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Abstract: Due to the dynamic nature of the agricultural industry, educators and their institutions
face difficult challenges as they try to keep pace with future demands for knowledge and skilled
workers. On the other hand, computational thinking (CT) has drawn increasing attention in the
field of science, technology, engineering, and mathematics (STEM) education at present and, as
advanced technologies and tools emerge, it is imperative for such innovations to be sustained with
knowledge and skill among STEM educators and practitioners. The present case study aims to
explore the relation between CT, STEM and agricultural education training (AET) in a Greek vo-
cational training institute (IEK), the Agriculture IEK of Metamorfosis city (IEKMC), which is active
in agriculture education. The research methodology is utilized according the positivist philosoph-
ical approach through data acquisition employing a questionnaire and the quantitative (statistical)
analysis of data collected. The sample consists of IEKMC educators and students selected based on
simple random sampling. Based on the participants belief that CT and STEM philosophy add value
in the learning process, it focuses on the application of knowledge in the real world (students) and
problem solving using new technologies (educators). Educators consider “experiments” as the
most significant educational tool for problem solving in teaching practice. Students rate Greek
Agriculture Education and Training (GAET) higher than educators. However, the participants
evaluate GAET very low due to the lack of new innovative teaching methods being introduced.
Finally, there is great interest in the implementation of CT and STEM in the European Union (EU)
by students and educators.
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1. Introduction

The introduction of the computational thinking (CT) concept has provoked much
discussion about the new ability of analytical and critical thinking, while there is much
research on the completion of CT as well as the epistemology of STEM (science, tech-
nology, engineering and mathematics). According to the NGSS (Next-Generation Science
Standards) committee, science educators are constantly expressing concern about the
lack of understanding the engineering concepts. They also believe that elements of the
curriculum in science education should be changed and that these elements should be
included in their training. STEM contains the science of engineering that has some pecu-
liarities, focusing mainly on the so-called design thinking, which is also related to the
dimensions of computational thinking [1].
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Specifically, the teaching scenarios that attempt to integrate STEM in their method-
ology are inseparably connected to CT dimensions. STEM epistemology is based on the
transversal interdisciplinary approach, based on which there is a connection of concepts,
abilities and skills to the application of scientific processes, with the ultimate goal of
solving authentic problems. CT contributes to problem solving as its dimensions are a
key tool for this solution and can be applied in various scientific areas. Thus, its dimen-
sions can be used in education, as their combination between critical thinking and
pre-existing knowledge, together with the STEM methodology, lead to the solution of the
problem in question. Therefore, there is a close relationship between STEM epistemology
and [1-5].

In addition, CT can be used in all sciences to solve problems, design systems, create
new knowledge and comprehend the functions as well as the limitations of computer
systems. Scholars argue that CT is a key competence that learners should have in addi-
tion to the other three basic skills (reading, writing and calculations). CT includes prob-
lem solving, systems design and understanding of human behavior, based on concepts
that are very important for learning while additionally including a range of mental tools
that reflect the broadness of the computational science field [1].

Furthermore, Agricultural Education and Training (AET) is a constantly changing
industry which, due to unpredictable climate change and the related impact on global
food production, has reached a critically important stage. With population increase in the
coming years, food production must significantly increase at the same time as shrinking
its environmental footprint. In addition, the agriculture sector requires using the innova-
tive technologies offered by the 4th industrial revolution (Industry 4.0). Specifically, the
Industry 4.0 trend is transforming the production capabilities of all industries, including
the agricultural domain. The digitalization of agriculture is based on the development
and introduction of new tools and machines in production (Agriculture 4.0), such as the
Internet of Things (IoT), robotics, automation, new measurement tools (i.e,, Unmanned
Aerial Vehicle—UAYV) and artificial intelligence. This fact effected on influencing the
education field. In particular, Education 4.0 is coming to fill this gap through e-learning
tools, the usage of personalized learning, learning by project, etc. It is of particular re-
search interest to make use of it in practical learning through field experience, such as
internships and apprenticeships [6-9]. Therefore, there is a great need for utilization of
new educational techniques and models. For example, agricultural education and train-
ing have used inherently interdisciplinary contexts and involved each of the four STEM
(Science, Technology, Engineering, Mathematics) subjects [10]. The last decade or so has
seen the trend of “multi-disciplinary” teaching in the disciplines of science, computa-
tional science, technology, engineering and mathematics, attributing to this integration
the scientific term “STEM”. STEM is an acronym of the integration of science, technology,
engineering and mathematics [11].

The main research goal in this paper is to explore the use of CT and STEM in agri-
cultural education and training through the prospect of educators and learners. For that,
in this paper, a case study is presented about the usage and evaluation of CT, problem
solving and STEM in Greek Agricultural Education and Training.

This paper is structured in five sections as follows. Section 2 reviews briefly the
theoretical background of the theoretical background of the research (CT, STEM, AET).
Additionally, the methodological framework (quantitative research) is detailed in Section
3. Then in Section 4 the findings of the research are provided while their thorough anal-
ysis is developed in Section 5. Finally, in Section 6 the principal conclusions the conclu-
sions that emerged are introduced.
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2. Background
2.1. Computational Thinking (CT)

Computational thinking (CT) is based on the work of the well-known construction-
ist S. Papert [12,13], as Wing [14] promoted it. However, CT has recently made a dynamic
reappearance in the forefront. The concept is not new and its history in computer science
is quite long. Known since the 1950s and 1960s as “algorithmic thinking”, it can be ar-
gued that it is a thinking orientation based on which problems are formulated as in-
put-to-output con-versions and algorithms are sought to implement these transfor-
mations [15].

Specifically, as in [14], CT is “solving problems, designing systems, and under-
standing human behavior, by drawing on the concepts fundamental to computer sci-
ence”. Moreover, Cuny et al. [16], define CT as “the thought processes involved in for-
mulating problems and their solutions so that the solutions are represented in a form that
can be effectively carried out by an information-processing agent”. As Tang [17] has
pointed out CT is grounded on concepts fundamental to computer science, a field that
has importantly impacted society, but it is integral to modern research and the prob-
lem-solving work of STEM. Thus, CT should be embedded in the educational system as a
basic learning goal to prepare students with competency in their future life [18-20].

The modern CT approach recognizes that it mainly concerns a mindset, rather than a
distinct way of reasoning in terms of cognitive science (such as logical thinking, spatial
thinking, creative thinking, etc.) consisting of a working method strongly required in
computing science. The scientific community recognizes at present that CT is “a multi-
dimensional concept that includes, as individual components, important concepts,
methods and practices used by IT scientists to solve computational problems arising in
various scientific fields or in everyday life” [21,22].

As in [14] CT includes five (5) dimensions which are depicted in (Figure 1):

e  Problem reformulation—reframe a problem into a solvable and familiar one.

e Recursion—construct a system incrementally based on preceding information.
e  Problem decomposition—break the problem down into manageable units.

e  Abstraction—model the core aspects of complex problems or systems.

e  Systematic testing—take purposeful actions to derive solutions.

Recursion

Problem

decomposition

Problem

Computationa
reformulation

Thinking

Abstraction Systematic testing

Figure 1. The main dimensions of computational thinking (CT).

Fessakis et al. attempted as in [21] a combination of the dimensions proposed by the
various definitions concluding that CT includes: creative problem solving, algorithmic
problem-solving approach, solution portability, logical interference, subtraction, gener-
alization, representation and data organization, systemic thinking, evaluation, and social
impact of computing. In the same work, the dimensions of the CT included in various
initiatives for the integration of CT in education that are already implemented worldwide
(for example, Teaching London Computing, Computing at School [23]), were gathered
and their unification was attempted.
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In addition to the theoretical research, many empirical studies have attempted to
integrate CT in basic education (primary, secondary). For example, Malyn-Smith and Lee
[24], have facilitated the exploration of CT as a foundational skill for STEM professionals
as well as the way that professionals engaged CT in routine work and problem solving.
Finally, scholars and researchers have developed CT interventions on various subject
domains, such as science (e.g., physics, biology), journalism and expository writing etc.
[17].

Starting from the perceptions that teachers have about computational thinking and
its integration in Greek schools, it is worth mentioning the research of Fessakis and
Prantsoudi [22]. That specific research was conducted between IT teachers of primary
and secondary education, and resulted to the outcome that IT teachers perceive compu-
tational thinking as a problem-solving type and often identify it with the algorithmic
thinking dimension. Also, some of them attach equal importance to all its dimensions,
while others consider that some dimensions are more important. In addition, the majority
have a positive attitude towards the integration of computational thinking at all levels of
education through STEM activities and interdisciplinary approaches. In addition, several
studies have shown that there is a lack of training in CT issues by teachers and therefore
not possible to use it in teaching practice [25-28]. Finally, research on what is considered
CT in a school lesson, showed that various attempts are made by teachers, who realize
how important it is to cultivate computational thinking in students for their future de-
velopment, but themselves (teachers) have not received any comprehensive training on
the subject. The same goes for managers, as they also do not have a complete view of
what computational thinking is. However, the positive finding is that its value is recog-
nized as a future student resource [29].

For students, the use of CT in teaching practice is positive. In a study by Adler and
Kim [30], they reshaped the structure of science lessons through lesson plans using pro-
gramming and simulations. The findings of this intervention showed that the students
had a sufficient understanding of the physical meanings of the activities and they, in
turn, would like to include similar computational thinking activities in their future clas-
ses, as long as they work as teachers.

Another study showed that the most effective time for teachers to assimilate the
concepts of CT is during their studies. In particular, the ideal fields for integrating this
knowledge are the educational technology courses that future teachers take, but it is
necessary for the pedagogical departments to work with computer schools in order to
jointly formulate an effective teaching plan for the students [31].

Regarding CT and problem solving, there is some confusion between the two con-
cepts, as one is considered to be identical with or overlapped by the other [32]. According
to Kovacs and Harangus [33] the definition of problem solving is: “Problem solving is an
individual’s capacity to use cognitive processes to confront and resolve real,
cross-disciplinary situations where the solution path is not immediately obvious and
where the literacy domains or curricula areas that might be applicable are not within a
single domain of mathematics, science or reading.”

The reason for the confusion why this happens is that the strategies followed by
problem solving largely match the corresponding dimensions found in CT. Research has
shown that these are two independent concepts, which cannot be merged and must be
evaluated separately. On the other hand, research has argued that computational think-
ing can be considered as a form of problem solving in a technological environment [34].
However, the view that defines computational thinking and problem solving as two dif-
ferent variables is confirmed by various researches and they examine their research
questions on this basis. Indicatively, we refer to the research of Wong & Cheung [35] and
Moon et al. [36], which support the positive effects that programming activities have on
the improvement of computational thinking and study whether these activities can also
benefit the development of other, general skills, including the problem-solving.



Eur. ]. Investig. Health Psychol. Educ. 2021, 11, 18 234

2.2. Science, Technology, Engineering and Mathematics (STEM) Education

STEM education is promoted in several countries due to the preparation of their
citizens to understand this concept and obtain multidimensional capabilities from it to be
used in modern life. Specifically, STEM helps to solve problems of real world. As a result,
the curricula have been changed to include computational thinking activities from pri-
mary to high school and international teachers’ associations referring to the need to in-
troduce STEM and computational thinking in education [37-39].

STEM pedagogy is based on “integrated” curricula that combine the engineering
design as well as the inquiry-based teaching and learning approach. STEM is often ex-
pected to solve the low scores problem on international assessments such as the Pro-
gramme for International Student Assessment (PISA) test, and the decreasing number of
students who want to obtain a job related to science and technology. For example, the
USA has a national plan for increasing the number of graduates with STEM degrees (i.e.,
engineering diplomas) to maintain America’s competitive position in the international
economy [37-39].

STEM as education includes the knowledge, skills and beliefs that are collabora-
tively constructed at the intersection of more than one STEM subject area [31]. For ex-
ample, the educational model depicted in Figure 2 summarizes the scientific fields in
STEM education and links (integrated) STEM education to integrated teaching at the
K-12 level. According to Corlu et al. (2014), while the oval STEM shapes indicate the
preservation of unique characteristics within each STEM area, such as in-depth
knowledge, skills, and beliefs, the arrows from the shapes represent the teacher and
student-driven interactions. The interactions exist because they are often integral rather
than optional parts of the STEM areas. In addition, this educational model hypothesizes
that it takes a well-educated teacher with a strong background to such interactions actu-
ally occur in the classroom settings. In terms of background, this is related to very good
professional and scientific knowledge about the fields of STEM, and in addition, to sat-
isfactory pedagogical training of the teacher. The model is designed with the potential to
address all other interactions between STEM subjects [40,41]. Also, the proposition that
posits mathematics is abstract but science is concrete is not supported in educational
practice. This is in contrast to one view, which argues that mathematics and science are
epistemologically too different to be integrated [42], but [40] believes that both subjects
are related to life and are dependent on each other to construct new knowledge
[40,43-46].

Mathematically Rigorous
Science Education

Figure 2. Science, technology, engineering and mathematics (STEM) education model with a par-
ticular focus on mathematics and science.
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Many countries, including global economic powers such as the United States (USA)
and the European Union (EU) are transforming their educational systems to be competi-
tive in the age of innovation by using STEM education [47]. It is at the core of both
American and EU research-based innovation strategies [31]. Specifically, in Greece, the
education system is structured based on a centralized design followed by all schools,
leaving little autonomy in the school units. The curricula are common to all schools and
are taught by specific textbooks [48]. In the last quarter of 2017, the Educational Policy
Institute (IEP) as national coordinator for Greece of the European Project H2020: “Open
Schools for Open Societies (OSOS)”, advanced a call for school units to participate in the
pilot phase of the OSOS project which has been implemented since the 2017-2018 school
year. The focus of the project is on STEM approaches in topics that enhance both the
connection of the (natural sciences) with technology, mathematics and engineering, as
well as the connection with modern social concerns [49]. Various surveys [50-52] on
STEM approaches to formal and non-formal education in Greece have shown that posi-
tive results of these approaches, such as promoting and improving the educational pro-
cess enhances student performance in coding, and most teachers and students view pos-
itively the prospect of integrating STEM methodology into teaching. All of these studies
indicate positive dynamics for the introduction of STEM activities in the educational
process in Greece. However, the integration of more advanced technologies and digital
skills remains low. The number of people with at least a basic level of digital skills re-
mains well below the EU average, and Greece still has the lowest percentage (1.4%) of
information and communication technology (ICT) experts in the EU (3.7%). On the other
hand, the corresponding ratio for the number of sciences, technology, engineering and
mathematics (STEM) graduates per 1000 people aged 20-29 (16.2%) is closer to the EU
average (19.1%), bringing the country to 18th place. In addition, Greece ranks 6th among
OECD countries in terms of the percentage of STEM graduates (26%) [53].

2.3. Agriculture Education and Training (AET)

Agricultural Education and Training (AET) aims to contribute to the development of
the agricultural sector and rural space. The concept of rural space is identified with: (a)
the natural habitat and (b) the residential rural area. Production in agriculture and the
solution of its problems cannot be carried out merely with financial support or with the
introduction of capital material. It is necessary to support it with: (a) school-based agri-
cultural education, (ii) training and (iii) agriculture consulting. Specifically, in agricul-
tural areas, the educational needs are not static, as they differ according to the peculiari-
ties of the rural areas and the needs of the population that makes them up. Based on the
above, these forms of AET are distinguished [54-56]:

—  School-based agricultural education.

— Vocational training in agricultural professions.

— Education in rural household issues.

— Education in environmental protection issues.

— Education in agro-tourism issues.

Education in new technologies (Agriculture 4.0).

Due to the dynamic nature of the agricultural industry, educators and their institu-
tions face difficult challenges as they try to keep pace with future demands for
knowledge and skilled workers. In order for the agriculture and agribusiness sectors to
meet the challenges of sustainable food production, there is a need to view agriculture as
a knowledge industry, one that requires “people of an especially high standard of edu-
cation and training who can manage not only the basics of production, but also sophis-
ticated technologies, the agro-ecological environment, the sociology and economics of
their business” [56,57].
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2.4. AET, CT and STEM

The development of 21st-century skills by students has recently been raised as an
essential issue in the scope of education. Such skills include a wide range of knowledge,
work habits and character traits which are expected to be applied in all academic or
professional subject areas as they are claimed to be critically important for success in to-
day’s world. Hence, CT is considered to be “one of the 21st-century skills and correla-
tively becomes ever more vital in today’s increasingly technological world” (i.e., Agri-
culture 4.0) [58].

There is also wide acknowledgement that CT methods are critical to—and some-
times transformative in—a variety of STEM fields, thus it is sought to integrate skills
from CT to STEM. For example, a maths teacher could refer to the chi-square testing dis-
tribution (x2) and then have students examine a company’s seed production to check if
this distribution is verified [59].

Agricultural careers of the future will require more knowledge and skills related to
science, technology, engineering, and mathematics (STEM). STEM will be important for
ensuring an adequate food supply, economic well-being, safety, new industries, and an
improved standard of living in developing countries. Up to the present, agricultural ed-
ucation has used inherently interdisciplinary contexts and involved each of the four
STEM fields. According to the Association of Public and Land-grant Universities (APLU)
and the USA National Research Council [60,61], STEM can assist in addressing the stag-
nation of student achievement in this concept.

Therefore, AET should help in the creation of a 21st-century workforce able to ad-
dress social, economic, and environmental challenges through the STEM educational
concept (model). The USA National Research Council [61] went as far as suggesting the
STEM term should be modified (by adding agriculture as a new parameter) to science,
technology, engineering, agriculture, and mathematics (STEAM). Despite the calls for
increasing integration of STEM into agricultural curricula, a research gap has made it
difficult to address it through policy and teacher preparation. In addition, the evolution
of STEM in agricultural education has prompted researchers to explore the attitudes and
perceptions of students toward this concept [62,63].

Finally, a key part of the STEM education philosophy, much like agricultural edu-
cation, has stressed the importance of connecting content knowledge, STEM knowledge,
real-world issues, and problem-solving skills [64]. According to [65], the teaching of
STEM needs to engage the students in “motivational activities that integrate the curric-
ulum to promote hands-on and other related experiences that would be needed to help
solve problems as they relate to their environments” [65]. In addition, school-based ag-
ricultural education (SBAE) has been so diverse that the philosophy of AET has empha-
sized the process of learning by covering the specific content learned [64,66].

3. Research Methodology
3.1. Method

The present survey (case study) aims to explore the relation between computational
thinking, STEM and agriculture education and training in a Greek vocational training
institute (IEK) as it has important value nowadays, especially in the agriculture sector of
an economy. In particular, teachers” and students” views on CT and STEM are recorded
and analyzed. This is approached according to the positivist philosophical method
through the collection data with the help of a questionnaire and the quantitative (statis-
tical) analysis of research data (quantitative methodology). In addition, the research fol-
lows the descriptive method since, it deals with the collection of data at a specific time, in
order to analyze social events, situations and phenomena or determine the relationships
that exist between them (CT, STEM, AET) [64,66].
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3.2. Framework and Research Questions

We propose a research framework (according to main research goal) with two (2)
axes (educators, students) which interact between them as follows (Figure 3):

- 1st axis: this involves the opinion of CT, opinion of STEM philosophy, educator’s
training and evaluation of Greek agriculture education and training (GAET).

- 2nd axis: this involves opinion of school environment, satisfaction of school envi-
ronment and evaluation of GAET.

)
J,’ educator

e

cT

, Training R

GAET

STEM /
School

o Environment

kY

Figure 3. Research framework.

According to the theoretical review and research framework (as depicted in Figure
4) the research questions (RQ) are structured as follows:

- RQ1: Is there relation between opinion of STEM philosophy and opinion for CT?

- RQ2:Is there relation between educators’ training and opinion for CT?

- RQ3: Is there relation between opinion of STEM philosophy and Educators' train-
ing?

- RQ4: Is there relation between opinion for school environment and Satisfaction of
School Environment?

- RQ5: IS there relation between GAET (educators’ side) and GAET (students’ side)?

3.3. Participants

This survey (case study) focuses on the relation between CT and AET in a Greek
vocational training institute (IEK) that took place in the Agriculture IEK of Metamorfosis
city IEKMC) in Attica. This IEK offers 11 professional specialties in the fields of Health,
management, agriculture and security. It has 5 permanent staff and more than 70 tem-
porary staff. It participates in European programs (i.e., Erasmus ++), while it has its own
laboratory infrastructure that covers all specialties. It belongs to level 5 of the European
Qualification Framework. It grants a National Diploma of Professional Specialty, Educa-
tion and Training, level 5, after certification exams per professional specialty [67].

Specifically, IEKMC offers vocational training in viticulture and oenology. The wine
sector is one of the most significant sectors of Greek viticulture and agricultural produc-
tion in general. The “Viticulture and Oenology Technician” is an employee occupied in
viticultural, winemaking or mixed wine companies of various forms with the scope of
cultivating vineyards and producing wine. The population of this survey is shown in
Table 1.
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Table 1. Population of Agriculture IEK of Metamorfosis city IEKMC, education year 2020-2021).

IEK (Total) Viticulture & Oenology Technician
Staff 84 29
Students 310 51

3.4. Research Procedure

The research process includes the following steps (Figure 4):

Research tools design (questionnaire of educators, QE, questionnaire of students,
QS) based research framework;

Pilot study design;

Sampling design;

Pilot study;

Improvements to research tools;

Main research;

Data analysis (statistical analysis);

Conclusions.

The pilot research includes the following steps:
Finding respondents (e-mail);

Informing participants about the pilot research;
Issuance of a survey questionnaire and main assessment questionnaire (pilot re-
search);

Collection of questionnaires;

Data processing/conclusions and improvements.
The main research includes the following steps:
Finding respondents (e-mail);

Informing participants about the main research;
Issuance of the main research questionnaire;
Collection of questionnaires;

Data processing/conclusions and improvements.

Research Tools design | _ _ - Questionnaires

'

Pilot study desi.
~ g ——— =D Questionnaire of

Evlauation{ QoE)

.

Sampling design = = = = (riteria of Sampling

1'

Pilot Study = = = QoE, QF, Q5§

('

ts |

Improvem

3

'

Main Research I- —— QE, Qs

'

Data analysis I— —— SPSS/Excel

8l
:
:

Figure 4. Steps of research procedure.
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3.5. Tools

In this research two special questionnaires (tools) were designed based on the re-
search framework and theoretical review as depicted in Figure 5. The questions of the
research questionnaire are divided in three types: dichotomous, multiple options and
Lickert scales. In particular, the structure of the research questionnaires is set as forth
below:

I.  Questionnaire of Educators (QE)

- Section 1 (Pedagogic). It includes three basic questions with 12 items (totally) about
STEM philosophy, CT and problem-solving methodology.

- Section 2 (GAET). It includes three basic questions with 9 items (totally) relative to
the usage of CT, STEM and problem-solving methodology in GAET, educators'
training and overall evaluation of GAET.

- Section 3 (Profile). It includes socio-demographic characteristics (gender, education,
work experience, employment situation).

II.  Questionnaire of Students (QS)

- Section 1 (School environment). It includes three basic questions with 12 items (to-
tally) about school life, using of new technologies and overall satisfaction of school
environment (IEK).

- Section 2 (GAET). It includes questions about overall evaluation of GAET.

- Section 3 (Profile). It includes socio-demographic characteristics (gender, age).

Section I: PEDAGOGIC Section I: SCHOOL
STEM ENVIRONMENT
CT school life
Problem Solving new technologies

satisfaction
Section Il: GAET

educational methods

training Section II: GAET
evaluation evaluation
Section I11:PROFILE Section I11:PROFILE
Educators Students

Figure 5. Structure of tools (questionnaire of educators, QE, questionnaire of students, QS).

The completion of these questionnaires (QE, QS) is anonymously performed and the
answers are confidential. Regarding the pilot study’s questionnaire (questionnaire of
evaluation, QoE), this is used to evaluate the research tools of the main research. This
questionnaire is also completed anonymously and the answers are confidential. 8 people
(4 instructors, 4 students) agreed to answer the pilot study questionnaire. The results of
the pilot research help to improve the QE and QS (recording comments-comments for
improvement by the respondents), while they are also a tool for validation certification
(face validity). Phenomenal validity is an elementary form of validity, and shows that a
measurement tool (questionnaire) seems to appreciate the concept that is said to count. In
general, this type of validity facilitates simple surveys (e.g., small sample size), such as
the present, because it avoids the difficult process of structural validity, which requires a
large sample size and weighted scales, etc. [68,69].

In particular, the QoE evaluation criteria concern:
e the format of the research questionnaire (legible letters, font, color, easy-to-use for-
mat, etc.);

e the structure of the research questionnaire (series of questions, thematic units);
e  the content of the research questionnaire (questions, explanations);
e the satisfaction of the research goal (main research goal);
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. the overall satisfaction by the research tools.

The Lickert scale (5 points) is used to investigate the evaluation criteria (excluding
Individual Profile). The questions are closed type, except for question 2. The types of
question used are similar (dichotomous, multiple choice) to the questionnaires of the
main survey.

3.6. Sampling

In the present work the sample selection was done with the help of the avalanche
method which belongs to the non-probability sampling methodology. In avalanche
sampling, the individuals selected have characteristics that are of interest to the research,
which in turn bring the researcher into contact with other individuals with similar char-
acteristics [68,69].

The research population includes all teachers and students of the specialty “Viti-
culture and Oenology Technician” of IEKMC. The main control characteristic used to
participate in the sample is to work (teacher) or study (student) in the specialty “Viti-
culture and Oenology Technician” during the research period. Any demographic dif-
ferences that may exist, compared to a probability sample, do not appear to create a dis-
criminatory attitude, as it concerns a case study with a very specific population [70]. Also,
despite the problems that may arise from the possibility of the same dating network par-
ticipating in the sample, this is minimized as the sample size increases. For this reason,
the sample sizes in the present study exceed 50% of the specialty population. The survey
took place during the autumn of 2020.

In the present research, the questionnaire was disseminated between a group of
educators and students by promoting additional respondents through an informal online
network, using the “word of mouth” technique. The sample was selected according to the
following criteria (Ki):

e  Ku: teacher or student of the IEKMC specialty “Viticulture and Oenology Techni-
cian”.

e Ku: the ease of accessing the respondent,

e  Ka: free choice of answering the questionnaire or not.

The sample consists of 22 educators (QE) and 24 students (QS), all of whom com-
pleted the questionnaires.

3.7. Pilot Study

The pilot study concerns the testing and testing of the main research questionnaires
(QE, QS) in a small sample of 8 people (4 students, 4 teachers) belonging to the IEKMC
educational community and the specialty “Viticulture and Oenology Technician”. It took
place in September 2020 and the avalanche method was used. QoE was used with the
following results:

¢  Questionnaire format (QE, QS): significant satisfaction (75% —very satisfied) was
found from the questionnaire format (QS) for students and, respectively, significant
satisfaction (75%—sufficient satisfaction) from the questionnaire format (QE) for
teachers.

¢ Questionnaire structure (QE, QS): very significant satisfaction (100% — very satisfied
and sufficient satisfaction) was found from the structure of the questionnaire (series
of questions, topics) for students (QS) and respectively, significant satisfaction
(75% —sufficient satisfaction) in the form of a questionnaire (QE) for teachers.

¢  Questionnaire content (QE, QS): significant satisfaction (75% —very satisfied and
sufficient satisfaction) was found from the content (questions, explanations) for the
students (QS) and respectively, significant satisfaction (75%—very satisfied) from
the format of the questionnaire (QE) for teachers.
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e  Satisfaction of the research goal (main research goal): it was observed from the re-
sults of the pilot research, that there is significant satisfaction (75% —very satisfied
and sufficient satisfaction) of the content (questions, explanations) for the students
(QS) and respectively, significant satisfaction (100% —very satisfied) from the form
of the questionnaire (QE) for teachers.

e  Overall questionnaire satisfaction: observed from the results of the pilot survey,
very significant satisfaction (100% —very satisfied and sufficient satisfaction) from
the structure of the questionnaire (series of questions, topics) for students (QS) and
respectively, significant satisfaction (75% — very satisfied and sufficient satisfaction)
from the form of the questionnaire (QE) for teachers.

e  Verbal performance problems: there were few observations for verbal performance
of the questions (grammar-syntax errors), 1 and 2 of the QE questionnaire and
questions 3 and 4 of the QE questionnaire respectively.

Finally, there were no further comments on the main survey questionnaires. Overall,
the observations helped in their final design (improvements).

3.8. Validation
The validity of the questionnaires (QE, QS) showed the following:

e  content validity: a research questionnaire should fully cover the dimensions of the
main research objective [68] so it was considered appropriate, the design of QS and
QE was based on the research framework developed in the context of this research,
and it examined in detail two key research factors (CT, STEM).

e  criterion validity: this became impossible because the use of a criterion, i.e., an ex-
isting reliable and valid questionnaire (weighted), which concerns the investigation
of the main research purpose for GAET, was not found. Here, perhaps, there was a
gap in terms of researching CT and STEM views on AET.

e  apparent validity: the results of the pilot survey showed significant satisfaction since
in all indicators (250%) for both questionnaires. It was obvious that the apparent
validity is a primary approach to the validity of the questionnaires, due to its sub-
jective dimension [68,69].

3.9. Data Analysis

The statistical techniques used aimed for: (i) descriptive presentation of the sample
for better presentation of the research sample and understanding of its aspects; and (ii)
correlations in order to draw conclusions. Also, the corresponding factors were designed
for all complex variables (a. Use the total sum of the answers to the questions that make
up each factor, b. Analyze — descriptive statistics — frequencies [SPSS]) such as:

STEM Philosophy (STEM): the total score was calculated empirically as follows:

STEM = [} choice of item responsei]/n @
fori={1...5}, n =5 (items 1-5/Section I-question 1/Educator tool).
Computational Thinking (CT): the total score was calculated empirically as follows:
CT = [} choice of item responsei]/n 2
fori={1...4}, n =4 (items 1-4/Section I-question 2/Educator tool).
Educator's Training (ET): the total score was calculated empirically as follows:
ET = [y choice of item responsei]/n 3)
fori={1...3}, n =3 (items 1-3/Section I-question 5/Educator tool).
GAET educator side (GAET-E): the total score was calculated empirically as follows:
GAET-E = [} choice of item responsei]/n 4)

fori={1..3}, n =3 (items 1-3/Section I-question 6/Educator tool).
School Environment (SE): the total score was calculated empirically as follows:
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SE = [} choice of item responsei ] / n (5)
fori={1..7}, n =7 (items 1-7/Section I-question 1).
Satisfaction (SAT): the total score was calculated empirically as follows:
SAT = [} choice of item responsei ] / n (6)
fori={1...4}, n =4 (items 1-4/Section I-question 2).
The responders’ answers were noted anonymously they were coded and entered

into SPSS Statistics version 21, in order to achieve the interpretation of results and reach
conclusions.

4. Results
4.1. Educator Survey

In the sample of the case study, the percentage of male participants (54.55%, 12
people) was slightly higher than this of females’ participants (45.45%, 10 people), while in
the level of studies, the undergraduate participants accounted for a large percentage
(54.55%, 12 people) followed by the postgraduate participants (36.36%, 8 people) and
Ph.D. graduates (9.1%, 2 people). Regarding work experience, the majority of the sample
belonged to the upper periods (>15 years) with 81.8% (18 people) (Figure 6).

EDUCATION

UHCEGRADUATE STUDES
EPOSTGRADUATE STUDES
DloocroraL sTuoes

'WORK EXPERIENCE

Figure 6. Profile of demographic variables: sex, level of studies and work experience.

In the part of questionnaire about the opinion of STEM philosophy, all respondents
agreed that from ‘often’ to ‘always’ (responds) for STEM (see Table 2): (a) it emphasizes
the application of knowledge to real-world problems, (b) it emphasizes the critical
thinking, (c) it supports the problem solving (d) it enhances the creativity and (e) it is
important for economic development.
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Table 2. Statistical profile of opinion of STEM (n = 22).

Opinion of STEM Aver.

Emphasis on applying knowledge to real-world problems 4.55
Support of critical thinking 4.55

Assistance in problem-solving 4.55

Creativity amplifying 4.55

It is important for National Economic Development 4.55

Table 3 summarizes, as follows, the opinion of CT, where some deductions can be
observed as below:

- The most important opinions expressed were the following: (a) it helps in the prob-
lem solution (average 3.55) and (b) it is useful for the utilization of Information
Technology and Science (average 3.55).

- the least important opinion was linked to STEM education (average 2.09).

Table 3. Statistical profile of opinion of CT (n = 22).

Opinion of CT Aver.
Assistance in problem-solving 3.55
Useful for the utilization of Information Technology and Science 3.55
Linked to STEM training 2.09
It is distinguished for its interdisciplinary application 3.18

Respectively, the opinion of the didactic methodology of problem solving, where the
following can be seen (see Table 4):

- The most important opinions were the following: through the classical experiment
(average 3.91).

- The least important opinions were the following: simulation (average 3.09) and the-
oretical analysis (average 3.09).

Table 4. Statistical profile of opinion of didactic methodology of problem solving (n = 22).

Opinion of CT Aver.

Simulation 3.09

Typical experiments 391

Through theoretical analysis (and solving exercises on paper) 3.09

The part of the questionnaire concerning the opinion of the utilization of curriculum
and infrastructure in GAET, indicated the dissatisfaction of the survey participants (av-
erage < 2.0), while the part of questionnaire about the opinion of the educator’s training,
indicated their dissatisfaction (average < 2.0) as well. Overall dissatisfaction (average of
<2.0) was additionally expressed for GAET. The overall evaluation is concerning GAET
with regard to the utilization of CT, STEM and problem solving in the teaching processes.
Finally, the correlation analysis between opinion of STEM and opinion of CT was
checked with the aid of the Spearman's rho correlation coefficient, resulting in an im-
portant positive correlation with 0.728 (correlation coefficient) and a high significant level
of 0.000 (Sig. < 0.01) as presented in Table 5:

Table 5. Correlation matrix of factors (STEM, CT, ET).

Spearman's rho Opinion of STEM (Totally) Opinion of CT (Totally) Training Personnel
Opinion of STEM (totally) 0»;%(?;0** —(;?;1115;24
Opinion of CT (totally) 007535* 7(51-419583
Training Personnel 7(;]411824 *00:9583

Note: **. correlation is Significant at the 0.01 level (2-tailed).
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4.2. Student Survey

In the sample of the case study, the percentage of male students (75%, 18 people)
was higher than female students (25%, 6 people) as depicted in Figure 7. Regarding age,
all respondents of the sample belonged to the older age periods (>24 years).

SEX

EwaLE
B FeEMALE

Figure 7. Profile of sex.

In Table 6 the opinion of the school environment (SE) is summarized and the fol-
lowing deductions can be obtained:

- The most significant t opinions were those regarding: (a) the application of
knowledge to real world problems (average 4.75) and (b) the use of models or pro-
totypes in problem solving at school or life (average 3.75).

- The least important opinions were the following: using algorithms for problem
solving (average 0.88) and I can solve problems more easily (average 1.13).

Table 6. Statistical profile of school environment (SE, n = 24).

Opinion of CT Aver.
I apply knowledge to real world problems 4.75
I can solve problems more easily 1.13
I am learning to use algorithms to solve problems 0.88
I can analyze a problem, break it down into parts to solve it 3.63
I can use templates or models to solve a problem at school or in everyday life ~ 3.75
I can identify patterns or models in a lesson or in everyday life 3.00
I can evaluate a model or model that appears to me in a course (e.g., physics) or in 1.25
everyday life

In the part of the questionnaire regarding the evaluation of the exploitation of the
new technologies (information technology, internet etc.) in IEKMC, the results indicate
that the majority of the sample agrees that there is utilization of new technologies (75%,
18 people). On the other hand, the overall satisfaction of IEKMC (SAT) results in dissat-
isfaction with all factors (Table 7).

Table 7. Score of overall satisfaction of IEKMC (n = 24).

Factors Score (max = 5.0)
Infrastructure 1.63
Curriculum 1.0
Educators 0.75

Didactic techniques 1.00
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In addition, concerning the overall satisfaction of GAET, the results indicate me-
dium satisfaction (average 3.0) as depicted in Figure 8. Finally, the correlation analysis
between SE and SAT was checked with the aid of the Spearman’s rho correlation coeffi-
cient, resulting in a medium important positive correlation with 0.478 (correlation coef-
ficient) and a significant level of 0.018 (Sig. < 0.05) as presented in Table 8.

Table 8. Correlation matrix of factors (school environment, SE, overall satisfaction, SAT).

Opinion of School Envi- Overall Satisfaction of School

Spearman's Rho ronment (IEKMC) Environment (IEKMC) (Totally)
(Totally) [SAT]
[SE]
Opinion of School Envi- 0.478 *
ronment (IEKMC)(totally) :
0.018
[SE]
OSV}elrali :atls.factlon (Ef 0478 *
chool Environmen 0.180

(IEKMC) (totally) [SAT]

Note: *. correlation is significant at the 0.05 level (2-tailed).
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Figure 8. The profile of responses of SAT (overall satisfaction with school environment at IEKMC).

4.3. Evaluation Comparison of Greek Agriculture Education and Training (GAET) between Ed-
ucators and Students

The comparison between the educators’ and students’ evaluations of GAET shows
that the students evaluate the GAET higher (3.0) than the educators (2.0) as presented in
the diagram of Figure 9.

GAET

3.5

3

2,5

a 2

g

o 1,5

1

0.5

0
Educators evaluation | Students evaluation |
[ GAET 2 [ 3 |

Figure 9. Comparison between educators and students evaluation of Greek agriculture education
and training (GAET).
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5. Discussion

In the present research STEM philosophy is considered to have a very powerful re-
lation with CT according to the responses of the participants (educators). This indicates
that the STEM is inextricably linked to the CT dimensions. The STEM framework is based
on the connection of concepts, skills and abilities and the use of scientific processes, with
the ultimate goal of problem solving. CT contributes to this problem solving as its di-
mensions are a key tool for this solution and can be applied in various scientific areas
[1-5].

Correspondingly, there is a relatively medium relationship between the view of the
school environment and its evaluation by the research respondents. No relationship
whatsoever was found between educator’s training and STEM philosophy, nor between
educator’s training and CT in accordance with the participants’ responses in the present
study.

In literature, CT involves solving problems, designing systems, and understanding
human behavior, by drawing on the concepts fundamental to computer science. In addi-
tion, CT is then considered one of the 21st-century skills, especially in Agriculture 4.0.
digitalization (i.e., IoT, robotics, artificial intelligence (Al) etc.), the socio-technical pro-
cess of applying digital innovations, is an increasingly ubiquitous trend. In agriculture it
is thus expected to provide technical optimization of agricultural production systems,
value chains and food systems [58,59,71].

Educators consider STEM education important because it promotes critical thinking,
helps in problem solving and applies knowledge in the real world, while also contrib-
uting to the country’s economic development. On the other hand, they consider im-
portant for CT, the fact that it assists in problem solving and the usage of new technolo-
gies, yet they find its connection with STEM education and philosophy to be of low value.
In relevant research, teachers realize how important the cultivation of CT in students is
for their future development, and recognize its value as a future resource for students
[29].

Furthermore, the educators consider the teaching practice of experimental conduct
as the most significant educational tool for problem solving, while they consider that
there is no utilization in the Greek educational system of CT, STEM and didactics for
problem solving. They generally evaluate GAET very low due to the lack of introduction
of new innovative teaching methods. This is confirmed by the Organisation for Economic
Cooperation and Development (OECD) statistics, where Greece, the integration of more
advanced technologies and digital skills remain low. The number of people with at least a
basic level of digital skills remains well below the EU average [53].

It is imperative to develop the CT skill set among STEM educators and students to
sustain scientific revolution. Also, CT enables individuals to become more efficient
problem solvers by teaching them to recognize computable problems and approach the
problem-solving process skillfully [14,17,72]. Moreover, agricultural professions of the
future are expected to require more knowledge and skills related to science, technology,
engineering, and mathematics, such as STEM. In literature, the interconnection of STEM
and AET offers significant possibilities for the development of problem-solving skills
[60,61].

When teaching STEM, as Ejiwale noted in [64], the special importance of engaging
students in “motivational activities that integrate the curriculum to promote hands-on
and other related experiences that would be needed to help solve problems as they relate
to their environments”.

In addition, student participants consider the application of knowledge in the real
world to be the most important, while the use of algorithms to solve problems the least
important. On the other hand, students’ rate GAET higher than educators. This indicates
the need to introduce CT, problem-solving methodology and STEM into GAET. Drawing
upon the growing interest in integrating CT in STEM education, the field dedicated many
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References

efforts to promote and examine students” CT skills. Many researchers have illustrated the
importance of teaching and learning CT and its integration in other subject domains [17].

Regarding the Greek educational system, the research findings showed that there is
no utilization of new and innovative educational methods such as CT and STEM, while it
lags behind in the use of new technologies (information and communication technolo-
gies). This may be because the education system is structured based on a centralized de-
sign followed by all schools, leaving little autonomy in the school units [48]. However,
recent research in Greece shows that there is some positive dynamics at least in the inte-
gration of STEM in education [50-52].

6. Conclusions

This case study clarified the scope of CT and STEM philosophy in AET, documented
perceptions of them, and finally revealed strengths and weaknesses of GAET. The re-
search presented the value of CT and STEM in agriculture education and training, in
context of the Agriculture 4.0 era.

Specifically, the final results of this survey (case study) are:

e  There is a strong relationship between STEM philosophy and CT for teachers.

e  There is a significant relationship between satisfaction with the school environment
(IEKMC) and students’ opinion of the school environment.

e Educators consider STEM and STEM philosophy equally important for education.

e  Students rate GAET higher than instructors.

The results of this research will be applied in the improvement of understanding CT
and STEM philosophy in GAET. There is great interest in the implementation of CT and
STEM in the EU by students and educators [40,47]. Finally, this research (case study) is a
primary effort to research the usefulness of CT and STEM concepts in AET. It is a relevant
study in the field of agricultural education and training in Greece. As the research was
limited to a small sample, it is suggested for future research that:

- the sample is expanded nationwide;
- mixed research methods with a combination of quantitative and qualitative ap-
proaches are adopted for better analysis of the findings.

Author Contributions: Conceptualization, E.C. and K.G.A.; methodology, E.C. and D.P.; valida-
tion, E.S., D.P. and D.L.; formal analysis, E.C. and D.L. investigation, E.C. and D.P.; resources, E.C.
and E.S.; data curation, E.C. and D.P.; writing—original draft preparation, E.C.; writing—review
and editing, E.S. and D.L.; visualization, E.C. and D.L.; supervision, K.G.A.; project administration,
E.C. and K.G.A.; All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study
due to its nature. Ethical principles have been followed according the Greek requirements and
legislation.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Psycharis, S.; Kotzampasaki, E. A didactic Scenario for Implementation of Computational Thinking using Inquiry Game
Learning. In Proceedings of the International Conference of Education and E-Learning ICEEL 2017, Bangkok Thailand, 2—4

November 2017.

2. Psycharis, S. STEAM in Education: A Literature review on the role of Computational Thinking, Engineering Epistemology and
Computational Science. Computational STEAM Pedagogy (CSP). Sci. Cult. 2018, 4, 51-72.



Eur. ]. Investig. Health Psychol. Educ. 2021, 11, 18 248

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

Psycharis, S.; Kallia, M. The effects of computer programming on high school students’” reasoning skills and mathematical
self-efficacy and problem solving. Instr. Sci. 2017, 45, 583-602.

National Academy of Engineering (NAE); National Research Council (NRC). STEM Integration in K-12 Education: Status, Pro-
spects, and an Agenda for Research; The National Academies Press: Washington, DC, USA, 2014.

National Research Council (NRC). A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas.
2012. Available online: www.nap.edu/catalog.php?record_id=13165 (accessed on 22 December 2020).

Demartini, C.; Benussi, L. Do Web 4.0 and Industry 4.0 Imply Education X. 0? IT Prof. 2017, 19, 4-7.

Kamble, S.S.; Gunasekaran, A.; Gawankar, S.A. Sustainable Industry 4.0 framework: A systematic literature review identifying
the current trends and future perspectives. Process Saf. Environ. Prot. 2018, 117, 408—425.

Tekinerdogan, B. Strategies for Technological Innovation in Agriculture 4.0 Reports; Wageningen University: Wageningen, The
Netherlands, 2018.

European Commission. Shaping Europe’s digital future. Policy: Digital Learning & ICT in Education. Available online:
https://ec.europa.eu/digital-single-market/en/digital-learning-ict-education (accessed on 22 December 2020).

Foley, J.A.; Ramankutty, N.; Brauman, K.A.; Cassidy, E.S.; Gerber, ].S.; Johnston, M.; Mueller, N.D.; O’Connell, C.; Ray, D.K,;
West, P.C.; et al. Solutions for a cultivated planet. Nature 2011, 478, 337-342, doi:10.1038/nature10452.

Psycharis, S.; Kalovrektis, K.; Xenakis, A. A Conceptual Framework for Computational Pedagogy in STEAM education: De-
terminants and perspectives. Hell. |. Stem Educ. 2020, 1, 17-32.

Papert, S. Mindstorms: Children, Computers and Powerful Ideas; Basic Books: New York, NY, USA, 1980.

Papert, S. Situating constructionism. In Constructionism; Papert, S., Harel, I., Eds.; MIT Press: Cambridge, MA, USA, 1991.
Wing, ].M. Computational thinking. Commun. ACM 2006, 49, 33-35.

Denning, P.J. The profession of it: Beyond computational thinking. Commun. ACM 2009, 52, 28-30, d0i:10.1145/1516046.1516054.
Cuny, J.; Snyder, L.; Wing, ]. M. Demystifying Computational Thinking for Non-Computer Scientists. Unpublished Manuscript
in Progress. 2010. Available online: http:// www.cs.cmu.edu/CompThink/resources/TheLinkWing.pdf (accessed on 22 De-
cember 2020).

Tang, X; Yin, Y.; Lin, Q.; Hadad, R.; Zhai, X. Assessing computational thinking: A systematic review of empirical studies.
Comput. Educ. 2020, 103798, doi:10.1016/j.compedu.2019.103798.

Wing, ].M. Computational thinking and thinking about computing. Philos. Trans. R. Soc. Lond.-A Math. Phys. Eng. Sci. 2008, 366,
3717-3725.

Henderson, P.B.; Cortina, T.J.; Wing, ].M. Computational thinking. ACM Sigcse Bull. 2007, 39, 195-196.

Grover, S.; Pea, R.; Cooper, S. Designing for deeper learning in a blended computer science course for middle school students.
Comput. Sci. Educ. 2015, 25, 199-237.

Fessakis, G.; Komis, V.; Mavroudj, E.; Prantsoudi, S. Exploring the scope and the conceptualization of Computational Thinking
at the K-12 classroom level curriculum. In Computational Thinking in the STEM Disciplines: Foundations and Research Highlights;
Khine, M.S., Ed.; Springer: Cham, Switzerland, 2018.

Fessakis, G.; Prantsoudi, S. Computer science teachers’ perceptions, beliefs and attitudes on computational thinking in greece.
Inform. Educ. 2019, 18, 227-258.

CSTA; ISTE. Operational Definition of Computational Thinking for K-12 Education. 2011. Available online:
http://csta.acm.org/Curriculum/sub/CurrFiles/CompThinkingFlyer.pdf (accessed on 22 December 2020).

Malyn-Smith, J.; Lee, I. Application of the occupational analysis of computational thinking-enabled STEM professionals as a
program assessment tool. |. Comput. Sci. Educ. 2012, 3, 2-10.

Otterborn, A.; Schonborn, K.J.; Hultén, M. Investigating preschool educators’ implementation of computer programming in
their teaching practice. Early Child. Educ. ]. 2020, 48, 253-262.

Kong, S.; Lai, M.; Sun, D. Teacher development in computational thinking: Design and learning outcomes of programming
concepts, practices and pedagogy. Comput. Educ. 2020, 151, 103872.

Jocius, R.; Joshi, D.; Dong, Y.; Robinson, R.; Catete, V.; Barnes, T.; Albert, J.; Andrews, A_; Lytl, N. Code, connect, create: The 3¢
professional development model to support computational thinking infusion. In Proceedings of the Annual Conference on
Innovation and Technology in Computer Science Education, ITiCSE, Trondheim, Norway, 17-19 June 2020; pp. 971-977.
Mills, K.; Angevine, C.; Weisgrau, J. Resources for computational thinking: Co-designing with teachers. In Proceedings of the
Annual Conference on Innovation and Technology in Computer Science Education, ITiCSE, Trondheim, Norway, 17-19 June
2020; p. 1343.

Caeli, E.N.; Bundsgaard, J. Computational thinking in compulsory education: A survey study on initiatives and conceptions.
Educ. Technol. Res. Dev. 2020, 68, 551-573.

Adler, R.F.; Kim, H. Enhancing future K-8 teachers’ computational thinking skills through modeling and simulations. Educ. Inf.
Technol. 2018, 23, 1501-1514.

Yadav, A.; Stephenson, C.; Hong, H. Computational thinking for teacher education. Commun. ACM 2017, 60, 55-62.

Weese, ].L. Bringing Computational Thinking to K-12 and Higher Education. Ph.D. Thesis, Kansas State University, Manhattan,
KS, USA, 2017.

Kovacs, G.; Harangus, K. Translator trainees’ reading literacy, problem solving, and translation skills A comparative estudy.
Acta Univ. Sapientiae Philol. 2020, 11, 141-157.



Eur. ]. Investig. Health Psychol. Educ. 2021, 11, 18 249

34.

35.

36.

37.

38.

39.
40.

41.
42.
43.
44.
45.

46.
47.

48.

49.

50.

51.

52.

53.
54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

Scherer, R.; Siddiq, F.; Sanchez Viveros, B. A meta-analysis of teaching and learning computer programming: Effective in-
structional approaches and conditions. Comput. Hum. Behav. 2020, 109, 106349.

Wong, G.K.W.; Cheung, H.Y. Exploring children” s perceptions of developing twenty-first century skills through computational
thinking and programming. Interact. Learn. Environ. 2020, 28, 438—450.

Moon, J.; Do, J.; Lee, D.; Choi, G.W. A conceptual framework for teaching computational thinking in personalized OERs. Smart
Learn. Environ. 2020, 7, 1-19.

Ho, M.T.; La, V.P.; Nguyen, M.H.; Pham, T.H.; Vuong, T.T.; Vuong, H.M.; Pham, H.H.; Hoang, A.D.; Vuong, Q.H. An analytical
view on STEM education and outcomes: Examples of the social gap and gender disparity in Vietnam. Child. Youth Serv. Rev.
2020, 119, 105650, doi:10.1016/j.childyouth.2020.105650.

Moomaw, S. Teaching STEM in the Early Years: Activities for Integrating Science, Technology, Engineering, and Mathematics; Redleaf
Press: St. Paul, MN, USA, 2013.

Talley, T. The STEM Coaching Handbook: Working with Teachers to Improve Instruction; Routledge: New York, NY, USA, 2016.
Corlu, M.; Capraro, R.M. Capraro Introducing STEM Education: Implications for Educating Our Teachers for the Age of In-
novation. Educ. Sci. 2014, 39, 74-85.

Corlu, M.S. FeTeMM egitimi aragtirmalari: Alanda merak edilenler, firsatlar ve beklentiler [STEM education research: Latest
trends, opportunities, and expectations]. Turk. J. Educ. Res. 2014, 3, 4-10.

Williams, J. STEM education: Proceed with caution. Des. Technol. Educ. Int. |. 2011, 1, 26-35.

Akman, B. Mathematics in preschool. Hacet. Univ. ]. Educ. 2002, 23, 244-248.

Bagkan, Z.; Alev, N.; Karal, I.S. Physics and mathematics teachers’ ideas about topics that could be related or integrated. Procedia
Soc. Behav. Sci. 2010, 2, 1558-1562.

Ogilve, ].F.; Monagan, M.B. Teaching mathematics to chemistry students with symbolic computation. . Chem. Educ. 2007, 84,
889-896.

Pratt, D.L. Mathematics usage in secondary science courses and textbooks. Sch. Sci. Math. 1985, 85, 394—406.

Fensham, P.J. Science Education Policy-Making: Eleven Emerging Issues; ED-2007/WS/51-CLD 2855.7; UNESCO: Paris, France,
2008.

Patrinopoulos, M.; Iatrou, P. Implementation of STEM Tinkering Approaches in Primary School Education in Greece. Sino-Us
Engl. Teach. 2019, 16, 510-516.

Hellenic Institute of Educational Policy (HIEP). Open Schools for Open Societes (OSOS). 2017. Available online:
http://www iep.edu.gr/images/IEP/PROKIRIKSEIS-ERGA/Erga/2017/2017-09-25_Prosklisi_OSOS.pdf (accessed on 22 Decem-
ber 2020).

Smyrnaiou, Z.; Petropoulou, E.; Sotiriou, M. Applying argumentation approach in STEM education: A case study of the Eu-
ropean student parliaments project in Greece. Am. |. Educ. Res. 2015, 3, 1618-1628.

Kotsifakos, D.; Kostis, B.; Douligeris, C. Science, technology, engineering and mathematics (STEM) for vocational education in
Greece. In Proceedings of the 2017 IEEE Global Engineering Education Conference (EDUCON), Athens, Greece, 25-28 April
2017.

Psycharis, S.; Kotzampasaki, E. The impact of a STEM inquiry game learning scenario on computational thinking andcom-
puter self-confidence. Eurasia ]. Math. Sci. Technol. Educ. 2019, 15, 1-18.

OECD. Science, Technology and Industry Scoreboard. 2015. Available online: www.oecd.com (accessed on 22 December 2020).
Ruamchimplee, T.; Poungsuk, P.; Hongmaneerat, K.; Sachiyo, M. Development strategies for increasing agricultural teacher
competency in rural Thai secondary schools. Rev. Escpacios 2020, 41, 7-19.

Williams, D.L.; Dollisso, A.D.D. Rationale for research on including sustainable agriculture in the high school agricultural
education curriculum. J. Agric. Educ. 1998, 39, 51-56, d0i:10.5032/jae.1998.03051.

Cribb, J. The Coming Famine: The Global Food Crisis and What We Can Do to Avoid It; CSIRO Publishing: Collingwood, Australia,
2010.

Reeve, E.M. 21st-century skills needed by students in technical and vocational education and training (TVET). Asian Int. . Soc.
Sci. 2016, 16, 65-82, doi:10.29139/aijss.20160404.

Phadung, M.; Namburil, S.; Dermrach, P.; Latekeh, I. Effects of Enhancing Computational Thinking Skills using Educational
Robotics Activities for Secondary Students. In 5th ICRIEMS Proceedings; Faculty of Mathematics and Natural Sciences, Yogya-
karta State University: Yogyakarta, Indonesia, 2018; ISBN 978-602-74529-3-0.

Roehrig, G.H.; Moore, T.J.; Wang, H.H.; Park, M.S. Is adding the E enough? Investigating the impact of K-12 engineering
standards on the implementation of STEM integration. Sch. Sci. Math. 2012, 112, 31-44.

Association of Public and Land-Grant Universities. Human Capacity Development; APLU: Washington, DC, USA, 2009.
National Research Council. Transforming Agricultural Education for a Changing World; The National Academies Press: Wash-
ington, DC, USA, 2009.

Balschweid, M. A. Teaching biology using agriculture as the context: Perceptions of high school students. J. Agric. Educ. 2002, 43,
5667, d0i:10.5032/jae.2002.02056.

Balschweid, M.A. Science can be fun? A look at student attitudes towards science after completing a year-long biology course
taught using agriculture as the context. In Proceedings of the 30th Annual National Agriculture Education Research Confer-
ence, Orlando, FL, USA, 10 December 2003; pp. 277-288. Available online: http://aaaeonline.org/allconferences.php (accessed
on 22 December 2020).



Eur. ]. Investig. Health Psychol. Educ. 2021, 11, 18 250

64.
65.
66.

67.

68.
69.
70.
71.

72.

Stubbs, E.A.; Myers, B.E. Multiple Case Study of STEM in School-based Agricultural Education. ]. Agric. Educ. 2015, 56, 188-203.
Ejiwale, J.A. Facilitating teaching and learning across STEM fields. |. Stem Educ. 2012, 13, 87-94.

Phipps, L.].; Osborne, E-W. Handbook on Agricultural Education in Public Schools; The Interstate Printers & Publishers: Danville,
IL, USA, 1988.

EURYDICE. Hellenic Qualification Framework. Available online:
https://eacea.ec.europa.eu/national-policies/eurydice/content/national-qualifications-framework-33_el (accessed on 22 De-
cember 2020).

Cohen, L.; Manion, L.; Morrison, K. Research Methods in Education; Routledge Falmer, Taylor & Francis Group: London, UK,
2008.

Robson, C.; McCartan, K. Real World Research, 4th ed.; Wiley Edition: Hoboken, NJ, USA, 2016.

Welch, S. Sampling by referral in a dispersed population. Public Opin. Q. 1975, 39, 237-245.

Klerkx, L.; Jakku, E.; Labarthe, P. A review of social science on digital agriculture, smart farming and agriculture 4.0: New
contributions and a future research agenda. NJAS-Wagening. |. Life Sci. 2019, 90, 100315, doi:10.1016/j.njas.2019.100315.
Czerkawski, C.; Lyman, E.W., III. Exploring Issues about Computational Thinking in Higher Education. TechTrends 2015, 59,
57-65.



