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Abstract: This study applies the “Flow Theory” and the “Extended Technology Acceptance Model”
(ETAM) to examine the effectiveness of virtual reality (VR) immersive learning in vocational high
schools (VHS), focusing on hairdressing education. It investigates how ETAM influences students’
learning attitudes and the sustainability of vocational training. The research involved 1,190 students
from three VHS in Nantou and Changhua, Taiwan, who participated in “VR Basic Hairstyling
Design” and “VR Bridal Styling” courses. Data were analyzed using SPSS 22.0 and Smart PLS. Key
findings include: (1) ETAM’s path coefficients were significant, confirming its validity for VHS; (2)
Students’ “perceived usefulness” and “perceived ease of use” significantly impacted their “attitude
towards use” of VR learning; (3) “Flow experience” significantly influenced “attitude towards use”
and “behavioral intention”; (4) “Flow experience” partially mediated the relationship between
“perceived usefulness” and “attitude towards use.” These results highlight ETAM’s applicability in
VR hairdressing education and demonstrate that innovative VR teaching positively contributes to
the sustainable development of vocational beauty education.

Keywords: Extended Technology Acceptance Model; Flow Theory; Virtual Reality; Immersive
Learning; Sustainability

1. Introduction

1.1. Research Background and Motivation

In recent years, the application of virtual reality (VR) technology in the field of education has
become increasingly widespread, especially in technical and vocational education. VR can provide
students with a more immersive and interactive learning experience (Strzatkowski et al., 2024;
Kyrlitsias & Grigoriou, 2021). Currently, most studies focus on the application of VR in STEM
education or medical simulation training, while research in technical and vocational education,
especially hairdressing skills training, is still limited. This study is suitable to fill this gap.

Traditional hairdressing education relies on physical teaching and demonstration but is limited
by teaching resources, uneven learning opportunities, and accessibility of on-site operations. The
introduction of VR technology can provide students with a more flexible learning model, allowing
learners to practice repeatedly in a virtual environment, enhance their skill mastery, and reduce
resource consumption and operational risks in the learning process. This not only improves learning
efficiency but also meets the United Nations Sustainable Development Goals (SDGs) regarding
quality education (SDG 4), industrial innovation (SDG 9), and responsible consumption and
production (SDG 12).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Based on the “Flow Theory” and the “Extended Technology Acceptance Model (ETAM)”, this
study explores the learning behavior and attitude of higher vocational students in a VR immersive
learning environment and analyzes how VR technology can promote the sustainable development of
technical and vocational education, reduce the waste of learning resources, and enhance
environmental awareness, further filling the research gap in this field.

1.2. Research Objectives

1). To verify the effectiveness and feasibility of VR immersive learning in hairdressing courses
through the Extended Technology Acceptance Model (ETAM).
2). Explore how VR immersive learning affects students

a7 a7

perceived usefulness,” “perceived

ease of use,” “attitude towards us,” “flow experience,” and “behavioral intention.”
3). Analyze students’ learning feedback after participating in the course and explore how VR
learning can promote the sustainable development of VHS hairdressing innovation teaching, reduce

the waste of learning resources, and narrow the urban-rural gap.

2. Literature Review

In order to achieve the research objectives, the researchers read and analyzed domestic and
foreign academic journals, academic seminar articles, and relevant textbooks to establish the
theoretical basis for potential research variables. For the convenience of readers, this section is
divided into the following six parts: (1) Virtual Reality, (2) VR Technology and Sustainable
Development, (3) Application of Flow Theory, (4) the Evolution of Technology Acceptance Model
(TAM), (5) Improvement of Extended Technology Acceptance Model (ETAM), and (6) Combination
of VR and Immersive Learning.

2.1. Virtual Reality

Virtual reality (VR) changes the way people experience and interact with digital content. VR
technology uses computer simulation to create an immersive experience for users, making them feel
like they are in another virtual world. The virtual world is equipped with a hood and controllers that
allow them to interact with it (Marougkas et al., 2024; Kyrlitsias & Grigoriou, 2021). Jetter et al. (2020)
stated that VR designers can quickly experience the spaces and interactions they envision through
simulation technology.

Recently, simple wearable devices that can display images through mobile phones have become
quite affordable (Vive Post Wave, 2023); in particular, Smutny (2022) analyzed the development
trends of VR and found that VR has a wide range of applications in nature, medicine, art, and
education; therefore, the combination of wearable devices and VR has become the most popular
usage mode; and most applications are free. Mostajeran et al. (2023) designed a virtual natural
environment to explore people’s cognitive performance in VR contexts; they found that exposure to
the virtual environment significantly improved people’s cognitive performance, positive emotions,
and sense of presence compared to the control environment. Therefore, researchers are interested in
whether the application of VR technology in hairdressing skills training can achieve similar good
results and use this study to explore this issue.

2.2. VR Technology and Sustainable Development

In recent years, virtual reality (VR) technology has been seen not only as a tool to improve
learning efficiency but also as a solution to promote environmental sustainability. Current research
focuses on the STEM field and less on the application of VR in technical and vocational education
(such as hairdressing) (Bower et al., 2020; Mann et al., 2025; Zhang et al., 2025). This study fills this
gap. As the world pays more and more attention to the Sustainable Development Goals (SDGs), the
application of VR technology in education is gradually recognized as one of the important ways to
achieve sustainable environmental, social, and economic development. Especially in technical and
vocational education, VR technology can provide a more environmentally conscious teaching model
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and reduce dependence on physical resources. VR technology can significantly reduce the
consumption of physical resources in the education process. Traditional hairdressing teaching
usually requires a large number of disposable consumables such as wig models and accessories.
These materials are not only expensive but also often become waste after the teaching is over, which
puts a burden on the environment. Through VR technology, students can practice repeatedly in a
virtual environment and simulate various hair styling techniques without the need for physical
materials. This digital learning method not only reduces teaching costs, but also significantly reduces
resource waste, which is in line with the goals of SDG 12 (responsible consumption and production)
(Carbonell-Carrera & Saorin, 2017).

From a social sustainability perspective, VR technology can promote educational equity,
especially in remote areas with limited resources or among disadvantaged groups. Portable VR
devices are expensive, and traditional hairdressing teaching requires a large amount of equipment
and materials, which is a huge challenge for schools with limited resources. This study uses simple
VR glasses made of paper, which can greatly reduce the cost of VR equipment. Through VR
technology, students can use VR to repeatedly watch, learn and practice, which not only reduces
teaching costs, but also provides more high-quality learning for remote schools and disadvantaged
students. The popularization of this learning model can narrow the urban-rural education gap,
promote the equitable distribution of educational resources, and meet the goals of SDG 4 (quality
education).

2.3. Application of Flow Theory

Mihaly Csikszentmihalyi’s (1990) “Flow Theory” states that “flow” is a psychological state of
consciousness. During flow, people experience deep enjoyment, creativity, and total engagement.
This mesmerizing state is a person’s “optimal experience” (Zhang et al., 2025; Mann et al., 2025). Kim
and Ko (2019) studied the flow state and satisfaction of immersive VR sports experience; they found
that VR sports experience significantly affects the flow state and usage satisfaction of the experience.
Hsu and Lu (2004) found that users’ flow and immersion experience in VR increased their satisfaction
with certain high-tech related media content. In addition, some studies have shown that VR scenarios
can promote deeper immersive experiences, thereby improving creativity (Kim et al., 2019; Yang et
al.,, 2019). Huang et al. (2023) explored the use of VR to promote surfing learning. They found that
“flow theory” can effectively predict “usage attitude” and “behavioral intention” in learning surfing.
Through flow theory and VR applications, learners can better integrate into the learning situation,
reduce human interference, enjoy the fun of learning, and help improve learning outcomes. Based on
the above understanding, this study incorporated the potential variables of “flow theory” into the
traditional Davis TAM and constructed a novel ETAM to explore the VR immersive learning effect
of VHS students in the hair weaving skills course.

2.4. Evolution of the Technology Acceptance Model (TAM)

After Fred Davis (1989) proposed the Technology Acceptance Model (TAM), many researchers
used this model to explain the perception of product applications in different high-tech fields. The
four important variables in TAM include “perceived usefulness (PU)”, “perceived ease of use (PE)”,
“attitude toward use (ATU)”, and “behavioral intention to use (BI)” (Scovell, 2022; Shaqrah, &
Almars, 2022). Over the past three decades, TAM has been widely used to assess the effectiveness of
information systems in corporate environments, e-commerce, social media, healthcare, and

educational institutions. Figure 1 shows the theoretical framework of TAM.
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Figure 1. Davis (1989) technology acceptance model.

With the rapid development of science and technology today, digitalization has also rapidly
penetrated into people’s lives. Silva (2015) pointed out that TAM is the most influential theoretical
model in the study of high-tech product acceptance and has been empirically proven to have good
effectiveness. TAM can predict whether learners will accept and use high-tech products and apply
them. Based on Davis” TAM (1989), the researchers of this project compiled the definitions of
variables at different levels of TAM, as shown in Table 1.

Table 1. The significance of each variable in the Davis technology acceptance model.

Technology Acceptance

Model Variables Definition and description

PE refers to users’ perception of the difficulty of using new technology.
Perceived ease of use (PE) There is a positive correlation between whether a new technology system
is easy to use and its attitude towards use.

PU refers to the user’s acceptance, usage, and subjective possibility of
technology. The perception of whether the system is functional is
positively correlated with usage attitude and is also influenced by
perceived ease of use and external influence.

Perceived Usefulness (PU)

ATU refers to the user’s attitude towards information use; usage attitude is

Attitude To Use (ATU
itude To Use ( ) influenced by perceived usefulness and perceived positiveness.

Actual system usage refers to the actual actions taken by users after being

Actual system use
Y influenced by previous variables.

External variables PE and PU can be affected by external variables.
Source: Davis, F (1989).

2.5. Improvements to the Extended Technology Acceptance Model (ETAM)

From the literature review in the previous section, we know that the Technology Acceptance
Model (TAM) proposed by Fred Davis (1989) has a history of thirty years. Its original structure has
been proven to have some shortcomings and needs further modification before it can be
appropriately used (Stergioua et al., 2023; Venkatesh et al., 2000; Purwanto et al., 2020). Many
researchers believe that TAM should be modified according to the needs of the research field and a
suitable new model should be developed. Some researchers have made some improvements; for
example, Zhang et al. (2022) added the “perceived fun” variable to further explore the “usage
intention” of adopting high-tech products. In addition, Ahmad et al. (2023) added variables such as
“personal innovation in the IT field,” “perceived fun,” and “perceived cyber risk” to explore
immersive learning in higher education courses; this research results in all indicate that their research
achieved quite good results.
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Although the “flow theory” mentioned in the previous section is usually used to describe the
satisfaction and pleasure that users feel when using high-tech products while immersed in the
situation (Csikszentmihalyi, 1990; Huang et al., 2023); however, the researchers of this project suspect
that the personal experience of high-tech products may only be highly correlated with the “flow
theory”. Unfortunately, to date, there are still very few scholars conducting research on the “flow
theory”, and the research reports that can serve as evidence are quite limited. This study focuses on
strengthening the integration logic of “flow theory” and “ETAM”; we chose this extended model
instead of other theoretical frameworks (such as UTAUT2). The main argument is that previous
studies extracted “flow theory” and added the “hedonic” variable to expand the dimension of TAM
to pursue a life attitude of happiness and satisfaction (Kim & Ko, 2019); and these studies found that
using “flow theory” to expand TAM can more effectively improve the explanatory power of “usage
attitude” and “usage behavior intention”. In addition, Huang et al. (2023) found that expanding TAM
with the “flow theory” can significantly reduce external interference and external interference of
users in the VR learning experience process; it also allows experimental participants to enjoy better
fun. Obviously, these studies have confirmed that expanding the traditional TAM with the “flow
theory” and applying it to learning different types of technology products can effectively improve
learners’ interest and effectiveness.

2.6. Combination of VR and Immersive Learning

The method of using virtual reality (VR) in conjunction with technology teaching is to allow
students to learn only through VR technology components without being exposed to real situations,
or even exploring related knowledge through actions (Guan et al., 2022). With the rapid development
of science and technology, the demand for technological elements in VHS courses is becoming
increasingly urgent. Many studies have shown that VHS technology courses improve the quality of
innovation by integrating technological elements (Chen et al., 2019; Xu, 2017; Li, 2015). Among them,
the fashionable hair braiding course covers a wide range of techniques. It has the innovative feature
of combining with VR as the basis for immersive learning (Liao et al., 2023; Cheng & Tsai, 2020; Chen,
2020; Xue et al., 2016). The researchers of this project designed an immersive learning package using
the VR concept, allowing students to observe from multiple angles, practice repeatedly, and receive
instant feedback in a simulated hairdressing learning environment, to explore whether VR-based
immersive learning can achieve similar results to previous studies conducted in academia.

3. Research Methods

This study mainly uses quantitative statistical methods to process data. Therefore, SPSS 22.0 and
Smart PLS were selected to conduct statistical analysis on the paths and regression coefficients
between latent variables. However, due to the lack of model fitting function in SPSS, this study used
Smart PLS for quantitative analysis in the application of statistical software to verify the validity and
appropriateness of the theoretical model of research hypotheses constructed in this study. In addition,
in order to compensate for the shortcomings of quantitative research analysis, qualitative interviews
were also conducted to understand the opinions and suggestions of students after participating in
this research course.

3.1. Research Sample

This study selected VHS students from three vocational high schools in central Taiwan from
April to October 2024 to participate in this weaving VR integration course. Before selecting three
vocational high schools, this study first considered whether the sampling of these three schools was
sufficient and reasonable in terms of the heterogeneity of student backgrounds and the
representativeness of the parent group. The three vocational high schools we selected belong to the
engineering, business, and service disciplines, respectively. According to statistics from the Ministry
of Education of Taiwan, engineering, business, and service disciplines account for 80% of the
disciplines in vocational schools. Therefore, the three vocational high schools selected in this study
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are sufficient to represent the disciplines of Taiwan’s major vocational schools and are fully
representative of the parent group. The time required for the subjects to participate in this teaching
experiment is 120 min. All study participants obtained informed consent from their school tutors and
family guardians, and the study was approved by the Academic Ethics Committee of the university
where the author serves.

3.2. Research Hypothesis

In order to achieve the research purpose, VR-integrated teaching was successfully implemented
in the hairdressing course of vocational high school. This study adopted a modified TAM theoretical
framework and integrated VR immersive learning into the hair design course of vocational high
schools for the following reasons: We believe that before choosing the TAM model, we must carefully
criticize the TAM model theory, especially to understand its limitations and assumptions. Huang et
al. (2023) pointed out that although the Technology Acceptance Model (TAM) has a powerful
framework, its emphasis on “perceived usefulness” and “ease of use” simplifies the multifaceted
nature of learning in VR environments. Based on the review of the relevant literature in the previous
section and the need to achieve the purpose of this study, we believe that adding the “flow theory”
variable to the “research hypothesis theoretical model” and then constructing a VR immersive skills
teaching course will be able to make up for the shortcomings of the traditional TAM. In summary,
the “Enhensive Technology Acceptance Model: ETAM” proposed in this study aims to guide the
implementation of VR immersive teaching in VHS students’ hairdressing courses; and after the
teaching experiment, the effectiveness and feasibility of ETAM were verified. Among them, the
“hypothesis theory model type” framework of ETAM proposed in this study includes five potential
variables, including “perceived usefulness, ” *“user attitude,” “behavioral
intention,” and “flow,” as shown in Figure 2.

”ou

perceived ease of use,

Attitudes Towards Using

Perceived Usefulness

Behavior Intention

Perceived Ease of Use

Figure 2. The framework of the “ETAM hypothesis theoretical model” proposed in this study.

Based on the above ETAM “hypothetical theoretical model” framework, this study used VR
immersive learning in the hair braiding course to explore the participants’ reactions. To verify this
“hypothesis theory model” research framework, this study proposes the following null hypotheses:

Hi: The “perceived usefulness” of VHS students participating in VR immersive learning in the
braiding course has no positive impact on the “attitude towards use” of this new technology.

Hoz: For VHS students who participate in VR immersive learning in the braiding course, their
“perceived ease of use” has no positive impact on their “attitude toward the use” of this new
technology.
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Hs: For VHS students who participated in the VR immersive learning of the hair braiding course,
their “perceived usefulness” does not support the “flow theory” variable of the VR immersive
learning of the hair braiding course.

Ha: For VHS students who participated in the VR immersive learning of hair braiding course,
“perceived ease of use” does not support the “process theory” variable of the VR immersive learning
of hair braiding course.

Hs: For VHS students who participated in the VR immersive braiding course, the “flow theory”
variable had no significant effect on the “attitude towards use” of the VR immersive braiding course.

He: For VHS students who participated in the VR immersive learning of the hair braiding course,
the “flow theory” variable had no significant effect on the “behavioral intention” of the VR immersive
learning of the hair braiding course.

Hr: The “usage attitude” of VHS students participating in VR immersive learning of hair
braiding courses will not significantly affect the “behavioral intention” of VR immersive learning.

Hs: For VHS students who participated in VR immersive learning of hair braiding courses, “flow
theory” has no mediating effect on the relationship between “perceived ease of use” and “attitude
towards use”.

Ho: For VHS students who participated in VR immersive learning of hair braiding courses, “flow
theory” had no mediating effect on the relationship between “perceived usefulness” and “attitude
towards use”.

Hio: For VHS students who participated in VR immersive learning of hair braiding courses,
“attitude towards use” had no mediating effect on the relationship between “flow theory” and
“behavioral intention”.

3.3. VR Weaving Teaching Experience Process

Based on the research purpose, this study adopted a purposive sampling method to collect data
from 1,190 VHS students from three vocational high schools in central Taiwan who participated in
the “VR Immersive Learning Hair Braiding Course” from April to October 2024; then, a questionnaire
survey was conducted after the course to collect students’” feedback on virtual reality design learning.
This research institute uses the lesson plan preparation process of “VR Immersive Learning Course
Compilation” as shown in Figure 3. The research tools were compiled by our institute and reviewed
and revised by three professors from relevant departments of science and education in China.
Therefore, these tools have good expert validity.

VR Basic
Braiding 2

VR
Braiding 1

Consultation Basic

Hall

Scenario 1 Scenario 2

VR Hairstyle 2 VR Hairstyle 1

Figure 3. The lesson plan preparation process of the VR Immersive Learning Hair Braiding Course
used in this research institute.

The “VR Basic Braiding Area” used in this research course uses 3C smartphones and “AR2VR
Guide Mirror” to conduct Vu3R basic braiding learning experience; the “VR Bridal Style Braiding
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Area” uses 3C smartphones and “AR2VR Guide Mirror” to conduct VR bridal hairstyle learning
experience. After the study, students will complete a “hair braiding imitation work” within 120 min
(including VR immersive learning time for the braiding course). When students experience practice,
they can constantly repeat the experience of learning and can repeatedly correct their practice.
Photographic equipment is installed in each classroom area to record the entire process of students’
participation in the learning experience, so as to verify the deficiencies of relevant discussion
variables later.

3.4. VR Weaving Learning Experience Content

The research design of the “VR Immersive Learning Hair Braiding Course” adopted in this study
is as follows. First, the teaching video in the VR Elite Braiding Area introduces basic braiding
techniques, including two-strand braids, three-strand braids, four-strand braids, back-combing
techniques, and wire-drawing techniques. Secondly, the teaching video of the VR bridal braiding area
incorporates basic braiding techniques to guide students” aesthetic and creative design concepts, and
to design and braid romantic hairstyles suitable for bridal styling.

3.5. Purchase VR Equipment

This study used AR2VR software purchased from Taiwan’s Atfa Interactive Technology
(AV2VR) company. The VR headset used in the study was purchased from Taiwan’s online market
“Shopee”. Its main specifications are: pupil distance: 58-75mm, focal length: 53.3mm; field of view
angle is 120 degrees; each cardboard VR headset is sold for approximately NT$99. Figure 4 shows the
AR2VR navigation goggles device (used with a mobile phone) used in this study.

Figure 4. The AR2VR navigation goggles device used in this study.

3.6. VR learning Materials Development

Before conducting the VR learning experience, this study followed the principles of compiling
digital manuals, courses, and teaching materials to compile materials for the VR teaching experience.
The development process of VR learning materials is as follows: First, the researchers shot 360-degree
panoramic videos of “basic braiding” and “bridal braiding” in 360-degree full-view mode; second,
the researchers used AR2VR software purchased from Atfa Interactive Technology in Taiwan for
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post-production and constructed teaching materials for the VR immersive learning experience of the
braiding course; finally, this teaching material was reviewed and approved by three domestic
educational scholars and experts; therefore, this VR learning course has a certain level of expert
validity.

3.7. VR Immersive Learning Process

The detailed VR immersive learning process of the hair braiding course in this study is as follows:
First, each participant uses the AR2VR guide goggles and 3C smartphones to provide VR learning
experience; second, students can rotate 360 degrees to view the teaching materials, simulate learning
and practice operations according to their own exploration needs. Since the AR2VR guide mirror
device is simple and affordable, VHS students can quickly participate in the course learning of this
research project and complete the experiential learning of “Basic Hair Braiding” and “Bridal Hair
Braiding”.

3.8. Questionnaire Development-Reliability and Validity

In order to achieve the purpose of the study, the researchers compiled a questionnaire to collect
participants’ responses on attitudes, opinions, and suggestions after completing the VR immersive
weaving course. The questionnaire for this study was prepared with reference to the research results
completed by the following researchers; including “Surfing in Virtual Reality: An Application of the
Extended Technology Acceptance Model of Flow Theory”, “Exploring the Drivers of Social Media
Marketing of Islamic Banks in Malaysia— Analysis through Smart Analytics” and “Using TAM and
Flow Theory to Explore Consumer Acceptance of E-Marketing” (Huang et al., 2023; Thaker et al.,
2021; Purwanto et al., 2020), mainly for reference at the level of questionnaire construction on flow.

The data collected by this questionnaire survey includes two parts: one is “basic information”,
including gender, age, completed projects, previous experience in VR immersive learning, etc.; the
other is “questionnaire content” including five important research aspects: “perceived usefulness”,
“perceived ease of use”, “usage attitude”, “flow theory”, and “behavioral intention”. Each question
in the questionnaire was collected using a 7-point Likert scale; the range was (1) “strongly disagree”,
(2) “disagree”, (3) “somewhat disagree”, (4) “neutral”, (5) “somewhat agree”, (6) “agree” and (7)
“strongly agree”. After the first draft of the questionnaire was completed, 30 vocational high school
students were randomly selected for a pilot study. The results were then submitted to the SPSS
Reliability software for a “Split-Half Reliability” test, and the reliability coefficient value was 0.91. In
addition, this research institute will use the questionnaire and invite three professors in the domestic

education field to review and revise it. Therefore, it has good expert validity.
4. Analysis and discussion of research results

4.1. ETAM Measurement

This study used confirmatory factor analysis (CFA) to examine the convergent and discriminant
validity of the seven latent variables of the ETAM. In this study, “perceived ease of use” and
“perceived usefulness” still exist as independent latent variables in ETAM, and “flow theory” is
added as a new latent variable to develop ETAM. This study used Smart PLS, executed the Bootstrap
algorithm 5,000 times, and achieved statistical significance at p*< 0.05. It also used CFA, average
variance extracted (AVE) and other evaluation criteria to verify the hypothesized research model and
analyze the path coefficients and causal relationships between these potential variables.

4.2. Confirmatory Factor Analysis (CFA)

During the initial analysis phase, this study conducted a convergent validity test. In this
investigation, item loading, “average variance extracted (AVE)” and “composite reliability (CR)”
were analyzed to verify the hypothesized theoretical model. The hypothesized theoretical model has
three independent variables (perceived ease of use, perceived usefulness, and usage attitude) and
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one dependent variable (behavioral intention). Each latent variable contains four indicators. Only the
“Flow Theory” variable contains five indicators.

The preliminary analysis results of the ETAM model fitting showed that the AVE of “flow theory”
was 0.5, and its factor loadings were all above 0.6. This result already reaches the suggested value for
the contribution of important “latent structure” to be explored. Hair Jr et al. (2009) suggested that
AVE must exceed a threshold of 0.5 to be accepted. In pursuit of optimization, this study further
revised and deleted the indicators with lower factor loadings corresponding to the “latent constructs”
to establish the best hypothesized theoretical model. After correction and adjustment, the average
variance extracted (AVE) for each final latent variable in the hypothesized theoretical model ranged
from 0.57 to 0.81. Therefore, the hypothesized theoretical model was validated.

In addition, this study also examined the CR (comprehensive reliability) values of each
important “latent construct” variable of the theoretical model, ranging from 0.78 to 0.94. Therefore,
the hypothesized theoretical model of this study is consistent with the recommendations of an
appropriate theoretical model (Hair Jr. et al., 2009). The analysis results are shown in Table 2.

Table 2. Confirmatory factor analysis (CFA).

Variable Factor loading Cronbacha CR  AVE
1. Perceived ease of use (PE)
E1-”VR Immersive Learning for High School Hair Braiding 0.58

Course” is simple and easy to learn and master.
E2-”VR Immersive Learning for High School Hair Braiding

Course” made me feel that the practical course is not 0.78
difficult.
E3-”VR Immersive Learning of High School Hair Braiding
P . . . 0.77 0.85 0.60
Course” gave a good understanding of the basic theoretical 0.83

courses of braiding.

E4-”VR Immersive Learning for High School Braiding

Course” made me feel that it was easy to master basic

braiding techniques. Through the “VR Immersive Learning 0.86
of High School Braiding Course”, I have a good
understanding of the basic theoretical courses of braiding.
2. 2.Perceived Usefulness (PU)

Ul- Using the VR Immersive Learning for High School Hair 0.81
Braiding Course will make me more aware of the purpose of '

learning and how to apply it in the future.

U2- “VR Immersive Learning of High School Hair Braiding

Course” effectively stimulated my interest and motivation in 0.86

learning. 0.92 0.88 0.74
U3- Using VR Immersive Learning for High School Hair

Braiding Course allows me to share practical results directly 0.89

with my classmates.

U4-"VR Immersive Learning for High School Hair Braiding

Course” will allow me to fully utilize my hair braiding 0.87

expertise in the future workplace.

3.  Flow Theory (FLOW)

F1- Using “High School Hair Braiding Course VR Immersive
Learning” to experience technology exploration and learning
is as satisfying and fulfilling as upgrading digital games. 0.86 0.78 0.57
F2-”VR Immersive Learning of High School Hair Braiding

Course” made me feel like I traveled to a different world, .70

0.73

underwent special training, and acquired special skills.


https://doi.org/10.20944/preprints202502.2022.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2025 d0i:10.20944/preprints202502.2022.v1

11

F3-”VR Immersive Learning for High School Hair Braiding

Course” made me forget that I was taking a technical 76
practice class.

F4- Using VR Immersive Learning for High School Hair

Braiding Course, I found that you can focus more than in 70
traditional technology courses.

F5- Using VR Immersive Learning for High School Hair

Braiding Course allowed me to focus on exploration and .73
research in my technical courses.

Source: This study compiled.

After completing the convergent validity test, the next step is to check the “discriminant
validity”. All latent variables in this study showed satisfactory discriminant validity (Fornell &
Larcker, 1981). To determine whether the hypothesized theoretical model proposed in this study has
good “discriminant validity”, the criterion is that the AVE root value (AVE square root) of each
“latent variable” must be higher than the correlation coefficient between all other variables (Chang,
2021). In Table 3, this study verifies that the square root of the AVE of each “latent variable” in the
research theoretical model is higher than the correlation coefficient between “all other variables” and
the “latent variable”. The test results are sufficient to prove that the hypothesized theoretical model
proposed in this study has good “discriminant validity”.

Table 3. Correlation between the mean variance of the latent variables. and the average variance
extracted (AVE) in this study

ATU BI FLOW PE PU
ATU 0.898
BI 0.310 0.751
FLOW 0.364 0.290 0.754
PE 0.394 0.323 0.752 0.772
PU 0.372 0.233 0.496 0.572 0.860

Source: This study compiled.

4.4. Structural Equation Model Evaluation

This study used SPSS to calculate path coefficients (3 values), t-values, and R? to test the
significance and explanatory power of potential variables. Table 4 shows the path coefficients, f-
values, and R? of the hypothesized theoretical model. These research findings are discussed below:

“Perceived usefulness” (PU) was selected as the independent variable, and “flow theory”
(FLOW) of VR immersive learning was selected as the dependent variable. The path between them
has reached a significant level (= 0.59, t =3.50**, p < 0.01). “Perceived ease of use” (PE) was selected
as the independent variable, and “flow theory” (FLOW) of VR immersive learning was selected as
the dependent variable. The path between them has reached a significant level (3 = 0.77, t =29.28***,
p < 0.001). Selecting “perceived usefulness” (PU) as the independent variable and “attitude toward
use” (ATU) of VR immersive learning as the dependent variable, the path between them has reached
a significant level (3 = 0.43, t =5.68***, p <.001). “Perceived ease of use” (PE) was selected as the
independent variable, and “attitude toward use” (ATU) of VR immersive learning was selected as
the dependent variable. The path between them reached a significant level (p =0.40, t =3.65* **, p<.001).
The “flow theory” (FLOW) of VR immersive learning was selected as the independent variable, and
the “attitude toward use” (ATU) of VR immersive learning was selected as the dependent variable.
The path between them has reached a significant level (§ = 0.34, t =2.59%, p<.05). Taking the “flow
theory” (FLOW) of VR immersive learning as the independent variable and the “behavioral intention”
(BI) of VR immersive learning as the dependent variable, the path between them has reached a
significant level (3 = 0.31, ¢ =6.05***, p<.001). Taking the “attitude toward use” (ATU) of VR immersive
learning as the independent variable and the “behavioral intention” (BI) of VR immersive learning
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as the dependent variable, the path between the two has reached a significant level (=0.38, t =6.70***,
p<.001).

In the hypothesized theoretical model proposed in this study, all seven paths between the five
“latent variables” reached statistical significance. Therefore, Hi1 to Hz proposed in this study are all
supported. Figure 2 shows the analysis results of the hypothesized theoretical model.

Table 4. Regression path coefficient analysis between potential variables in the theoretical model
hypothesized in this study

Relationship R2 Standard t-value Decision

Between Variables P Error Making
H: PU—ATU 0.14 0.43 0.03 5.68*** PASS
H: PE—ATU 0.15 0.40 0.03 3.65%** PASS
Hs PU—-FLOW 0.24 0.59 0.03 3.50** PASS
Ha PE—-FLOW 0.52 0.77 0.02 29.28*** PASS
Hs FLOW—ATU 0.13 0.34 0.03 2.59* PASS
He FLOW—BI 0.07 0.31 0.03 6.05%** PASS
Hy ATU—BI 0.09 0.38 0.03 6.70*** PASS

Note: *p<.05, **p<.01, **p<.001 Source: This study.

4.5. Verification of Mediation Effect

The mediation effect refers to the process by which the independent variable (X) affects the
dependent variable (Y) through the mediating variable (M). In this study, the mediating variables
may be “attitude towards use (ATU)” and “flow theory (FLOW)”, while the independent variables
and dependent variables are “perceived usefulness (PU)”, “perceived ease of use (PE)” and
“behavioral intention (BI)”, respectively. In quantitative research, the mediation effect is to explore
the mediating effect that may be produced on the path between the original independent variable (X)
and the dependent variable (Y) through the mediating variable (M) (Zhang Shaoxun, 2021).
According to the analysis of structural equation model (SEM), the steps to determine the mediation
effect usually include: Direct effect: the direct influence of the independent variable on the dependent
variable. Indirect effect: The indirect influence of the independent variable on the dependent variable
through the mediating variable. Total effect: The sum of direct and indirect effects. The study by Hair,
Hult, Ringle, and Sarstedt (2019) pointed out that the indirect effect can be reasonably analyzed using
the Variance Accounted For (VAF) formula, that is, the ratio of VAF =indirect effect/total effect, which
can be used to judge the mediation effect: when VAF>80%, it is full mediation; when VAF is between
20-80%, it is partial mediation; and when VAF<20%, there is no mediation effect.

The path coefficient analysis of this study is shown in Figure 5, which can determine the
mediating effect between the following variables:

(1) “Perceived ease of use (PE)” —“Flow theory (FLOW)” —“Attitude towards use (ATU)”

This study obtained the (3 values of “perceived ease of use (PE)”, “attitude towards use (ATU)”
and “flow theory (FLOW)” by executing PLS Algorithm: 0.40, 0.77 and 0.34 respectively. The data of
this study was calculated based on this formula, and VAF = 0.34¥0.77/ (0.34*0.77+0.40) = 0.40= 40%;
this means that in the above path, “flow theory (FLOW)” has a “partial mediation” effect between
“perceived ease of use (PE)” and “attitude towards use (ATU)”. This means that the immersion of
VR learning is more important than “perceived usefulness (PU)”.

(2) “Perceived Usefulness (PU)” —“Flow Theory (FLOW)” —“Attitude of Use (ATU)”

This study obtained the ( values of “perceived usefulness (PU)”, “flow theory (FLOW)” and
“attitude towards use (ATU)” by executing PLS Algorithm: 0.43, 0.59 and 0.34 respectively. The data
of this study was calculated based on this formula, and VAF = 0.59*0.34/ (0.59%0.34+0.43) = 0.32=32%;
this means that in the above path, “flow theory (FLOW)” has a “partial mediation” effect between
“perceived usefulness (PU)” and “attitude towards use (ATU)”. This means that the immersiveness
of VR learning is more important than “perceptual ease of use (PE)”.

(3) “Flow Theory (FLOW)” —“Attitude of Use (ATU)” —“Behavioral Intention (BI)”

d0i:10.20944/preprints202502.2022.v1
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This study obtained the 3 values of “Attitude towards Use (ATU)”, “Flow Theory (FLOW)” and
“Behavioral Intention (BI)” by executing PLS Algorithm: 0.34, 0.38, 0.31 respectively. The data of this
study was calculated based on this formula, and VAF = 0.34*0.38/ (0.34¥0.38+0.31) = 0.29= 29%; this
means that in the above path, “Attitude towards Use (ATU)” has a “partial mediation” effect between
“Flow Theory (FLOW)” and “Behavioral Intention (BI)”. This means that the immersiveness of VR
learning is more important than both “perceived ease of use (PE)” and “perceived usefulness (PU)".

ATU1 ATU2 ATU3
S 38.499 ATU
88.508 87.651\ 99.016 96.311

51.28
u2

71.84 0.43
. - 0.38 43.112 Bl

0.59
2.906
ve 41.624 B2
0.40
B3
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51.642
B4
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6.3
£3 44.278 38.558

39.618 _/43.961 36.57

85.697

Es F1 E2 F3 = =

Figure 5. Verification results of the theoretical model of this study. Source: This study compiled
5. Research Findings

5.1. Quantitative Research Findings

This study examined the applicability of the Extended Technology Acceptance Model (ETAM)
in VR hairdressing courses through confirmatory factor analysis (CFA) and structural equation
modeling (SEM), and further explored the influence of mediating variables.

1). “Perceived ease of use” affects “usage attitude” through “flow theory”

(1) This study found that “perceived ease of use” affects “flow theory”, and “flow theory”
further affects “attitude towards use”. This means that students can more easily enter the “flow” state
in innovative teaching situations in virtual reality. (2) The calculated VAF value is 40%, indicating
that the “flow theory” has a partial mediating effect between “perceived ease of use” and “usage
attitude”. (3) In addition, this research result shows that the immersive experience of VR technology
can enhance students’ learning engagement, thereby affecting their enthusiasm for participating in
courses.

2). “Perceived usefulness” affects “Attitude to Use” (ATU) through “Flow Theory”

(1) “Perceived ease of use” affects “flow theory”, and “flow theory” further affects “usage
attitude”.

(2) The calculated VAF value is 32%, indicating that “usage attitude” also has a “partial
mediation” effect between “perceived usefulness” and “usage attitude”. This means that the
immersion of VR learning is more important than “perceived usefulness (PU)”. (3) In addition, the
results of this study show that when students believe that the VR hairdressing course has practical
value, if they have the opportunity to further participate in the immersive learning experience of this
VR technology, they will be more inclined to view the technology positively and be willing to
participate in learning.

3). “Flow Theory” affects “Behavioral Intention” (BI) through “Usage Attitude”

(1) “Flow theory” affects “usage attitude”, and “usage attitude” further affects “behavioral
intention”.
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(2) The calculated VAF value is 29%, indicating that “usage attitude” has a “partial mediation”
effect between “flow theory” and “behavioral intention”. This means that the immersiveness of VR
learning is more important than both “perceived ease of use (PE)” and “perceived usefulness (PU)”.
(3) In addition, this research result shows that if students can experience a high degree of immersion
in VR courses, they will be more inclined to accept and use this technology in future learning or work
environments.

4). VR technology can enhance the learning experience

(1) The research results show that the “flow theory” plays a key role among different variables,
which proves that the immersive feeling of VR technology can effectively influence “learning attitude”
and “behavioral intention”. This means that students can more easily enter the “flow” state in
innovative teaching situations in virtual reality. (2) The above research findings are consistent with
the results of Huang et al. (2023) on VR surfing learning experience, but differ in the influence of flow
experience on learning attitude. Specifically speaking, virtual reality creates innovative teaching
scenarios, which do have good practical application value in the field of vocational education.

5). The complementarity between VR teaching and traditional teaching

(1) The results of the interviews with students in this study showed that VR teaching can
stimulate creative thinking and increase learning participation, while traditional demonstration
teaching is relatively more conducive to cultivating students’ fine skills and standardized operating
procedures.

(2) The above research findings mean that future vocational education should consider
combining VR technology with traditional teaching; in this way, a more complete learning model can
be formed.

6). Application prospects of VR in vocational education

(1) Since VR technology can reduce learning costs, increase practice opportunities, and overcome
the venue and resource limitations of traditional teaching, it is particularly suitable for rural schools
with limited resources or technical and vocational education institutions.

(2) The results of this study support the feasibility of applying VR technology to vocational
education and provide a good empirical basis for future technical curriculum design.

5.2. Qualitative Interviews and Discussions

In addition to verifying the effectiveness of the Extended Technology Acceptance Model (ETAM)
in VR immersive learning through quantitative analysis, this study also randomly selected 30
students for post-class qualitative interviews to compensate for the shortcomings of quantitative
research and gain a deeper understanding of their feedback and experience after VR immersive
learning. The interview results show that there are obvious differences in learning effects between
traditional demonstration teaching and VR integrated teaching; and these differences are closely
related to educational innovation and resource conservation in the Sustainable Development Goals
(SDGs).

1). VR teaching stimulates creative thinking and sustainable learning

Students generally believe that VR teaching stimulates their creative thinking tendencies,
especially in the hair design process. Through immersive multi-angle observation and real-time
simulation operations, students can try innovative designs more freely, which echoes the “quality
education” (SDG 4) and “industrial innovation” (SDG 9) in the Sustainable Development Goals. VR
technology not only provides a more interactive learning environment, but also reduces dependence
on physical teaching resources, which is in line with the goal of “responsible consumption and
production” (SDG 12). Students can practice repeatedly in a virtual environment without consuming
a large number of disposable consumables such as wig models and accessories, thereby reducing
teaching costs and reducing waste of resources.

2). Complementarity between VR teaching and traditional teaching

The qualitative interview results also showed that the high interactivity and fun of VR may
weaken students’ pickyness about details; for example, the accuracy and stability of braiding
techniques. These findings are consistent with those of Huang et al. (2023). In contrast, traditional
lecture-based teaching emphasizes standardized procedures and fine technical details, which is more
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conducive to students constructing sophisticated technical details. This sharp contrast reveals the
complementary characteristics of the two teaching modes: that is, VR teaching is good at promoting
creativity and engagement, while traditional lecture-based teaching is more conducive to cultivating
rigor and critical thinking. This complementarity has important implications for achieving the
Sustainable Development Goal of “quality education” (SDG 4). Future research should explore how
to combine these two teaching models to create the best teaching model that balances creative
learning and skill accuracy, and further improve students” overall learning outcomes. For example,
more technical details of traditional lecture-based teaching can be incorporated into VR teaching; or
VR’s creative stimulating elements can be introduced into traditional lecture-based teaching; if
vocational schools can adopt this type of operation, it will be possible for higher vocational schools
to promote the sustainable development of virtual reality-based innovative teaching.

3). VR technology reduces waste of resources and promotes fairness in education

In the qualitative interviews, students also mentioned the portability and low cost of VR
technology, which reduces resource waste, and felt that it has the potential for wide application in
rural schools with limited resources. This study used simple VR glasses made of paper, which greatly
reduced the cost of VR equipment; this is an important advantage for remote schools with limited
resources. Through VR technology, students can repeatedly watch and learn related techniques,
which not only reduces teaching costs, but also provides more high-quality learning opportunities
for remote schools and disadvantaged students. The popularization of this learning model can
narrow the urban-rural education gap, promote the equitable distribution of educational resources,
and further achieve the “quality education” in the Sustainable Development Goals (SDG 4).

In summary, VR immersive learning can not only stimulate students’ creative thinking, but also
effectively reduce the consumption of teaching resources, which is in line with many indicators of
the Sustainable Development Goals. However, the complementarity between VR teaching and
traditional teaching also shows that future teaching models should combine the advantages of both
to create a more sustainable teaching method. This will not only improve learning outcomes, but also
further promote innovation and resource conservation in the field of education and achieve the long-
term goal of sustainable development.

6. Research conclusions, research limitations and further research suggestions

6.1. Conclusion

Based on the “flow theory” and the “Extended Technology Acceptance Model (ETAM)”, this
study explores the application effectiveness of VR immersive learning in higher vocational
hairdressing courses. Through purposive sampling, 1,190 students from three vocational high schools
in central Taiwan were selected to participate in the VR hair braiding course. SPSS 22.0 and Smart
PLS software were used for data analysis, and the following conclusions were obtained:

1). ETAM model validation: The five potential variables and seven paths of the “hypothesized
theoretical model” proposed in this study all reached statistical significance, proving that the model
can effectively explain students’ acceptance and behavioral intentions of VR learning.

2). The influence of “perceived ease of use” and “perceived usefulness” is clear: students’
“perceived ease of use” and “perceived usefulness” of VR courses significantly affect their “attitude
towards use”, thereby increasing their acceptance of this learning model.

3). The impact of the “flow” experience is quite significant: The “flow experience” that
students experience in VR courses has a significant positive impact on both “usage attitude” and
“behavioral intention”, indicating that a high sense of immersion can enhance learning engagement
and future usage intention.

4). The “mediating effect” was verified: (1) “Flow theory” has a partial mediating effect
between “perceived ease of use” and “usage attitude”; (2) “Flow theory” has a partial mediating
effect between “perceived usefulness” and “usage attitude”; (3) “Usage attitude” has a partial
mediating effect between “flow theory” and “behavioral intention”.

5). The application value of VR technology has been recognized: VR technology not only
reduces the waste of resources; the ETAM model revealed in this study has completed practical
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verification and proved its feasibility; it can provide a reference for the curriculum design of various
subjects in vocational schools; in addition, VR technology can enhance learning interest and
concentration, reduce dependence on physical equipment, promote sustainable development, and
contribute to the innovation and sustainable development of vocational education and teaching
models.

6.2. Research Limitations and Suggestions for Further Research

The results of this study show that VR immersive learning has a positive impact on the “learning
attitude” and “behavioral intention” of higher vocational students; and has the potential to enhance
the effectiveness of vocational education and promote sustainable development. This study only
surveyed students from three vocational high schools in Nantou County and Changhua County,
Taiwan, and its findings may not be directly applicable to students from other regions or with
different educational backgrounds. In addition, this study used a Likert scale to collect data, which
cannot fully reflect students” true emotions and detailed learning experiences in a VR environment,
and has the research limitations of “limited sample range” and “questionnaire survey limitations”.

Future researchers can further improve the effectiveness and feasibility of applying VR to
technical and vocational education through technological innovation and adjustment of teaching
models. For example, the research scope can be expanded to other vocational disciplines or higher
education institutions, and cross-cultural comparisons can be conducted to verify the applicability of
the ETAM model. In addition, the complementarity between VR teaching and traditional lecture-
based teaching can be further explored, and a hybrid learning model can be designed to enhance the
overall effectiveness of technical and vocational education. Finally, interested researchers can also
conduct longitudinal studies to track students’ long-term skill development and workplace
adaptation after VR learning, in order to evaluate the long-term and sustainable impact of VR courses
on technical and vocational education.
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