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Abstract The aim of this research is to determine the
viewpoints and readiness of class, mathematics and science
teachers on STEM (Science, Technology, Engineering and
Mathematics) Education. The other aims are to determine
different between branches and seniority in the readiness of
teachers on STEM Education. The review method was
used in the study the sampling of the study consisted of 371
teachers, who were selected randomly from Siirt and
Batman. A questionnaire was developed by the authors of
the study to determine the readiness of the teachers on
STEM Education. Frequencies, arithmetic averages and
the Kruskal Wallis H was used in this research. The
teachers who participated in the study believe that they are
inadequate about implementing teaching designs that are
inventive, use scientific methods, develop creative STEM
products, and aim to raise students who critically examine
these products. In addition, they do not see themselves
adequately in terms of process evaluation, assisted
education in information technology, development of
engineering applications suitable for the student level,
analysis according to Bloom taxonomy and activities
related to higher skill levels. Among the issues that
teachers see themselves as middle level and above it are
project-based, probabilistic learning and structuring of
knowledge.

Keywords Science  Education, Mathematics
Education, Teknology Education, Engineering, Teacher
Trainer

1. Introduction

In order to raise individuals who have specialization in
certain fields, disciplines such as science, mathematics,
engineering and technology (STEM) have been dealt with
for long years. As of the 21* Century, the need arose to
handle these fields in an integrated manner rather than
dealing with them in a separate way due to the

requirements of Information and Technology Age [1]. The
term STEM was formed by using the initials of Science,
Technology, Engineering, and Mathematics. STEM
Education may be defined as an interdisciplinary learning
approach that involves the integration of these four
disciplines [2] Constructive education approach includes
several areas like project-based learning and
problem-based learning. It is aimed that the 21 Century
skills like creativity, critical thinking, cooperative working
and problem solving are acquired by the labor force of the
future, i.e. young people when they are at formal education
years. Individuals are expected to use their creativity and
their theoretical knowledge, and convert their efforts into a
product or an innovation for the purpose of solving real life
problems [3]. In this way, permanent and meaningful
learning is ensured [4].

There is a need for specialist students in the field of
STEM to solve the 21* Century problems. Developed
countries have performed several interventions to be the
leaders in scientific field, to ensure economic growth and to
raise citizens that have entrepreneur spirit in economic and
technological fields [5]. For this purpose, the United States
of America defined a set of standards for national science
education, and opened STEM Schools in many states. The
European Union issued a report intended for inquiry based
science education, and encouraged teachers by creating
communication networks for them in the field of projects
related with this field In Turkey, the desired success level
was not achieved in several tests 8 [5]; and as a result of
this situation, new ways have been sought by authorities in
this field. Ministry of National Education, Innovation and
Education Technologies General Directorate issued a
report, and made several recommendations for initiating
the STEM Education. Most of the teachers, who joined the
Scientix Project of the Innovation and Education
Technologies, General Directorate, think that STEM
Education must be initiated at once [6].

In Turkey, several purposes were mentioned in the
2015-2019 Strategic Plan about strengthening STEM
Education [6]. The Ministry of National Education has
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included the STEM Education partly by including
engineering practices and design skills in secondary school
science program. Studies conducted in Turkey show that
STEM education has positive effects in certain elements
like the attitudes, motivations, interests, and scientific
process skills of students [7, 8, 9].

Firstly, teachers should be trained for STEM education,
which is becoming widespread both in our country and in
many other countries. For this purpose, qualified programs
for in-service training of teachers must be designed. The
first step in designing such a program is setting goals. One
of many inputs of STEM-related in-service training
programs to achieve the preset targets is the availability of
teachers to treat as the learning groups; because, as Sonmez
[10] pointed out, it is necessary to start education from the
readiness level of the learning group.

Corlu, Capraro and Capraro [11] claimed that teachers’
having mere specialty knowledge was not adequate in
raising qualified labor power that was needed. It was
reported in many previous studies that many previous
studies trainings should be increased for teachers about
STEM Education [12, 13, 14].

There were various problems about the application of the
STEM Education [15]. Some additional training must be
provided for teachers in the designing and planning process
of a STEM Education, because some teachers might resist
to innovations, and prevent the accurate functioning of
such an education by claiming that they do not have
adequate background knowledge on this topic. In order to
avoid such problems with teachers, it is necessary that the
designers of such a program are aware of the cognitive,
dynamic and affective characteristics of participant
teachers.

There are no classes or subjects for STEM education in
the in-service training received by teacher candidates at
university education in the national education structure in
Turkey [16]. The relevant topics in such training programs
may be cognitive learning approaches, alternative

measurement and evaluation, and educational technologies.

In addition, teachers must have the skill of being able to use
the four disciplines, which are Science, Technology,
Engineering, and Mathematics, for a successful STEM
Education. So, it is highly possible that teachers might face
several problems in applying the STEM Education. For this
reason, the analyses of the needs must be made very well
for designing a STEM Education for teachers. Based on
these facts, the aim of the present study was to determine
the viewpoints and readiness of teachers working at
primary and secondary schools on STEM Education. In
this context, answers were sought to the following
questions:
1. How is the distribution of teachers in STEM
Education according to their readiness levels?
2. Are there differences between the readinesses of
teachers in terms of readiness for STEM Education
according to their branches?
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3. Are there differences between the readiness of
teachers in terms of readiness for STEM Education
according to their seniority?

2. Materials and Methods

The Review Method was used in the study since the aim
was to determine and define an existing situation [17]. In
this context, the existing readiness levels of teachers on
STEM Education were determined and defined.

In 2016-2017 Academic Year, there were 1212 teachers
working in Siirt and 2359 teachers in Batman city center.
The study group consisted of 353 teachers chosen to
represent Siirt and Batman. The distribution of the sample
is shown in Table 1.

Table 1. Distribution of the sample

Brach Frekans
Elementary School teachers 86
Mathematics teachers 122
Science teachers 145
Total 353

There are certain data collection tools evaluating various
affective and cognitive characteristics of teachers who do
not have STEM education; and most of the tools are
directed to teacher candidates. Some of them are as
follows:

*  The scale that measures the levels of mental readiness
for STEM education which was developed by Corlu,
Capraro and Capraro (11];

e The scale that aims to determine the attitudes of
teacher candidates who are trained in STEM fields
which was developed by Buyruk and Korkmaz [18];

*  The attitude scale for STEM education of teacher
candidates which was developed by Derin, Aydin and
Kirkic [19];

e An open-ended questionnaire form that aims to
measure the perceptions of teacher candidates
developed by Tutak, Akaygun and Tez sezan [20];

e STEM Semantic Awareness Scale which was
developed by Knezek and Christensen and which was
adapted into Turkish by Kizilay [21];

*  The Integrated STEM Instruction & Orientation Scale
which was developed by Lin and Williams and
which was adapted into Turkish language by
Haciomeroglu and Bulut [22];

e STEM Awareness Scale for secondary
teachers which was developed by Cevik [23];

e The Qualitative Data Collection Tools developed by
Wang, Moore, Roehrig & Park, [4] to determine
the beliefs and perceptions of science and engineering
teachers in STEM.

school

Among all these studies, there were no studies that
measured the cognitive readiness of the teachers who are
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in the Turkish national education system for STEM
education. For this reason, after the review of the
literature was made by the researchers, the achievements
that could be a precondition for STEM teacher education
were written as a list. While the questionnaire was
developed, literature was primarily made use of.
According to the literature review, the list of acquisitions
for STEM in-service training of teachers was made by the
researchers taking into account all kinds of knowledge and
skills that teachers had the opportunity to learn and
experience. Then, these acquisitions were turned into
questionnaire items. A group of teachers who had similar
characteristics to the study group who were selected as the
study was presented to examine the list in terms of
understandability and to an expert for score validity. In
line with the opinions and criticisms received, the “STEM
Education Readiness Questionnaire for Teachers” was
finalized.

The first part of the questionnaire consisted of personal
information, and the second part consisted of 32 items,
which were rated with 5-Point Likert Scale as; “Not
enough (1)”, “Not enough (2)”, “Moderate enough (3)”,
“Adequate (4)”, “Completely sufficient (5)”.

The “STEM Education Readiness of Teachers”
Questionnaire was applied between March and April in
2017. The data were recorded in the SPSS.16 Program.

Analyzing of Data

The Shapiro-Wilk test was used for the normality
analysis of the items which were included in the
questionnaire; and according to this test, it was
determined that the values of the items did not show a
normal distribution. The normality values are given in
table 2.

After the normality test, it was decided to analyze the
data to calculate the differences between the mean of the
branch and seniority groups with Kruskal Wallis H-Test
and Mann Whitney U-Test. Frequency and arithmetic
averages were also calculated. In the present study, since
the items were handled independently from each other, no
analysis was performed on the reliability of the scores that
were obtained (i.e. the Cronbach Alpha internal
consistency coefficient). The significance level was
accepted to be .05.

The scoring criteria for the average values of the
questionnaire items were as follows; scores between 1-1.49,
“Not at all sufficient”; scores between 1.50-2.49, “Not
enough”; scores between 2.50-3.49 “Moderate enough”;
scores between 3,50-4,49, “sufficient”; 4,50-5 “completely
enough”

Table 2. The normality analysis of the items
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Items Statistic df p
I1 877 371 ,000
12 ,883 371 ,000
I3 ,865 371 ,000
14 ,834 371 ,000
I5 722 371 ,000
16 ,870 371 ,000
17 ,830 371 ,000
I8 ,860 371 ,000
19 ,885 371 ,000
110 ,838 371 ,000
111 ,864 371 ,000
112 ,829 371 ,000
I3 ,785 371 ,000
114 ,825 371 ,000
115 ,859 371 ,000
116 ,831 371 ,000
123 ,882 371 ,000
124 ,830 371 ,000
125 ,782 371 ,000
126 753 371 ,000
127 ,806 371 ,000
128 874 371 ,000
129 ,730 371 ,000
130 813 371 ,000
131 ,884 371 ,000
117 ,860 371 ,000
118 ,892 371 ,000
119 ,853 371 ,000
120 ,858 371 ,000
121 ,767 371 ,000
122 ,802 371 ,000
132 ,825 371 ,000
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3. Findings

The Findings on the Readiness of the Teachers in
STEM Education and Interpretation

Table 3.

The distribution of the findings on the readiness of the teachers

in STEM Education

Item 1 2 3 4 5 X
1 19 82 73 161 36 3,30
2 53 83 52 143 40 3,09
3 18 77 66 172 38 3,36
4 56 196 65 37 17 2,36
5 9 5 26 220 111 4,12
6 8 80 90 164 29 3,33
7 12 56 64 202 37 3,52
8 24 158 70 107 12 2,79
9 32 156 105 62 16 2,20
10 85 195 78 12 1 2,16
11 23 141 72 123 12 2,05
12 50 208 81 26 6 2,89
13 167 84 38 51 31 2,27
14 65 213 78 14 1 2,19
15 72 176 100 23 0 2,11
16 10 46 46 71 40 2,19
17 23 160 73 103 12 2,58
18 32 156 105 62 16 2,78
19 20 141 66 132 12 2,79

20 29 177 75 75 15 2,93
21 144 141 29 39 18 2,64
22 61 22,8 67 14 1 2,07
23 17 116 69 134 35 2,09
24 18 167 62 117 7 3,14
25 75 226 49 15 6 2,80
26 71 239 44 11 6 2,05
27 120 191 54 4 2 2,03
28 30 148 78 104 11 1,85
29 2 7 56 260 46 2,77
30 89 212 59 10 1 391
31 34 117 51 128 41 1,98
32 72 194 76 15 14 3,08

As seen in table 3, the acquisitions in which the teachers
considered themselves as “sufficient” are as follows:

Being able to guide students through the activities
in lessons to solve their real-life problems with a
disciplinary point of view (Item 5);

Being able to teach students to develop skills such
as entrepreneurship and productive skills (Item 7);
Being able to guide students about how to use the
knowledge they gain in science, mathematics,

technology and engineering fields in different
subjects (Item 30).

The acquisitions in which the teachers find themselves
moderately sufficient are;

Being able to apply class activities for obtaining a
product by integrating the information received in
the fields of Science, Technology, Engineering and
Mathematics (Item 1);

Being able to apply class activities for obtaining a
product by integrating the information received in
the fields of Science and Mathematics
together(Item 2);

Being able to apply class activities for obtaining a
product by integrating the information received in
the fields of Science and Technology (Item 3);
Being able to guide students to convert scientific
knowledge into a product or into practical
knowledge (Item 6);

Being able to apply class activities including the
acquisition of a product by integrating the
knowledge in the fields of Mathematics and
Technology (Item 4);

Being able to raise investigating and researching
individuals (Item 8);

Preparing a technology-based plan (Item 12);
Being able to combine experiments/activities in
science or mathematics laboratory  with
engineering design processes (Item 17);

Being able to teach intended for problem-based
learning approach (Item 18);

Being able to teach  intended  for
performance-based learning approach (Item 19);
Being able to make teaching intended for
project-based learning approach (Item 20);

Being able to use the SE Learning Model in
planning units and activities (Item 21);

Being able to use alternative measurement and
evaluation techniques (Item 24);

Being able to guide students to produce research
questions like scientists (Item 25);

Being able to guide students to associate old and
new knowledge in science, mathematics,
technology and engineering (Item 29);

Being able to do include activities that will arouse
the curiosity in students at every stage of classes
while performing activities related to science,
mathematics, technology and engineering (Item
32).

The acquisitions teachers do not find themselves
sufficient are as follows:

Being able to develop the skills of product
development, invention and innovation by guiding
students (Item 9);

Being able to develop the measurement tools that
measure the mental processes of students in
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activities such as investigation, research and
invention (Item 10);

Being able to make use of computer technologies
such as interactive boards and tablet computers in
classes (Item 11);

Being able to use engineering applications in line
with the levels of students (Item 13);

Being able to use scientific researches and
technological inventions in classes (Item 14);
Being able to integrate the knowledge gained in
digital teaching technologies with the aim of the
courses (Item 15);

Being able to associate instructional design (i.e.
plan) with everyday life (Item 16);

Being able to integrate the 4 disciplines (i.e.
Science, Mathematics, Technology, Engineering)
when planning units and activities (Item 22);
Being able to use process and result evaluation
together (Item 23);

Being able to guide students to solve problems
through reasoning like scientists (Item 26);

* I contribute to the development of creativity of
individuals in the field of science and engineering
by employing basic knowledge and skills of them
(Item 27);

*  Being able to include the activities that will ensure
that students approach to knowledge acquired in
science, mathematics, technology and engineering
in a critical manner (Item 28);

* Being able to include activities that will enable
students to analyze, synthesize and evaluate
information instead of memorizing (Item 31).

The issues in 1tems 1,2,3,4,6,7,8,12,17,18,19,20,
21,24,25,29,31 and 32 relate to the principles of the
constructivist approach, which has been applied since 2004
in Turkish national education programs. The reason why
teachers feel sufficient in these items may be due to the
skills they have acquired when using programs. The other
items are related to the subjects that the teachers had not
been trained before and did not use.
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The Findings on the Differences in Readiness of Teachers on STEM Education according to Branches

Table 4. The Kruskal Wallis H results on the readiness of teachers on STEM education according to branch variable

2

Items Branch Sum of squares df X p Difference

EST (1) 151.8

1 MT (2) 200.3 2 13.4 0.0 ;5
ST (3) 172.2
EST (1) 158.0

6 MT (2) 198.0 2 9.90 0.0 ;i
ST (3) 170.5
EST (1) 150.4

7 MT (2) 196.7 2 12,5 0.00 ii
ST (3) 176.1

3 EST (1) 205.6 3
MT (2) 185.5 2 17.5 0.0 3
ST (3) 152.7
EST (1) 203.3

10 MT (2) 173.3 2 9.7 0.0 1-2
ST (3) 164.4
EST (1) 204.8

11 MT (2) 183.9 153 0.0 ;g
ST (3) 154.6 2
EST (1) 175.1

13 MT (2) 200.1 2 112.2 0.0 2-3
ST (3) 158.6
EST (1) 146.5

16 MT (2) 195.4 2 14.2 0.0 i;
ST (3) 179.5
EST (1) 200.8

17 MT (2) 188.8 2 16.0 0.0 éi
ST (3) 152.9
EST (1) 148.5

18 MT (2) 179.9 2 10.4 0.0 12
ST (3) 191.3
EST (1) 197.9

19 MT (2) 176.9 2 3.4 0.0 1-3
ST (3) 164.6
EST (1) 148.9

20 MT (2) 169.1 2 16.8 0.0 ;g
ST (3) 200.1
EST (1) 152.7

23 MT (2) 197.0 10.5 0.0 1-2
ST (3) 174.5 2
EST (1) 203.6

25 MT (2) 158.8 2 12.5 0.0 }5
ST (3) 176.4
EST (1) 2218 12

31 MT (2) 189.8 2 413 0.0 1-3
ST (3) 139.6 2-3
EST (1) 208.0

32 MT (2) 168.9 2 12.5 0.0 ig

ST (3) 165.3
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When table 4 was analyzed, it was determined according
to the Kruskal Wallis H results that the average scores of
the teachers in Items 1, 6, 7, 8, 10, 11,13, 18, 19, 20,23, 25,
31 ve 32 show significant differences according to branch
variable (p<0,05).

The Mann Whitney U-Test was used to determine the
source of significant differences observed among the
branches. Mathematics Teachers (MT) see themselves
sufficient at a higher level than both Elementary school
teachers (EST) and Science Teachers (ST) in the following
areas.

*  Being able to apply class activities for obtaining a
product by integrating the information received in
the fields of Science, Technology, Engineering and
Mathematics (Item 1);

*  Being able to guide students to convert scientific
knowledge into a product or into practical
knowledge (Item 6);

*  Being able to make use of computer technologies
such as interactive boards and tablet computers in
classes (Item 11);

* Being able to combine experiments/activities in
science or mathematics laboratory  with
engineering design processes (Item 17);

e Being able to make teaching intended for
project-based learning approach (Item 20);

*  Being able to guide students to produce research
questions like scientists (Item 25);

*  Being able to do include activities that will arouse
the curiosity in students at every stage of classes
while performing activities related to science,
mathematics, technology and engineering (Item
32).

Mathematics Teachers see themselves sufficient at a

higher level than Science Teachers in the following areas.

*  Being able to use engineering applications in line
with the levels of students (Item 13);

* Being able to teach intended for problem-based
learning approach (Item 18);

*  Being able to use process and result evaluation
together (Item 23);

Mathematics Teachers and Science Teachers see

themselves sufficient at a higher level than Elementary
school teachers in the following areas.
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*  Being able to teach students to develop skills such
as entrepreneurship and productive skills (Item 7);

*  Being able to develop the measurement tools that
measure the mental processes of students in
activities such as investigation, research and
invention (Item 10);

The other findings of the study are summarized as

follows.

* FElementary school teachers consider themselves
more sufficient than mathematics teachers;
mathematics teachers consider themselves more
sufficient than science teachers in terms of the
acquisition of “Raising investigating and
researching individuals (Item 8)”.

. Mathematics teachers and science teachers
consider themselves more sufficient than
elementary school teachers in terms of the
acquisition of “Being able to associate instructional
design (i.e. plan) with everyday life (Item 16)”

. Elementary school teachers consider themselves
more sufficient than mathematics teachers and
science teachers in terms of the acquisition of
“Being able to teach intended for
performance-based learning approach (Item 19)”

*  Elementary school teachers and mathematics
teachers consider themselves more sufficient than
science teachers in terms of the acquisition of
“Being able to include activities that will enable
students to analyze, synthesize and evaluate
information instead of memorizing (Item 31)”

The fact that mathematics and science teachers are
more qualified than their elementary school teachers to
have the skills required by STEM may be due to the fact
that mathematics and science are more related to STEM
education.

The Findings on the differences between the readiness
levels of the teachers on STEM Education according to
Seniority Levels

The results of the Kruskal Wallis Test analysis in which
the teachers’ readiness level for STEM education was
examined according to the Seniority variable of the
teachers are given in table 5.

Table 5. The Kruskal Wallis H Results according to the seniority levels of the teachers on STEM Education

Items Seniority Sum of squares df 12 p Difference
0-5 years (1) 198.9
6-10 years (2) 169.8
16 11-15 years (3) 195.8 4 10.2 0.0 34
16-30 years (4) 157.3
31 years or more (5) 201.9

Teachers with 11-15 years of seniority consider themselves more than teachers with 16-30 years of seniority in terms of
the acquisition of “Associating teaching plan with everyday life (Item 16)”.
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4. Conclusions

This study had the purpose of determining the readiness
levels of the teachers working in Batman and Siirt in terms
of STEM Education. The study was designed in the Review
Model and the data were collected with the questionnaire
that was prepared by the authors of the study.

According to the results of the study, teachers consider
themselves sufficient in applying educational designs to
educate producing and entrepreneur students who can
solve real life problems with a disciplinary point of view.

Teachers consider themselves as sufficient at a moderate
level in applying educational designs intended for develop
products by integrating the science, technology,
engineering and mathematics disciplines. Parallel to this
result, Tutak, Akaygun and Tezsezen [20] reported that a
few teacher candidates considered STEM education as
“integrated teaching of the subjects” before they were
trained on STEM. For example, they stated that they
thought of STEM as associating natural sciences with
mathematics only. However, STEM education requires that
all disciplines should be studied in an integrated manner,
not by associating a discipline with others.

They consider themselves sufficient at a moderate level
in developing instructional designs that can transform
scientific knowledge into practice and in training students
to question knowledge, and in applying science-based,
problem-based, project-based training in
science-mathematics laboratory. In programs developed
recently in Turkey [24, 25], it may be claimed that
constructivist educational approach has been adopted.
Teachers may have received knowledge through the use of
these programs and through in-service trainings they
received about these programs.

Teachers do not consider themselves sufficient in raising
students who apply instructional designs that are inventive
and that use scientific methods, who develop creative
STEM products who evaluate the STEM products in a
critical manner. In addition, they do not consider
themselves sufficient in the areas of process evaluation,
information technology-supported education, developing
student-level engineering practices, and in including
activities that involve analyses based on Bloom Taxonomy,
and in activities that improve the skills at higher levels. It is
considered as a usual situation for teachers because they
have not received adequate knowledge in this field, and
they have not been trained in any of the relevant disciplines
of engineering and technology. These results show
parallelism with the results reported in the study of Oner
and Capraro [26]. They explained the lack of difference
between the success levels of STEM schools and
traditional schools with the quality of in-service training
teachers received. They emphasized the necessity to raise
teacher candidates in line with the integrated structure of
STEM education. The results of the present study show that
mathematics teachers are more sufficient in associating

The Readiness Level of Teachers in Science, Technology, Engineering and Mathematics Education

engineering subjects with other disciplines and in
developing activities that students can use their scientific
knowledge and scientific methods than elementary school
teachers and science teachers. In addition, mathematics
teachers consider themselves more sufficient than other
branch teachers in problem-based learning, which is
required for teaching STEM education, problem-based
learning, information technology, and based on both course
and result evaluation. A study that yielded similar results
with science teachers belongs to [27]. According to this
study, it was determined that science teacher candidates
had difficulty in developing the most probable solutions in
the middle and at the end of their evaluation the
engineering design processes. Science and mathematics
teachers consider themselves more adequate in the field of
raising entrepreneur and productive individuals and in
associating daily life with classes when compared with
elementary school teachers. Elementary school teachers
consider themselves more sufficient than science and
mathematics teachers in questioning-based approach,
performance-based  approach, in realizing class
applications appropriate to analysis of Bloom Taxonomy

Teachers with 11-15 years of seniority can associate the
educational curriculum with everyday life and consider
themselves sufficient at a higher level than teachers with
16-30 years of seniority.

In STEM education, teachers are required to be creative
and integrate different disciplines and use the scientific
method. According to the results of the present study, it is
suggested to organize in-service trainings to the teachers on
the subjects that they consider themselves inadequate. It is
recommended that in-service training programs for STEM
teachers are organized including the following
acquisitions:
¢  Developing the learning-teaching activities that

improve the invention skills of students,
*  Guiding students to use scientific methods,
*  Training students who can develop original STEM

products,

*  Developing measurement tools for process
evaluation,

¢  Developing class designs supported with information
technology,

*  Designing activities that improve the skills at analysis
level and at higher levels according to Bloom
Taxonomy.

It is also recommended for researchers that qualitative
studies are conducted about the educational needs of
teachers in STEM Education in different cities, branches
and school types, and on training STEM teachers. Studies
investigating the effects of STEM training for teachers
should be conducted. In these trainings, especially the
applications of engineering and technology disciplines to
be integrated with other disciplines should be included..
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