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Abstract—The teaching method of flipped classroom (FC), gives students
the opportunity to participate actively during class, while the teacher’s role is
supportive than intrusive. The application of FC improves teaching and learning
process, especially in applied sciences and technology, as literature study reveals.
The current study aims to investigate the application of Unified Theory of Accep-
tance and Use of Technology (UTAUT) methodology, by applied sciences and
technology teachers, who combine FC to improve learning results and better meet
their teaching goals. To this end, we apply quantitative research, exploit, and dis-
cuss our data findings. A total number of 65 high school teachers, around the area
of Central Greece, in the region of Thessaly, took part in our research. Our data
is analyzed via Structural Equation Models (SEMs) which belong to a family of
multivariable statistical analysis that refer to linear correlations among quantita-
tive mainly variables, with confirmatory role. The results of our study reveal that
social influence is significant for the prediction of teachers’ intention (current of
future) to apply flipped classroom model approach. Additionally, our study claims
to support that flipped classroom model plays a crucial role in updating educa-
tional demands of the 21st century, especially in guaranteeing the use of tech-
nology tools in equally during teaching and learning process. Finally, this study
may assist teachers to adjust and reinforce flipped classroom’s approach, by dis-
tinguishing the technology acceptance factors inside a contemporary classroom.

Keywords—flipped classroom, UTAUT application, acceptance of technology,
technological and pedagogical content knowledge, Education 4.0

1 Introduction

The World is constantly changing due to the rapid evolution of digital technologies
and communication systems. Information is easily accessible in almost every inch of
the Globe, via Internet connection [1]. This also means that knowledge is open and
accessible to everyone, anytime, in any place. Knowledge about technology, as part of
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an integrated learning environment, is very common in the prism of Education 4.0 era.
[2, 3]. Internet has transformed young peoples’ beliefs and opinions regarding knowl-
edge mining, as they use their Smartphone’s daily, for both pleasure and learning activ-
ities [4]. Students learn easily about gadgets and digital items, such as sensors, circuits,
IoT platforms, microprocessors etc., via social media sources like YouTube and other
MOOC:s. To this end, information and communication technologies (ICT) have been
developed in order to also assist and enhance students’ learning process [5].

Nevertheless, due to the restricted infrastructures and budget, in many schooling
environments, ICT tools are not used satisfactory and to the extent that efficiently sup-
port learning and teaching [5]. Nowadays, the majority of education activities, focus
on supplying students with new digital skills to prepare them for the challenges they
are going to face as professionals [6]. These skills also include creativity, critical think-
ing, communication, collaboration and leadership [7]. Hence, online MOOC learning
and real time Internet based learning, has a lot of potential and thus many software
packages, learning platforms, virtual and remote labs are being developed daily [8].
According to literature, the adoption of digital learning environments [9] enhances the
effectiveness of an integrated education process in students’ acquiring computational
thinking skills.

However, ICT tools are not enough if they are not combined with students’ learning
styles [10]. According to literature [11], studies try to reveal potential correlation
among individual learning styles and their effect of students’ performance [12, 13.
etc.]. The term learning style is used to highlight individual pace and learning depth.
It is based on the premise that each student has a unique way of learning, aggregate
and process information and translates information into knowledge [14, 15]. Therefore,
it is quite difficult to apply a single teaching technique to optimize every individual
learning process. Each style is acknowledged to act as a multidimensional parame-
ter, which depends on the cognitive processes, personality and social background of
each student. All the aforementioned factors define the ways with which the learning
function outcome is optimized. According to [16], some students better learn through
oral presentation of educational materials, while others through their participation in
experimental activities. However, the majority of students learn deeply by designing
and working with artifacts.

Over the past few years, there has been an attempt by researchers to classify and
group learning styles, depending on the following models [17]:

a. Models which highlights the choice of the learning environment, according the its
characteristics and how they affect the students’ learning ability.

b. Models based on personality criteria, i.e. how personality characteristics affect the
way information is processed.

¢. Social interaction models, which are based on students’ behavior inside classroom

d. Information processing models, based on how students process experiences.

A special aid to enhance individual learning styles and succeed better and stron-
ger learning results, is through asynchronous teaching methods, in which the teaching
phase is strongly correlated with the application of technology [18]. In many cases,
students, who are familiar with digital technology means, prefer online lessons, in an on
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demand basis. Moreover, video lessons with optical and visual stimuli affect learning
superficially. However, no matter how attractive are video lessons or real time internet
lessons, the research community [19] do not point out significant differences in terms of
students’ learning outcomes, between asynchronous and synchronous in situ teaching.

2 Motivation and background concepts

2.1  Flipped classroom model

Flipped Classroom teaching model has become a popular in all educational levels
all over the world. The basic idea of FC is to relocate the teaching process outside
the classroom, so that students share their time among problem — solving activities
during learning process. The model of FC has been studied as far as its effectiveness,
especially in University education. According to [e.g., 20, 21, 22, 23, 24, 25, 26], it
is clear that FC offers teachers and tutors to dedicate more of their teaching momen-
tum inside classroom to enhance students’ skills and work with them on real complex
multidisciplinary problems. Students’ opinions regarding FC and its potential to lead
to better learning outcomes is generally positive. By engaging themselves in STEM
activities, they grow stronger communication and leadership skills, while working with
artifacts [27]. Moreover, the adoption of FC lead to better performance outcomes, even
for students with lower scores.

One of the main problems that arise from the adoption of FC, involves the significant
increase in teachers’ workload to create new digital material and how to encourage
students to change their learning habits. According to literature, [28] some students
may not be familiar with this new learning process, nor with the use of digital tech-
nology, thus they neglect to perform their out of the classroom activities. We may not
neglect that, in some cases, a significant amount of students appear to be displeased with
FC [29]. While the majority of the studies, regarding the effectiveness of FC, focus on
University education [e.g., 21, 23, 24], others focus on post — secondary (i.e. nursery)
or technical education [e.g., 26, 30]. So far, to the best of our knowledge, there are none
or very few studies which focus on FC application in high school students, oriented to
applied sciences and technical studies (i.e. electricians, mechanics etc.). Consequently,
in this work, we try to fill this gap and we believe that a systematic research is necessary
to investigate the efficiency of FC in enhancing learning outcomes and grow new skills,
for high school students.

Therefore, according to [31], the adoption of FC within the teaching process will
upgrade the level of education as offered nowadays, especially in high school level.
Our research focuses on the estimation of this advantage, as a case study in Greek
High schools. We argue that the quality of teaching subjects, related to technology
and applied sciences, is going to improve, which will open new horizons for students’
interests. In our paper, we apply the Unified theory of Acceptance and Use of Technol-
ogy (UTAUT), to estimate the efficiency of FC in accordance with applied sciences
learning subjects. We think that it is important to measure the acceptance of FC by both
the teachers and students, in order to ensure its effectiveness in teaching technology
subjects. Our findings relates to the prediction of teachers’ intention to apply FC.

192 http://www.i-jet.org



Education 4.0 is a new paradigm in teaching and learning process, which aims to
prepare students and learners for the upcoming Industrial revolution, which requires
strong STEM skills, like robotics, Internet of Things (IoT), 3D printing, circuits etc.
Under this framework, social environment and economy play an important role in
guaranteeing sustainability. Moreover, technology comprehension and application in
designing artifacts by young students is a valuable asset. Educating students on tech-
nology focuses on the environmental sustainability through educational exploitation
practices. Moreover, technical education focuses on the implementation of sustainable
forms of energy through educational practice and development of innovative solutions
in the near future.

The European Union (EE) has renewed the initiative policy “The Digital Education
Action Plan (2021-2027) [32] by supporting the sustainable and effective adaptation
of the educational and professional training systems. This plan offers a long-term stra-
tegic vision about digital education. It deals with the obstacles and the opportunities
created during the period of the pandemic COVID-19 by promoting the significance of
collaboration in order for education to enter the digital age. In the sequel, it focuses on
the quality of teaching through digital learning systems, which are required for distance
learning [32]. It is also noticed [4] that there many students do not make use of digital
means and online MOOCs to grow their critical thinking and problem solving skills,
but use them only for communication through social networks. According to literature,
many works propose and compare pedagogical methods in high schools [33]. Some of
basic pedagogy pillars, like inclusive and collaborating educational process, cross —
disciplinary methods end experimentation, highlight and enhance the student — oriented
and interactive approaches during teaching and learning phases. According to more
recent studies [34, 35], the pandemic COVID — 19 has led to rapid changes in education
and created the need for the transition (partially or in a blended framework) to online
teaching and learning process. To this end, one of the dominant pedagogical methods
to support this claim is FC, which reinforces learning with technology means and WEB
2.0 tools.

2.2  TPACK model

Shulman [36], first introduces the Pedagogy and Content Knowledge (PCK) model,
which led to the proposition of the Technological, Pedagogical and Content Knowledge
(TPACK) model. Shulman supports that any teaching process that focuses individu-
ally to the content or to knowledge or to pedagogical principles, has a high chance of
failing. To this end, several years later, Shulman’s proposition is revised by adding
the technology component. TPACK is a model which shows that any new knowledge
offered in school education, leads to better learning outcomes if is produced with the
help of technological supervisory teaching means [37]. In TPACK model, there is a
strong relationship among the content, the pedagogical framework and the use of tech-
nology. Therefore, according to Figure 1, in TPACK model we see three joining dimen-
sions, the Technological Knowledge (TK), the Pedagogical Knowledge (PK) and the
Content Knowledge (CK).
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Fig. 1. The dimensions of TPACK model of technological ped-
agogical content knowledge (TPACK) by [37]

According to [37], technology may improve learning outcomes, give more chances
to students to participate longer and motivate teachers to enhance their knowledge
and to fight against school dropout phenomenon. In essence, the underlying idea of
TPACK is not to just incorporate technology at the center of teaching and learning, but
more to improve the process. This means that teachers need to be more familiar with
digital means and upgrade their pedagogical approach to a more technology oriented
and blended model [38]. Teachers need to argue when and how they need to adopt
technological means according to the teaching content, in order to guarantee better
learning outcomes for all students [39].

2.3  Unified Theory of Acceptance and Use of Technology model (UTAUT)

The Unified Theory of Acceptance and Use of Technology (UTAUT ) [40], estimates
the technology acceptance in a quantitative manner. It consists of eight (8) main ele-
ments. These include: 1) The Theory of Reasoned Action (TRA), 2) The Technology
Acceptance Model (TAM), 3) The Motive model, 4) The Theory of Programmed Behav-
ior (TPB), 5) The combined model of TAM and TPB, 6) The model of the Computer Use,
7) The Theory of Innovation Diffusion and 8) The Social Cognitive theory [41].
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Moreover, the behavior intent, is a basic prediction factor, supported by UTAUT.
According to Figure 2, [40] proposed UTAUT, which includes four (4) basic factors.
These are: 1) Performance Expectancy 2) Effort Expectancy 3) Social Influences and
4) Facilitation Conditions. In essence, performance expectancy, is defined as the degree
to which the subject (i.e. in our study this represents five teachers), believes that the
use of technology is going to help them achieve their teaching aims in High school.
Venkatesh et al. [41], claim that the performance expectation is the most powerful fac-
tor of UTAUT. Therefore, in our work, we consider that the adaptation of performance
expectancy within this framework, suggests that technology teachers will apply FC
methodology.

Following, the effort expectancy is defined as the degree of convenience associ-
ated with using a system. Literature supports that a method oriented towards effort
expectancy is expected to have positive results in the initial stages of new behavior
creation [42, 41]. Hence, the adaptation of the effort expectancy, suggests that teachers
consider the adoption of FC in technology teaching, an easy effort to do so. Finally,
social influence is defined as the degree to which a teacher thinks of other teachers as
important influence factors, irrelevant of their hierarchy, who in the end will apply FC.
This concept is correlated with the idea someone has and how his idea is affected, by
others, who believe that the adoption of technology will lead to better results. The
importance of social factors becomes even more significant, in instructions — oriented
teaching environments, as supported by [42]. The facilitation conditions concern the
degree to which a teacher thinks that a well organized technology teaching infrastruc-
ture (i.e. a lab) is essential in order to support the adoption of technology. To this end,
these four (4) factors are necessary for the prediction of teachers’ intention to use FC
and technology during teaching process.

Performance
expectancy
Behavioural > Behavior
Effort intention of teachers
expectancy inthe use of
the Flipped
Classroomin
Social the learning
influence process.
Facilitating
conditions

Voluntariness

Gender i Age
Experience g P

Fig. 2. The unified theory of technology acceptance and
use of technology (UTAUT) model by [41]
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3 Methodology

In this work, we investigate whether the aforementioned factors (i.e. performance
expectancy, effort expectancy, social influence and facilitating conditions) lead to some
important relation as to the intention of teachers, who teach technology related subjects,
will adopt FC or not. Our research follows a quantitative approach. In order to investi-
gate our claims, technology teachers volunteered to participate, mainly from the Region
of Thessaly, central Greece. Group sampling is used for the high schools selection,
as it is the most effective planning method and time effective for large geographical
areas [43]. During sampling classification, we used numbering from 1 to 15. Addition-
ally, we focused on high schools, in capital cities of Thessaly region, such as Larissa,
Volos, Trikala and Karditsa. Our research hypotheses (H), are as follows:

Hypothesis 1 (H1): The performance expectancy has no significant effect on the
teachers’ intention to use the flipped classroom.

Hypothesis 2 (H2): The expected effort has no significant effect on the teachers’
intention to use the flipped classroom.

Hypothesis 3 (H3): Social influence has no significant effect on the teachers’ inten-
tion to use the flipped classroom.

Hypothesis 4 (H4): Facilitating conditions have no significant effect on the teachers’
intention to use the flipped classroom.

Hence, the aim of the study is to investigate the application of UTAUT to predict
the intention of applying FC during technology related lessons. The research questions
are as follows:

1. Does the teachers’ intention to use the flipped classroom affect significantly the per-
formance expectancy?

2. Does the teachers’ intention to use the flipped classroom affect significantly the
effort expectancy?

3. Does the social influence affect significantly the teachers’ intention to use the flipped
classroom?

4. Do the facilitating conditions affect significantly the teachers’ intention to use the
flipped classroom?

The total number of teachers in high schools, which are selected, is unknown. In order
to estimate the size of the sample, the Cochran formula is used [4]. Cochran formula
is used because it allows researchers to estimate a sample according to the preferred
level of accuracy, the preferred level of trust and the analogy of characteristics in a
population [4]. The Cochran formula is widely used for the estimation of unknown size
samples in comparison with other formulas [4]. Therefore, based on this formula, the
estimated size of the sample was 75. Nevertheless, 114 Technology teachers answered
a digitally designed questionnaire.

As far as the data collection is concerned, we initially asked the school Principles
to provide a formal letter of consent, which is attached to the electronic survey. The
questionnaire used with Google forms and a short introduction regarding the aim of this
research was provided. A period of one month is given for the process completion and
data analysis. Finally, for the analysis, the authors rely on approaches from [44] and some
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adjustments are made to achieve the research objective. For example, we differentiated
the subject, the grade of the school where the intervention took place and the subject.

4 Results

Table 1 shows the data obtained from the processing of the questionnaire adapted
from [44] and the reliability of the scale of the Cronbach’s alpha value for each
approach. From the processing of the questions, the factors that give us acceptance
were found. The rest of the answers that do not give us acceptance are not mentioned.

Table 1. Research results

Factor

Approach

Total
Correlation

Decision

Cronbach’s
Indicator a

Performance
Expectancy
(PE)

I think that the flipped classroom is a
useful tool for teaching Technology.

0,725

Acceptance

I think that the use of flipped classroom
for Technology instruction will facilitate
interaction among then students.

0,845

Acceptance

1 think that it is easy for me to become
competent in the implementation of the
flipped classroom in Technology instruction.

0,658

Acceptance

0.889

Effort
Expectancy
(EE)

The use of the flipped classroom in the
instruction of Technology has become
an easy process for me.

0,845

Acceptance

I find the implementation of the flipped
classroom attractive if the majority of the
teachers do it.

0,756

Acceptance

I would use the flipped classroom in the
instruction of Technology if the school
principal had encouraged me in its use.

0,801

Acceptance

0,879

Social Influence

(S

I would use the flipped classroom if the
school Principal convinced me of its value
in teaching.

0,785

Acceptance

I would probably have more preparation
for the instruction of technology if I used
the flipped classroom.

0,797

Acceptance

0,869

Facilitating
Conditions
(FC)

All the necessary resources are available
to me in order to use the flipped
classroom in my Technology instruction.

0,602

Acceptance

I possess all the necessary knowledge in
order to use the flipped classroom in the
Instruction of Technology.

0,685

Acceptance

There is a specific person available for
help in any technical problem that may
arise or I may deal with concerning the
flipped classroom.

0,617

Acceptance

0,778

1JET — Vol. 18, No. 02, 2023

197



The questionnaire was measured using a five-point Likert scale. There are five
response options, 5 — strongly agree, 4 — agree, 3 — slightly agree, 2 — disagree and
1 — strongly disagree. The questionnaire was adapted from [45].

5 Conclusions

In conclusion, performance expectancy, effort expectancy and facilitating conditions
do not correlate with the Technology teachers’ intention to use the flipped classroom
approach. Nevertheless, social influence was found to be important. This shows that the
influence coming from another teacher is the most important factor of prediction for
the teachers if they are to decide whether or not to use the flipped classroom. With the
present study our goal is to give information to teachers and students for the reinforce-
ment of the critical thinking skills through the use of technology in teaching. Based
on the results, certain consequences have arisen. As far as the positive effect is con-
cerned, it can be seen that social influence is a powerful prediction factor for defining
the teachers’ intention to use the flipped classroom approach. In this study we used
the Unified Theory of Acceptance and Use of Technology (UTAUT) and the data have
proven to be even more powerful in the methodological approach. We ended up with
similar findings with previous studies [4].

The pedagogical effect from this study is definitely a significant aspect that must be
emphasized to assist teachers in defining the powerful prediction factors. Their analysis
could help teachers incorporate flipped classroom especially when dealing with proj-
ects that involve workshop exercises, virtual and remote workshops, online platforms
for the creation of distance learning which could be combined with classroom activi-
ties. An important proposition could be that the flipped classroom method be used in
all schools, public and private of secondary education. The ones responsible for the
designing of educational policy could examine the possibility to urge teachers to use
the flipped classroom specially to manage technology for the improvement of teaching.
They could also examine the possibility to offer a better environment for the incorpo-
ration of technology in education, especially in the realization of workshop activities
in virtual classrooms. Additionally, further study conduct is recommended for the four
prediction factors: performance expectancy, effort expectancy, social influence and
facilitating conditions as the researchers had a relatively small number of participants.
A larger sample could potentially lead to more powerful results.
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