.041 1 4.041 0.106 0.745
Electronics Practice—attitude
component

(2) Analysis of covariance (one-way ANCOVA) in overall learning effectiveness—
attitude component.

Excluding the impact of the prior knowledge of the students of both groups on the
learning effectiveness in the attitude component, the testing result is F = 8.038, p = 0.000 < 0.05,
which makes a significant difference and means that the learning effectiveness in the
attitude component of Vehicle Body Electrical System Comprehensive Maintenance and
Repair Services Practice will be affected according to the instructional strategies shown
in Table 20. From the recapitulation sheet of statistics in overall learning effectiveness of
Vehicle Body Electrical System Comprehensive Maintenance and Repair Services Practice-
attitude component (Table 21), the adjusted average score of experimental group students is
3.97 higher than that of the control group, which shows that there is a positive impact of the
integration of competence-oriented instruction on students’ overall learning effectiveness—
attitude component in a VR simulation game integrating into the ZPD instructional strategy.

Table 20. Recapitulation sheet of analysis of covariance in Vehicle Body Electrical System Comprehen-
sive Maintenance and Repair Services Practice overall learning effectiveness—attitude component.

Source of Variation SS df MS F 4
Academic performance in Electrical
Engineering and Electronics 1031.083 1 1031.083 27.407 *** 0.000
Practice—attitude component
Instructional strategies 302.384 1 302.384 8.038 *** 0.000
Deviation 2859.179 76 37.621
Total 36,768.750 79

Note: ***p < 0.001.

Table 21. Recapitulation sheet of statistics in overall learning effectiveness of Vehicle Body Electrical
System Comprehensive Maintenance and Repair Services Practice—attitude component.

Group Number of Students  Average Value  Standard Deviation = Average Value after Adjustment
Experimental group 43 21.68 5.84 22.15
Control group 36 18.75 8.37 18.18

4.1.4. Inductive Analysis of Qualitative Data in Instructional Strategies Implementation

During the instructional experiment period, the opinions and feedback from the three
observers during the instruction and the results of the three performance evaluation scores
are used as the references for instructional activities and time adjustment, including the
situated instruction, interdisciplinary/cross-region learning, graphics reading, and practice
time distribution, etc. The qualitative data of the instructional strategy in this study are
their feedback collected from two instructors and students of the experimental group after
the instruction experiment, totaling nine copies in 8 weeks. After the triangulation of
qualitative data by the instructor, one lesson-observation teacher and students, the results
are shown in Tables 22-24.
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Table 22. Statistical table of qualitative data common opinion under VR game simulation integrating
into ZPD instructional strategy implementation—collection and organization of positive feedback.

Motif-Item Sub-Item Teacher (A) Teacher (B) Student (C) Times
Al .Is there a safe learning 3 5 3 8
environment?

Learning atmosphere  A2. Is there a warm learning
3 3 3 9
atmosphere?
A3. Do students focus on learning
. 3 3 3 9
contextual connections or not?
B1. Does the teacher encourage
3 3 3 9
students to speak?
Teacher—student B2. Does the teacher respond to 5 1 3 6
interaction the students’ responses?
B3. Are there rewards for the
exceptional performance of 3 3 3 9
students?
C1. Do students assist each other,
discuss and dialogue, and
integrate 3 2 3 8
interdisciplinary/ cross-region
.. . issues?
Individual learning C2. Do the students actively
respond to the teacher’s 2 3 3 8
questions?
C3. Do students ask questions? 2 3 3 8
D1. Do students focus on
. . . 2 3 2 7
individual or group exercises?
D2. Are students learning 3 3 3 9
effectively?
Learning effectiveness  D3. Does the student have

. e ) 2 1 2 5
learning difficulties?
D4. Has the student’s thinking

2 3 3 8

level been deepened?
D5. Are students interested in 3 3 3 9

learning?

Table 23. Statistical table of qualitative data common opinion under VR game simulation integrating
into ZPD instructional strategy implementation—collection and organization of multiple responses.

A Teacher B Teacher Experimental Group

Motif-Item Sub-Item Students
Agree Neutral Disagree Agree Neutral Disagree Agree Neutral  Disagree

Al. Is there a safe learning
environment?
Learning A2. Is there a warm
atmosphere learning atmosphere?
A3. Do students focus on
learning contextual 3/9 0/9 0/9 3/9 0/9 0/9 3/9 0/9 0/9
connections or not?
B1. Does the teacher
encourage students to 3/9 0/9 0/9 3/9 0/9 0/9 3/9 0/9 0/9
Teacher— speak?
student B2. Does the teacher
interaction respond to the students’ 2/9 0/9 1/9 1/9 1/9 1/9 3/9 0/9 0/9
responses?
B3. Are there rewards for
the exceptional 3/9 0/9 0/9 3/9 0/9 0/9 3/9 0/9 0/9
performance of students?

3/9 0/9 0/9 2/9 1/9 0/9 3/9 0/9 0/9

3/9 0/9 0/9 3/9 0/9 0/9 3/9 0/9 0/9
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Table 23. Cont.

Experimental Group

A Teacher B Teacher Student
Motif-Item Sub-Item udents
Agree Neutral Disagree Agree Neutral Disagree Agree Neutral Disagree
C1. Do students assist
each other, discuss and
ial .
dialogue, and integrate 5 5,9 /g 2/9 1/9 0/9 3/9 0/9 0/9
interdisciplinary /cross-
Individual region
learning issues?
C2. Do the students
actively respond to the 2/9 1/9 0/9 3/9 0/9 0/9 3/9 0/9 0/9
teacher’s questions?
C3. Do students ask 2/9  1/9  0/9 3/9 0/9 0/9 3/9 0/9 0/9
questions?
D1. Do students focus
on individual or group ~ 2/9 1/9 0/9 3/9 0/9 0/9 2/9 1/9 0/9
exercises?
i D2. A
Learning e students 3/9  0/9 0/9  3/9  0/9  0/9  3/9  0/9 0/9
effective- learning effectively?
ness D3. Does the student
have learning 2/9 1/9 0/9 1/9 1/9 1/9 2/9 1/9 0/9
difficulties?
D4. Has the student’s
thinking level been 2/9 1/9 0/9 3/9 0/9 0/9 3/9 0/9 0/9
deepened?
D5. Are students
interested in learning? 3/9 0/9 0/9 3/9 0/9 0/9 3/9 0/9 0/9
Table 24. Statistical table of qualitative data common opinion about VR game simulation integrating
into ZPD instructional strategy implementation—coefficient of observation.
Average Total Amount of 3 Observers’ Opinions
Mo-Tif-Item Sub-Item Coefficient of Coefficient of Coefficient of Coefficient of
Agreement Agreement Neutralization Disagreement
Al. Is there a safe learning environment? 8 0.89 1 0.11 0 0.00
Learning A2. Is there a warm learning atmosphere? 0.96 9 1.00 0 0.00 0 0.00
atmosphere A3. Do §tudents focus on learning contextual 9 1.00 0 0.00 0 0.00
connections or not?
B1. Does the teacher encourage students to 6 0.67 0 0.00 0 0.00
Teacher— speak?
. studer.’lt B2. Does tine teacher respond to the student’s 0.89 9 1.00 1 011 2 022
interaction responses?
B3. Are there rewards for the exceptional 9 1.00 0 0.00 0 0.00
performance of students?
C1. Do students assist each other, discuss and
dialogue, and integrate 8 0.89 0 0.00 0 0.00
Individual interdisciplinary/ cross-region issues? 0.89
learning C2. Do ’the students actively respond to the 3 0.89 1 011 0 0.00
teacher’s questions?
C3. Do students ask questions? 8 0.89 1 0.11 0 0.00
D1. [?0 st?udents focus on individual or group 8 0.89 5 022 0 0.00
exercises?
Learning D2. Are students learning effectively? 7 0.78 0 0.00 0 0.00
. D3. Does the student have learning 0.91
effectiveness difficulties? 9 1.00 3 0.33 1 0.11
D4. Has the student’s thinking level been 8 0.89 1 011 0 0.00
deepened?
D5. Are students interested in learning? 9 1.00 0.00 0 0.00
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The results of Table 24 “Statistical table of qualitative data common opinion about VR
game simulation ZPD instructional strategy implementation—coefficient of observations”
shows that the top three items in sequence that the three observers focused on were
“learning atmosphere”, “learning effectiveness” and “learning process”.

1. For the “learning atmosphere”, the average coefficient of agreement in motif item
is 4.33, and the coefficient of agreement reaches 0.96 on average. As part of “Is there a
safe learning environment?”, the scores in the sub-items are slightly lower, which means
that teachers and students have positive confirmation in the learning environment and
situated context, but few students think that their learning atmosphere will not be affected
by a safe learning environment. Therefore, a situated connection helps students deepen
and improve their learning atmosphere and the application of VR game simulation and,
at the same time, it helps reduce students’ learning gaps. The lesson-observation teachers
suggested that the integration of the VR game simulation context into the curriculum could
be carried out by guiding students to complete their diagnostic troubleshooting of the
equipment and tools in the practice factory through the simulation of failure situations
and also by helping students build complete knowledge of the utilization of vehicle body
electrical systems comprehensive maintenance and repair, other related circuit systems and
daily electricity. Students also participate in instructional activities through the internet
multimedia community by the VR system to discuss solutions to failure problems in VR
game simulation situation.

2. For the “learning effectiveness”, the average coefficient of agreement in the motif
item is 3.80, and the coefficient of agreement reaches 0.91 on average. As part of “Are
students learning effectively?”, the scores in the sub-item are 0.78 points lower. The lesson-
observation teachers suggested guiding students step by step with their tools utilization,
diagnostic computer using, problem defining, solutions and strategies to the problems
through the start-up of “asking questions”. From the situational description of the in-
structional process and periodical practical assessment by the lesson-observation teacher,
students have a high similarity in teamwork learning and teamwork cooperation, in which
students help each other investigate the fault causes. In terms of learning difficulties, it
could be explained that the insufficient amount of VR equipment and computer software
causes those students whose learning capabilities are weak to encounter learning difficul-
ties during VR instructional activities. Few students are able to integrate VR situational
requirements with graphic information, which causes their gap in cognitive expression.

3. For “teacher—student interaction” and “individual learning”, the average coefficient
of agreement in motif item is 0.89, and the coefficient of agreement reaches 0.89 on average.
For the lower score sub-item “B1—Does the teacher encourage students to speak?”, the
score is lower because students are not able to adapt to the VR operational environment
and students are also not able to understand environmental control and operation in
VR game simulation, which is considered the main factor that causes low scores. This
time, the students of an experimental group adopted an interdisciplinary/cross-region in
which the questions are designed based on basic instrumental operation, fault diagnosis and
inspection of the vehicles’ starting system, and fault diagnosis and inspection of the vehicles’
charging system. In addition, the questions are also designed in the interdisciplinary/cross-
region concepts and demands in fan motors and electricity from wind power in daily lives,
in which students are guided to understand how the application of vehicles’ maintenance
and repair can also be used in other fields as well as in daily life.

4.2. Discussion
4.2.1. The Impact of Integrating VR Simulation Games into ZPD Instructional Strategies
Implementation on Students’ Learning Effectiveness

The results of this study show that integrating VR simulation games into ZPD instruc-
tional strategies has a positive impact on students’ overall learning effectiveness, and it has
a significant impact difference on knowledge, skills and attitudes. The evaluation of each
period is discussed below.
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First of all, students’ scores in “Electrical and Electronic Practice” that were completed
before the instructional experiment were statistically analyzed. The overall results show
no significant difference, in which the average score of the control group was 0.06 points
higher than the average score of the experimental group. After 3 weeks of the instructional
experiment, there is no significant difference in the overall results of the first practical
learning effectiveness assessment, and among them, skill items have significant differences,
and the average score of the control group is 1.29 points higher than that of the experimental
group. From the further exploration of the evaluation results and the implementation of
VR games into the ZPD instructional strategy implementation qualitative data, it is found
that all three observers responded positively to the question, “Does the teacher encourage
students to speak?” In the VR course, teachers tried to respond to different questions from
students, solved problems quickly when difficulties arose, and their instant problem solving
resulted in difficulties in VR operation. This part affected knowledge and attitude only, and
it is speculated that the reason is the small difference in learning effectiveness between the
two groups. This study made up for it through after-school time by encouraging students
to leave messages through social software groups, and then the teacher answered the
questions one by one.

After the first learning effectiveness assessment, the instructional activities content
was adjusted according to the assessment results and feedback. The second learning
effectiveness assessment was carried out in the 5th week of the instructional experiment.
There is a significant difference in the overall results of the second learning effectiveness
assessment, and there are significant differences in the knowledge items, in which the
average score of the experimental group is 1.07 points higher than the average score of the
control group. There are significant differences in skill items, in which the average score
of the experimental group is 5.73 points higher than that of the control group. There are
significant differences in attitude items, in which the average score of the experimental
group is 3.69 points higher than that of the control group. From the further investigation
of the assessment results and the qualitative data of VR games into ZPD instructional
strategy implementation, it is found that all three observers have improved in VR operation
after the adjustment of instructional activities, and they become more thoughtful about
the information in the cognitive context. It is speculated that VR manipulation is essential
for familiarity and adaptability, and it would become one of the specific factors for the
effectiveness of ZPD instructional strategy implementation.

There are significant differences in the overall results of the third learning effectiveness
assessment, and among them, there are significant differences in the knowledge items, in
which the average score of the experimental group is 1.54 points higher than the average
score of the control group. There are significant differences in skill items, in which the
average score of the control group is 2.95 points higher than the average score of the
experimental group. There are significant differences in attitude items, in which the average
score of the experimental group is 2.29 points higher than that of the control group. The
third learning effectiveness evaluation of this experiment is carried out for the third learning
effectiveness assessment, and after referring to Table 21 “Statistical table of qualitative data
common opinion under VR game simulation integrating into ZPD instructional strategy
implementation—collection and organization of positive feedback”, it is speculated in terms
of knowledge and skills that a significant difference is reached after statistical analysis in
terms of teacher—student interaction and personal learning effectiveness for the students
in the experimental group. From the results of the instruction and assessment process, it
is speculated that the two groups of students had difficulty operating VR games at the
beginning. However, there is a significant difference between the two groups (experimental
group and control group) without specific guidance. In terms of attitude, it is speculated
that the students in the experimental group focus on the fault diagnosis, troubleshooting
and maintenance of the car charging system and its application, in which it helps guide
students to solve the fault problem and define the content of the fault in the VR game
situation in a timely manner.
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4.2.2. VR Qualitative Data Evaluation of VR Simulation Games Integrated into ZPD
Instructional Strategies

In this study, the design of integrating VR game simulation into ZPD curriculum
instructional activities is relatively complicated, and it takes time to become familiarized
with operating VR. Through the integration of knowledge, skills and attitudes, as well as the
integration of students’ actual car failure situations and daily life applications, the overall
contextualized instructional method of automotive circuits has developed. During the
instructional experiment, the instructional activities are appropriately adjusted according to
the students’ learning profiles. Students’ curiosity and enthusiasm for VR game simulation
can be seen in Table 23, “Statistical table of qualitative data common opinion about VR
game simulation integrating into ZPD instructional strategy implementation—coefficient of
observation”. Therefore, in this study, these three sub-items that the teachers and students
are more concerned about are described as follows:

1. “Are there rewards for the exceptional performance of students?”

After the VR game simulation curriculum, the teacher will use the 5 min before the
end of the class to encourage the students who have performed outstandingly in the class
by giving bonus points with lesson-observation teachers and other students. They will also
ask the students to come up with the difficulties they encountered and the strategies to
solve them. Then, the teacher in class and the teacher who observes the class discuss the
problem together.

2. “Are students learning effectively?”

It is certain that VR game simulation ought to be integrated into the implementation
of ZPD instructional strategies. After the third week of the curriculum, the practice and
auxiliary instruction of VR game operation after class was carried out in this study, in
which assisted instruction is mainly based on VR application experience, and the practices
are classified into space sensing, joystick operation, sound and light sensing, and object
grasping exercises through two sets of VR games in order to assist students with famil-
iarizing themselves with the virtual space and meanwhile help the VR game simulation
instructional strategy be implemented smoothly.

3. “Are students interested in learning?”

In learning effectiveness, it can be found that students have the highest scores for
learning difficulties and willingness to learn, because students are trying to use VR games
to simulate three units of courses, and they are very popular in the scene of car failure
simulation using VR for game simulation. However, it is difficult to operate VR games
because the troubleshooting time in the scenario is relatively long. Therefore, the teacher in
class slowed down the speed of solving the problem to let students become familiar with
the VR game simulation environment and operating procedures.

5. Conclusions and Suggestions
5.1. Conclusions
5.1.1. Completion of Investigation between Students’ Practical Capabilities and Learning
Relationship in the Construction of the ZPD Virtual Reality Integrated into Vehicle Body
Electrical System Comprehensive Maintenance and Repair Services Practice

In order to let students complete the task through the teacher’s auxiliary tools between
the possibility of solving the problem and not being able to solve the problem, this study
utilizes the inquiry practice curriculum design by integrating the scaffolding theory to
build supports for the infrastructure at different levels, integrates learning themes into
context and the simulation of practical skills built by “virtual reality”, provides assistance
via teachers’ prompts, which led instruction, introduces the inquiry practice capability
and learning effect into the hierarchical structure, and also constructs exclusive VR game
simulation and integrates it into the practical skills instructional unit of Vehicle Body
Electrical System Comprehensive Maintenance and Repair Services Practice.
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5.1.2. Students’ Learning Effectiveness by Adopting ZPD Virtual Reality Integrating into
Vehicle Charging and Starting System

After the implementation of the practical curriculum of Vehicle Body Electrical System
Comprehensive Maintenance and Repair Services Practice, the results found that students’
performance reached the level of significance in the third learning assessment from the
difference analysis of different instructional strategies on the evaluation of the learning
effect of Vehicle Body Electrical System Comprehensive Maintenance and Repair Services
Practice. Students’ learning effectiveness was outstanding in corresponding to the ZPD
Unit 3—Functional Testing and Troubleshooting of the Automotive Alternator and Starting
Motor curriculum.

5.1.3. Students’ Learning Effectiveness in Maintenance Equipment Operation Procedures
Corresponding to ZPD Virtual Reality Integrating into Being Familiar with the Practice
Factory Environment

Among the induction of qualitative data on the implementation of instructional strate-
gies, students received the highest recognition score in the learning atmosphere from the
sub-item “Is there is an enthusiastic learning atmosphere?” and “The contextual connection
of whether students focus on learning”, corresponding to ZPD Unit 1—“Get Familiar With
the Practice Factory Environment and Maintenance Tools Operating Procedure”.

5.1.4. Students’ Learning Effectiveness in VR Simulation Game of the Disassembly and
Function Inspection of the Car Charging and Starting System

In the summary of qualitative data on the implementation of ZPD instructional strate-
gies, students received the highest recognition score in learning effectiveness from the
sub-item “Do students have learning difficulties?” and “Do students enjoy learning?”,
corresponding to ZPD Unit 2—"Disassembly and Functional Testing of the Automotive
Alternator and Starting Motor”.

5.1.5. The Implementation of Integrating VR Simulation Games into ZPD Instructional
Strategies Has a Positive Impact on Students” Overall Inquiry and Practical Learning

In this study, independent samples t-test and the analysis of one-way analysis of
covariance (one-way ANCOVA) were used for testing. The test items include “students’
overall prior knowledge”, “knowledge, skills and attitudes of students” prior knowledge”,
“students’ periodical learning effectiveness in Vehicle Body Electrical System Comprehen-
sive Maintenance and Repair Services Practice”, students’ periodical learning effectiveness
of knowledge, skills and attitude in Vehicle Body Electrical System Comprehensive Mainte-
nance and Repair Services Practice”, “Students’ overall learning effectiveness in Vehicle
Body Electrical System Comprehensive Maintenance and Repair Services Practice” and
“Students’ overall learning effectiveness of knowledge, skills and attitude in Vehicle Body
Electrical System Comprehensive Maintenance and Repair Services Practice”, etc. The
results showed that there are significant differences in students’ learning effectiveness in the
three periods in the periodical learning effectiveness evaluation, in which the experimental
group students had better learning effectiveness than the students of the control group.
From the results of an independent sample t-test and the analysis of one-way analysis of
covariance (one-way ANCOVA), the students in the experimental group were better than
those in the control group.

5.1.6. VR Instructional Activities Need to Be Modified According to the Students’ Learning
Situation during the Implementation Process of the Virtual Reality Simulation Game
Integrating into ZPD Instructional Strategies

This study is based on the teaching experiment process in which three observers
were invited to observe the course and record teaching activities. In addition, after each
periodical assessment, students are asked to give substantive feedback on the instructional
courses. A triangulation of qualitative data was then performed by three observers, and
meanwhile, the instructional activities were revised in a rolling manner by the teacher
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according to the qualitative data. It was found that there were significant differences in the
comparison of students’ periodical learning performance. By integrating the quantitative
and qualitative data of the research, it was found that during the implementation of ZPD
teaching activities, in addition to the planning and design of instructional activities that
require special attention, students’ attitude and ability to adapt to VR games are also worth
noting. The attitudes of the two groups of students were comparable, and there was no
significant difference when there was no special guidance for student groups to discuss in
the first three weeks of instructional activities. The instructional activities were adjusted
after the fifth week, according to instruction feedback. There was a significant difference in
the performance of the students in the third learning effect after adaptively guiding student
groups to discuss and share case studies. Therefore, this study utilized other games such
as space sensing, handle joystick operation, sound and light sensing, and VR games for
object grasping practice to assist students’ learning in order to stimulate their curiosity
and enthusiasm for VR games in the course of these games and at the same time to guide
students to assist in the VR game simulation instructional strategy implementation in the
future. Through familiarity with the VR game simulation situation, students will be able to
acquire knowledge, reading comprehension, and interdisciplinary and interdisciplinary
abilities, and meanwhile, it helps increase students” understanding of the “abstract concept
of electronic circuits” in Vehicle Body Electrical System Comprehensive Maintenance and
Repair Services Practice. This study found the obstacles and difficulties that the students
encountered in the operation experience. To arouse students’ curiosity about VR games
through after-school tutoring, the operation process is as follows:

1. By letting students experience the situation in virtual space, their responses to light,
sound, and touch were stimulated, and their curiosity and learning enthusiasm for VR
games arose by using the exploration games and by giving them training in the situation
with systematic thinking.

2. By guiding students to explore themselves through VR game simulation in the
situation, their knowledge and skills were improved through the relevant knowledge of
detection tools, maintenance fields, industrial safety and so on provided in the game. It
also effectively trained the students’ patience and professional attitude in the workplace for
Vehicle Body Electrical System Comprehensive Maintenance and Repair Services Practice.

3. In the VR game simulation instructional strategy through situational case simulation,
maintenance tips through the games were provided to help students collect possible causes
of failure and equip students with the ability to judge, in which they shared and reviewed
the troubleshooting process with the team members.

4. After the course was over, we let the students in the control group and the ex-
perimental group have the situational experience of VR game simulation, and we let the
students in the experimental group and the teacher assist the students in the control group
to experience the situational experience of the VR game simulation. During the experi-
ence, it was found that the students in the experimental group and the students in the
control group can propose different solutions to the same failure case, and the two groups
of students can coordinate with each other about the knowledge and skills given by the
cooperation situation, which accelerates the understanding and familiarity of students in
the control group with VR game simulation.

5.2. Suggestions
5.2.1. Suggestions for the Implementation of Virtual Reality Simulation Games Integrating
into ZPD Instructional Strategies

A quasi-experimental design is adopted in this study, in which virtual reality sim-
ulation games are integrated into ZPD instructional strategies and students’ learning
effectiveness is investigated and evaluated through the instructional experiments to shape
students’ learning performance. The results of this study show that integrating virtual
reality simulation games into ZPD instructional strategies has a positive and significant
impact on students’ overall learning effectiveness. After referring to Table 23 “Statistical
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table of qualitative data common opinion about VR game simulation ZPD teaching strategy
implementation—coefficient of observation”, the suggestions are explained as follows:

1. Strengthen the practice of internet and VR equipment operation.

The theme of this research instructional curriculum is “Vehicle Body Electrical System
Comprehensive Maintenance and Repair Services Practice”, in which the curriculum
content is mainly based on basic instrument operation, vehicle charging system fault
diagnosis and detection, and the use of VR games in the situational mode to let students
experience the simulated vehicle fault diagnosis process and the process of troubleshooting.
However, operating VR games also requires time to adapt, the content of situational
integration is not as much as that of general subjects, and there are also limitations in the
description of life applications. Therefore, during classroom instruction time, students are
often allowed to use the time after class or club activities to become familiar with the VR
game environment and operation methods so that they can get started quickly.

2. Integrate interdisciplinary/cross-region issues into subjects, not limited to a sin-
gle theme.

This study recommends integrating interdisciplinary/cross-region issues into subject
content without limitation to a single theme in the process of integrating VR game simu-
lation into the implementation of ZPD instructional strategy and furthermore adding the
in-depth experience of VR situational applications. Because the cross-field topics can be
adjusted in accordance with the course theme, they are easier for teachers to use, and at the
same time, they help students learn even more effectively.

5.2.2. Suggestions for Future Research

1. Research methods:

This study is mainly based on quantitative analysis, supplemented by qualitative
feedback data induction, in which the student’s performance in the learning process
appears to be weakened. As a consequence, the research time in the future could be
extended, and the implementation of the course content could be extended. Through
various methods such as student learning process, teacher observation and classroom
video, the collection of students’ long-term course records, multidisciplinary feedback
across fields, and records of students’ learning experience and learning outcomes, from the
perspective of objectivity and diversity, mastering the integration of VR game simulation
into ZPD instructional strategy implementation affects the whole picture of learners. In
terms of data analysis, it is suggested that future researchers could add some VR-based
tools for qualitative analysis, such as the System Usability Scale (SUS) [107] or Simulator
Sickness Questionnaire (S5Q) [108], to make the whole study more diverse and enriching.

2. Research topic:

This research mainly focuses on the implementation of the ZPD instructional strategy
integrated into Vehicle Body Electrical System Comprehensive Maintenance and Repair
Services Practice. Related research on literacy teaching and assessment includes different
combinations of competence-oriented instructional assessment, reading literacy, indepen-
dent learning, learning history files, competence-oriented instructional flipped classrooms,
competence-oriented instructional and scaffolding learning, etc. It is hoped that in the
future, it will be possible to develop research topics for the implementation of VR game
situations into competence-oriented instruction in technical high school majors and practi-
cal courses.

3. Competence-oriented instructional strategies applied to distance teaching:

VR virtual conferences in both remote synchronous and asynchronous teaching have
been adopted. It will be a big challenge for skills-based senior high schools in practical
curricula. However, with VR virtual conferences, students can enter the virtual world
remotely at home where situational learning in line with the subject content of the course
is created through the virtual space, but the effectiveness of student learning has yet to
be tested. Integrating VR simulation games into competence-oriented instruction is quite
different from previous teaching that focused on knowledge content. Its emphasis is
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placed on considering the questions of car failure cases and maintenance logic and the
application of their learned knowledge and skills to solve fault cases and to clarify the
problems faced. Therefore, it is worth studying how to integrate VR game simulation
into competence-oriented instruction and apply it to the distance teaching of practical
curriculum in skills-based senior high schools. To cater to the new era of digital distance
learning, the research results can also be used for skills-based senior high school teachers
to understand and learn in the future.
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