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Abstract

With the developments experienced in recent years, the current period, called Industry 4.0, which
includes concepts such as the internet of objects, artificial intelligence, dark factories, and
embedded systems, has influenced many areas. One of the areas most affected by these
developments is education. The knowledge level of pre-service teachers about these concepts is
very important in this study, the purpose was to determine the pre-service science teachers’ levels
of awareness of Industry 4.0 concepts. “Industry 4.0 Conceptual Awareness Scale” prepared by
Dogan and Baloglu (2020) was used as a data collection tool. The findings obtained in the study
revealed that the preservice teachers’ levels of awareness of Industry 4.0 concepts differed
significantly concerning the variables of gender, academic average grade, mother and father's
education levels, family income, following scientific journals and websites, and knowing the
technological concepts prominent in education. Consequently, it was seen that the pre-service
science teachers' awareness of Industry 4.0 concepts was generally at a level below the average,
except for certain concepts.
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Pre-service Science Teachers’ Levels of Awareness ...

INTRODUCTION

Since its existence, human being has tried to solve their problems to continue their life in the best
conditions and has benefited from nature to raise their living standards. The change in people's needs
and the developments in the industry resulted in the classification of social developments. In every
century, the concepts used and their scopes change according to the needs. Technological
developments in the 21%'century heralded a new society and a new industrial era. There is a discussion
on the concepts of Industry 4.0 led by Germany and Society 5.0 led by Japan. Industry 4.0 can be
considered the fourth stage of the industry (Ozsoylu, 2017). The industry 4.0 revolution is simply defined
as the Internet of people, computers, machines, and objects (Evans and Annunziata, 2012). Industry 4.0
is at a level that can completely change the connections in the production, consumption, and process
stages (Yildiz, 2018). On the other hand, the rapid development of technology has affected people and
societies, and the concept of society 5.0 has emerged. Society 5.0, also known as Super Smart Society
(Fukuyama, 2018), is based on the view that technology is not a threat to societies, but rather a
development for their benefit. For this reason, society 5.0 aims to use the developing technology for the
benefit of society (Blyikgoze & Dereli, 2019).

Industry 4.0, the fourth industrial revolution, is a period in which all societies and individuals, industry-
state relations, and international relationships will be affected, together with technologies
communicating with each other, smart factories and design, production, and distribution systems that
provide real-time information exchange and mass customization (Kilig & Alkan, 2018). Developments in
any field affect other fields and open new doors. Society and Individuals are affected by the emergence
of products that change people's quality of life thanks to technology (Bacanak, Karamustafaoglu & Kose,
2003). Therefore, it is inevitable that these changes in the industry and society will also affect education.
To keep up with the developments soon and not fall behind the technological and technical systems, it
is necessary to raise the awareness of the workforce and to ensure the adaptation of society to the
change by associating the education processes with the new industrial revolution. It is also quite
important to train qualified manpower equipped with scientific and technological knowledge and
experience (Cavas, 2019).

It is possible to talk about the concept of education 4.0 as the effect of the concept of Industry 4.0 on
education. Education as a social phenomenon is equivalent to human history (Celikkaya, 1995). In this
respect, Education 1.0 was based on the transfer of information in agricultural societies, and students
mostly followed their teachers and imitated their methods. In the education period to meet the needs
experienced in Education 2.0 industrial establishments, educational institutions, according to
Pooworawan (2015), began to be seen as a factory and students as products produced in these factories.
Education 3.0 is the education period that aims to meet the needs of the technology society with the
use of digital media tools. An important transformation that occurred in this period was the training of
students as "information producers” rather than "information consumers". In addition, Education 4.0 is
defined as a period in which innovation is dominant in education thanks to Industry 4.0 (Oztemel, 2018;
Puncreobutr, 2016).

Educational processes should be reconsidered within the scope of the criteria required by the industrial
revolution we are facing. Among the groups that need to change in the transition from the industrial
society education model to the information society education model are teachers, students, and
administrators, and among the phenomena are elements such as the learning method, learning style,
education programs, and success criteria. While developing policies suitable for the fourth-wave
education model, mass and standard education policies, which are at the center of education in industrial
societies, are being questioned more and more (Toffler, 2008). This change, which takes place at the
global level, considerably changes education policies and the place of the individual in society as well.
Education models that take on the responsibility of raising individuals who will adapt to the fourth

JIRTE 193



industrial revolution must be dynamic, not static (Celiktas et.al., 2015). Developments in information
systems remove education and training from being limited to school and bring the concept of lifelong
education to the agenda (Ozdemir, 2011).

In the world of Education 4.0, the expectation is that the understanding of education/learning will
dominate everywhere and all the time; that personalized education adaptable to the abilities and talents
of students should be implemented through education systems (Bates, 1997; Puncreobutr, 2016); and
that there should be blended learning and out-of-school learning. The contents prepared by students
and teachers together should be used with web interfaces and access systems for students to learn most
appropriately through virtual mentors in the world of education 4.0. During the learning process, their
knowledge will be measured, and at the same time, their ability to apply it in the field will be tested with
the performance of the projects they work on. In short, the assessment should be done with a case
evaluation instead of an exam (Oztemel, 2018).

It is pointed out that since the 215 century, the gap between the demands of the market and the skills
of individuals who have grown up with the current understanding of education has increased. The new
generations are expected to acquire the skills required by the political, economic, and social changes. In
one study, which focused on whether Turkey was ready for the Fourth Wave Industrial Revolution within
the scope of ‘education’, it was reported that if compliance with the information society structuring,
which is the necessity of the current era, was achieved, it would be possible to achieve the goals with
the increase in growth, employment and investment rates together with increased productivity (Yazici &
Diizkaya, 2016); in addition, another study, in which the Industry 4.0 process in Turkey was examined in
terms of educational partnerships, revealed that steps should be taken to accelerate the Industry 4.0
process by providing educational partnerships with countries such as Germany and Far East Asian
countries (Geng, 2018). In this respect, global standards of the new understanding of education are
established (Cetin, 2015).

The International Society for Technology in Education (ISTE, 2016) has determined the educational
technology standards that students should have in the 215t century. Accordingly, education reveals the
importance of developing technology in the training of new generations. The first of them is the
contribution of technology to innovation and information structuring skills in education. The second is
the effect of digital media tools on students' communication and collaboration. The third is the effect of
digital technology on accessing, evaluating, and using the information in daily life. Fourth, digital tools
contribute to problem-solving, critical thinking, and decision-making processes. Fifth, within the scope
of digital citizenship, it allows students to solve personal, cultural, or social problems related to
technology within the framework of legal and ethical behaviors. The sixth is the contribution of
technological activities to the understanding of system formations.

Today's requirements make it necessary to have designer individuals and organizations who have
advanced thinking skills, who benefit from digital technologies, who use personalized data and open-
source content, who produce and transfer information, and who are capable of responding to the needs
of the globally connected technological world (Hussin, 2018). Besides these requirements, one of the
basic conditions for adapting to the Education 4.0 period is the integration of Industry 4.0 products such
as artificial intelligence, three-dimensional printers, virtual reality, augmented reality, hologram
technologies, and simulation technologies within the education processes. Education 4.0 will make use
of these technologies in the creation of education systems and tools and will make them a part of the
education program for students to learn.

Today, individuals are expected to have high levels of individual innovativeness so that they can access

new information and re-produce the information. Individual innovativeness is an indicator of individuals'
awareness of innovation and their level of the tendency to experience innovation. The first condition is
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said to be the fact that individuals with high levels of individual innovativeness should have creative
thinking skills and a good education level (Ak¢dltekin, 2017; Kilicer, 2011).

In addition to having the skills of the new century with Education 4.0, it is important to train teachers
who will accept the use of digital technologies, personalized data, open-source access, smart agents,
mobilization, and the use of new approaches and technologies such as cloud computing as a basis.
(Goker, 2020). In general, the integration of technology into education can be defined as increasing the
quality of students’ learning, having teachers use technology effectively in education, and making
technology a part of the curriculum (Mazman & Kocak-Usluel, 2011). Considering that today's
generation uses virtual reality, augmented reality, and many other Industry 4.0 concepts in the learning
and teaching process, preservice teachers should also know these concepts and be able to reflect them
into practice. Increasing the awareness and knowledge levels of students about these concepts also
depends on the teachers who will train them. For this reason, it is necessary to raise the awareness of
students and teachers who will teach the subject, to provide the necessary training on the subject, and
to increase the awareness and knowledge levels of preservice teachers regarding Industry 4.0 concepts.
From this point of view, preservice teachers should be trained in a way to have all these processes and
equipment as one of the most important keys to the new industrial transformation. Considering all these,
it is important to investigate not only how preservice teachers, who will be one of the cornerstones of
the education system, perceive the concepts of Industry 4.0 but also how conscious they are of this
subject.

In this study, the purpose was to determine the awareness levels of 4t"grade students from the
department of Science Teaching in Turkey about the concepts of Industry 4.0. In line with this main
purpose, answers to the following questions were sought:

1. What are 4t"grade students’ levels of awareness of Industry 4.0 concepts who study in the
department of Science Teaching?

2. Do 4t"grade students’ levels of awareness of Industry 4.0 concepts who study in the department
of Science Teaching differ depending on their gender?

3. Do 4t"grade students’ levels of awareness of Industry 4.0 concepts who study in the department
of Science Teaching differ depending on their academic grade average?

4. Do 4thgrade students’ levels of awareness of Industry 4.0 concepts who study in the department
of Science Teaching differ depending on the education levels of their mothers and fathers?

5. Do 4thgrade students’ levels of awareness of Industry 4.0 concepts who study in the department
of Science Teaching differ depending on their family income?

6. Do 4thgrade students’ levels of awareness of Industry 4.0 concepts who study in the department
of Science Teaching differ depending on the status of following scientific journals and websites,
knowing the technological concepts prominent in education, and having prior knowledge about
Industry 4.0?

METHOD

Research Design

In the study, the descriptive survey model, one of the quantitative research methods, was used. As it is
known, survey models are research approaches that aim to describe a past or present situation as it is.
In addition, the phenomenon, the individual, or the object that constitutes the subject of the research is
defined as it is in its conditions (Fraenkel, Wallen & Hyun, 2012). As this study, which included the
characteristics of quantitative research, tried to determine the awareness of the 4"grade students from
the department of Science Teaching regarding the concepts of Industry 4.0, the purpose was to define,
describe and explain the current situation.
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Participants

The universe of the study consisted of senior students studying in the Department of Science Teaching
in the education faculties of universities in Turkey. The study's sample consists of 314 teacher candidates,
266 women and 48 men, who were chosen at random from the Faculty of Education of three universities
in Turkey and are studying Science Education. The demographic characteristics of the preservice teachers
participating in the study are given in Table 1.

Table 1. Demographic Characteristics of the Study Group

Demographic Characteristics Variable N %
Gender Female 266 84.7
Male 48 15.3
2.00-2.50 35 11.1
2.51-3.00 161 51.3
Academic Average Grade 3.01-3.50 102 325
3.51-4.00 16 5.1
Elementary School 165 52.5
, . Secondary School 58 18.5
Mother’s Education Level High School 61 194
University 30 9.6
Elementary School Secondary 98 31.2
School 72 22.9
Father’s Education Level High School 77 24.5
University 67 21.3
Less than 3000 TL 130 414
Familv Income 3000-6000 TL 147 46.8
y 6000-9000 TL 22 7.0
More than 9000 TL 15 4.8
. L Yes 196 62.4
Following Scientific Journals No 118 376
. . . . . Yes 250 79.6
Knowing Technological Concepts Prominent in Education No 64 204
. . Yes 50 15.9
Having Prior Knowledge About Industry 4.0 No 64 84.1
Total 314 100

When the demographic characteristics in Table 1 were examined, it was seen that 85% of the preservice
teachers were female and that 15% were male. The academic average grade of 51% of the preservice
teachers was between 2.51-3.00 out of 4, and the other half of the preservice teachers had different
academic average grades. Graduation from elementary school was more frequent among the mothers
(53%) and fathers (31%). Looking at the variable of the income levels of the families, it was seen that
47% of them had income ranging between 3000 TL and 6000 TL. It was seen that 62% of the preservice
teachers in the sample followed scientific journals and websites; 80% of them knew the technological
concepts prominent in education, and 84% of them did not have prior knowledge of Industry 4.0.

Data Collection Tool

The industry 4.0 Conceptual Awareness Scale, which was developed by Dogan and Baloglu in 2020, was
used as the data collection tool. The scale consisted of two parts. The first part, in line with the purpose
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of the study, covered demographic information such as gender, average grade, education levels of the
mother and father, family income, following scientific journals, knowing the technological concepts
prominent in education, and having prior knowledge about industry 4.0. The scale included 39 items. In
the scale prepared as a five-point Likert-type scale, there were statements containing 39 of the concepts
of Industry 4.0. The preservice teachers reported their awareness levels by marking one of the options

"not much", "little", "moderate”, "much" and "a lot".

The industry 4.0 Conceptual Awareness scale developed by Dogan and Baloglu (2020) has been revealed
as one-dimensional. In the study, it was determined that the results of the DFA analysis performed to
determine the construct validity of the scale, AGFI, and GFlI fit indices were not included in the referenced
values. It has been demonstrated in many studies that GFl and AGFI are not independent of sample size
(Hu & Bentler, 1999). In addition, both indices decrease with increasing model complexity, especially for
smaller sample sizes (Anderson & Gerbing, 1984). In this context, it can be said that the Goodness of Fit
Index-GFl .84 and Adjusted Goodness of Fit Index 0.82 values obtained in the study are within acceptable
limits even if they do not have perfect fit values (Demir & Akengin, 2010). When other fit indices are
examined; It was determined that the x2/df value met the perfect fit criteria, and the RMSEA and NFI CFI
values were among the acceptable fit criteria (Hu & Bentler, 1999; Schermelleh-Engel & Moosbrugger,
2003).

However, considering the low AGFI and GFl values and the relevant modification suggestions, items with
high error covariances were matched with each other (m2-m3, m4-m28, m11-m29, m26-m38). The
results of the fit indices made after the modification are given in Table 2.

The Cronbach Alpha reliability coefficient of the scale was calculated as .96 by Dogan and Baloglu. Within
the scope of this study, the Cronbach alpha internal consistency coefficient for the whole scale was

calculated as .889, which was found close to the original.

Table 2. Confirmatory Factor Analysis Fit Indices

X2 df x2/df AGFI GFI NFI CFI RMSEA
Before modification 1384.08 702 1.97 .79 .82 .90 .95 .056
After modification 1168.77 698 1.67 .82 .84 91 .96 .046

Data Analysis

SPSS package program was used for the statistical operations in the study. Normality distributions were
examined before deciding on which analyses to be performed. Depending on the fact that the values of
mode (2.5), median (2.38) and mean (2.45) were statistically close to each other; the p-significance value
was 0.085; and that the kurtosis and skewness values, which should be between +1.5 and -1.5, were -
0.351 and 0.254, respectively, it could be stated that the data were normally distributed (George and
Mallery, 2003; Kokli, Buyukoztirk & Cokluk Bokeoglu, 2006). As the data demonstrated normal
distribution, the decision was to perform parametric analyses. Using the data, values such as descriptive
statistics, mean and standard deviation were calculated. As the independent variables (gender, following
scientific journals and websites, knowing the technological concepts prominent in education, and having
prior knowledge of Industry 4.0) had two categories, the independent groups t-test was applied. One-
way analysis of variance (ANOVA) was used because the other independent variables (academic average
grade, mother's education level, father's education level, and family income) had more than two
categories as well as because homogeneity was met.

Research Ethics
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This research was carried out with the approval of Eskisehir Osmangazi University, Ethics Committee for
Researches on Social Sciences and Humanities with the decision numbered “2020-22" in the session
dated 25.11.2020.

FINDINGS

The descriptive statistics of the 39-item scale regarding the pre-service science teachers’ conceptual
awareness of Industry 4.0 are given in Table 3.

Table 3. Descriptive Statistics Regarding the Industry 4.0 Conceptual Awareness Scale

Industry 4.0 Concepts Mean S

1. Internet of objects 2.63 1.10
2. Artifical Intelligence 3.00 .88
3. Learner (Smart) Robots 2.82 .93
4. 3D Printers 2.87 1.06
5. Advanced Automation 2.10 2.87
6. Cybersecurity 97 1.06
7. Cyber Physical Systems 2.28 1.02
8. Cloud Information Technology 2.50 1.23
9. Big Data and Data Analytics 2.13 1.05
10. Virtual Reality 3.32 1.08
11. Augmented Reality 2.91 1.28
12. Mixed Reality 2.16 1.09
13. Smart Production Technologies 2.60 1.06
14. Dark Factories 1.80 94
15. Embedded systems 1.82 .96
16. Machine-Machine Cooperation 217 1.05
17. Sensor Technologies 2.79 1.17
18. Computer Vision 2.28 1.08
19. Customized Product Development 2.68 1.11
20. Deep Learning 2.38 1.10
21. Data-Oriented Service 2.28 1.06
22. Energy 4.0 1.84 1.02
23. Digital Supply Chain 2.03 1.03
24. Unmanned Systems 2.76 1.17
25. Agile and Flexible Production-Service 2.02 1.00
26. Hologram Technologies 2.50 1.22
27. Wearable Technologies 2.92 1.22
28. Digital Diagnosis, Diagnosis, Treatment 2.76 1.17
29. Nanotechnology 349 1.10
30. Industrial Internet 2.19 1.06
31. Advanced Production Techniques 2.13 1.09
32. Technological Innovation 2.38 1.09
33. Rapid Prototype Production 2.13 1.09
34. Micro Factories 2.08 .99
35. Factories Producing Their Own Energy 2.50 1.10
36. Artificial neural networks 2.15 1.06
37. Intelligent Storage and Transfer 2.31 1.06
38. Simulation Technologies 2.77 1.15
39. Additive Production 1.84 .95
Mean 2.39 71

Considering the means of the 39 items in the industry 4.0 Conceptual Awareness Scale, the awareness
levels of the participants were generally low at 2.39. However, it was revealed that the preservice
teachers' levels of awareness of nanotechnology with a mean of 3.49, virtual reality with 3.32 and artificial
intelligence with 3.00 were found to be high. Among the scale items, the concepts of cyber security with
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a mean of 0.97, dark factories with 1.80, embedded systems at 1.82, and energy at 4.0 with 1.84 were
found to be the concepts with the lowest awareness levels. Pre-Service science teachers' levels of
industry 4.0 conceptual awareness concerning gender are given in Table 4.

Table 4. t-Test Results of the Pre-service Science Teachers' Levels of Industry 4.0 Conceptual Awareness
concerning Gender

Gender N Mean S df t p
Industry 4.0 Conceptual
Awareness Scale Female 266 240 697 312 2699 007
Male 48 2.70 q47
Total 314

According to Table 4, it was seen that the pre-service science teachers’ levels of awareness of the industry
4.0 concepts differed significantly in terms of the variable of gender in favor of the male students
(p<0.05). Pre-service science teachers’ levels of awareness of the industry 4.0 concepts concerning their
academic average grade are given in Table 5.

Table 5. ANOVA Test Results of the Pre-service Science Teachers’ Levels of Awareness of the Industry
4.0 Concepts concerning Their Academic Average Grade

Sum of Mean Groups with a

P Significant
Squares Squares Difference
ICn:nucS:;)t’:a.lo Be_twgen Groups 8.449 3 5816 >l
Awareness Within Groups 150.261 310 484 5.810 .001 I>111
Total 158.710 313 IvV>lil
level
I: 2.01-2.50 Il: 2.51-3.00 I1l: 3.01-3.50 IV: 3.51-4.00

One-way analysis of variance (ANOVA) was applied to determine whether the pre-service science
teachers' levels of awareness of the industry 4.0 concepts differed for their academic average grades.
According to Table 5, since the p-value was less than 0.05, it was understood that there was a significant
difference between the groups. It was seen that the awareness levels of the preservice teachers, whose
academic average grade was between 2.01-2.50, regarding the industry 4.0 concepts were higher than
the awareness levels of the preservice teachers whose academic average grade was between 2.51-3.00
and 3.01-3.50. It was also seen that the awareness levels of the preservice teachers with an academic
average grade between 3.51-4.00 regarding the concepts of Industry 4.0 were higher than those of the
pre-service teachers whose academic average grade was between 3.01-3.50. Pre-service science
teachers’ levels of awareness of the industry 4.0 concepts to mothers’ education level are given in Table
6.

Table 6. ANOVA Test Results of the Pre-service Science Teachers’ Levels of Awareness of the Industry
4.0 Concepts concerning Mother's Education Level

Groups with a

Sum of Mean JoEs
Squares Squares P Significant
d 9 Difference
Icnc:.inl-lcset")t/:a'l0 Between Groups 6.266 3 2.0889 s |
Aware':\ess Within Groups 152.443 310 4917 4.247 .006 e
Total 158.710 313
level
I: Elementary School 1I: Secondary School lll: High School IV: University

One-way analysis of variance (ANOVA) was applied to determine whether the pre-service science
teachers’ levels of awareness of the industry 4.0 concepts differed depending on the variable of the
mother's education level. The results are given in Table 6. According to the table, since the p-value was
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lower than 0.05, it was seen that there was a significant difference between the groups. It was found that
the industry 4.0 awareness levels of the pre-service science teachers of the mothers whose education
level was high school were higher than those of the pre-service science teachers of the mothers whose
education level was elementary school. It was also revealed that the awareness levels of the pre-service
science teachers of the mothers whose education level was university were higher than those of the pre-
service science teachers of the mothers whose education level was elementary school. Pre-service
science teachers’ levels of awareness of the industry 4.0 concepts concerning their father's education
level are given in Table 7.

Table 7. ANOVA Test Results of the Pre-service Science Teachers’ Levels of Awareness of the Industry
4.0 Concepts concerning Father's Education Level

Groups with a

Sum of Mean .
Squares Squares P Significant
q Difference
Industry 4.0 Between Groups 5.660 3 V>
Conceptual L 1.8869
Awareness Within Groups 153.049 310 4937 3.821 .01 V>l
Total 158.710 313 ' V>l
level
I: Elementary School II: Secondary School Ill: High School IV: University

One-way analysis of variance (ANOVA) was applied to determine whether the pre-service science
teachers' levels of awareness of the industry 4.0 concepts differed with respect to the variable of the
father's education level. The results are presented in Table 7. According to the table, it was seen that
there was a significant difference between the groups because the p-value was lower than 0.05. It was
revealed that the industry 4.0 conceptual awareness levels of the pre-service science teachers of the
fathers whose education level was university were higher than those of the pre-service science teachers
of the fathers with other education levels. Pre-service science teachers’ levels of awareness of the
industry 4.0 concepts with respect to family income are given in Table 8.

Table 8. ANOVA Test Results of the Pre-service Science Teachers’ Levels of Awareness of the Industry
4.0 Concepts with Respect to the Family Income

Groups with a

Sum of Mean oups |

Squares Squares P Significant

Difference
Ln:lntis:;{ :;IO Between Groups 4125 3 13752 Vsl
Awareness Within Groups 154.584 310 4986 2.757 .042 V>l
level Total 158.710 313 V>l

I: Less than 3000 TL  1l: 3000-6000 TL  1ll: 6000-9000 TL  IV: More than 9000 TL

One-way analysis of variance (ANOVA) was applied to determine whether the awareness levels of the
pre-service science teachers regarding the industry 4.0 concepts differed with respect to the income
level of the family. The results are given in Table 8. According to the table, as the p-value calculated was
0.042<0.05, there was a significant difference between the groups. It was found that the industry 4.0
conceptual awareness levels of the pre-service science teachers whose family income level was 9000 TL
and above were higher than those of the preservice teachers with other family income levels. Pre-service
science teachers’ levels of awareness of the industry 4.0 concepts with respect to the following scientific
journals and websites are given the Table 9.

Table 9. T-test Results of the Pre-service Science Teachers' Levels of Awareness of the Industry 4.0
Concepts with Respect to Following Scientific Journals and Websites
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Following N Mean S df t p

Industry 4.0 Conceptual

Awareness Level Yes 196 262 .700

No 118 312 5.903 .000

Total 314 216 633

To determine whether the industry 4.0 conceptual awareness levels of the pre-service science teachers
differed depending on the following scientific journals and websites, independent groups t-test was
conducted. The results of the analysis are given in Table 9. According to the table, as the p-value was
0.000<0.05, a significant difference was found in favor of the preservice teachers who followed scientific
journals and websites. Pre-service science teachers’ awareness of the industry 4.0 concepts with respect
to their knowing technological concepts are given in Table10

Table 10. T-test Results of the Pre-service Science Teachers' Awareness of the Industry 4.0 Concepts
with Respect to their Knowing Technological Concepts

Knowing
Technological N Mean S df t p
Concepts
AwarenessLovel | Yes 20 osa 7S
64 312 4706 .000
Total No 314 2.09 572

Independent groups t-test was conducted to determine whether the industry 4.0 conceptual awareness
of the pre-service science teachers differed from their knowing technological concepts prominent in
education. The results are shown in Table 10. According to the table, as the p-value was less than 0.05,
it was seen that there was a significant difference concerning the preservice teachers' knowledge of the
concepts prominent in education. This significant difference was in favor of the preservice teachers who
knew the concepts prominent in education. Pre-service science teachers’ levels of awareness of the
industry 4.0 concepts with respect to their previous knowledge are given in Table 11.

Table 11. T-test Results of the Pre-service Science Teachers' Levels of Awareness of the Industry 4.0
Concepts with Respect to Their Previous Knowledge

Having
Previous N Mean S df t P
Knowledge
Industry 4.0 Conceptual
Awarexss Loo P Yes 50 2.83 708
312 4.266 .000
No 264 237 690
Total 314 ' ’

To determine whether the industry 4.0 conceptual awareness of the pre-service science teachers differed
concerning the variable of having prior knowledge of Industry 4.0 or not, independent groups t-test was
conducted. The results are shown in Table 11. According to the table, as the p-significance value was
lower than 0.05, there was a significant difference between the preservice teachers who had prior
knowledge of Industry 4.0 and those who did not. In line with this result, it was revealed that the level of
Industry 4.0 awareness was in favor of the preservice teachers who had previous knowledge of Industry
4.0 concepts.

DISCUSSION AND CONCLUSION

JIRTE 201



In the study, which aimed to determine the 4t"-grade preservice teachers’ awareness of the industry 4.0
concepts who were studying in the department of Science Teaching, the concepts with the highest
awareness levels were nanotechnology, virtual reality, and artificial intelligence, respectively. It was seen
that the preservice teachers were most aware of the concepts of nanotechnology, virtual reality, and
artificial intelligence. Similarly, Aslan and Senel (2015) reported in their study that the preservice teachers
in secondary and high school science fields (science, physics, chemistry, biology) had moderate levels of
awareness of nanoscience and nanotechnology (NBT). Unlike the findings obtained in the study, ipek,
Atik, Tan, and Erkog¢ (2020a) concluded that although the biology teachers were aware that
nanotechnology and nanoscience were multidisciplinary and related to biology, physics, and chemistry,
the teachers did not have any knowledge about these subjects. In their study with Physics, Chemistry,
and Biology teacher candidates, Enil and Késeoglu (2016) found that while there was no significant
difference in the nanotechnology awareness levels between the preservice teachers in terms of their
departments, most of the preservice teachers had little knowledge about nanotechnology and acquired
their first knowledge about nanotechnology mostly through TV programs. In another study carried out
by Harman and Seker (2018), nearly half of the pre-service science teachers mentioned the benefits of
nanotechnology more in terms of its application area and quality of life, while a small number of pre-
service science teachers pointed to the risks in terms of health, safety, purpose, and form of use. In
addition, the researchers found that the pre-service science teachers had low levels of awareness of the
concept of nanotechnology. In another study conducted by ipek and colleagues (2020b), who
investigated science teachers’ (physics, chemistry, and biology) levels of knowledge, exposure, and
awareness regarding nanoscience and nanotechnology, it was revealed that the participants’ levels of
knowledge, exposure and awareness were inadequate and that they needed to increase their levels.
Furthermore, the researchers attributed this situation to the weak positive correlations between
awareness and knowledge and recommended doing activities to increase the awareness levels of science
teachers. Similar to the findings obtained in the study, Cam, Celik, Glintepe, and Durukan (2021), in their
study with preservice teachers, examined the preservice teachers' knowledge about artificial intelligence
technologies using open-ended questions and concluded that the preservice teachers had awareness of
these technologies despite mentioning different points. In one other study conducted with teachers, it
was concluded that they had limited knowledge about artificial intelligence and about how artificial
intelligence could support them in practice. At the same time, the results of the study showed that the
teachers needed support to be efficient and effective in practice (Chounta, et.al.,, 2021). Similarly, in a
study conducted with university students, it was revealed that most of the students were not aware of
artificial intelligence (Alimi, et.al., 2021).

Industry 4.0 concepts that science teacher candidates have low awareness of our cyber security, dark
factories, embedded systems, and energy 4.0 concepts. When all 39 items in the industry 4.0 Conceptual
Awareness Scale were examined, it was found that pre-service teachers' awareness of Industry 4.0 was
at a low level. In the study conducted by Kaygisiz and Sipahi (2019) with university students, the students
stated that the concept of Industry 4.0 reminded them of words such as technology, the industrial
revolution, competition, globalization, and consumption, and they reported that they had heard of
Industry 4.0 concepts such as cyber security, simulation, virtual reality, Internet of objects, big data and
analysis, and additive production. In a study carried out by Omar and Hasbolah (2018) with students
studying in different departments, it was concluded that the student's awareness of Industry 4.0 concepts
was at a low level. Similarly, another study conducted by Tinmaz and Hwa-Lee (2019) with undergraduate
students in South Korea revealed that the student's awareness of Industry 4.0 was not good. In one other
study conducted by Ujakpa Osakwe Iwa, Hashiyana, and Mutalya (2020) with university students, it was
found that the students were aware of Industry 4.0 and that they needed more education about Industry
4.0-related applications, though. Sari and Wilujeng (2020) stated that the pre-service science teachers
had good levels of perception regarding the changes in the education world due to Industry 4.0.
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In the study, when the awareness levels of Industry 4.0 concepts were examined in terms of gender, it
was concluded that the awareness of the male preservice teachers was higher than that of the female
preservice teachers. In a study conducted by Torun and Cengiz (2019) with students studying in different
departments at university, it was revealed that gender did not lead to a significant difference in the
students' perceptions of Industry 4.0. According to another study carried out by Yelkikalan, Ozcan, and
Temel (2019) on the industry 4.0 awareness of university students, it was seen that there was a significant
difference in terms of gender regarding the usefulness of Industry 4.0 technologies, ease of use and
usage intentions, while there was no significant difference concerning gender in usage behavior. In the
study, when the pre-service science teachers’ awareness of Industry 4.0 concepts was examined
concerning their academic average grades, it was seen that their awareness differed depending on their
academic average grades. It was also seen that the preservice teachers who had a relatively low academic
average grade had high levels of awareness of Industry 4.0 concepts. In addition, it was seen that the
preservice teachers' awareness of Industry 4.0 concepts who had the highest academic average grade
was higher than that of the preservice teachers with a lower academic average grade.

Depending on the results obtained in the study, it could be stated that the pre-service science teachers’
awareness of Industry 4.0 concepts differed significantly concerning the mother's education level and
the father's education. It was seen that the awareness levels of the preservice teachers regarding Industry
4.0 concepts whose mother's education levels were high school and university were higher than those
of the preservice teachers whose mother's education level was elementary school. On the other hand, it
was revealed that the awareness levels of the preservice teachers whose father's education level was
university were higher than those of the preservice teachers whose father's education level was
elementary school, secondary school, and high school. Similarly, in a study conducted by Nguyen and
Nguyen (2020) with undergraduate students at a university in Vietnam regarding the adoption of
Industry 4.0, it was found that the student's social status and environmental conditions were effective in
their viewpoints about Industry 4.0. In a study conducted by Arslantas, Ozkan, and Kiilekci (2012) with
preservice teachers studying at education faculty, it was seen that the academic success of the students
was higher when the education level of their parents was university. In the study, the pre-service science
teachers’ levels of awareness of Industry 4.0 concepts were also high in cases where they had high levels
of family income. According to the results of a study conducted by Aydin and Tiryaki (2017) with
university students, the student's anxiety levels were higher when their family income level was low. In
another study conducted by Arslantas, Ozkan, and Kiilek¢i (2012) with 748 students studying at
education faculty, it was seen that the academic success of the students was low when the family income
level was low. In the study, it was seen that the preservice science teachers who followed scientific
journals and websites had a high level of awareness of Industry 4.0 concepts. It was revealed that the
awareness levels of the preservice teachers who had prior knowledge about Industry 4.0 concepts were
also high.

To conclude, it was revealed that the preservice science teachers’ awareness of Industry 4.0 concepts
was generally below the average, except for certain concepts. It was seen that concerning the low level
of awareness, awareness of concepts was significantly affected by the education level of the parents as
well as by the income level of the family and that the awareness of the male students was higher.
Concerning their mother and father's education levels and family income level, the fact that the
preservice teachers knew these concepts was also a factor in increasing their awareness. It could be
stated that education and income level were effective in terms of the students' being knowledgeable
and using these concepts in daily life. To achieve this, it is thought that these concepts will be integrated
into the courses taken by the preservice teachers within the scope of their curriculum and that it will
contribute to the training of preservice teachers better. In this way, we can make the teachers of the
future ready to raise generations equipped with the knowledge and skills required by the current era.

JIRTE 203



Statement of Researchers

Researchers’ contribution rate statement: The authors contributed equally to the article.
Conflict statement: The author declares that he has no conflict of interest.
Support and thanks: None.

REFERENCES

Akgoltekin, A. (2017). Lise 6gretmenlerinin bireysel yenilikcilik algilari ile egitim arastirmalarina yonelik
tutumlari arasindaki iliskinin incelenmesi [Investigation of the relationship between high school
teachers' individual innovativeness perceptions and their attitudes towards educational
research]. Egitim Kuram ve Uygulama Arastirmalart Dergisi, 3(1), 23-37. Retrieved from
https://dergipark.org.tr/tr/pub/ekuad/issue/28620/311129 Access Date: 10/08/2021

Alimi, A. E., Buraimoh, O. F., Aladesusi, G. A., & Babalola, E. O. (2021). University students’ awareness of,
access to, and use of artificial intelligence for learning in kwara state. Indonesian Journal of
Teaching in Science 1(2), 91-104. https://doi.org/10.17509/ijotis.v1i2.38014

Anderson, J. C,, & Gerbing, D. W. (1984). The effect of sampling error on convergence, improper
solutions, and goodness-of-fit indices for maximum likelihood confirmatory factor analysis.
Psychometrika, 49, 155-173. https://doi.org/10.1007/BF02294170

Arslantas, H. i, Ozkan, M., & Kilekgi, E. (2012). Egitim fakiltesi &grencilerinin akademik basari
dizeylerinin bazi demografik degiskenler agisindan incelenmesi [The analysis of academic
achievement for some of demographic variables in education faculty of students]. Elektronik
Sosyal Bilimler Dergisi, 39, 395-407. Retrieved from
https://dergipark.org.tr/tr/pub/esosder/issue/6153/82679 Access Date: 15/10/2021

Aslan, O, & Senel, T. (2015). Ortaokul ve lise fen alanlari 6gretmen adaylarinin nanobilim ve
nanoteknoloji  farkindalik dizeylerinin cesitli degiskenlere gbre incelenmesi [Examining
nanoscience and nanotechnology awareness level of preservice science teachers in terms of
different variables). Dicle Universitesi Ziya Gékalp Egitim Fakiiltesi Dergisi, 24, 363-389.Retrieved
from https://dergipark.org.tr/tr/pub/zgefd/issue/47937/606420 Access Date: 10/01/2022

Aydin, A, & Tiryaki, S. (2017). Universite Ogrencilerinin Kaygi Diizeylerini Etkileyen Faktérleri Belirlemeye
Yénelik Bir Calisma (KTU Ornegi) [A study on the determination of the factors affecting the anxiety
level of university students (KTU sample)]. Kastamonu Universitesi Orman Fakiiltesi Dergisi, 17(4),
715-722. https://doi.org/10.17475/kastorman.282559

Bacanak. A., Karamustafaoglu. O., & K&se. S. (2003). Yeni bir bakis: Egitimde teknoloji okuryazarligi [A
new view: Technology literacy in education]. Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 2(14).
191-196. Retrieved from https://dergipark.org.tr/tr/pub/pauefd/issue/11129/133104 Access Date:
08/02/2022

Bates, A. (1997). What kind of university? Restructuring the university for technological change. London:
The Carnegie Foundation for the Advancement of Teaching Website. Retrieved from
http://cclp.mior.ca/Reference%20Shelf/PDF OISE/Bates Restructuring%20University.pdf Access
Date: 25/10/2021

Buylkgoze, S., & Dereli. E. (2019). Toplum 5.0 ve dijital saglik. Paper presented at /V. Uluslararast Bilimsel
ve Mesleki Calismalar Kongresi-Fen ve Saglik. [IV. International Scientific and Vocational Studies
Congress — Science and Engineering]. (7-10 Kasim 2019). Ankara. Turkey

Cam, M. B, Celik, N. C,, Turan Giintepe, E. & Durukan, U. G, (2021). Ogretmen adaylarinin yapay zeké
teknolojileri ile ilgili farkindaliklarinin belirlenmesi [Determining teacher candidates’ awareness of
artificial intelligence technologies]. Hatay Mustafa Kemal Universitesi Sosyal Bilimler Enstitiisii

Journal of Innovative Research in Teacher Education, 3(2), 192-208 204


https://dergipark.org.tr/tr/pub/ekuad/issue/28620/311129
https://doi.org/10.17509/ijotis.v1i2.38014
https://doi.org/10.1007/BF02294170
https://dergipark.org.tr/tr/pub/esosder/issue/6153/82679
https://dergipark.org.tr/tr/pub/zgefd/issue/47937/606420
https://doi.org/10.17475/kastorman.282559
https://dergipark.org.tr/tr/pub/pauefd/issue/11129/133104
http://cclp.mior.ca/Reference%20Shelf/PDF_OISE/Bates_Restructuring%20University.pdf

Pre-service Science Teachers’ Levels of Awareness ...

Dergisi, 18 (48), 263-285. Retrieved from
https://dergipark.org.tr/tr/pub/mkusbed/issue/65621/936301 Access Date: 16/02/2022

Cavas, B. (2019). Industry 4.0 and science education. Journal of Baltic Science Education, 18(5), 652-653.
https://dx.doi.org/10.33225/jbse/19.18.652

Celikkaya, H. (1995). Egitimin gdrev ve fonksiyonlari. Marmara Universitesi Atatiirk EGitim Fakdiltesi Egitim
Bilimleri Dergisi, 7. 41-49. Retrieved from
https://dergipark.org.tr/tr/pub/maruaebd/issue/356/1930 Access Date: 25/10/2021

Celiktas, M. S,, Sonlu, G, Ozgel, S., & Atalay, Y. (2015). Endstriyel devrimin son siriimiinde miihendisligin
yol haritasi. TMMOB Makina Miihendisleri Odast Miihendis ve Makine Dergisi, 56(662), 24-34.
Retrieved from https://www.mmo.org.tr/mart-2015/makale/endustriyel-devrimin-son-
surumunde-muhendisligin-yol-haritasi Access Date: 27/10/2021

Cetin, O. U. (2015). Kuresellesmenin egitimin farkli boyutlari Gzerindeki etkileri [Impacts of globalization
on various aspects of education]. Cagdas Y6netim Bilimleri Dergisi, 1, 75-93. Retrieved from
https://dergipark.org.tr/tr/pub/cybd/issue/34546/381671 Access Date: 22/10/2021

Chounta, |A., Bardone, E., Raudsep, A, & Pedasta, M. (2021). Exploring Teachers' Perceptions of Atrtificial
Intelligence as a Tool to Support their Practice in Estonian K-12 Education. Int J Artif Intell Educ.
https://doi.org/10.1007/s40593-021-00243-5

Demir, S. B., & Akengin, H. (2010). Sosyal bilgiler dersine ydnelik bir tutum olceginin gelistirilmesi:
gecerlilik ve glvenilirlik calismasi [Developing an attitude scale towards social sciences course:
validity and reliability study]. E-International Journal of Educational Research, 1(1), 26-40. Retrieved
from http://www.e-ijer.com/en/pub/issue/8011/105216 Access Date: 10/11/2021

Dogan. O., & Baloglu. N. (2020). Endustri 4.0 kavramsal farkindalik 6lcegi [Industrial 4.0 Conceptual
Awareness Scale]. Karamanoglu Mehmetbey Universitesi Sosyal ve Ekonomik Arastirmalar Dergisi,
22 (38). 58-81 Retrieved from https://dergipark.org.tr/en/download/article-file/1169226 Access
Date: 10/02/2020

Enil, G., & Kdseogdlu, Y. (2016). Fen Bilimleri (Fizik, Kimya ve Biyoloji) 6gretmen adaylarinin nanoteknoloji
farkindalik duzeyleri, ilgileri ve tutumlarinin arastiriimasi [Investigation of nanotechnology
awareness, interests and attitutes of pre-service Science (Physics, Chemistry and Biology)
teachers]. International Journal of Social Sciences and Education Research, 2(1), 50-63.
https://doi.org/10.24289/ijsser.279084

Evans. P. C.,, & M. Annunziata. (2012). Industrial Internet: Pushing the Boundaries of Minds and Machines.
Retrieved from  http://www.cse.tkk.fi/fi/opinnot/T-109.4300/2015/luennot-files/Industrial.pdf
Access Date: 15/02/2022

Fraenkel, J. R, Wallen, N. E., & Hyun, H. H. (2012). How to design and evaluate research in education (8th
ed.). New York: McGraw Hill.

Fukuyama, M. (2018). Society 5.0: Aiming for a new human-centered society. Japan Spotlight, 27 (Society
5.0), 47-50. Retrieved from https://www.jef.or,jp/journal/pdf/220th Special Article 02.pdf Access
Date: 18/02/2022

Geng, S. (2018). Sanayi 4.0 yolunda Turkiye [Turkey's Proceed on Industry 4.0]. Sosyoekonomi, 26(36),
235-243. https://doi.org/10.17233/sosyoekonomi.2018.02.14

George, D., & Mallery, P. (2003). SPSS for windows step by step: a simple guide and reference. (4"
edition). Boston: Allyn & Bacon

Goker, S. D. (2020). Cognitive coaching: a powerful supervisory tool to increase teacher sense of efficacy
and shape teacher identity. Teacher Development, 24(4), 559-582.
https://doi.org/10.1080/13664530.2020.1791241

JIRTE -


https://dergipark.org.tr/tr/pub/mkusbed/issue/65621/936301
https://dx.doi.org/10.33225/jbse/19.18.652
https://dergipark.org.tr/tr/pub/maruaebd/issue/356/1930
https://www.mmo.org.tr/mart-2015/makale/endustriyel-devrimin-son-surumunde-muhendisligin-yol-haritasi
https://www.mmo.org.tr/mart-2015/makale/endustriyel-devrimin-son-surumunde-muhendisligin-yol-haritasi
https://dergipark.org.tr/tr/pub/cybd/issue/34546/381671
https://doi.org/10.1007/s40593-021-00243-5
http://www.e-ijer.com/en/pub/issue/8011/105216
http://www.e-ijer.com/en/pub/issue/8011/105216
https://dergipark.org.tr/en/download/article-file/1169226
https://dergipark.org.tr/tr/download/article-file/389666
http://www.cse.tkk.fi/fi/opinnot/T-109.4300/2015/luennot-files/Industrial.pdf
https://www.jef.or.jp/journal/pdf/220th_Special_Article_02.pdf%20Access%20Date:%2018/02/2022
https://www.jef.or.jp/journal/pdf/220th_Special_Article_02.pdf%20Access%20Date:%2018/02/2022
https://www.jef.or.jp/journal/pdf/220th_Special_Article_02.pdf%20Access%20Date:%2018/02/2022
https://doi.org/10.17233/sosyoekonomi.2018.02.14
https://doi.org/10.1080/13664530.2020.1791241

Harman, G., & Seker, R. (2018). Fen bilgisi 6gretmen adaylarinin nanoteknoloji kavrami hakkinda
farkindaliklar [Awareness of science teacher candidates on nanotechnology]. Bingél Universitesi
Sosyal Bilimler Enstitiisti Dergisi, 8(15), 429-450. https://doi.org/10.29029/busbed.363179

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: Conventional
criteria versus new alternatives. Structural Equation Modeling: A Multidisciplinary Journal, 6, 1-55.
https://doi.org/10.1080/10705519909540118

Hussin, A. A. (2018). Education 4.0 made simple: Ideas for teaching. International Journal of Education
and Literacy Studies, 6(3), 92-98. http://dx.doi.org/10.7575/aiac.ijels.v.6n.3p.92

International Society for Technology in Education (2016). ISTE standards for students. Retrieved from
https://www.iste.org/standards/for%20students Access Date: 20/03/2020

ipek, Z., Atik, A. D, Tan, S., & Erkog, F. (2020a). Opinions of biology teachers about nanoscience and
nanotechnology education in Turkey. International Journal of Progressive Education, 16(1), 205-
222. https://doi.org/10.29329/ijpe.2020.228.15

ipek, Z., Atik, A. D., Tan, S., & Erkog, F. (2020b). Awareness, exposure, and knowledge levels of science
teachers about nanoscience and nanotechnology. Issues in Educational Research, 30(1), 134-155.
https://search.informit.org/doi/10.3316/ielapa.085898016126754

Kaygisiz, E., Sipahi H. (2019). Y kusag: Universite 6grencilerinin bireysel yenilik ve endustri 4.0 bilgi
dizeyleri arasindaki iliskinin incelenmesi [The investigation of the relationship between individual
innovation and industry 4.0 knowledge levels of y generation university students]. Gaziantep
University Journal of Social Sciences, 18(2), 922-936. https://doi.org/10.21547/jss.442879

Keidanren (2018). Society 5.0 - CoCreating the Future. Keidanren Policy & Action. Retrieved from
https://www.keidanren.or.jp/en/policy/2018/095 proposal.pdf Access Date: 20/08/2021

Kilig, S., & Alkan. R. M. (2018). Dérdlinci sanayi devrimi Endistri 4.0: Diinya ve Turkiye degerlendirmeleri
[Fourth industrial revolution industry 4.0: World and Turkey Reviews]. Girisimcilik inovasyon ve
Pazarlama Arastirmalart Dergisi, 2(3). 29-49. https://doi.org/10.31006/gipad.417536

Kiliger, K. (2011). Bilgisayar ve dgretim teknolojileri egitimi 6gretmen adaylarinin bireysel yenilikgilik
profilleri. [Individual innovativeness profiles of prospective teachers in computer education and
instructional technology]. Doctoral Dissertation Anadolu University, Anadolu University, Eskisehir.
Retrieved from
https://tez.yok.gov.tr/UlusalTezMerkezi/tezDetay.jsp?id=FpibMnTz9UjpHY1LDJOigA&no=p8ghG
8DSiT5e hGI9DIgRfw Access Date: 20/08/2021

Kokli, N., Buyukoztirk, S. & Cokluk Bdkeoglu, O. (2006). Sosyal bilimler icin istatistik. [Statistics for the
social sciences] Ankara: Pegem.

Mazman, S. G., & Kogak Usluel. Y. (2011). Bilgi ve iletisim teknolojilerinin 6grenme-6gretme siireglerine
entegrasyonu: modeller ve gostergeler [ICT integration into learning-teaching process: Models
and indicators]. Egitim Teknolojisi Kuram ve Uygulama, 1(1). 62-79. Retrieved
from_https://dergipark.org.tr/tr/pub/etku/issue/6274/84241 Access Date: 20/08/2021

Nguyen, X. T., & Nguyen, T. T. (2020). Factors affecting industry 4.0 adoption in the curriculum of
university students in Ho Chi Minh City. The Journal of Asian Finance, Economics and
Business, 7(10), 303-313. https://doi.org/10.13106/JAFEB.2020.VOL7.N10.303

Omar, S, A, Hasbolah, F. (2018). Awareness and perception of accounting students towards industrial
revolution 4.0. Proceedings of the 5%International Conference on Accounting Studies (ICAS 2018)
16-17 October 2018, Penang, Malaysia. Retrieved from
http://icas.my/download/icas 2018/263.pdf Access Date: 20/032021

Ozdemir, S. M. (2011). Toplumsal degisme ve kiiresellesme baglaminda egitim ve egitim programlari:
kavramsal bir ¢dziimleme [Education and curricula within the context of social change and

Journal of Innovative Research in Teacher Education, 3(2), 192-208 206


https://doi.org/10.29029/busbed.363179
https://www.tandfonline.com/hsem20
https://www.tandfonline.com/hsem20
https://doi.org/10.1080/10705519909540118
http://dx.doi.org/10.7575/aiac.ijels.v.6n.3p.92
https://www.iste.org/standards/for%20students
https://doi.org/10.29329/ijpe.2020.228.15
https://search.informit.org/doi/10.3316/ielapa.085898016126754
https://doi.org/10.21547/jss.442879
https://www.keidanren.or.jp/en/policy/2018/095_proposal.pdf
https://doi.org/10.31006/gipad.417536
https://tez.yok.gov.tr/UlusalTezMerkezi/tezDetay.jsp?id=FpibMnTz9UjpHY1LDJ0igA&no=p8ghG8DSiT5e_hG9DlqRfw
https://tez.yok.gov.tr/UlusalTezMerkezi/tezDetay.jsp?id=FpibMnTz9UjpHY1LDJ0igA&no=p8ghG8DSiT5e_hG9DlqRfw
https://dergipark.org.tr/tr/pub/etku/issue/6274/84241
https://doi.org/10.13106/JAFEB.2020.VOL7.N10.303
http://icas.my/download/icas_2018/263.pdf
http://icas.my/download/icas_2018/263.pdf

Pre-service Science Teachers’ Levels of Awareness ...

globalization: a conceptual analysis]. Ahi Evran Universitesi Egitim Fakiiltesi Dergisi, 12(1), 85-110.
Retrieved from  https://dergipark.org.tr/tr/pub/kefad/issue/59498/855234  Access Date:
15/10/2021

Ozsoylu, A. F. (2017). Endistri 4.0 [Industry 4.0]. Cukurova Universitesi lIBF Dergisi, 21(1). 41-64. Retrieved
from https://dergipark.org.tr/tr/pub/cuiibfd/issue/34826/387693 Access Date: 12/10/2021

Oztemel, E. (2018). Egitimde yeni ydnelimlerin degerlendirilmesi ve Egitim 4.0. Universite Arastirmalart
Dergisi, 1(1), 25-30. https://doi.org/10.32329/uad.382041

Pooworawan, Y. (2015). Challenges of New Frontier in Learning: Education 4.0. Document by Innovative
Learning Center, Chulalongkorn University, Bangkok.

Puncreobutr, R. (2016). Education 4.0: New challenge of learning. Journal of Humanities and Social
Sciences, 2(2). Retrieved from
https://scirp.org/reference/referencespapers.aspx?referenceid=2395494 Access Date: 19/10/2021

Sari, W. K., & Wilujeng, I. (2020). Education change in the industry 4.0: Candidate science teacher
perspective. Paper presented at the 5% International Seminar on Science Education Journal of
Physics: Conference Series, IOP Publishing.

Schermelleh-Engel, K., Moosbrugger, H., & Miller, H. (2003). Evaluating the fit of structural equation
models: Tests of significance and descriptive goodness-of-fit measures. Methods of Psychological
Research Online, 8(2), 23-74 Retrieved from https://www.scinapse.io/papers/1627191216#fullText
Access Date: 16/11/2021

Tinmaz, H. & Hwa Lee, J. (2019). A Preliminary Analysis on Korean University Students’ Readiness Level
for Industry 4.0 Revolution. Participatory  Educational  Research, 6(1), 70-83.
https://doi.org/10.17275/per.19.6.6.1

Toffler, A. (2008). Uciincii dalga [The Third Wave] (Trans.: Selim Yeniceri). istanbul: Koridor Yayincilik.

Torun, N. K, & Cengiz, E. (2019). Endistri 4.0 bakis agisinin 8grenciler goziinden teknoloji kabul modeli
(TKM) ile 6lcimU” [The perspective of university students' through the technology acceptance
model (tam) to industry 4.0]. UiID-1JEAS, 22, 235-250.https://doi.org/10.18092/ulikidince.444410

Ujakpa, M. M., Osakwe, J. O., lyawa, G. E., Hashiyana, V., & Mutalya, A. N. (2020). Industry 4.0: University
Students’ Perception, Awareness and Preparedness- A Case of Namibia. 2020 IST-Africa
Conference (IST-Africa), 1-10.

Yazicl, E., & Diizkaya, H. (2016). Endistri devriminde dérdincl dalga ve egitim: Turkiye doérdiinct dalga
endistri devrimine hazir mi? [Four waves in industrial revolution and education: Is Turkey ready
for four waves in industrial revolution?] Egitim ve Insani Bilimler Dergisi: Teori ve Uygulama, 7(13),
49-88. Retrieved from https://dergipark.org.tr/tr/pub/eibd/issue/29466/315920 Access Date:
14/10/2021

Yelkikalan, N., Ozcan, S. & Temel, K. (2019). Endstri 4.0 farkindaliginin belirlenmesi Canakkale Onsekiz
Mart Universitesi Ornegi [Determination of the Industrial Awareness: The Case of Canakkale
Onsekiz Mart University]. Girisimcilik ve Kalkinma Dergisi, 14(1), 31-44. Retrieved from
https://dergipark.org.tr/tr/pub/airkal/issue/46790/568616 Access Date: 28/10/2021

Yildiz, A. (2018). Enduistri 4.0 ve akilli fabrikalar [Industry 4.0 and smart factories). Sakarya Universitesi Fen
Bilimleri Enstitiisti Dergisi, 22(2). 546-556. https://doi.org/10.16984/saufenbilder.321957

JIRTE - 207


https://dergipark.org.tr/tr/pub/kefad/issue/59498/855234
https://dergipark.org.tr/tr/pub/cuiibfd/issue/34826/387693
https://doi.org/10.32329/uad.382041
https://scirp.org/reference/referencespapers.aspx?referenceid=2395494
https://scirp.org/reference/referencespapers.aspx?referenceid=2395494
https://www.scinapse.io/papers/1627191216#fullText
https://doi.org/10.17275/per.19.6.6.1
https://doi.org/10.18092/ulikidince.444410
https://dergipark.org.tr/tr/pub/eibd/issue/29466/315920
https://dergipark.org.tr/tr/pub/girkal/issue/46790/568616
https://doi.org/10.16984/saufenbilder.321957

Author Biographies

Havva Nur Ekizce is a master's degree in Science Education from Eskisehir Osmangazi University,
Faculty of Education, Department of Mathematics and Science Education. Her research interest lies in
science education, science education teaching, astronomy education, and industry 4.0 in science
education.

Burcu Anilan is an associate professor in Science Education. She is currently working at Eskisehir
Osmangazi University, Faculty of Education, Department of Mathematics and Science Education. Her
research interest lies in science education, chemistry, chemistry education, teacher training, and
teaching-learning processes in science education.

Nurhan Atalay is an assistant professor of Primary Education in the Department of Basic Education at
the Nigde Omer Halisdemir University. Her research interests are 215t-century skills in primary school,
science education, teacher training, and teaching-learning processes in science education.

Journal of Innovative Research in Teacher Education, 3(2), 192-208 208



	Doğan. O., & Baloğlu. N. (2020). Endüstri 4.0 kavramsal farkındalık ölçeği [Industrial 4.0 Conceptual Awareness Scale]. Karamanoğlu Mehmetbey Üniversitesi Sosyal ve Ekonomik Araştırmalar Dergisi, 22 (38). 58-81 Retrieved from  https://dergipark.org.tr...

