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Abstract

The purpose of this study is to determine the opinions of students about STEAM activities. This qualitative study was
conducted on the with 7" grade students (n=37) who are studying at a public school in Istanbul. A purposeful sampling
was used in this study. Nine STEAM activities were used while teaching Force and Energy unit. An evaluation form
which is composed of open-ended questions was used as a data collection instrument at the end of the teaching process.
The responses provided by students for the evaluation form were analysed qualitatively to determine the opinions of
students about the activities. The study was structured as qualitative research and content analysis technique was used to
evaluate the obtained data. The findings revealed that a relatively positive attitude about STEAM activities and the
contribution that the approach had on students. It was therefore concluded that students have few negative opinions
about STEAM activities.
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1. Introduction

Many countries have carried out various studies to implement STEM education for improving their students’
achievements for a long time (Scott, 2012). STEM education received considerable official and institutional support in
United States and European Union (Corlu & Aydin, 2016). In recent years the importance of STEM education has also
increased in Turkey. Akgindiz and others created awareness with their reports about STEM education in Turkey which
was published in 2015 and exhibited the necessity of STEM education. Ministry of Education emphasized the
importance for the necessity to integrate STEM education into education system in its report which was published in
2016. A report which is called as ‘The Necessity of STEM in Turkey through 2023’ was published by TUSIAD (Turkish
Industry and Business Association) in 2017. The key importance of STEM subject areas was discussed and the need for
the workforce who has STEM abilities in the future economy was explained in this published report. These reports
display the necessity of STEM education in Turkey.

In recent years science, technology, engineering and mathematics (STEM) education has attracted considerable
attention (Bybee, 2010). STEM as an educational approach explores teaching and learning between/among any two or
more of the STEM subject areas and/or between a STEM subject and one or more other school subjects (Sanders, 2009).
Moore et al., (2014) defined STEM education as an effort to convert a whole or a part of science, technology,
engineering or mathematics disciplines into a class, unit or a course which is based on correlations between real life
problems and subject areas (p. 38). STEM includes knowledge, skills and beliefs created at the intersection of one or
more STEM subject areas (Corlu, Capraro & Capraro, 2014).

STEM education seeks to achieve two objectives. Firstly, it increases the number of students who will prefer
professions in these disciplines at the university level. Secondly, it enables students to find creative solutions to the real
life problems about STEM disciplines by increasing the basic knowledge of students in science, technology, engineering
and mathematics (Thomasian, 2011).

Developing a conceptual framework for STEM education requires a deep understanding of the learning complexities
especially when it comes to teaching and learning the STEM content (Kelley & Knowles, 2016). Guzey, Harwell,
Moreno, Peralta and Moore (2014) identify three key roles of the STEM integration. Firstly, it deepens the STEM
students’ understanding and conceptualisation of STEM concepts. Secondly, it enables the students to implement the

*This study is part of a doctoral dissertation.
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STEM concepts within their specific and compatible socio-cultural contexts. Thirdly, it increases the students’ interest
to STEM disciplines for enhancing their perspectives on STEM. The integrated approach of science, technology,
engineering and mathematical practices will enable significant gains to the students.

Bybee (2010) stated that STEM education has three essential features which are: improving students’ understanding of
how things operate, increasing the use of technology, and integrating engineering principles into students’ education.

STEM education aims that teach individuals how to analyze problems with an interdisciplinary perspective and to
improve their knowledge and skills. It enables students to prepare themselves for the developments of the 21 century
and to have the skills of the 21% century is important in terms of giving opportunities to students at all levels to advance
in Science, Technology, Engineering and Mathematics disciplines (Meyrick, 2011).

The need for the studies about this topic continuously constantly in recent years when the theoretical foundation of
STEM education, you need to understand it as a whole, has just constructed (AkgUndik et al., 2015). STEAM is based
on STEM education, which grew out of the need of art component. Korea’s Ministry of Education, Science, and
Technology [MEST] named their new model as STEAM by adding the fifth discipline art to the English acronym
STEM (science, technology, engineering, art and mathematics). STEAM education is a newly developed program
which was included in 2011. The main purpose of the STEAM education is to improve students’ problem solving skill
and to make them more interested in science and technology (Jeong & Kim, 2014). STEAM encourages students’
motivation for learning and education to improve their skills about solving multidisciplinary (Oh, Lee & Kim, 2013, p.
494).

Looking at what many scholars and mathematicians have done in the past, it is clearly seen that the borders between art
and science or music and mathematics are more intertwined than conventional learning paradigms (Root-Bernstein,
1999). In this sense, STEAM is a basic paradigm enriched in terms of art and creativity in STEM disciplines (Henriksen,
2014).

STEAM education is used for improving the structural understanding between science, technology, engineering, art and
mathematics areas. STEAM leans on STEM education where emphasis is on the necessity for more students to
understand the system and connections (Yakman, 2008). Similarly, STEAM education was designed with a frame which
can be very suitable for every level and type of education which encapsulates ‘Creative Design’ and ‘Emotional
Learning’ (Yakman & Lee, 2012).

There is more recent literature on STEM (e.g., Akaygun & Aslan Tutak, 2016; Avery, 2009; Ayar, 2015; Banning &
Folestad, 2012; Baran et al., 2016; Bash, 2015; Beard Turner, 2013; Bingolbali, Monaghan & Roper, 2007; Carter, 2013;
Ceylan, 2014; Cinar, Pirasa & Sadoglu, 2016; Corlu, 2012; Dewaters, 2006; Erdogan, Corlu & Capraro, 2013; Fadzil &
Saat, 2014; Han, 2016; Siimen & Calisici, 2016). Some of these studies are about STEAM education (e.g., Jeong &
Kim, 2015; Kim & Park, 2012; Yakman & Lee, 2012). The results of these studies demonstrate the importance of
STEM and STEAM education.

Although there are more than 150 universities in Turkey, especially in Istanbul, just a few of them have STEM centers
or laboratories. STEM centers/laboratories educate pre- and/or in- service teachers and introduce STEM for the students.
These institutions aim to provide the development of STEM fields. Unfortunately, each individual does not receive
STEM education from these institutions. For this reason, STEM implementations made in schools gain importance.

The purpose of this study is to determine the opinions of students about STEAM activities. The perceptions of students
about STEM activities are crucial because if we evaluate the design, content and the scope of these activities, we will be
able to improve these fields (Baran et al., 2016). If we determine the opinions of students about these activities, it is
believed that we can prepare activities which can contribute a lot to the students about STEAM education. In this
context, this study was designed to answer the following research question: how are students' opinions on STEAM
activities?

2. Method

A case study using qualitative research methods was used in this study. The case study is an in-depth description and
analysis of a bounded system (Merriam, 2009, p.43). A qualitative study design was preferred because of the fact that it
provides us discovering the suggestions of students about this topic and obtaining their opinions about STEAM
implementation in details by moving from the experiences of students studying where this study is carried out (Creswell,
2007). The opinions of students about the activities employed in this study were taken.

Data collected with the activity evaluation form. There were four questions in the final version of the activity evaluation
form. These questions are: “What do you like about the activity that we did today? Why?”, “Write the difficult parts of
the activity that you did today. Why?” The students were asked to write answers to these questions.
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2.1 Participants

This study was carried out with 7" grade students studying at a middle school in Istanbul. 37 students, 16 female and 21
male, participated in this study. The sample is composed of students who receive STEAM education. Purposeful
sampling method is used in this study. When selecting the individuals, the main concern is whether they are directly
related with the research topic rather than whether they represent the universe or not (Neuman, 2012, p. 320).
Purposeful sampling gives us chances to study cases which are believed to have abundant information (Yildirim &
Simsek, 2008, p. 107). The purpose of this study is to analyze the opinions of participants in this study.

The study was carried out through teaching ‘Force and Energy’ Unit in 7" grade Science lessons in 2006-2007 academic
years. The purpose of this unit is to acquire knowledge and skills about mass and weight, relationship between force and
solid press, factors affecting solid press, relationship between force and work, energy types and energy transformations.
There are 9 learning outputs targeted to be excavated in this unit. The application was conducted in 9 weeks period. The
activities was carried out in 9 weeks and right after finishing each activity an activity evaluation form including open —
ended questions was conducted.

2.2 Activity Evaluation Form

The activity evaluation form was developed in order to determine the opinions of students about the STEAM activities
employed in this study. Open ended questions were prepared to analyze the opinions of students in details. Open ended
questions provided flexibility to the researcher to obtain detailed information about the topic (Yildinm & Simsek,
2005).

After writing the items of the form, four lecturers who are experts in science education and two other science teachers
checked them. The form was finalized based on the results of the opinions of the experts. 337 evaluation forms were
conducted to the students for 9 activities.

2.3 STEAM Activities

There are nine objectives in ‘Force and Energy’ Unit in the teaching program of 7" grade science lesson. In this study,
an activity was developed for each objective stated in the teaching program. It was aimed that the contribution of
students to the lesson was high.

The distribution of STEAM activities according to the objectives stated in the teaching program was given in Table 1.
Table 1. The distribution of STEAM activities according to the objectives

The name of the Activity
1. Robot Making Task

Objective

1. S/he defines the weight as a force and measures its magnitude with a
dynamometer by describing the gravitational force acting on the mass as
weight.

2. Naughty Cat
3. Smart Cubes

4. How can | do?

5. It has flown

6. 1 am doing my car

7. Mission is to design

8. It is time to prove energy

transformation

9. Let’s discover frictional force

2. S/he makes a comparison between the concepts of mass and weight.

3. S/he discovers variables affecting solid pressure by doing an experiment
and analyses the correlation between these variables.

4. S/he discovers variables affecting fluid pressure by doing an experiment
and analyses the correlation between these variables.

5. S/he gives examples from the applications of solid, fluid and vapour
pressure features in daily life and technology.

6. S/he understands that a physical work is directly proportional with applied
force and covered distance and indicates its unit.

7. Slhe correlates energy with concept of work and classifies kinaesthetic
and potential energy.

8. S/he explains that kinaesthetic and potential energy can be transformed to
each other with examples and concludes that energy is saved.

9. S/he explains the effect of frictional force on the kinaesthetic energy with
examples.

Tools and instruments used in the activities can easily be found and used. While doing the activities, classroom
discussions were conducted to increase students’ contribution to the activities. The teacher only guided the students.
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2.4 Data Analysis

The responses provided for the open-ended evaluation form were analyzed by the first researcher by using content
analysis to determine the opinions of students about STEAM activities in a detailed way. The codes created during
descriptive content analysis were first transformed into categories then combined with themes. The themes and
categories created from the responses were reviewed by the two researchers together and then tables were created.

3. Results

The findings regarding the opinions of students about STEAM activities were presented in this section. Themes
obtained as a result of data analyses were given in tables. For each code, examples from students’ responses were
provided. It is seen that three different themes emerged when the answers of the students were examined.

Students have many positive opinions about STEAM events. Table 2 presents the categories which opinions directly
about the activity itself, opinions about teaching and opinions about job orientations.

Table 2. The Positive Opinions about the STEAM Activities

Categories Codes f  Examples of Comments

Opinions directly about Being fun 162 | did not understand how the lesson ended. | really had fun.

the activity itself Being interesting 152 The lessons were so different; we have not had such lessons
before.

124 1 really liked the part that we produce ideas with our friends. |

found the most reasonable one among many different ideas.

Designing something made me incredibly happy.

I was very excited as | was really curious about how the

products that we designed would be.

We tried to follow the right way altogether.

Presenting different point of views

95
93

Resulting with a product
Being exciting

Supporting cooperation 76

The result is successful 64 We felt the sweat smell of success after the things we made
worked properly.
Teaching new things 53 We learnt new things, for this reason I liked these lessons a

lot.

Enabling students to produce solutions 32

Doing things on your own 31

The questions that our teacher asked were like puzzles. We
tried to find the solution.
Doing everything on our own was great.

Opinions about teaching

Learning concepts like weight, mass 32
and gravity

Learning fluid pressure and the working 25
principles of hydraulic system
Understanding the correlation between 25

I thought weight and mass was the same things but |
understood the difference.
We understood and designed the hydraulic system.

From now on, | love energy subject more.

energy and work

Understanding gas pressure 14
Understanding solid pressure 14
Energy transformations and saving 10
energy

Understanding frictional force 9

I did not know about gas pressure, | learnt.
We learnt the background of solid pressure.
We proved energy transformation with our work.

Designing by using frictional force made me think about the
topic.

Opinions about job Wanting to be a scientist 87 Being a scientist will be my most important goal in this life.

orientations Wanting to be an engineer 71 1 learnt what an engineer does and now | want to be an
engineer.
Wanting to be an artist 71 1 like colouring our products, in the future I can be an artist.
Wanting to deal with mathematics 25 1 was good at doing operations at the activities. | want to be a
maths teacher.
Wanting to deal with technology 18 Nothing happens without technology. | will invent something

about this topic in the future.

The findings in Table 2, show that the lessons in which STEAM activities were used were enjoyable and interesting for
most of the students. Besides, positive opinions were taken from student about job orientation. Students liked creating
something at the end of the activities, therefore designing something freely may get them agitated. It can be said that
students have positive opinions about acquiring the objectives stated in the teaching program. Any negative opinions did
not received about this issue.

In Table 3, students’ negative opinions about STEAM activities were given. The difficulties that they encountered in
activities were discussed in another question to have more detailed answers. The difficult parts of the activities for the
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students were grouped under their negative opinions as a different category in data analysis.
Table 3. Negative Opinions about STEAM Activities

Categories Codes f Examples of Comments
The Opinions about the No attracting interest 27 To me, doing an activity is very boring, it
activity causes a lot of work.
Requiring to think 16 It is very bad to think constantly and search
to do the activity.
Using too many materials 12 There were too many materials and | needed

to think carefully about which one to use.

Opinions about teaching

Finding the first giving information 9 It would be better to start the activity
part boring immediately rather than giving information
beforehand.

Finding answering the questions in the 9 Answering puzzle like questions was
worksheet boring difficult.

Opinions about the difficulties Having difficulty in the parts requiring 13 The pasting part in our modelling work was

encountered in the activity

hand skills El (cutting and pasting etc.)  very difficult.

Needing more time 12 If the lesson had been longer, | could have
done better.

Having difficulties in producing 10 There was time when | could not find the

solutions solution; we did it together with my friend.
Having difficulties in working in a 10 Some of friends in the group were really
group stubborn and they were not listening to us.
Not imaging the product 9 When we were asked to imagine, | could not

think from the beginning.

Not being able to get the desired 7 The result was not like the one | wanted.
outcome

Needing teacher’s assistance 6 | could not do it without a teacher.

As it can be seen from the findings in table three, only a few of the students had negative opinions about the activities.
Some students thought that lessons carried out with these activities were boring. The ratio of this in the evaluation form
is 8.1 %. The students who provided this answer were the same for each activity. It can be said that a few students think
that STEAM activities are boring. These students are also the ones who do not like producing solution together with

others.

There are three different categories of opinions about the benefits of STEAM activities, which are individual
development, learning process and contribution to the future when looking at Table 4.
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Table 4. The Opinions about the Benefits of STEAM Activities

Categories Codes f  Examples of Comments
Individual Enabling achievement 170 To me, the most important thing is to accomplish our objective
Development experience that is to make our rocket fly.

Enabling  creativity-flexible 150 Colouring and decorating as we wish made me understand that |

thinking

Enabling cooperation skills 89

70

Teaching abstract thinking- 38
Imaging

Guiding thinking

Enabling practical thinking 32

Enabling problem
skills

Improving psychomotor skills 11

solving 24

Understanding the importance 4
of technology a

Enabling time management 4
skills

am creative.

| learnt to cooperate and think together with others. If scientists
and engineers study together, they will become more successful.

I learnt about thinking so that I can easily find the solution.

We imagined and we did what we dreamed. If we dream before
doing anything, we can work in an organized way.

We had to think fast in given time. | learnt in this lesson that |
need to think fast.

| started to think about how I need to solve the given problem.

I learnt to balance what | did in this activity.

We could not create the car without doing the research from the
tablet in this activity.

I learnt the necessity that we had to start the activity in a more
organized way. Our group had difficulties to finish our work on
time.

Learning Process

Enables concrete learning 76

Developing positive attitudes 75
in science lessons
Increasing achievement in 24
science lessons

Having an active role in the 24
learning process

Developing skills for finding 14
solution

Developing skills for creating 9
products

I had chances to observe fluid pressure which | did not
understand before.

If we had had our science lessons in this way, | would have
loved the lesson a lot.

| think in the written exam | can solve the questions about the
energy topic that we learnt in this lesson.

Our teacher let us free in this activity and we discovered
ourselves.

We can find a solution by doing research and discussing.

| learnt that | could also make inventions.

Contribution to the Job orientation

Future

Having a scientific point of 46
view

Correlating to daily life 43
problems

Teaching engineering skills 42
Enabling social development 19

104 1 learnt may things about engineering thanks to this activity.

Maybe, | can be an engineer.
I learnt to think like a scientist.

| learnt how to lift cars. We can explain many other things like
this with science.

I learnt to think and to design like an engineer.
This activity taught me to be able to work with others.

As it can be seen in Table 4, students think that STEAM activities contributed their personal development, their learning
process and their future. When students are able to do what they planned, they gain achievement experience. Besides,
students also stated that STEAM activities contributed their skills about imaging. Students think that these activities will
help them to improve in this long.

4. Discussion

In this study, the opinions of students about STEAM activities carried out within the scope of this study were analyzed.
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In this sense, there themes were appeared: positive opinions about the STEAM activities, negative opinions about the
STEAM activities and opinions about the benefits of STEAM activities. When we looked at the frequencies of the
findings obtained from the students’ opinions, it was concluded that the number of positive opinions is more than the
number of negative opinions and the number of negative opinions is very few. Students think that STEAM activities
contributed to them. At the same time, they stated that these activities can have positive effects for their future life.

As a result of the study, it was seen that students perceived activities as enjoyable and interesting. For this reason, a
more efficient teaching can be conducted by using STEM activities to make students be interested in the lessons. STEM
teaching is effective in increasing students’ knowledge and students’ interest to the STEM areas (Weber, 2011). In
addition to this, thanks to STEM teaching, students grow as individuals who can solve various problems, who are
innovative, inventor, self-confident, who can think reasonably and who are technology literate (Morrison, 2006).

When we look at the findings of the study, it is seen that students think that STEM activities will contribute for their
future lives. According to Sahin, Ayar and Adigiizel (2014) STEM activities are effective in students’ future carriers as
they have an important role in increasing STEM areas. The number of students who want to be a scientist or an engineer
is more according to students’ response rates in this study. As the activities is based on science topics students may have
an idea like being a scientist and as they require design, they may think to be an engineer. It can be interpreted that
students also wanted to experience art related professions as they made designs freely throughout the activities. The
reason of the limited number of student responses regarding mathematics can be the fact that activities were not based
on mathematics. Having less responses about technology can be interpreted as the activities are limited in terms of using
technology.

The frequencies of the responses provided by students, it is seen that the number of negative responses is less. The
students who developed negative opinions against STEAM activities are generally same students for all categories. The
reason why these students gave negative responses can be the fact that they do not like working together with others,
they do not want to do something requiring hand craft and they are not good at time management.

At the end of the study, it was seen that students think that STEAM activities contributed for them. When we looked at
the frequencies of the responses provided by students, it was found that the number of students who think positively
about this is quite a lot. Students think that activities can have an effect on their personal developments, learning
process and their future. This finding can be interpreted as STEAM activities can have sophisticated and futuristic
effects on students.

5. Conclusions

Activities providing students to use scientific, mathematical and technological concepts concretely help them to develop
a perspective regarding engineering design applications (Baran et al., 2016). For this reason, it is thought that STEM
teaching approach can be used for concretizing abstract concepts in science lessons.

It is seen that STEM activities are more common than STEAM activities in literature. Attitudes, habits and intellectual
skills which students can have throughout their lives can be taught by using STEAM teaching approach (Yakman & Lee,
2012). For this reason, these activities should be used more commonly by adding art dimension to them.

It is thought by looking at the study results that using STEAM activities while teaching will contribute students
positively. For this reason, it can be suggested for future studies to develop new activities about other topics to be used
while teaching. Universities could contribute to the development of this area by doing projects about STEAM.

It is thought that making STEAM activities common at different levels will provide students to have information about
STEAM areas from pre-school to university. It can be suggested to the teachers to focus more on STEAM areas, to use
them while they are teaching and to follow all the new developments about this field closely.

References

Akaygun, S., & Aslan-Tutak, F. (2016). STEM Images Revealing STEM Conceptions of Pre-Service Chemistry and
Mathematics Teachers. International Journal of Education in Mathematics, Science and Technology, 4(1), 56-71.

Akgiindiiz, D., Aydeniz, M., Cakmakg1, G., Cavas, B., Corlu, M. S., Oner, T., & Ozdemir, S. (2015). STEM Education
Turkey Report: Is it a necessity or today's fashion? Rapor: Istanbul Aydin Universitesi STEM Merkezi ve Egitim
FakUtesi.

Avery, Z. K. (2009). Effects of professional development on infusing engineering design into high school science,
technology, engineering, and math (STEM) curricula. (Ph.D. Thesis. Utah State University). Retrieved from
http://search.progquest.com/

Ayar, M. C. (2015). First-hand experience with engineering design and career interest in engineering: An informal
STEM education case study. Educational Sciences: Theory & Practice, 15(6), 1655-1675.

121


http://search.proquest.com/

Journal of Education and Training Studies \ol. 5, No. 9; September 2017

Banning, J., & Folkestad, J. E. (2012). STEM education related dissertation abstracts: A bounded qualitative meta-study.
Journal of Science Education and Technology, 21(6), 730-741. http://doi.org/10.1007/s10956-011-9361-9

Baran, E., Canbazoglu, B. S., Mesutoglu, C., & Ocak, C. (2016). Moving STEM beyond schools: Students’ perceptions
about an out-of-school STEM education program. International Journal of Education in Mathematics, Science and
Technology, 4(1), 9-19.

Bash, E. (2015). Investigations on the impact of spatial ability and scientific reasoning of the student comprehension in
physics, state assessment tests, and stem courses. (Ph.D. Thesis. The University of Texas.) Retrieved from
http://search.proguest.com/

Beard, T. K. (2013). Northeast Tennessee educators’ perception of STEM education implementation. (Ph.D. Thesis. East
Tennessee State University). Retrieved from http://search.proquest.com/

Bingolbali, E., Monaghan, J., & Roper, T. (2007). Engineering students’ conceptions of the derivative and some
implications for their mathematical education. International Journal of Mathematical Education in Science and
Technology, 38(6), 763-777.

Bybee, R. W. (2010). Advancing STEM Education: A 2020 Vision. Technology and Engineering Teacher, 70(1), 30-35.

Ceylan, S. (2014). A Study for Preparing a Teaching Design with Science, Technology, Engineering, Mathematics
(STEM) Approach about Acids and Bases Topic in Middle School Science Lesson. (MA Thesis. Uludag
University).

Cinar, S., Pirasa, N., & Sadoglu, G. P. (2016). Views of Science and Mathematics Pre-service Teachers Regarding
STEM. Universal Journal of Educational Research, 4(6), 1479-1487.

Corlu, M. A., & Aydin, E. (2016). Evaluation of Learning Gains through Integrated STEM Projects. International
Journal of Education in Mathematics, Science and Technology, 4(1), 20-29.

Corlu, M. S. (2012). A pathway to STEM education: Investigating pre-service mathematics and science teachers at
Turkish Universities in terms of their understanding of mathematics used in science. (Ph.D. Thesis. Texas A&M
University). Retrieved from http://search.proquest.com/

Corlu, M. S., Capraro, R. M., & Capraro, M. M. (2014). Introducing STEM education: Implications for educating our
teachers for the age of innovation. Education and Science, 39(171), 74-85.

Creswell, J. W. (2007). Qualitative inquiry and research design: Choosing among five approaches (2nd ed.). Thousand
Oaks, CA: Sage.

Dewaters, J., S. E. Powers. (2006). Improving science and energy literacy through project-based K-12 outreach efforts
that use energy and environmental themes. Proceedings of the 113th Annual ASEE Conference and Exposition,
Chicago, IL.

Erdogan, N., & Stuessy, C. (2015). Examining the Role of Inclusive STEM Schools in the College and Career
Readiness of Students in the United States: A Multi-Group Analysis on the Outcome of Student
Achievement. Educational Sciences: Theory & Practice, 6, 1517-1529.

Fadzil, H. M., & Saat, R. M. (2014). Enhancing STEM education during school transition: Bridging the gap in science
manipulative skills. Eurasia Journal of Mathematics, Science and Technology Education, 10(3), 209-218.

Guzey, S. S., Harwell, M., Moreno, M., Peralta, Y., & Moore, T. J. (2017). The Impact of Design-Based STEM
Integration Curricula on Student Achievement in Engineering, Science, and Mathematics. Journal of Science
Education and Technology, 26(2), 207-222.

Han, S. (2017). Korean students’ attitudes toward STEM project-based learning and major selection. Educational
Sciences: Theory & Practice, 17(2), 529-548.

Henriksen, D. (2014). Full STEAM Ahead: Creativity in Excellent STEM Teaching Practices. The STEAM Journal, 1(2),
Article 15.

Jeong, S., & Kim, H. (2014). The effect of a climate change monitoring program on students’ knowledge and
perceptions of STEAM education in Korea. Eurasia Journal of Mathematics, Science & Technology Education,
11(6), 1321-1338.

Kelley, T. R., & Knowles, J. G. (2016). A conceptual framework for integrated STEM education. International Journal
of STEM Education, 3(1), 11.

Kim, Y., & Park, N. (2012) The Effect of STEAM Education on Elementary School Student’s Creativity Improvement.
In: Kim T. et al. (eds) Computer Applications for Security, Control and System Engineering. Communications in

122


http://doi.org/10.1007/s10956-011-9361-9
http://search.proquest.com/
http://search.proquest.com/
http://search.proquest.com/

Journal of Education and Training Studies \ol. 5, No. 9; September 2017

Computer and Information Science, vol 339. Springer, Berlin, Heidelberg.

Merriam, S. B. (2009). Qualitative research: A guide to design and implementation (2nd ed.). San Francisco, CA: John
Wiley & Sons.

Meyrick, K. M. (2011). How STEM Education improves student learning. Meridian K12 School Computer
Technologies Journal, 14(1), 1-6.

Ministry of National Education of Turkey [MoNE], (2016). STEM Egitimi Raporu. Rapor: Retrieved from
http://yegitek.meb.gov.tr/www/meb-yegitek-genel-mudurlugu-stem-fen-teknoloji-muhendislik-matematik-egitim-r
aporu-hazirladi/icerik/719

Moore, T., Stohlmann, M., Wang, H., Tank, K., Glancy, A., & Roehrig, G. (2014). Implementation and integration of
engineering in K-12 STEM education. In S. Purzer, J. Strobel, & M. Cardella (Eds.), Engineering in Pre-College
Settings: Synthesizing Research, Policy, and Practices (pp. 35-60). West Lafayette: Purdue University Press.

Morrison, J. S. (2006). Attributes of STEM education: The students, the academy, the classroom. TIES STEM Education
Monograph Series. Baltimore: Teaching Institute for Excellence in STEM.

Neuman, W. L. (2012). Toplumsal Arastirma Y&ntemleri: Nicel ve Nitel Yaklagimlar I - II. Cilt (5. Basim). istanbul:
Yaym Odasi.

Oh, J., Lee, J., & Kim, J. (2013). Development and application of STEAM based education program using scratch:
Focus on 6th graders’ science in elementary school. In Multimedia and ubiquitous engineering (pp. 493-501).
Springer, Dordrecht.

Root-Bernstein, R. S., & Bernstein, M. (1999). Sparks of genius: The thirteen thinking tools of the world's most creative
people. New York, NY: Houghton Mifflin.

Sahin, A., Ayar, M. C., & Adiguzel, T. (2014). STEM Related After-School Program Activities and Associated
Outcomes on Student Learning. Educational Sciences: Theory and Practice, 14(1), 309-322.

Sanders, M. (2009). STEM, STEM education, STEMmania. The Technology Teacher, 68(4), 20-26.

Scott, C. E. (2009). A comparative case study of the characteristics of science, technology, engineering, and
mathematics (STEM) focused high schools. (Ph.D. Thesis. George Mason University). Retrieved from
https://search.proquest.com/docview/305123429?pg-origsite=gscholar

Siimen, O. O., & Calisici, H. (2016). Pre-service teachers’ mind maps and opinions on STEM education implemented in
an environmental literacy course. Educational Sciences: Theory & Practice, 16(2), 459-476.

Thomasian, J. (2011). Building a Science, Technology, Engineering, and Math Education Agenda: An Update of State
Actions. NGA Center for Best Practices. Retrieved from http://files.eric.ed.gov/fulltext/ED532528.pdf

TUSIAD (2017). PwC tarafindan TUSIAD (Turkish Industry and Business Association) igbirligiyle hazirlanan Rapor:
2023'e Dogru Tiirkiye'de STEM Gereksinimi. Rapor: Retrieved from
https://www.pwc.com.tr/tr/gundem/dijital/2023e-dogru-turkiyede-stem-gereksinimi.htmi

Weber, K. (2011). Role Models and informal STEM-related activities positively impact female interest in STEM.
Technology and Engineering Teacher, 71(3), 18-21.

Yakman, G. (2008). STX@M Education: an overview of creating a model of integrative education. Pupils Attitudes
Towards Technology 2008 Annual Proceedings. Netherlands

Yakman, G., & Lee, H. (2012). Exploring the exemplary STEAM education in the US as a practical educational
framework for Korea. Journal of the Korean Association for Science Education, 32(6), 1072-1086.

Yildirim, A., & Simsek, H. (2005). Sosyal Bilimlerde Nitel Aragtirma Yontemleri. Ankara: Seckin Yaymncilik.
Yildirim, A., & Simsek, H. (2008). Sosyal Bilimlerde Nitel Arastirma Yontemleri (6. Baski). Ankara: Segkin Yayincilik.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution license
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

123


http://yegitek.meb.gov.tr/www/meb-yegitek-genel-mudurlugu-stem-fen-teknoloji-muhendislik-matematik-egitim-raporu-hazirladi/icerik/719
http://yegitek.meb.gov.tr/www/meb-yegitek-genel-mudurlugu-stem-fen-teknoloji-muhendislik-matematik-egitim-raporu-hazirladi/icerik/719
https://search.proquest.com/docview/305123429?pq-origsite=gscholar
http://files.eric.ed.gov/fulltext/ED532528.pdf
https://www.pwc.com.tr/tr/gundem/dijital/2023e-dogru-turkiyede-stem-gereksinimi.html
http://creativecommons.org/licenses/by/4.0/

