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ABSTRACT

THE UNKNOWN TERRITORY OF STEM: THE PERCEPTIONS OF HIGH
SCHOOL ADMINISTRATORS

Kulakoglu, Biisra
M.S., Department of Educational Sciences

Supervisor  : Prof. Dr. Yasar Kondakg1

August 2019, 138 pages

Science, technology, engineering and mathematics (STEM) education is an
educational approach gained importance in the last decade and became a trendy topic
among the educators, policy makers and academicians beginning in the United States
of America and spread all over the world. The aim of this study is to investigate the
perception of school principals about STEM education who are working in the
prominent high schools in the Ankara province in Turkey. The sample is selected from
three different school types that are Science High School, Anatolian High School and
Anatolian Imam and Preacher High School. In order to understand the perception,
experience and role of the school principals regarding STEM education,
phenomenology as qualitative inquiry method was used and semi structured interviews
were conducted with eleven school principals. For the triangulation of the study,
document analysis was carried out. After the data analysis, nine themes emerged under
three research questions investigating the perception, experience and role of the school
principals. The results of the study showed that there is lack of knowledge, readiness
and physical environment as an obstacle towards the implementation of STEM
education in those schools. When the results of the study are considered, the

implementation of STEM education requires the improvement of physical



infrastructure as well as professional development for both teachers and school
principals regarding the implementation of STEM education. Yet, there is lack of
teacher educators in interdisciplinary sense to prepare teachers for STEM education.

Therefore, this policy borrowing issue should be considered again.

Keywords: STEM education, educational policy, school principals, high school

education



0z

STEM EGITIMINDE BiLINMEYEN ALAN: OKUL YONETICILERININ STEM
EGITiMI HAKKINDAKI GORUSLERI

Kulakoglu, Biisra
Yiiksek Lisans: Egitim Bilimleri Bolimii

Tez Yoneticisi : Prof. Dr. Yasar Kondakg¢i1

Agustos 2019, 138 sayfa

Bilim, teknoloji, mithendislik ve matematik (BILTEMM/STEM) egitimi son on yilda
onem kazanan; egitimciler, politika gelistiriciler ve akademisyenler arasinda popiiler
olmus ve Amerika Birlesik Devletleri’nden diinyaya yayilmis bir egitim hareketidir.
Bu ¢aligmanin amaci Ankara’nin ve hatta Tiirkiye’nin 6nde gelen liselerinde gorev
yapan okul miidiirlerinin BILTEMM ile ilgili algilarini aragtirmaktir. Calismanin
orneklemi ti¢ lise tipinden secilmistir. Bunlar; fen lisesi, Anadolu lisesi ve Anadolu
imam hatip lisesidir. Miidiirlerin BILTEMM konusundaki algilarini, deneyimlerini ve
rollerini anlamak i¢in nitel arastirma deseni olan fenomenoloji kullanilmis ve on bir
okul miidiiriiyle yar1 yapilandirilmis goriismeler yapilmistir. Calismada cesitlemeyi
saglamak icin goriismenin yaninda dokiiman analizi metodu kullanilmistir. Veri
analizi sonucunda okul miidiirlerinin BILTEMM ile ilgili algilari, deneyimleri ve
rolleriyle ilgili toplam dokuz tema ortaya ¢ikmistir. Caligmanin sonucunda varilan
sonug; okullarda bilgi, hazirbulunusluk ve fiziksel yap1 agilarindan eksiklikler oldugu
ve bu eksikliklerin BILTEMM egitimini uygulamada engeller olusturdugudur.
Arastirmanin  sonuglar1 gdz Oniinde bulunduruldugunda, BILTEMM egitiminin
uygulanmasi i¢in fiziksel altyapinin gelistirilmesinin yaninda hem 6gretmenlere hem

de okul miidiirlerine hizmet i¢i egitim verilmesi gerekmektedir. Ancak, 6gretmenleri

Vi



BILTEMM egitimine hazirlamak icin gerekli olan interdisipliner yaklagimla 6gretmen
yetistiren egitimcilerin eksikligi s6z konusudur. Tim bunlar diisiiniildiigiinde,
BILTEMM egitiminin Tiirkiye’ye bir politika ithali olarak getirilmesi konusu tekrar
g0zden gegirilmelidir.

Anahtar Kelimeler: BILTEMM/STEM egitimi, egitim politikasi, okul miidiirleri,

ortadgretim egitimi
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CHAPTER 1

INTRODUCTION

1.1 Background to the Study

The conception of education varies according to the philosophies, notions, the vision
of world, and personal experiences of an individual so that there is no common
definition or conception for education; however, in a broad sense it can be said that
education is the “total social processes that brings a person into cultural life” (Gutek,
2009, p.7). While Einstein saw education as the remaining parts from what it was learnt
in schools (1931), Dewey sees it not as “a preparation for life but the life itself” (1916,
p. 239). Description of education is freedom for Freire (1976) and replacing an empty
mind with an open mind for Forbes (UK Essays, 2018). Where Kant states education
is a way to develop all the perfection in oneself which the one is capable of (Kanz,
1993), Bloom indicates that it is a movement from darkness through light (Durkheim,
2006; Price-Mitchell, 2014). There is no consensus on this educational definition in
philosophers, educators, sociologists or politicians since it is based on the philosophy
they follow, their vision of world, and their experiences. This variability is also valid

for the functions of education.

Different understandings of education indicate different functions of education and the
main focus for those functions/goals is different from each other. According to the
literature five different functions of education are determined as social, political,
cultural, individual development and economic function (Duckworth, 1964;
Durkheim,2006; Hanushek, 2011; Saltmarch,1996; UNESCO, 1992). The social
function of the education is to provide and sustain the equilibrium in the society by
preparing the generations who are not ready for the social life by adult generations to
fit the moral, intellectual and physical states preferred. The social facts as law, moral
regulations, norms and values and institutions like school, family, NGO, and financial
institutions are the main parts maintaining the society. The “school” institution is the

1



miniature of the society and the socialization is the key function in education with
three others as social integration, social placement and social and cultural innovation
(Ballentine & Hammack, 2015; Durkheim, 2006).

Apart from the social function of the education, there is a political function which aims
to raise generations by the thought of democracy, community service, inquiry,
individual engagement to the society and social transformation through the education
which is not the means of living life but the life itself according to Dewey (Saltmarsh,
1996). While education is for the reconstruction and renewal of the experiences for
Dewey (Beckett, 2018), for Freire, education is for increasing the ability to ask right
questions which is inherited in the human kind to be curious about what is happening
and through this way raise the liberation of not just the students but also the teachers
as co-investigators (Beckett, 2018; Freire, 1992). That is how the community life and

social sustainability would be confirmed.

Cultural function of education is about to be part of the society by learning the
“spiritual, material, intellectual and emotional features” of the society through
education. To broaden the horizon, learn the other culture and respect them are other
necessities of cultural development (UNESCO, 1992).

In addition to those functions there is individual development function of education
which is about the intellectual development of individuals. Jean Piaget, the
psychologist, states that every child has the capability of evolving intellectually with
three main processes of action in mind as accommodation, assimilation and
equilibrium (Piaget & Cook, 1952) which is basically about the understanding and
interpretation of a phenomenon through those processes. According to Piagetian
inspired curricula, in this intellectual growth, the teacher has the role of guiding the
way of learner in the process of discovery (Ginn, n.d). Therefore, the other educational
role of the education is to provide the intellectual development of the individuals for

raising generations who have the ability of doing new things (Duckworth, 1964).

In a society the role of institutions is about human interaction where the consequences
created by those institutions are in terms of political, social and economic (North,
1990, p.3). The economic growth depends on the economic institutions where the

2



important part of this growth is about the human capital (Acemoglu, Johnson &
Robinson, 2005; Becker, 2018). Human capital is about the investments of individuals
in education, training and health mostly since skills, knowledge, health conditions are
not separated from the individual himself (Becker, 1964; Becker, 2018). Therefore,
people invest in human capital by gathering skills, developing abilities that later have
outcomes which matter for their life spending (Hanushek, 2011). For those reasons,
education and schools have an important role in economic growth of states and the
development of countries. High quality education is needed for long run growth in
economic development since the workers’ cognitive skills and the income level related
to their skills and knowledge matter for this growth (Hanushek, 2018). Although
experiences in a school year are assumed to be the same but it is not, the quality
differences affect the productivity and national growth rates. Thus, public policies and
policy making gain importance to improve schooling and education (Hanushek, 2010,
Hanushek, 2018).

As this is the case, in order to help the ratchet keep going without any pause, reform
is essential in schools and in educational practices to fit this technological age and
developments for participants of schools as school principals, teachers and students
for innovative generations (Cuban, 2001). The ratchet here is the change in technology
having a pawl that push it to grow apace but no going back. Since the world is changing
and evolving with new technologies and developments from the industry to health
sector and many others affecting every small piece of the lives, it is not possible to
think whether it takes a role in education or not. It has impact on how we learn as the
time changes and technology develops. There are movements of policy making for
trying new educational approaches in education to catch the necessities of the living
era for economic growth. Therefore, Science Technology Engineering and
Mathematics (STEM) education is an educational trend in this era with its
interdisciplinary learning approach which has been launched since innovation,
technology, scientific literacy earned significant importance for countries to take a
place in global economy (Baran, Bilici, Mesutoglu & Ocak, 2016). On the contrary to
the general notion that “Starting point of STEM education was education”, the starting
point of STEM was economy (Oztiirk,2018). This trend was spread to all over the

world for K-12 level. Those levels, according to Mihelich, Sarathchandra, Hormel,
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Storrs & Wiest (2016) has effect on the development of the interaction with science
for most adults as the human capital of the people affects the technological
development of countries as well as the economy (Becker, 2018). Research has
emphasized that in the digital age we live, the school improvement does not occur
unless the type of industrialized schooling is abandoned since it does not meet the
needs of today’s learners (Alberta Education, Friesen & Jardine, Jacobs, Kaplan &
Owings, & Sawyer as cited in Brown & Jacobsen, 2016). Therefore, STEM education
is seen as a tool to meet those needs as long as they are integrated to the educational
practices in K-12 level. However, it necessitates reform in schools and in educational
practices to fit this technological age and knowledge era for participants of schools as
school principals, teachers and students for innovative generations (Cuban, 2001) by
discussing the STEM issue over a decade. Yet, this is a controversial issue whether
STEM education is the approach including the educational practices for the

improvement of schools and raise of the innovative generations.

After the launch of STEM education in the United States of America, it created a stir
globally and it was attempted to be tried in countries without any theoretical
framework or epistemological base. This makes the STEM education a policy
borrowing issue for countries. As indicated by Nir, Kondakci and Emil (2018), the
policy borrowing should be done by following an integration process for the policy
borrowed so that the implementation of the borrowed policy could be successful in
another context as its own. In order to do that there is a need of the collaboration of
universities and MoNE. However, those institutes have independent political
implementations about STEM education preventing a national level policy
development including all stakeholders of the educational system in Turkey.
Therefore, the question arise from that issue is that is it necessary to implement STEM
education in Turkey? The rise of the question is not just because of the policy
borrowing issue, but also because of the lack of knowledge and the infrastructure as
well as the organizational culture (Kondakci & Kulakoglu, 2018). In order to resolve
the lack of knowledge issue of school principals and teachers, the professional
development for them was indicated in the literature. When Chai (2019) investigated
twenty studies related to the teacher development for STEM education, the lack of

theoretical and epistemic framework for the teacher training is found. Also according
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to the study Havice, Havice, Waugaman and Walker (2018), there is still gap in the
literature about how the teaching profession could be improved regarding teaching
skills and concepts according to integrative STEM education "in all experience levels".
Therefore, although the indication of teachers’ need of professional development in
the literature, there are gaps arising from the lack of epistemic and theoretical
frameworks for those trainings. This gap is also valid for the STEM educational
practices in the schools since there is an uncertainty regarding what STEM could be
and how STEM disciplines could be integrated (Kloser, Wilsey, Twohy & Immonen,
2018). That is why STEM education is seen as a fuzzy movement showing it as a
trendy approach rather than a concrete educational need. Thus, STEM education is an
issue to be considered with all the aspects beginning with forming the epistemological

base if the integration of STEM education is a necessity in the educational context.

Apart from lack of epistemological framework and policy borrowing issue about
STEM education, the importance of the leadership for the implementation of this kind
of integrative teaching learning environment is also ignored. For organizational change
and development through the direction of the integration of new implementations,
there is a role that should be assigned to school principals. School principals are the
leaders who need to have the expert power to lead the school implementations and
processes by their knowledge and expertise (Hoy and Miskel, 1987). The importance
of expert power for leading the way in the process of STEM education is inevitable as
well. therefore, the issue of STEM education should be investigated from the
perspective of school principals in order to understand their perceptions and their

possible roles in STEM education.
1.2 Purpose of the Study

The reputation of STEM education occurred in Turkey by the footsteps of
academicians coming back from the United States of America in the time STEM
education spread over the country and they make some academic and field work. Then
this trend has been applied especially into the academy and private schools
(Ozturk,2018). After those implementations in private schools and academy, this trend
began to spread out to Turkey and STEM education became an education trend taking
place in national education as indicated by the 2016 STEM Report of Ministry of
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National Education as a state policy (Ministry of National Education,2016). In this
report it is indicated that there is no action plan for the application of STEM education
but there are some goals stated in 2015-2019 Ministry of National Education strategic
plan. In the same plan, the lack of studies and projects done by universities was pointed
out (Ministry of National Education,2016). As well as the research in global world,
this educational trend has subjected to the studies in Turkey and according to Cevik
(2017), in Turkey, between the years of 2014 and 2016, 34 articles were published in
the area of STEM education which is mostly investigated from the perspectives of
STEM evaluation, engineering, science, STEM opinion and STEM tendency of mostly
candidate teachers, students and rarely teachers. On the contrary, there is no study
gathering data from school principals or administrators for the STEM studies in Turkey

as a reflection of the lack of studies in global research area about this topic.

Although STEM education is a trend topic for the academic studies, there is a lack of
studies centering on the school principals globally and there is no study regarding the
school principal perspective about STEM education. Key constituencies are not skilled
to grasp STEM as the practice itself has not been elucidated yet. Besides, the
infrastructure needed for STEM in Turkish schools is not adequate yet. Thus, the futile
practices around STEM make it look like a fad, just like many other travelling policies
or policies borrowed from Western countries. Turkish governments and private
schools seem to be generous in investing in STEM without assessing the relevance of

STEM into Turkish education system.

Particularly leadership plays a specific role in situating, implementing and realizing
change and development in TES (Kondakci et al, 2019). As in the case of many other
change interventions, STEM practices need to be assessed from leadership

perspective.

Therefore, the purpose of this study is to understand the notions and perspectives of
the school principals working in the high schools named as project schools applying
special program or taking students with standardized, centralized examination in
Ankara district. By this way, STEM education procedure in Turkish high schools will
be examined through the eyes of the administrators of schools. For this purpose, the

interviews are conducted with school principals. For the interview protocol, the
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questions are prepared according to the detailed framework formed by NYC
Department of Education with the name of NYC STEM framework having four main
domains as (i) school vision and structure for success, (ii) STEM curriculum
instruction and assessment, (iii) strategic partnership and (iv) STEM college and career
readiness which includes planning and preparations for K-12 level. Those four
domains have different subdomains as well. This framework was chosen as the base
for the interview protocol since it approaches STEM education from perspectives
having relations with the administration side of the STEM education. By having this
basic framework touching upon the important aspects of STEM education needs for
the implementation in the schools, the aim of the study is to find out the perceptions
of school principals regrading STEM education. For this purpose, three research

questions are formed and the research questions of the study are:

1. How do the school administrators in high schools perceive the educational
trend of 2010s “STEM education”?

2. What are the experiences of school administrators in STEM practices?

3. How do school administrators define their roles in STEM practices at their

schools?
1.3 Significance of the Study

The current study intends to make contribution to theory, practice and research in
educational administration. As to the theory, there is a broad discussion on STEM.
However, most of these studies focus on the topic as a field of practice and do not
propose a sound theoretical background to guide the practice.

First, getting the perceptions of school principals about STEM education will
contribute to understand where they are standing as an administrator leading this trend
in their schools. In that sense, the study captures the gaps in conception and
implementation of STEM education in Turkish schools from the educational
administration perspective. This contribution is significant because of the ministerial
report which sets some goals for STEM education for four years of national education

strategic plan and indicates the lack of studies about this educational trend (Ministry
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of National Education, 2016). This study aims to understand how current form of
practice in STEM education lacks a policy framework for an effective implementation

by approaching the issue from the perspective of educational administration.

In the literature, there is a lack for the understanding for school principals’ role in
STEM education on the contrary of several indications of students and teachers and
even the parents’ perceptions about this trend and teachers’ role in STEM education.
STEM education has been investigated including perception of students towards
STEM in many studies for the need of sustainable and confirmed place in global
economy in the age of innovation (Kelly, 2010). Also perception of teachers who have
been mostly attributed as the ones having importance with their perception, knowledge
and preparedness about STEM (Corlu, Capraro & Capraro, 2014; Bell, 2016) and even
the perception of parents are examined by looking at the relationship between the
perception of parents and the attitudes of their children towards STEM and science
education (Mihelich et. al., 2016). Therefore, by this study, the importance of the
school principals’ role for a new trend, STEM education, are identified as a leader or
administrative in teaching and learning environment by arousing the teachers, and
encouraging them to be the part of the innovative moves and applications of new trend
STEM education because although there are studies about leadership of school
principals and innovation in school culture (Khalid, Madeeha & Amna, 2011), the role
and perception of school principals about STEM education is a new area not studied
in the literature. Therefore, this study contributes to the theory from the perspective of
leadership/administration in relation to STEM education by adding a new dimension

to innovative educational approaches and school principals’ administration.

Additionally, there is a significance of the study for the method. As methodology, this
study is designed to be qualitative which is for the deep understanding of a concept.
The main data collection tool for this purpose is interview to understand the general
perception of school principals about the STEM education, its application and its
importance for their schools. For this purpose, the interview questions were formed by
considering the main domains of STEM framework (NYU Department of Education,
n.d.) and by taking expert opinion. Thus, this study’s contribution to the method is the

interview questions formed by taking the role of school principals in schools into



account. These interview questions could be a base for further studies investigating the
issue with mixed method and quantitative method studies. Also, questionnaires could
be developed from those interview questions to understand the issue in wider
perspective. In addition, the current study shows the importance of investigating
STEM education from the perspective of teachers, principals and even the principals

in relation to educational administration.

On the whole, the significance of the study from the perspectives of practice, theory
and method show the contributions to the literature of this study in the area of

educational administration and planning.
1.4 Definition of Terms

STEM Education: will be accepted as the integrated whole where all four disciplines
i.e. science (S), technology (T), engineering (E), and mathematics (M) taught and

learnt together rather than approaching them as four separate disciplines in this study.

School Administration: carry out (a) research and planning, (b) organization, (c)
guidance, (d) tracking, supervision and evaluation and (e) communication and

governance works in the school.

School principal: is the head of the school who implements the regulations of
Ministry of National Education and s/he is the regulator of the instructional processes
by investigating the annual plans for the curriculum implementation prepared by

teacher community in same branches (Ministry of National Education 2016).

School Vice Principal: is responsible to the school principal for regulating the

educational and institutional processes (Ministry of National Education 2016).

Perception: “The way in which something is regarded, understood, or interpreted”

(“perception”, n.d)



CHAPTER 2

LITERATURE REVIEW

2.1. Emergence of STEM education in the United States of America

Development in technology has changed the way we use technology in education
fundamentally. Particularly ICT has had a drastic impact on education over the last
two decades. Failing education systems is a basic concern for every nation. For the
case of the United States of America, the concern over the failing educational systems
has been a top issue on the agenda of different governments. Although its popularity
raised in the 2000s, the roots of STEM education are based on the times the Sputnik
has been launched. When the times Soviet Russia has been prepared to launch Sputnik
to the orbit, in 1950s, the United States of America was taking steps in education to
avoid the change in the place of the United States of America as an economic power
and STEM based superiority (Bybee, 2013, p.13). After those times, the United States
of America made educational policies about the science teaching to encourage the
young to be part of STEM careers at various times as in “Nation at Risk” (1983), “Rise

Against Gathering Storm” (2008), and “Educate to Innovate” (2009).

The seminal report of “A Nation at Risk” mention high retention, lack of achievement
in international educational comparisons, the high costs spent to training of basic skills
as reading, writing, spelling and computation (Gardner, 1983). The complain about the
decline of achievement in mathematics, science and literature in comparison to the
times of the launch of Sputnik has been also stated in the same report. Twenty-five
years after this report, another report has been written related to approximately same
concerns but including more indication of the science and technology especially the

information technology which was Rise Against Gathering Storm by the United States
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of America government about the concerns of economists, policy makers and
educators (Augustine, 2008). The evolution of the time through the technology made
the innovation and science the number one priority to have a special place in the global
market to make countries’ marks in the world not just in economic base but also as a
social and political power to represent the global authority. As stated in the latter
report, the dependence of right to have a comment on the economy globally, even
before the revolution of information technology, was related to keeping the pace with
the technological changes and development. Another issue concerning the United
States of America government was the thought of possible decline in the “high
standard living” because of staying behind in STEM areas (Augustine, 2008). While
this is the case, in the age of “Death of Distance” thanks to the computerized actions
and the clicks to reach all over the world, the leading through technological
advancement is inevitable. Thus, the United States of America had the concerns about
losing the lead in the technological and scientific developments representing the power
and they indicate those concerns as to satisfy the human capital needed for the future
of economy and to meet the national needs as supplying affordable and clean energy
via technological developments and some recommendation to prevent this loss or
satisfaction of those needs. The recommendations included such comments on having
raise of price for science and mathematics teachers, keeping students in the pipeline of
STEM education from the beginning of their education to choose a career in the field
of STEM (Ball, Huang, Cotton & Rikard, 2017), training in-service teachers to have
the ability to reach students about those fields, giving scholarships to students to
choose a career in STEM fields (Augustine, 2008).

The main raise of the STEM movement took place after the acronym of STEM
education was initiated replaced by SMET to get rid of the confusion with the word of
“smut” (Sanders, 2009). The acronym is created by Dr. Judith Ramaley (Chute, 2009)
as STEM to define science, technology, engineering and mathematics in 2001. The
meta analysis conducted by Banning and Folkestad (2012) about the written
dissertations in the subject of “STEM” for the years beginning with 1990 to 2010
showed that there is no dissertation about STEM education between the years of 1990
and 2000. In 2001, two dissertations containing the subject of STEM were written.

Therefore, this educational trend gained importance in the new century. By the 21
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century, the world evolved where technological advancement, innovation, critical
thinking, problem solving, creativity, scientific improvements and engineering based
studies take the lead to be part of the global world. That is why STEM education idea
was revealed by the United States of America to be the leading actor of those actions.
On November 23 of 2009, president of the United States of America of that day,
Barack Obama, launched the campaign of “Educate to Innovate” which is initiated for
the global concerns of the United States of America as to be the head of the economic
power and scientific improvements. The launch of the movement “Educate to
Innovate” representing the educational focus on STEM Education named by the
initials of Science, Technology, Engineering and Mathematics (STEM) Education
aimed to have literate students who choose career in the path of STEM for meeting the
challenges of the 21st century and provide solutions for the national needs as cures for
diseases, preventing the dependency of fuel oil and finding affordable and clean
sources of energy (Office of Press Secretary, 2009). To get the attention of the students
to STEM education the funding was launched, scholarships were created and the need
for technological development was stated for the future (Office of Press Secretary,
2009). The idea behind this project is to compete with the countries as China and India
in the global economy area because of the thought that they are taking the lead in
economy (Ozturk, 2017).

The concerns about taking lead in science and technology is not just about economy
but is also related to the doctorate graduate rates from the United States of America
universities. The graduates between 33% and 50% are from the foreign born —non-
native- students who are mostly from the Asian origins and they prefer not to stay the
United States of America and go back to their home town. That is to say, they do not
choose to be the part of the United States of America growth (Valerio, 2014, p.111).
Those reasons and also the enthusiasm to be the producer of the technology and science
rather than the consumer as a nation make the United States of America government
take steps in these areas. (Office of Press Secretary, 2009). Therefore, this is basically
the history of STEM education. After those times leading the beginning of STEM
education this educational approach spread all around world and become global idea

to be satisfied and the applications in educational systems brought both pros and cons.
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From now on, they will be presented to approach the STEM education from different

perspectives helping to make clear understanding about it.
2.2. Emergence of STEM education in Turkey

After the launch of Educate to Innovate campaign which is seen as the actual rise of
STEM education in the United States of America, STEM education affected
educational practices globally. As it created stir globally, it had reflection in Turkey as
well. The emergence of STEM education began with the return of individuals to
Turkey done their PhD in the United States of America after 2009. Those individuals
worked in the universities’ STEM centers in the United States of America during their
PhD or postdoc experiences. Then, they wanted to move the idea of STEM education
into their own country which they consider effective for the educational practices in
Turkey by transferring their knowledge gained in there. In this process, the academic
research done in Turkey about STEM education to integrate STEM education practices
into Turkish educational context. The collaboration of academy and the schools for
STEM education practices resulted in the formation of different size of groups working
on the implementation of STEM education in Turkish context (Ozturk, 2018). Starting
with the private schools, they spread the idea of STEM education which then became
an advertisement tool for those private schools to attract attention of students and their
parents. After the country familiarized with the STEM education by those actions,
MoNE published the report “STEM Education Report” in 2016 to spread the idea to
public schools as well. The report includes both the advantages of STEM education
and the obstacles against the implementation of STEM education such as the need for
the rearrangement of the science classes and supplementation of the experiment
materials, teacher development needs, curriculum change for the integration of STEM
education. MoNE also brought suggestions for how STEM education could be
integrated into schools (2016) In addition to those, the necessity of STEM education
in this era for all countries has been emphasized because of the knowledge based
society needs rather than the labor power in the report. Also, STEM related practices
of all countries has been indicated by stating the STEM education and its contribution
to economic power of the countries (MoNE, 2016).
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After the reveal of this report, YEGITEK (Innovation and Educational Technologies
Head Office which is a division under MoNE) published another report in 2018 which
was the hand book for teachers for the implementation of STEM education. In that
handbook, the indication of the existence 0 STEM education in our school has been
done. Also expensive experimental materials and technological facilities are
unnecessary as it has been indicated in the hand book. Apart from this, the project
based learning and the STEM education relation has been stated by YEGITEK to the
teachers in order to provide their usage of the project based practices in their classes
for the STEM educational implementations. (2018)

2.3 Definitions of STEM Education

STEM is a controversial educational subject not just with its non-agreed definitions
but also with policy and purpose issues (Garibay, 2015). Apart from the debates about
policy and purpose issues, definition is the basic as stated by English (2016) that the
issue about the integration of STEM education is the different descriptions and
perceptions researchers and curriculum developers have. That is why they refer to
different interpretations when they state different STEM definitions. Vasquez (2015)
organized the general educational teaching approach to STEM in a paper representing
four basic definitions for STEM to be used by researchers and practitioners (teachers,
curriculum developers) which are represented in Table 2.1. The confusion about the
definition of STEM is stated in different research indicating that the STEM is not
understood in a common way since there are some practitioners as principals, policy
makers, and teachers some of whom see it as an acronym of four distinct subjects and
some consider it as an integrated curriculum where STEM is understood as a
replacement of teaching methods from traditional ones to problem based learning
through the curricula it is based on (Brown, Brown, Reardon, Merrill, 2011; Breiner ,
Harkness, Johnson, Koehler, 2012) where Vasquez (2015) indicated that STEM is not

a curriculum.

The other issue about the definition of STEM education is about how it is applied in
elementary, secondary and higher education levels. In K-6 levels STEM is about the
learning of science and mathematics only where in 8-12 levels it is as the same as

K-6 but additionally there are selective courses representing the technological,
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Table 2.1
The common definitions referred in different STEM integrations (adapted from
Vasquez (2015, p.13)

The integration The characteristics of that form of integration

form

Disciplinary The learning occurs separately for STEM disciplines
indicating an acronym

Multidisciplinary ~ The learning occurs separately for STEM disciplines but in a
common theme

Interdisciplinary ~ The learning occurs by the interdependency of two or more
disciplines in STEM acronym to deepen the knowledge and
skills

Transdisciplinary ~ The learning occurs by the real world problems or projects
implemented in the light of the interdependency of two or

more disciplines to shape the learning experience

based sides and innovative thinking of students. In undergraduate and graduate level,
the courses are split into two as STEM and non-STEM courses (As cited in Xie, Fang,
Shauman, 2015). Those differences also bring about the diversity to the description of
STEM. Moreover, the diversity of the description of STEM education results in the
confusion of all how to be prepared to STEM education. Because of the fact that new
approaches and new systems need organized and well-planned policies, the states
should take careful steps towards the definition and application of the STEM education
before accepting it as an educational approach. The curriculum and practices in schools
take form according to the philosophical and sociological perspective of policy making
S0 it is necessary to agree on something in common for a state to have coherence. That

brings the issue of policy borrowing and policy making issue to the light.
2.4 STEM Pipeline

The interaction with science is developed in K-12 level for the individuals and there
are several factors affecting their attitude towards science as parent orientation

towards science, social and demographic constructs (Mihelich et al., 2016).
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Therefore, since the career choice of next generations in the STEM field is seen
important for the development and stability of countries in innovative and scientific
areas, increasing the possibility for career path in these fields brought the idea of
STEM pipeline. It is a metaphor representing that the students who are in the
education life will be taught in the way of STEM along their education life time in
order to increase the possibility of their career choice in the STEM areas at the end of
their education (Ball, et.al., 2017). The basic idea behind the pipeline is about closing
the skills gap in STEM areas revealed because of concerns appeared for the
economic reasons. To be able to close the gap as indicated, STEM pipeline seems
necessary. However, according to Mendick, Berge and Danielson (2017), the
rationale provided for STEM pipeline as a skills gap is not as it is told. There is a
contradiction between the policy makers’ arguments and the actual numbers. As
Mathis (2011) stated, there is no lack of high quality employees since there are three
times more applicants for the jobs requiring high quality employee candidates where
the high quality job refers to the ones including areas of STEM. On the contrary, the
problem is about the lack of high quality jobs offered for those having the capability
and the necessary skills for the qualified jobs. That is why there is a contradiction as
there is no skills gap (Mendick, et.al.,2017).

The issue about STEM pipeline is that this pipeline leaks the students at some points
who do not choose to be the part of the pipeline. According to Cannady, Greenwald
and Harris (2014), STEM pipeline term is used mostly to prevent the leak but not
mention those who choose to be the part of STEM fields. Therefore, in the literature,
pipeline studies are mostly about leaky STEM pipeline which loses the students in
certain levels and how to prevent the loss. The idea behind this notion is that the ones
who already have the interest, passion and talent to STEM fields are already in the
STEM fields on the contrary of those who are not interested to those fields. The
necessity to involve those uninterested into STEM fields because of economic
concerns forms the basis of STEM pipeline (Magnuson, 2018). The dropout from the
pipeline is investigated mostly about the underrepresented minorities and women
because the common though about it is the lack of participation of women and

minorities to the STEM fields as a career path (Bergeron & Gordon, 2017).
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The STEM participation of the women was studied by looking at the courses men
and women take from STEM fields to decide on who are in the STEM pipeline and it
was seen that the women in those courses are less than those men taking the course
on the contrary of the statistically non different performance they make (Bergeron &
Gordon, 2017). However according to Cannady et. al. (2014), taking the courses or
bachelor degrees to label who are interested in STEM education and take career in
STEM fields does not actually represent who works in those fields since the ones
having bachelor degree different from STEM fields could work in STEM fields.
Therefore, STEM pipeline is an educational path desired for children to be in it
through the way of career choice in order to be involved in the work force in STEM
fields.

2.5 STEM as a Policy Issue

STEM education is addressed from three different viewpoints as a pedagogical
approach, a political approach and a popular educational subject (Asik, Doganca
Kucuk, Helvaci & Corlu, 2017). In addition to the investigation of teachers’
pedagogical knowledge to implement STEM education, many studies suggested
teacher training to implement STEM education (Brown, et.al, 2011; Cevik and
Ozgunay, 2018; Chai, 2019). According to the Chai (2019)’s review of 20 studies
about teacher development from the perspective of content, pedagogy and
technological issues (TPACK), the results showed that although there is a need for
teacher professional development regarding STEM education implementation, there is
lack of concrete base and theoretical framework for the formation of this kind of
professional development materials as well as the lack of teacher educators teaching

the way of teaching in the interdisciplinary sense.

Apart from the pedagogical approach, there is a political approach towards STEM
stating its policy issues. As stated by Atkinson (2012) pushing every individual to be
in the STEM disciplines is like pushing everyone to play piano without an interest.
This is because of the economic returns of STEM education because of the age we
live. Xie, et.al. (2015) stated that in the economic literature, education is seen as the
human capital investment which has economic returns and STEM education is the way

of more economic returns. Although this is the case, Mathis (2011), pointed out the
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fact that the STEM education could be useful in this time, yet twenty years later the
importance of STEM education could shift to another direction. Therefore, there is a
need for diversity in the educational environment as well as the professional life for
individuals to participate and the rationale behind STEM education is not reasonable
for that reason. This is how STEM education is perceived from the perspective of

policy issue.

Another perspective towards STEM education is approaching it as a popular
educational subject and in those perspectives the most commonly preferred one is
taking STEM in consideration as a trend. Therefore, Hoeg and Bencze (2017) raised
the question “STEM as a ‘golden opportunity’ or a ‘Trojan horse’?”, indicating the
dilemma whether it can be useful for the countries’ improvement or not. This concern
reveals because of the fact that the formation of the STEM educational practices
without any planed and organized policy support (Hoeg & Bencze, 2017) is seen in
many countries coming up with the popularity of STEM education. On the contrary of
its popularity, the quick decisions on the idea of integrating this trend to the

educational systems do not make miracles.

The main idea behind the educational reforms should be giving consideration on the
factors affecting the educational system of a country. Rather, the decisions are made
by policy makers and governments fitting right place in the right time to appear with
a policy change because of the created pressure by media through the usage of
“shocking results” and “failures” in international competition based evaluations done
by organizations as OECD like PISA (Baird, Johnson, Hopfenbeck, Isaacs, Sprague,
Stobart & Yu,2016; Grek, 2009; Steiner-Khamsi, 2004, p.208). This is what happens
in the integration of STEM education as well. Because of the economic concerns and
the competitive nature of global market to have a place in, countries make changes and
policy differentiation causing the convergence of educational applications all over the
world (Baird, et. al., 2016). The convergence in educational systems in globally
changed world as a result of policy makers’ approach to making policy as a borrowing
issue without giving any comprehensive thought on the policy issue. The policy
making is seen as integrating the “successful” ideas and educational practices in other

countries to their own country. However, according to the book “Finish lessons” by
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Sahlberg (2011, as cited in Sellar & Lingard, 2013), the reason of the success or failure
of the educational systems does not depend on just one factor but there is a
comprehensive package to think about while making policy changing formed by
educational, political and cultural factors. On the contrary of what needs to be done
for the improvement of education in the country based on their cultural and societal
needs, the choice about policy making is done in the direction of educational

convergence globally.

According to Mathis (2011), every country has its own priority in the market place but
it is neglected by policy makers. Policy makers take action according to the common
sense and personal experience, those movements made are also based on the global
policy making trends as assessments triggering international competitiveness and the
need of work force (Plank, 2011; Rappleye, 2009). The STEM movement is also the
result of this policy action spread all over the world from US showing an exemplary
educational convergence and sudden integration of STEM education to the states’
policies. However, as Mathis (2011) indicated that whether the world will need STEM
in the future is a questionable situation for the next 20 years, trying to educate all
individuals in those areas will not raise the diversity in work force. Also, assuming
that all students in the school system are the same and have the similar interests
(Atkinson, 2012) means rejecting their differentiation according to their characteristics
and interests which create the diversity in career choose. The created convergence for
the future in STEM fields would result in trouble if we needed more diverse working
areas. Therefore, the policy making issue needs to be considered from the perspective
of the necessities of a country for the future, and the changes should be made by
thinking about the educational, cultural and political bases of the country. When all
those considered, integration of STEM education into Turkish educational context
seems to have discrepancies. First of all, the needs of two countries are different from
each other. While the United States of America works for the raise the number of
native employees in the STEM related areas because of the lack of interest towards
those disciplines by the United States of America born citizens, there are way more
than engineers and natural science programs in Turkey by giving more than 65,000
graduates in those areas in total (YOK, 2017;2018;2019). Also, in Turkey, the

precautions should be taken about the issue of brain drain of citizens after their
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undergraduate and graduate degrees in STEM areas. When this is the case, there is a
need for the policy which will make use of the graduates and upcoming graduates in
STEM areas instead of directing more and more students to those areas. As Mathis
(2011) indicated, there is a need of divergence in interests because the aim of the
education is to raise good citizens and good human being working for the community’s
sake. For this purpose, every country needs its own policies to educate individuals by
respecting their interest. Also, here are differences among countries making them
unique which should direct them to find the right way to form their own policies

regarding their strengths, weaknesses, opportunities and threats.
2.6 STEM in relation to equity issues

There are debates and controversies about the definition of the STEM education
whether it is an integrated whole or the acronym representing four different disciplines.
However, the studies conducted on the equity issues in STEM fields reflect STEM
areas as four different disciplines standing for science, technology, engineering and
mathematics especially in investigating the gender gap in STEM education (Justman
& Mendez, 2018; Bergeron Gordon,2017; Beedee, Julian, Langdon, McKittrck, Khan
& Dom, 2011; Yang& Barth,2017; Neigel, Bailey, Szalma& Sims,2017; Xie,
et.al.,2015). According to Xie et.al (2015), the reason why there is a disparity between
male and female is not the ability lack of female as indicated in a study that there was
no significant difference between male and female participants measuring the spatial
processing performance (Neigel, et.al, 2017) but is (i) the lack of highly pointed social-
psychological notion of females about being in STEM areas and (ii) general
misdirected notion about males reflecting them to be naturally talented in math or in
quantitative based areas apart from females not being based on any evidence. Langen
and Dekkers (2005) state the results of their study which is related to the gender
disparities in STEM areas showed that the countries with more “gender consciousness”
have higher rate of female participation in STEM fields. Turkey is a special case for
the workforce in STEM fields with Bulgaria and Portugal since the participation to
those fields in Turkey is higher than the industrialized countries in Europe (Kuskd,
Ozbilgin, & Ozkale, 2007).
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According to Higher Education Council the cause of this discrepancy between those
countries could be because of the centralized placement to the university programs
rather than localized selection of the students (as stated in Kisku et.al, 2007). Also,
the perception of women in engineering and technology areas shows that there is no
discrimination over their gender throughout their educational life or in the working
area since there is no visible legitimate discriminant discourse in Turkey (Zengin-
Arslan, 2002). However, the masculinity is perceived if we look at the action of males
who are in engineering positions. Women stating no discrimination also indicated that
the mimes, looks and callings of male participants to women in the field works and in
mechanical problems demonstrates males’ concerns and question marks about the
women in the field who shows higher gender prejudice over women in regard to their
abilities and skills in those areas (Kusku, et.al, 2007; Zengin Arslan,2002). According
to Honeyspot (2018) which is the leading technology career platform, although the
total percentage of women in all workforces is less than the other countries for Turkey
with 31.55 % in 2018 data, the one of the highest percentage in the graduates of STEM
fields belongs to Turkey among all countries with 37.11% graduates. Despite the fact
that the percentage of all women graduates in the United States of America is higher
than Turkey, STEM graduates are less in THE United Stets of America when it is
compared. However, the participation to the workforce in STEM fields is smaller in
Turkey than those countries having less graduates in STEM as a percentage with
9.91% (Honeypot, 2018). There is a dilemma here that is coming from the controversy
created by those rates in Turkey. The dilemma in the United States of America is
related to something as called unchanged rates of women workforce in STEM fields
over time from 2009 through 2015. The comparison of 2009 and 2015 data stating
information about STEM workforce in the United States of America shows that there
is approximately no change in the percentage of the representation of women in STEM
fields with 24% in both reports published by the United States of America Department
of Commerce (Beede, Julian, Langdon, McKittrick, Khan & Doms, 2009; Noonan,
2017). That is to say, the initiation of “Educate to Innovate” campaign in 2009 by
Obama to gain attention to STEM fields which are thought as the determinant of the
place in global economy does not change the participation percentage of women in

STEM fields. STEM fields mentioned in those reports are the ones with “hard sciences,
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engineering and mathematics” not the ones involving “educators, managers,
technicians, health-care professionals, or social scientists” (Noonan, 2017). According
to Fayer, Lacey and Watson (2017) in the report of the United States of America
Department of Labor, the employment in STEM fields raised by 10.5 % from May
2009 to May 2015. Therefore, it can be said that despite the fact that there is a growth
in the number of employment in STEM fields in the United States of America, where
STEM education initiatives launched, the women representation in those fields did not
changed, it stayed the same. Overall, the research done about the indication of women
in STEM fields and gender prejudice about those fields in the world is the
representation of equity issues in those fields.

Apart from the gender prejudice, selecting STEM fields as a major to be participated
as a workforce for the future is seen by individuals as the job of geeks and nerds.
According to the notion about those fields, they can be handled only by the smart ones.
This thought also prevents the ones wishing to be in the STEM fields but not seeing
themselves as geek or nerd (Langen & Dekkers, 2005) because those words represent
the intelligence with antisocial characteristics especially in American version of the
words (“nerd”,n.d.; “geek”, n.d.). The masculine, geeky and nerdy discourse in STEM
areas needed to be abandoned to attract the individuals to be a part of scientific and
technological developments more. Because of the fact that being geeky or nerdy seems
to be an obligatory of those areas, the attraction inevitably decreases towards science,
technology, engineering and mathematics not for just women but also for men.
According to Berry (2014), having the geeky role for STEM areas is a selling strategy
to be used in the field to sell STEM areas to attract labor force in those fields on the
contrary of the unreachable crew with non-geeks holding 80% for all non-choosers of
STEM. However, reaching all individuals and call them to be part of STEM areas
could not be reached by telling STEM area choosers and workers as geek or nerd.
Therefore, this notion push people away from working in STEM areas because of the

fear being someone known as nerd.

According to all those mentioned, it can be said that the masculine discourse added to
nerdy and geeky talks for STEM areas prevents males who do not want to be seen as

geek and especially females who are not interested in being in a field seen as the “man
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job” because of the technical and operational procedures imputed to males. In order to
change this perception some actions are held by states of non-governmental
organizations in countries. In Turkey, to encourage secondary school students to be
part of STEM areas, especially the ones in fundamental sciences as chemistry, biology,
physics, mathematics, technology included departments and also some less preferable
engineering departments, The Council of Higher Education announced the scholarship
during the first year of their undergraduate education provided to those selecting the
mentioned areas as undergraduate study field and taking bachelor degree in the first
place beginning with 2016-2017 academic year (The Council of Higher Education,
n.d.). Also, the president of The Council of Higher Education states that by the
motivation to meet the needs of this country’s “qualitative knowledge” production
with the raise of “qualitative individual” for the future of Turkey, designating primary
areas of study for individuals and directing them to be the part of the growth is what
Is done with this scholarship act to STEM areas (Sarac, 2018). Apart from the
mentioned state act for getting the attention of the young to be part of STEM education,
there is a movement started by a foundation for females to add them to STEM areas
called as “Tiirkiye’nin Miithendis Kizlar1” (Turkey’s Engineer Girls). This act is also
supported by Ministry of Education and Ministry of Family, Labor and Social Services
and international organization “United Nations Development Programme”.
(Turkiye’niin Miihendis Kizlari, n.d). By the help of this act, the aim is to gain more
female attraction to engineering field so that the female employment and the female
power in the field increase. For this purpose, the collaboration with high schools to

encourage female students is done.

Overall, the participation to STEM areas is given importance and movements from
both governments and foundations form the edge stone to encourage both males and
females with different policies. They need to continue to provide the sustainability and

increase in those fields.
2.7 STEM Education and 215t Century Skills

The skills for 21% century are the combination of all skills needed for individuals to
survive in all aspects of the life in the age of technology, innovation and information.
Apart from the core subjects needed by individuals to survive in social and economic
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life as language, reading, mathematics, economics, science, geography, history, arts
and government and civics, there are other skills to gain to be a part of labor force in
informative way in this age. According to Partnership for 21% Century Learning, the
framework for 21% century skills is formed by three main aspects as learning and
innovation skills, information, media and technology skills, life and career skills (P21,
2007). For P21 (2007), The learning and innovation skills includes the creativity and
innovation, critical thinking and problem solving, communication and collaboration
while information media and technology skills are about information literacy, media
literacy, and ICT (Information, Communication and Technology) literacy. Life and
career skills includes flexibility, adaptability, initiative, self-direction, social and
cross-cultural skills, productivity, accountability, leadership and responsibility
(P21,2007). Therefore, it can be said that apart from the technical and technological
knowledge to be used, individuals need adaptation and self-regulation skills that direct
them to be part of solution with their social and cultural skills.

Beginning with the humanity, human-being solve problems of their times all the time.
First, it was about eating, harboring, warmup, and basic skills to survive in the
environment, then it evolved to understand the world, universe, and try to make the
world better to survive. For our age, the survival skills include many things as the time
evolved to the one with many technological developments in a limited time. All that
time humanity existed, technological developments and understanding the universe
were improved with baby steps. At some point, human-being broke the chains and
started to develop with huge steps compared to the historical developments. The
curiosity existed in the heart of individuals and wish to understand the world in a
different manner make them discover again and again. The beginning of this break
could be thought to start by the launch of Sputnik to the space and opening to the space
that is a new environment for the humanity. This huge step was followed by other steps
taking the developments farther than the previous improvements that made the growth

exponential rather than linear increase as seen in the Figure 2.1.

Therefore, individuals in the century of technological, communicative and informative
developments need different kinds of skills than before apart from the problem solving

skills. The return of those rapid ICT developments is the key factor affecting the
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Figure 2.1 Exponential Growth in the Technological Developments Staring from
1400s to the Present (source: Raza, n.d.)

thought about the need for STEM educated individuals in labor force. In contrast to
those factors affecting the world in a way to be in the field of science, technology,
mathematics and engineering, importance of ethical and responsibility does not take
as much attention as STEM because of the lack of the fields covering arts and
humanities in STEM processes. Development of ethics and with creative thinking and
problem solving skills is the key factor for our generation to work not for the humanity
but also for the global world and all creatures in it. Therefore, giving all attention and
importance to STEM areas is not the solution for the future of the world but the
divergence and integration of different fields enabling people to work for the sake of

global world we live is the priority.
2.8 STEAM versus STEM Education

The importance of STEM areas for the development and understanding of the world

is inevitable but this is not the solution to the whole problems by itself. The promotion
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of STEM areas is done to take attention of more and more people through the way of
having STEM careers. The reason behind this purpose is because of the economic
concerns of the states. However, states only need is not just economics came by the
STEM area developments but the sustainability of the world in a way of leaving this
world to next generations in a livable sense. Therefore, the integration of art and
humanities is seen necessary to have a creative and sensitive generations. the “A” is
the representative of both arts and humanities because the acronym is not for only
aesthetical concerns but also the development of human sides in individuals. STEAM
IS a new concept compared to STEM education raised in 2010 (Herro, Quigley, 2017)
but the concept without giving a name to it is used many centuries ago. For example,
Leonardo Da Vinci is a scientist using creative thinking and problem based innovations
where he also got help from artistic side of the world (Wade-Leeuwen, Vovers & Silk,
2018). That is explained as the necessity of integration to STEM education of art and
humanities is not just for “broaden minds” but for the gain of ethical, moral values and
responsibility sense to individuals (Lanchman, 2017). In the same article, the
importance of doing a job, engineering for this example, not just for writing codes but
for the purpose of doing our world more livable for all (Lanchman, 2017).
Technological development not for the industrial profits but for the humanity and for
the nature is the necessity of our time to give over a livable world and future to our
next generations. For the continuity of industry, at some point the duration of the
products were decreased that also increase the frequency of changing the owned
product with new one and the customers, in this case the consumers, triggered to
consume products by replacing it a little newer, a little better, a little sooner (as cited
in Lawlor, 2015). The examples for this situation can be arrayed beginning with the
Apple and its reduction of CPU (Central Porcessing Unit) performance in the time of
releasing new model of IPhone and published an apology letter for the decrease in
battery performance after using the phone couple of years (Apple, 2017) While there
is a light bulb in a fire station flaming for 119 years now is the proof of this planned
obsolescence because of the light bulb producing factory owners made a deal in a cartel
they established almost 100 years ago to produce light bulbs which could be used only
for 1000 hours but nothing more. This was done to provide the existence of light bulb

industry
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2.9 School Principals’ Roles and STEM Education in Schools

While we are talking about STEM education in school environment, we first need to
consider the school environment starting with the head of the school, school principal.
School principals are the ones managing school and all the processes in it and for all
stakeholders s/he is the one to communicate in the first place. This is how their
importance come to the surface with the evidence provided by different studies in the
literature (Cranston, 2013). Therefore, school principals need different kind of
characteristics which move the school to further. The spirit of every working
environment is different and it is also valid for the schools. Every school has its pros
and cons which should be identified and the actions taking part in the school should
follow those characteristics. The leading person for this adaptation process for every
individual in the school is school principal and they need to manage all the processes
according to the positive and negative side of the school environment. When the
literature is examined for STEM education leadership of school principals, the lack of
the studies about this issue reveals. Therefore, their technological leadership roles are
searched in the literature since the STEM education requires technological
enhancements and technology usage as well as the science, mathematics and
engineering. For the school effectiveness which is related with student achievement,
school principals could take many roles. Yet, according to Goldring and Pasternack
(2006), they provide the most instrumental help by preparing goals and mission for the
schools. This is supported by another study stating that school principals are seen as
the experts in the integration of technology into classrooms and the technological
enhancement in the schools are done with the necessary involvement of school
principals into the process of creating a vision about it (Cakir, 2012). Also their
perceived roles in technology involvement are facilitation, staff development and
communication apart from the other roles needed to have as instructional and
technological leadership, coordination, public relation, empowerment, ethics and
security (Akbaba-Altun, 2004). As the technological involvement into classroom
environment requires vision, STEM education needs the formation of vision statement,
too. Brown, et.al. (2011) indicated that although this educational approach seems
important, there is no clear vision about STEM and how it could be implemented. In

order to do this, there is a need for leadership of school principals who should have the
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knowledge about STEM education. Yet, Cevik and Ozgunay (2018) stated that school
principals’ in Turkey heard the term STEM education from TV, internet, conference

or social environment, and their awareness about the concept is insufficient.

Apart from this study, the investigation of the knowledge of school principals has not
been investigated. Yet there are many studies related with the technology leadership
of school principals. the importance of technology leadership for bringing the
technological usage into classroom environment has started to be investigated mostly
in 2000s. For example, the key role of school principals for technology integration to
the curriculum and being the inspiration of the teachers for the implementation is
indicated by Flanagan and Jacobsen (2003) which is also important for the school
reform movements. In addition to this study, another study indicated that although the
infrastructure is important for the integration of the technology to the classrooms,
school principals’ role of technological leadership is more important for the
technology related outcomes (Anderson & Dexter, 2005). In addition to the technology
leadership and its contribution to the technology usage in the schools, one of the study
suggested that there is a need for professional development of future administrators
about components of transformational leadership because the transformational
leadership could enhance the usage of computer in the classroom environment
according to the results of their study (Afshari, Bakar, Luan, Samah & Fooi, 2008). In
the light of those studies, it can be said that for the integration of STEM education to
the schools, there is a key role that school principals should take on as in the case of
technology integration. For that reason, school principals should harmonized the
expert power required to direct the teachers and students with the knowledge necessary
to implement those practices with the leadership roles they need to have for the
integration of STEM education (Hoy and Miskel, 1987).

Overall, creating an environment for STEM education requires forming vision,
mission and goals after gaining the proper knowledge about the concept STEM
education and its implementation processes. In addition to those, school principals
need to provide sufficient environment for communication, facilitation and leadership
by using their expert power as a source of direction. Even though there is a lack of

studies approaching STEM education from the perspective of educational
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administration, the educational change and reform is not a new area discovered.
Therefore, policy development and policy borrowing issue is the key factor of STEM
education that should be discussed for the future of the concept as mentioned earlier
in this chapter. In addition to this, the role of school administrators in the
implementation of new concepts is to work for the inspirational and leadership
purposes that could lead the way of teachers for those implementations through the

direction of expert power they need to have.
2.10 Summary of Literature

In addition to the adventure of STEM education and its reflections in the countries, the
review of the literature showed the contradictions, gaps and policy issues regarding
the STEM education as well as epistemological lack and the need of the consideration
of human side of the individuals by integrating arts and humanities into the STEM
concept. Overall, after the literature review, it can be said that there is a need for more
consideration on STEM education as a policy and educational administration issue.
There are lacks in expertise, curriculum, definition, policy borrowing, social justice
issues. The published report by MoNE (2016) also showed the lacks as an obstacle
against the implementation of the STEM education as teacher preparation needs,
curriculum change needs, rearrangement of school facilities for SETM
implementations, the need for research about STEM education. therefore, this current
study aims to close the gap in the literature by approaching the STEM education issue
from the perspective of the educational administration and the perception of school
administrators as the leaders and the ones need to have the expert power.
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CHAPTER 3

METHOD

3.1 Design of the Study

In general form, the difference between quantitative and qualitative research can be
expressed as the difference between the “hard” sciences such as mathematics, physics
based on formulas and hypothesis and “soft” sciences like biology (although this
thought is changing in recent years) and social sciences not depending on those (Guba
& Lincoln, 1994). After the ruling term of positivist approach in science beginning
with the Renaissance, the world evolved to the acceptance of other paradigms such as
post-positivism in a sense that the world is not formed only by black and whites but
there are greys. Unlike the positivist approach, post positivism does not support the
objectivity and seeking “the truth” but promote the point of view and the observation
of natural settings to get the meaning formed by existence of multiple truths and
perceptions (Yildirim & Simsek, 2005, p. 25-27).

As mentioned by Bogdan and Biklen (1998, p. 4-7) qualitative research have five
features as trying to understand the natural setting, describing the environment through
the explanation of what is seen, focusing on the process rather than product, collecting
every valuable piece of data to reshape the picture again and again until it gets the
latest form and lastly seeking the “meaning” created by the thoughts of the participants,
observation of the environment and the document analysis done. Therefore, the focus
of the qualitative research is different than quantitative one with respect to their “truth”
and “meaning” understanding and choice of “process” or “product”. Focusing on the
process, which produces a product at the end, provides in—depth understanding of the

environment because of the fact that it reflects the natural setting by interviews,
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document analysis and observation (Denzin and Lincoln, 1998, p.2; Patton 1987, p.7).
The common ground formed for qualitative inquiry brings the focus of “experience”,
“understanding” and “meaning” (Bogdan & Biklen, 1998; Patton, 2002). Individuals’
perceptions formed by their prior experience give them a way to understand the
environment and describe it in their own terms (Patton, 2002). That is why the

qualitative inquiry is more interested in the process not the product.

In the light of those describing qualitative inquiry method, the purpose of the study is
to investigate the understanding of school principals about STEM education, and find
out the STEM practices in their schools and their role in development and
implementation of these practices. Therefore, qualitative research method is chosen to

be the one to carry out this study specifically.
3.1.1. Phenomenology as a Qualitative Inquiry Method

To prevent carrying out unorganized research that has uncertainty, a study needs a
theoretical framework enabling the researcher to stay in the path without any loss in
the way (Bogdan & Biklen, 1998). According to Bogdan and Biklen (1998), one of the
theoretical perspectives for qualitative research is phenomenological approach which
can be described as one of the main points in qualitative research. The focus in
phenomenology is the “lived experience” of individuals and the reflection of those
experiences in thoughts, actions and assumptions for a phenomenon (Creswell, 2007,
p. 57; Patton, 2002, p.104) which is neither too similar nor too far away from the
experiencing individuals (Yildirim & Simsek, 2005, p.72). In other words, the
phenomenon investigated is not fully understandable for participants but it is the part
of the experience they are going through and have ideas and thoughts about the
phenomenon (Yildirim & Simsek, 2005, p.72).

In this study, phenomenon is STEM education since it is the current subject that all the
world being interested in educational practices. Therefore, the perceptions and
opinions of school principals in secondary education level was investigated. Fraenkel,
Wallen & Hyun (2015, p.430) asserts that phenomenological research is mostly based
on the in-depth interviewing aiming to attain comprehensive understanding of the
world of individuals and to get their perceptions and reactions about the phenomenon.
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Because of the fact that the opinions and perceptions of school principals is the one
wished to deeply understand, semi-structured interview is used to collect the data. Also

some documents such as the journals, web sites were searched.
3.2. Research Question

The aim of this study is to find out the “meaning” of STEM education for the school
principals reflecting their “lived experience” and perceptions about the concept. This
perception could be based on their opinions, assumptions or their actions in schools
regarding to applications done. Not just their perception about STEM education but
their perception for their role in the teaching and learning process is asked in

interviews. Therefore, the research question(s) of this study is/are:

1. How do the school administrators in high schools perceive the educational
trend of 2010s “STEM education™?

2. What are the experiences of school administrators in STEM practices?

3. How do school administrators define their roles in STEM practices at their

schools?
3.3. Participants of the Study/ Population and Sample

STEM education has been investigated with different stakeholders of schools as well
as the universities, mostly with students, teachers and pre-service teachers. On the
contrary of variety of studies for STEM education, there seldom investigations on
schools’ principals. However, school principals are the leaders of teaching and
learning environment and their openness to change, leadership skills and support of
innovative applications constitutes importance. Thus, the group of participants are the
school leaders for this study to understand their perception regrading to the STEM

education.

The participants were chosen from the secondary school level since this level
constitutes a critical period in the lives of the students as they make the critical
decisions regarding their university study program and professional life. In Turkey,

there are six basic secondary school type as Anatolian High Schools, Science High
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School, Social Sciences High School, Vocational and Technical High School, Arts
High School and Sports High School, Anatolian Imam and Preacher High School
(Ministry of National Education, 2018a). From those, Anatolian High Schools,
Science High School and Anatolian Imam and Preacher High School and Vocational
and Technical High School are selected. The selection was based on the criteria of
taking students based on the Secondary School Entrance Exam (Lise Giris Sinavi-
LGS) done by Ministry of Education. The importance of this exam for our selected
schools is because of the entrance exam does not include every high school but the
“Science High School, Social Science High School, Secondary Education Institutions
Implementing Special Programs and Projects (Ozel Program ve Proje Uygulayan
Ortadgretim Kurumlar1)” (Ministry of National Education, 2018b).

The study was conducted in Ankara province, the capital of the country. In Ankara
there are 82 high schools matching with the criteria out of total 795 secondary schools
including 464 general secondary schools and 331 vocational and technical secondary
schools (Ministry of National Education, 2018a) in total. Therefore, it can be said that
10.31% of the secondary schools in the province accepting students with Secondary
School Entrance Exam. The schools of the population which the sample chosen is
represented in below in Table 3.1.

Table 3.1
The spread of the school types taking students with entrance exam in Ankara Province
Secondary School Type Number of School
Anatolian Imam and Preacher High School 14
(AIPHS)
Anatolian High Schools (AHS) 16
Science High School (SHS) 12
Social Sciences High School (SSHS) 4
Vocational and Technical High School (VTHS) 36
Total 82

*Those numbers are from the guideline announced by Ministry of National Education (2018) for the

centralized exam for the secondary school entrance.
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In addition to criterion sampling (Patton, 2002) for the study, the schools are decided

regarding their possible tendency towards STEM education. Sampling is done by

choosing the participants from three different secondary school type with different

practices and curricular activities as Anatolian Imam and Preacher High School,

Anatolian High Schools and Science High School. Moreover, criterion sampling is

chosen because there is a predetermined criterion which is taking students with

entrance exam covering only 10.31% of the total secondary schools in Ankara

province.
Table 3.2
Descriptive about school principals
School type Gender Discipline
1 Anatolian High School Male Turkish Literature
2 Anatolian Imam and Preacher Male Turkish Literature
High School
3 Anatolian High School Male
4 Anatolian High School Male Culture Of Religion and
Ethics
5 Anatolian Imam and Preacher Male History
High School
6 Anatolian High School Male Turkish Literature
7 Anatolian High School Male Culture Of Religion and
Ethics
8 Science High School Male
9 Anatolian High School Male French
10 Anatolian High School Male Mathematics
11 Science High School Male

The interviews were done with eleven secondary school principals in total. While two

of the school principals were working in Anatolian Imam and Preacher High School,

seven of the school principals were from Anatolian High School. The rest two school
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principals were working in Science High School. The descriptive about school
principals are presented in the Table 3.2 above. In addition to those information, it can
be said that while one of those interviewed school principals have Master’s Degree,
another school principal was doing his PhD at the time the interview has been
conducted. Also, the school principals are experienced about school administration as
they indicated. According to Lincoln and Guba (1985), the purposeful sampling size
is determined by the information taken from the participants. When the information is
reached to the maximum point, gathering data is ended because the point of
redundancy is reached (as cited in Patton, 2002). Therefore, the point that data
collection is stopped when the information taken from secondary school principals

give no further data added to the heard ones.
3.4 Data Collection Instruments

In this study, two qualitative inquiry method instruments were used. First, is the semi-
structured interviews done with the school principals. Second method used was the
document analysis done by the investigation of the web sites of the schools where the
school principals interviewed work. According to Yildirim and Simsek (2005),
interviewing is the most commonly used tool in qualitative inquiry. Interview is a way
to understand the perspectives of the participants since intentions, thoughts, the
reasons of acts could not be observed but it is meaningful when it is taken by self-
reports (Patton, 2002). For this purpose, interviewing technique is used in this study to
deeply understand the perception of school principals and semi-structured interview

was constituted.

Because of the lack of information about STEM education in the world, there are a
few frameworks that can be considered while forming interview questions. The
detailed framework formed by NYC Department of Education with the name of NYC
STEM framework. This framework has four main domains with including subdomains
in each. Mainly domains include (i) school vision and structure for success, (ii) STEM
curriculum instruction and assessment, (iii) strategic partnership and (iv) STEM
college and career readiness which includes planning and preparations for K-12 level.
While forming the interview questions, those domains and the expert opinion was

taken into consideration. Instrument include interview questions related to educational
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practices and curriculum applications in the school differentiating the school from
others, the harmony of mission, vision and goals of school with STEM education and
the resources needed for those to make real, the perception of school principals about
STEM and STEAM education, their sense of their role for STEM educational practices
and the understanding of the reactions coming from teachers and students.

In the process of forming interview questions, two expert opinion is taken who have
extensive expertise in educational research, qualitative research methods and STEM
education. The questions are revised several times before finalizing the interview
guide, on the basis of the opinions and recommendations of the experts. The final
version of the semi-structured interview guide had fourteen main questions with seven

sub-question in total used to deepen some questions (See Appendix A).

In addition to the interviews, document analysis has been done for the schools that the
interviewees work. The document analysis process includes the investigation of the
web sites of the schools as well as the strategic plans and mission, vision statements
of the schools. The investigation of the web sites is done to understand what STEM
education experiences are seen in the schools. During the document analysis, as Miles
and Huberman (1994) suggested, data reduction procedure have been used to discard
irrelevant data. The irrelevant data was determined by whether the strategic plan
documents, announcements, news and the school practices announced in the web site
include STEM related implementations or not. In addition to this, the news and
announcements were investigated in relation to arts and humanities because of the
possible STEAM education implication. After all data are collected through the

analysis of web sites, those documents related with the current study were used.
3.5 Data Collection Procedure

After finalizing the interview guide, an application for the approval of the Human
Subjects Ethics Committee (HSEC) at METU is done in May 2018 (see Appendix B)
and the permission is taken in June 2018. After granting the approval of the HSEC, the
legal permission of Provincial Directorate of National Education in July 2018 (see
Appendix C) and subsequently, the data was collected between August 2018 and
February 1, 2019.
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After getting all the permission, the schools notified to HSEC and Ministry of National
Education are again listed. Then in August 2018, it was started to conduct interviews
with school principals. The ones who volunteered to participate to the study and the
ones who have experience in the same school more than 4 months are selected which
IS because of the questions in the instrument could not be answered without knowing,
experiencing and observing the school setting, teachers and students for a period of
time. Also, in two schools, the interview was conducted with the vice principals rather
than school principals. The reason why it is interviewed with the vice principals is
because for the first school the principal directed the STEM education practices in
school to the vice principal interviewed and for the second school it is because of the
lack of school principal because of the appointment procedure and the vice principal
was the school principal by proxy. For the remaining nine schools, the interviews were
conducted with the school principals. All of those eleven school principals volunteered
to participate in the study and signed the informed consent form (Appendix D).

The interviews took at least 17 minutes and at most one hour and 24 minutes. Taking

into account all interviews, the average time is approximately 43 minutes.

In addition to the interview, document analyses were also done to enrich the data about
the STEM practices, perspectives and approaches towards STEM after the interviews
were done. Analyzing materials posted on websites of the schools and searching the
strategic plans of the schools were the used strategies for the document analysis.
Document analysis can be used as an additional tool to interviews or observation or
both providing the raise of the validity by confirming the data triangulation of the study
with another data collection tool (Yildirim & Simsek, 2005). In this study, document
analyses provide evidence for developing a holistic perspective on the phenomenon,

that is STEM education from the perspectives of the schools and principals.

As indicated by Patton (2002) documents provide information that cannot be observed
directly with a wide timeline starting before the evaluation of the phenomenon began
and ending long after the interviews are done. In this study used documents consists
of the web site materials of high schools that includes news and announcements
showing their activity based collection of information. Those documents published in

the web sites are the ones the school thinks it as important, proud to be or different
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applications they are implementing. Also the strategic plans of those schools also
investigated to see whether STEM related aims, goals of strategies are appropriate. For
some schools there were not any available strategic plans so their mission and vision
statements were analyzed. The enrichment of the current data with documents
available is important for the understanding of the nature of schools in addition to the

thoughts given by principals about their schools.
3.6 Trustworthiness

Although the nature of qualitative and quantitative studies is different from each other,
the validity and reliability issues need to be satisfied for both research methods.
However, their way of validity and reliability validation differs as well as their nature
of inquiry. The nature of qualitative research requires to “be in the field” which could
also cause misleading of researcher while trying to understand a phenomenon
(Fraenkel & Wallen, 2015). Since the instruments of validity and reliability fitting
into the quantitative research do not fit into the nature of qualitative research, the
trustworthiness of the findings in the qualitative study is done through the test fitting
into the nature of qualitative research for validity and reliability. The terms of
credibility, transferability, confirmability and dependability presented by Lincoln and
Guba (1985) for trustworthiness of qualitative research. In order to satisfy the terms of
trustworthiness there are eight different validity and reliability verification procedures
as Creswell (1997) explained as prolonged engagement and persistent observation,
triangulation by using multiple sources, methods, investigators or/and theories, peer
review or debriefing, negative case analysis, clarifying researcher bias, member

checks, rich, thick description and external audits.

In this study the triangulation and peer debriefing are applied. According to Patton
(1987), the triangulation of the data could be done through using different kinds of
data collection tools, using different interviewers, using more than one method to
study, or using different theories. Generally, the most preferable triangulation method
is using more than one data collection tool or data sources (Creswell, 1997). In this
research, that was chosen as the triangulation method by investigating the research

questions by interviews and document analysis as approaching the issue with different
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data collection tools provides in depth understanding of the school principals’

perception, experiences and role about STEM education practices.

Apart from triangulation, peer debriefing method was used. After the transcription of
the data gathered are done, the three different data were analyzed by four research
assistants according to the research questions of the study as well as codes and themes
revealed. Those four research assistants have experience in qualitative research
method and they are from educational sciences department and they were all familiar
with the present research. The necessary editing on the data was done based on their

suggestions.

Moreover, the clarification of the researcher bias is important since those could have
effect on the results of the study. therefore, those are explained in the limitation section
of the study in Chapter 5. (Section 5.3)

In addition, those verification processes explained by Creswell (1997), the procedure
of recording the interviews was done when it is permitted by the school principals.
Since the recording helps to catch every expression made by the participants, it made

the data analysis procedure easier (Kondakci, 2005).

To sum up, the trustworthiness of this qualitative research is ensured through
triangulation, peer debriefing, clarifying researcher’s bias and recording of the
interviews in order to provide validity and reliability fitting the nature of qualitative

research.
3.7. Data Analysis

In this study, the data collected through interviews are transcribed verbatim and the
document analysis is done by the investigation and transcribing of the web site
documents as news, announcements, strategic plans and school properties. After the
data collected is organized and transcribed, they were analyzed through the MAXQDA
2018.2 in order to benefit from the program for the qualitative data analysis as reaching
the codes labeled in all documents, reorganizing the themes and codes when it is
necessary, reaching the files easily and having organized codes and themes. After that,

the analysis of the data was done by two analysis type of qualitative inquiry as
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qualitative description and content analysis. In the qualitative description section, the
school environment and the school principals’ characteristics and overall perception
about STEM education are described to provide general description. After those
descriptions are presented, the content analysis which is the in-depth investigation of
the data is done by providing quotations about the themes revealed. Nine themes were
revealed from the data about the school principals’ perception, experience and role in
STEM education which are the research questions of the study. those will be discussed

in the next chapter profoundly.
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CHAPTER 4

RESULTS

This chapter presents the results of the study under qualitative description of research
context: the schools and content analysis categories. Patton (1987) emphasized that in
qualitative analysis there is no right way to present the results of the study. From the
suggestions for reporting the results, the researcher could pick the ones fitting to the
study. Therefore, in this section both qualitative description and the content analysis
of the data gathered by interviews and document analysis are presented. The
qualitative description provides superficial representation (Yildirim & Simsek, 2005)
of the data gathered but it is useful to execute a holistic perspective of all data (Patton,
1987). Patton (1987) describes content analysis as basically labelling the data by
separating them into smaller, meaningful pieces called as themes or categories and
reporting on those by giving quotations and example from the original data sets. The
understanding of reporting qualitative research is followed in this study as well. The
purpose of this study is to understand deeply the perception of school principals about
STEM education and their experiences regarding STEM practices at their schools as
well as how they define their roles in STEM practices. This study was conducted in
Ankara province with the school principals working in prominent schools of the

country according to the standards.
4.1 Qualitative Description of Research Context: The Schools

In this section the schools and the interviewees are described by explaining the
environment in which the interviews were done and the impressions throughout the

interview procedure to form a holistic perspective about both schools and the
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interviewees. The participants are coded as P1...Pn in order to ensure anonymity and

also track the source of data.
School 1 - Anatolian High School (P1)

While talking about STEM applications, before going any further the indication of the
schools’ physical facilities is necessary since this could make space for STEM
implementation. The school has infrastructure of FATIH project as it is indicated in
the website of the school. Also there is a computer technologies class in addition to
three science labs. Apart from those there is a library available. The vision statement
of the school emphasizes raising the individuals who can lead the way of the
enlightenment and have both awareness, ethics, moral values and the knowledge to
share and spread the wisdom. The mission is the embodiment of vision statement
stating that they are already raising the generations with the knowledge necessary. In
those statements there was indication of raising scientists, engineers, doctors as well
as the having physical facilities required for modern technologies but no indication of

STEM applications or any interdisciplinary applications.

When the principal is asked to describe the environment of the school, the principal
emphasized the regular/ordinary public school nature of the context. The only
difference from other schools is its preparation school for foreign language learning
given before starting to ninth grade. Besides, the principal emphasized a lot about the
studies for the personality growth of students with variety of social activities. In
addition to the teaching learning environment, he also stated the quality of students
and highlighted the highly motivated state of the students. The students are open to
learn and they are eager to try new things. Although there is no application regarding
to STEM education, his opinion about STEM is that this is not so much understood in
Turkey and it is restricted to the applications in robotics. Apart from this, during the
interview he shared his knowledge about STEM education and their application fields.

School 2 - Anatolian Imam and Preacher High School (P2)

In the mission statement of the second school, there are ambitious statements

indicating the motivation to raise the individuals as leading, respectful and responsible
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by leading the way among Science and Humanities Project schools and in foreign
language studies. The vision statement includes the aim of trying to spread religious
teaching based on respect to ethical and cultural heritage. As it can be inferred from
those statements, there is no indication of STEM applications but being a leader school
in Scientific projects is involved to the mission statement. Apart from this there are
three laboratories besides computer and technology classes. Also there is a library

available.

In this school, the interview was conducted with the vice principal since school
principal assigned him the practices about STEM. Vice principal’s field of teaching is
Turkish literature and he has been the vice principal of the school for two years, since
the school opened. He indicated that the school has wide range of physical and
technological opportunities compared to other public schools. In this school, they are
able to select their students with an examination from the middle school level that
seems as an advantage according to the vice principal. His notion about STEM points
out both sides of this educational trend. First, it can be useful and could give advantage
to create more meaningful learning environment. On the other side, being enthusiastic
for a flash in the pan —STEM education- is an area requiring to be careful. The analogy
with FATIH project with STEM was done to say that sometimes the physical facilities
could not be enough to actualize the preferred results. Apart from this his notion about
STEM education is based on robotics, applications converting theory into practice.

Moreover, some club activities are available that he sees as close to STEM education.
School 3 - Anatolian High School (P3)

This school has the vision of being the school every student wishes to be in while the
mission states that creating quality school environment where it is important to raise
individuals who are both aware of their responsibilities and abilities and creative in
problem solving with the acceptance of learning as a prior need. Therefore, it can be
said that in mission and vision, there is no sign of STEM education but the academic
growth is the priority for the school as well as the development of human side. As in
the first two schools, in this school there are three laboratories, one library and one

computer and technology class.
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The interview was carried out with the principal of the school. He has been serving the
principalship position for more than four years. He indicated that they utilized some
components of FATIH project in the school for a long time. The principals exhibited
a critical approach to STEM movement in Turkish Education System. He shared this
notion about the borrowed policies by giving the example of TQM (Total Quality
Management) and its failure in Turkey because of not fitting the structure. He has some
thoughts about STEM as well and states the capture of university entrance examination
on students bringing about the negligence school practices. Furthermore, there is no
application of STEM or any related (from the STEM perspective of the principal)
activities in this school.

School 4 - Anatolian High School (P4)

This school holds an ambitious vision, indicating the motivation of “being the brand
school” while the raise of individuals connected to each other with love, respect and
trust who have also the knowledge needed in this age, and keeping the job satisfaction
of the employees high, and lastly pleasing the parents is the mission statement.
Therefore, it can be said that the school’s mission and vision statements do not have
direct relevance to STEM education. The school has one science laboratory, one
computer and technology class and one library but there is no indication of FATIH

project infrastructure in the school.

The principal was the interviewee in that school whose field of religious studies
(culture of religion and ethics) and he has been the principal for more than four years.
Apart from the indication of the quality of teachers, the emphasis on TUBITAK
science awards of some students was also done. However, about STEM education,

there was no indication from principal about it as both implementation and knowledge.
School 5 - Anatolian Imam and Preacher High School (P5)

Being leader and a model school constructing the future of the country is the vision
statement of the school. The mission of the school emphasizes growth of students’
religious learning and actualizing in the light of national culture and global values and

their rational and scientific thinking skills. As it is seen from those statements, STEM
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related expressions were not placed into the mission and vision. But they stated the
importance of scientific thinking. In relation to physical infrastructure for STEM, there
are two computer and technology classes, six scientific labs and two libraries. The rich
library sources were also specified by the interviewee with more than 26,000 books
and access to the library in week days and weekends. As a different application from
other public high schools, in this school there are rooms reserved regarding to field of
teaching to support the collaboration of learning community. Also, there is FATIH

project infrastructure.

The interview was conducted with the school principal whose field was history. He
has been in this position for more than 4 years. He stated that he is not familiar with
the term of STEM education and its meaning. He indicated that TUBITAK projects in
mathematics, physics, chemistry and biology fields as well as the trips and
collaborations with ASELSAN, TURKSAT, CERN make STEM education attractive.
Finally, the wide physical opportunities for the students, the quality of students and

teachers were indicated strengths of the schools.
School 6- Anatolian High School (P6)

Being an outstanding and a model school by responding to the expectations of all the
stakeholders to reach the perfection in education is the vision of the school. The slogan
of the school is being an exclusive public school. The emphasize of all stakeholders’
mission in the school is to raise generations connected to the Atatiirk’s principals and
reforms, combining national values with the global ones, having peace with the
environment and the oneself, having clarified goals and awareness to reach them,
owning the problem-solving skills, taking advantage of knowledge and technology in
behalf of creating our future in safe hands. On the contrary of the indication of taking
advantage of technology, there is no computer and technology class in the school.
Three science labs and a library are available in the school. The principal or related

documents did not mention FATIH project infrastructure.

The interviewee was the principal and he has been the principal of the school since for
four years. He has a general notion about STEM education and STEM practices exist
in the school and curricular practices. The principal tends to perceive STEM as four
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different disciplines and he gives credit to teachers in science and mathematics fields
for implementation. The interviewee was the only principal who indicated YEGITEK
in-service training about STEM education for teachers. For him being in the
engineering fields and especially encouraging girls to be part of those areas is
important. Finally, he attributes value to his role in STEM practices as a principal and

a leader.
School 7 - Anatolian High School (P7)

The school identifies the mission of raising good citizens and the vision of being in
top ten schools nationwide in the placement of students in prestigious higher education
programs. Hence, academic achievement and contributing to the development of the
labor force and good citizens of country have been identified as key goals of the school.
However, there is no evidence for STEM education in its vision and mission statement.
In terms of STEM-relevant physical infrastructure, there are one science laboratory
and a library but no computer and technology laboratories.

The interviewee was the school principal whose field of teaching was religious studies
and ethics. He has been serving the principalships in the school for more than four
years. His ideas about STEM education is based on the experience of his engineer son
who combines all STEM areas while working. Therefore, he thinks that STEM
education can contribute to high schools in a positive way as there are studies and
preparations of MoNE about STEM education. Apart from those he thinks every
school have its own spirit where the new comer, even if he is the principal, needs to fit
by learning from the experienced ones. Therefore, it can be said that he is willing to
sustain the school culture ongoing in the communication and teaching and learning

environments.
School 8 - Science High School (P8)

The vision of the school is to be model and leader. The mission of the school is raising
individuals for scientific studies by combining owned abilities and knowledge.
Producing projects, entrepreneurship, volunteer to team work, creative, thinker in

multiple ways, giving importance to process not the result, self-confidence, being
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aware of one’s abilities, and humanism are the key values of the school, which are
believed to serve the whole country as well. That shows the goal of the school as giving
importance to the individual growth of students with 21% century skills. In the school
there are three science labs, one computer and technology class and a library with wide
range of sources in different languages for scientific research and literature. In

addition, there is FATIH project infrastructure.

The vice principal of the school has been in this position for more than two years.
According to interviewee, STEM is for actualizing the complete learning and this
trendy educational practices are implemented in the school. This school has many
collaborations with institutions as ASELSAN, HAVELSAN, TURKSAT and
universities. Projects prepared for TUBITAK, replication of some experiments in
universities, meetings with engineering and science based institutions’ managers are

some activities aligned with STEM education at this school.
School 9- Anatolian High School Principal(P9)

This school has the vision of raising the leaders of the future and the mission of raising
individuals who undertake national values and responsibilities. Developing
independent, productive individual and with scientific orientation who can serve the
country to and follow Atatiirk’s principles is the key concern in the mission of the
school. The statements do not include any kind of sign about implementation of STEM
in the school. In the school in addition to two computer and technology classes and
three science labs, there is a library available. In addition to those there is FATIH
project infrastructure. Apart from those as observed when gone to school there was a
class saying “house of inventors” (Mucithane) prepared with the lead of principal but
because of the lack of infrastructure it could not make any progress and is not open for

the usage.

The principal, who was the interviewee, has a long experience of principalship but he
has been serving the principalship position for two years in the current school. His
field is French language teaching. As indicated by the principal, there is no
implementation of STEM in the school. The principal mentions TUBITAK projects in
scientific areas as the only involvement of the school in STEM education. The concern
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of principal about STEM is that it requires interdisciplinary approach, necessitating
the collaboration of different fields of teaching. To implement STEM education in
schools, he thinks that the works of school on its own are not enough for the application
but the support and direction of MoNE is necessary. He believes the importance of

interdisciplinary works.
School 10 - Anatolian High School Deputy Principal (P10)

The vision of the school indicates the target of accomplishing 100% success in higher
education entrance, actualizing learning with full of technology and creating a
nurturing environment for self-development of all internal stakeholders. The mission
statement emphasizes that this school is for students to catch the opportunities of today
and the future and to be individuals using their abilities and knowledge at maximum
level. As in some other sample schools, there is an indication of the usage of
technology for the individual development of students in vision statement. Apart from
this, there are a computer and technology laboratory, a library and two science
laboratories. FATIH project’s infrastructure was not mentioned for this school. In
addition to those, there is a “garage” opened at the beginning of the 2018-2019
academic year where technological and scientific studies will be done by students with
the support of teachers. There is also a 3D printer for those studies. The reason why
they called it a “garage” is about the concept that is spread from United States of
America expressing the idea of working even in a garage to start production as Steve
Jobs and Steve Wozniack did in the time of Apple establishment. There is a room
saved for biology practices where students and biology teacher grow fungi by setting

all needed environmental arrangements.

The interviewee was the deputy principal who actually works as vice principal at this
school for five months. Although his time could be seen as limited, he is in the team
who opened that garage in the school. He admits that even if there are physical
opportunities and supplies, there is no usage of those in the practice. The
implementation of the courses is as ordinary classic approach to the learning. He
believes that to form a teaching and learning environment full of practice and theory
going hand in hand, there is need for education campuses where students will have full

access to all facilities as computer classes, laboratories 7/24 for high schools. He thinks
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that STEM education could provide a holistic learning. However, for STEM
integration to our schools, there is a need for entrepreneurship of students as well
because without this ability, this economic goal of STEM education could not be

realized.
School 11 - Science High School Principal (P11)

In this school raising healthy, happy and ready individuals to move on to the next level
of education and life was the main focus of the mission statement. The mission
statement is to create an environment where individuals are raised as having
competence of thinking, understanding, research and problem solving, equipped with
the ability and knowledge required in information society, having interiorized national
culture, humanity and the global values of democracy, open to communication, having
artistic view, self-confidence, self-respect, justice and responsibility, entrepreneur,
diligent, creative, innovative peaceful, healthy and happy. In this statement there is a
given importance to information society but not about STEM education. There is no
computer and technology class in the school but there are two science labs and a

library. The FATIH project infrastructure is not available in this school.

The principal of the school was the interviewee and he was working in that school for
five months as the principal. He has not much information about STEM education as
he was indicated but his notion about this holistic approach to teaching is not
applicable and could not be successful. His given importance to the social abilities and
entrepreneurship for those academically successful students is main subject for him,
not STEM.

Conclusion on Qualitative Descriptives

In this study, even though the school principals interviewed are working in the high
schools considered as the best in Ankara province and even in Turkey, they lack
knowledge for this emerging, current educational trend “STEM education” which
created a stir globally and locally. The descriptive results on the schools’ vision,
mission statements, key goals; the physical infrastructure; and leadership perception

of STEM clearly indicate the lack of readiness of these prominent schools for what is
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labelled as STEM education. The only exception to this conclusion is one of the
science high schools. In that sense, STEM movement does not have a promising future

in the schools where the study was conducted.

First of all, the vision and mission statements of the schools are important because
those statements lead the actions in the school to reach the vision and provide the
existence of the mission statement. One of the school principals stated that those
statements are formed around the pattern specified by MoNE; therefore, they could
not change the direction of the statements. The role of the school principal is to take
lead to realize those statements. When the compatibility of their mission and vision
statements with STEM education was asked, different answers were received. For
example, one of the school principals said that “I do not have knowledge about STEM
education but if we imply science, mathematics and engineering fields to support each
other and help students to shape the knowledge in that sense, then it is in our mission
statement.” (P5). Another school principal talked about their goals and said that “We
open Garage at the end of a year. We need to increase the number of the students using
the garage in the second year.” (P10). That is how he connects his role in STEM
education with the goal of the school. Another school principal having STEM

applications in the school stated that

We have a goal to contribute to the development of Turkey. We raise
individuals who have goals, are good person, and helpful to the society.
They could get in to METU Mechanical Engineering and do some good
work. But the important thing is to be helpful and contributor in the
other places. (...) In order to make the student projects happen, we need
STEM education and we contribute to that in the direction of our vision
and mission statements. (P8)

One of the school principals stated that there is a need for time and improvement to
integrate STEM education into the schools’ mission and vision statements by saying
“In my opinion, there is no knowledge and equipment to integrate STEM into our

mission and vision statements.” (P1)

Therefore, as it is described in the qualitative description section, there is no match of
the vision and mission statements with the STEM education for the schools which is

also supported by the many school principals. Some school principals still think that
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they have goals and statements that support the STEM educational practices and they
try to realize those with their applications. The reason why vision and mission
statement were related to the school principal role in STEM education is that they are
the ones who have a role to make those statements realized or provide the environment
to realize as the head of the schools. However, as it can be seen from both the
statements and document analysis, there is no indication of STEM movement or STEM
education reflecting no promising future for STEM education in those featured

schools.

Secondly, the infrastructure of the schools is not compatible with the STEM education
as indicated by school principals and from the document analysis. Some of the schools
do not even have FATIH infrastructure which provides schools tablets, computers,
internet and smart boards to use in teaching and learning environment. Additionally,
one of the school principals emphasized that when it comes to the STEM applications
in the school “The best example I could give about this (STEM application) is the
biology and chemistry lab. The lab of these two fields is joint. Maybe, there could be
study fitting into STEM education.” (P9). This statement is the reflection of both lack
of readiness as the knowledge of STEM education d not match with the literature and
the infrastructure since there is only one lab located in the school open for the usage
of biology and chemistry. Another school principal stated that “I speak openly that I
have no place in the school that could be accepted as STEM room or anything close to

it.”(P5) that also indicates the lack of infrastructure.

The school which attempted to have a STEM place is the one opening “garage”
according to the information school principal gave. There are a 3D printer in that
garage and some other materials that could be used for STEM applications. Yet, he

specified that

We open the STEM garage; we need to raise the number of students
reaching this facility in the second year. (...). STEM education is not in
the classes. You could teach the theory and logic in the class, but there
is application phase too. For that reason, you need to study all night
long if required. You can find three or four teachers among the 1000
teachers. (P10)
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When the analysis of the documents is done, it is seen that there is just one indication
of STEM in the educational environments which is already told by the principal (P10)
as STEM garage. Apart from this, there is a trip done to STEM Makers activity but it
Is not the integration of STEM to the educational context. However, when the school
principals heard about “STEM as interdisciplinary approach”, they come up with the
idea of the science labs where there could be STEM applications. For most of them,
STEM means the practice and implementation but not the theory. Besides, they admit
that the educational practices in the school are generally working with the traditional

classroom environment which is mostly lecturing.

Lastly, school principals need to have readiness and awareness for new
implementations to take a lead in the school. However, this is not the case for STEM
education. Although those are the schools seen as the best among high schools
claiming to raise the qualified individuals for the future, there is lack of readiness and
awareness about STEM education even in these schools and school principals.
Therefore, they could not take the leadership role for the STEM implementations as
they have the instructional leadership role leading teachers and students for the
implementation of curriculum and raising the awareness and readiness about the
implementations which differentiate schools from others. While there is lack of
knowledge in the head of the school, how an idea or educational practice could be
implemented requiring teachers from different teaching areas to work together to
realize interdisciplinary approach to learning. For those claiming to implement STEM
education, they have a notion that there is a need for altruistic teachers supporting
students for STEM education and they emphasize that the importance of the
participation of teachers voluntarily to this application process to make a difference is
inevitable. Therefore, it is valid for STEM education as well since it requires to learn
a new concept and try to implement in the school together with the other teachers,
students and school principals. The principal from one of the science high school stated

the situation as

We could not make it happen all the time. In the project terms, our
teachers and we make sacrifices to help students after 5.00 p.m. until
the midnight 2.00-3.00 a.m. (...) That is why it could only happen when
you make sacrifice. (P8).
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While this is the case in that school, another school principal stated the opposite

behavior as

“When you show them with concrete examples how it is important, but
still she/he does not want to be involved in the process, then you need
to respect his/her decision.” (P2).

Another one stated the undertaking of both success and failure as a team with teachers
(P4). That also shows how the schools are not ready in both awareness and taking a
role to apply STEM education since it could not be the first option to apply in the

schools but requires effort and time out of the school to implement.

Those concerns show the obstacles to implement STEM education related to the school
context and the lack of readiness. Yet, the description of the data was done
superficially in this section and the analysis of the data will be widened in the following
section by content analysis. In the following section, revealed results are gained by
coding the data collected and separating them to the themes emerged. Thus, the issue
will be analyzed to deeply understand the perception, experience and role of the school

principals.
4.2 Content Analysis

This part of data analysis constitutes a typical content analysis with coding,
identification of the themes, and categories in order to form a conceptual framework
helping to interpret the data with organized and meaningful way to the readers
(Yildirim & Simsek, 2005). In this section, the themes, and subthemes emerged from
the data and organized are discussed under the three research questions. There are nine
themes in total formed to try to understand the perception of school principals about
STEM education, their experiences in school in STEM practices and their role in
STEM education.

The first research question is interested in “How do the school principals in high
schools perceive the educational trend of 2010s ‘STEM education’?” and there are
four themes coming up: (1) definitional issues for STEM education, (2) STEAM vs.
STEM, (3) contribution to Turkish context, (4) gaps in STEM education. For the

second research question, “What are the experiences of school principals in STEM
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Table 4.1

Themes and subthemes emerged from data

Research Question  Themes

Subthemes

RQ1  Principals’ Definitional issues
perception of
STEM education

STEAM vs. STEM

Contribution to Turkish

context

Gaps in STEM education

RQ2Experiences of Background of the school
principals with

STEM education STEM practices in schools

RQ3 Facilitator
Principals’ Supporter
role in STEM Motivator

education

e Artificial intelligence, robotics
and programming

¢ The interdisciplinary approach of
the STEM to learning

¢ The importance of arts and
humanities

e Its advantages over STEM
education

e Educational context

e Individual development

e Contribution to Economics

e Social justice and STEM education

e Curriculum gaps

e Incongruence between educational
system and STEM education

e Educational context

e Lack of know-how and funding for
STEM education

e Students

e Teachers

e TUBITAK projects

¢ 3D printers, projects and

innovative implementations
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practices?” there are two themes emerging as (1) background of the school (student
and teacher characteristics), (2) STEM practices in school. In the last research question
“How do school principals define their roles in STEM practices at their schools?”’- the
themes appeared are being facilitator, supporter and motivator. Considering these
themes, the emerging issues about the research questions will be discussed in

following sections. The themes and subthemes are represented in Table 4.1.
4.2.1 Principals’ Perception of STEM Education

In order to answer the question “How do the school principals in high schools perceive
the educational trend of 2010s ‘STEM education’?”, we need to understand conceptual
issues emerged in principals’ thoughts, their comparison of STEM education with
STEAM education, the contributions of STEM education to Turkish context regarding
to their opinion and lastly the gaps that STEM education could create. The themes and

the codes were taken from the repetitive issues emphasized by the school principals.
4.2.1.1. Definitional issues of STEM education.

Definitional issues of STEM education are the first emerged theme regarding to the
perception of school principals. There are differences among school principals
regarding how STEM education could be defined. This theme is not the definition of
STEM education but definitional issue because of the lack of knowledge and
misconceptions of school principals as indicated by one of the principal highlighting

the definitional issue by combining it with Turkish context by saying:

STEM is not an area | have a grasp of although | have thought and read
about it a lot. | think that STEM education is not defined completely
and clearly in Turkey. It seems that it is narrowed to the context of
robotics area. (P1)

In addition to this indication, there is another principal stating it as a life philosophy.

| think STEM could be applied to all areas if it is a technology then this
technology should not be restricted to only physics, chemistry, biology
or mathematics. The mistake we do is in this notion. We need to apply
it to other fields. If you give education with this notion then you could
not turn it into an implementation but you have a new theoretical course
just like physics, chemistry, biology. Then it does not serve to its goal.
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In my opinion, you can arrange STEM education to be a life philosophy.
Thinking it in this regard, even a housewife could do miracles. (P10)

Although some of them have an opinion about STEM phenomenon and search about
this phenomenon, while interviewing the school principals, it is observed that there is
not much knowledge about this “educational trend.” One of the school principals stated

that,

| do not have much knowledge about STEM education but it could be
related with science, mathematics and even physical education. (...) It
is harmless to try new teaching methods that have a proof of efficiency
over the currently used ones. (...) Science, mathematics and
engineering fields are not far away from each other. In fact, they are
interwoven (...) and if this educational practice means visualizing,
adapting and accommodating the knowledge then it could make sense.
(P5)
Even though the principal does not have the knowledge about the STEM education,

for him it sounds like a methodology that could be applied in the classrooms.

In addition to the general definitional issues of STEM education, some of the school
principals pointed out the relation of STEM education with artificial intelligence,
robotics and programming by seeing STEM education as an aim to teach artificial

intelligence, robotics and programming.

One of the school principals (P4) stated that “There is a tendency to education in the
areas of mechatronics, and robotics that have a side of raising the intelligence” by
mentioning STEM education when it is asked. Apart from this principal there is

another principal who emphasized that:

Abstract intelligence especially artificial intelligence and software
revealed that educational practice. | think that students should be
educated in artificial intelligence field especially in this new age. (P1)

In addition to the interviews there is also supporter indication of given importance to
programming, software and information technology in document analysis especially
in the web sites of the high schools. Those include both implementation in school and

the announcements for students to apply outside of the school.
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The notions indicating the connection of artificial intelligence and robotics with STEM
education are also indicated and studied in the literature. Parallel to the literature, the
participants highlighted this issue as one of the definitional problems in our results.
Hence, the confusion on the definition of STEM education indicate epistemological
gap for the bases of STEM education.

Apart from the principals understanding of STEM from the robotics side, some of the
principals see it as an interdisciplinary approach merging the fields referring to the
acronym. One of the principals indicated that “STEM education is useful to compound

what they have learned; it is to reveal the complete learning.” (P8)

In addition to this thought about STEM education, there is a principal emphasizing his
opinion about STEM education by using his experience with his mechanical engineer

son.

Before going further about our school | can say that my son is a
mechanical engineer and his job requires to know and combine different
aspects of science. So he has to know chemistry, physics, mathematics
and technology and use them all together. From this point of view, I
think STEM education is a positive and contributing movement. (P7)

In document analysis, there is no sign of an interdisciplinary movement in the schools

seen neither in the strategic plans nor in the web site announcements.

All in all, definitional issue of STEM education was pointed out by school principals
matching with the literature. There is conceptual chaos for STEM education which
also creates confusion for school principals in addition to their lack of knowledge. Also
as observed during the interviews, STEM education is not something fitting into a
place without any example. Some see it as their traditional teaching and learning
environment in their classrooms while others think that it needs an infrastructure and
budget to implement as robotics and programming. Because people in the area have
no consensus on definition for what STEM education is, the concept fails to fit any
commonly agreed definition. That is why school principals flit across with some
definitions not fitting any sensible foundation.
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4.2.1.2. STEAM vs. STEM

During the interviews, when it comes to the STEAM education that revealed after
STEM education against the notion of excluding arts and humanities from an
interdisciplinary approach, there were different opinions about it among the principals.
While some of them supported that it could be implemented, some thought that it is
hard to imagine all together in an educational practice. One stated that “I do not think
that different fields could be added to STEM education. It could not happen in practice.
How can you add humanities into science? It could not be added” (P3). On the other
hand, one of the school principals emphasized that “...not just in scientific areas, but
the improvement should also realize in national and moral values, sports, arts, cultural
values. They could not be a lack in education” (P8). Another principal supported that
notion by stating that

There is definitely a contribution. Without drawing, physical activities
or music, the life could not be imagined. The development in the
aesthetic aspects of humans and making studies on this issue is
necessary. (...) Having a package including STEM fields all together
with the arts and humanities is a right thing to do. (P7)

However, combining STEM areas with different social science areas is a question

mark for one school principal.

... There could be an absolute connection with geography and STEM
areas, with history at some point there would be a connection.
Literature, literate thinking and splitting your thoughts into the pen I
don’t know. That is a question mark. (...) the fields requiring thinking,
or directly connected to think and their connection with STEM. | rather
to take a pause. (P5)

As it can be seen from different perspectives about the issue we can say that it is a
controversial area for principals whether STEAM can be applied or not. However,
there is a commonality in their notion that arts and humanities are required for

individuals’ life and they need to be integrated into educational contexts.

Either as an integration to STEM education or as by themselves, the importance of arts
and humanities is indicated by the school principals. Before mentioning interviews,

the documents analysis shows many proof of arts and humanities applications in the
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school. Trips, exhibits, theater performance, the annual literature magazine of schools,
symposiums, cultural competitions are announced in the web sites of each school. In
addition to those, school principals also indicated the importance of arts and
humanities as one emphasized “...humanities are important. Conscience is the own

police of each individual.” (P4). The others expressed their applications in school as

Personal exhibitions are opened to the students having talent. This is an
application we see in private schools and implement in our school.
Students with musical abilities have concert at the end of second
semester. We have a literature magazine published by our students. (...)
(P3)

We have theater club for 24 years in our school. One of the state artists
works with our students and they play displays in the state theater
scenes... Our students do not end their music course without learning
to play any instrument if they choose music as an elective course, even
it is flute or darbuka. (P9)

Other than those, there is one principal highlighting that “I care about the activities
like debates, panels, symposiums that let students express themselves “ (P1). As their
importance all alone, some principals also indicated how STEAM is more
advantageous than STEM education since without the integration of arts and
humanities, STEM education is not right movement to do. hey express their notion by

saying:

After the industrialization, there are lots of inventions done in the world
in the 18" century. Especially when you look at the 19" century, with
the positivist paradigm where those have its roots, capitalism did the
same thing too, the human remain in the background. In every
movement, technology brings money into the forefront, that is what
STEM does too. They realized that the dimension of the situation was
changing after saying what we have done to humans. Technology is not
everything. There are humans inventing this and using this. Technology
does not rule us. (P10)

In the future, robots will do the surgeries, work in machinery sector but
leading the way of the society will be the individuals equipped with the
merit of being human or at least we will need those individuals. When
this is the case, | absolutely adopt STEAM education. maybe it is not
STEAM education what we are doing in our schools but approximately
70% of our studies are social activities and we try to raise individuals
who happily live in the society. (P1)
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Therefore, for the STEAM education, the principals have a support that brings the
holistic perspective into the surface where being human is about integrating STEM
with arts and humanities other than the principal who has misconception or lack of

knowledge about it.

We need to think human as a whole. Human is not the individual who
only works in scientific area or has wish to learn only scientific
knowledge. Thus, while doing studies in scientific areas, she/he could
be interested in music, doing sports or working in social areas.
Education is needed to be seen as a holistic thing which was already as
this way in the world. (P6)

Since there is no sound epistemological foundation formed for STEM education, it
creates a confusion about what it is, how it can be implemented, what it is related to,
and so on. Therefore, STEM education does not fall into place in the principals’ mind
originating from lack of foundation. This makes STEM education a trend just referring
to scientific studies interested in mathematics and science only in the eyes of school
principals and other individuals. Education is something to have a holistic approach
while raising both human side and intellectual side of the individuals to be prepared
for future. That is why STEAM education is seen by school principals as something
advantageous over STEM education. In addition to this some of the school principals
consider their difference as being the ones creating teaching and learning environment
for scientific learning which forms their school culture. There could be an ongoing
tradition that affects both the decisions of the students and the actions of the teachers
such as being a science high school or being at the top of the high schools in the district
disregarding the arts and humanities aspect of life. One of the school principals stated
that

“Science high schools and the project schools tend to give importance
to science and mathematics fields and teach subject around those fields.
Traditionally our graduates should be doctors, engineers in any case.”
(P9).
The school culture in high schools is mostly formed around the notion of preparing the
students for the future with scientific equipment and being volunteer to make changes

in their lives or attending to projects and activities for teachers.
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4.2.1.3. Contribution to Turkish Context.

Despite its definitional issues and comparisons with the STEAM education, principals
think that there are still contributions of STEM education into Turkish context in

educational context (1), individual developments (2), economic (3).

Some of the principals underline the importance of STEM education in this century in
economics matching with the literature, some see them as an opportunity for students
to individually develop. Also its contribution to educational context is also mentioned
by some. Although some of the school principals have an opinion about STEM
education, some of them did not hear about the concept before the interview.
Therefore, those who do not have prior knowledge about STEM education talk about
the contributions of STEM education hypothetically by comparing it with former
policy changes in educational system in Turkey. One of the school principals in that

regard stated that

If it was in the thinking phase, | absolutely approve the effort to try it.
if | tried, then | would absolutely approve the implementation. On the
other hand, there is a situation that every idea is good in the thinking
phase, when it comes to implementation, we need to look at the results.
If the results are efficient, then it needs to be applied. (...) as I heard the
concept from you that helped me to form an opinion about it, I believe
it will contribute. As a nation, we love the transition from theory to
practice. We do not put the knowledge in our head if it is theoretical.
(...) Therefore this system fits into our spirit. (P5)

Another principal emphasized its contribution to analytical thinking.

We you look at it, there is an ability of analytical thinking. This is
included in mathematics and in science groups as well. Analytical
thinking is valid for all numeric fields. If you look at geography, there
are natural phenomena. In history, students need to think analytically
and make comments. So you can adapt STEM education as an
educational material. It seems mostly incompatible with literature, but
you can find a response in there too to STEM education. (...) If you say
I want to look from all angles or approach the circumstances
interdisciplinarily, then it will be different. What | mean is that the
perspective of an engineer to the sociological issues or societal
situations is different. When you look at the situation with an eye of
engineer, it fits into mold but the perception of an historian is a plain
logic. So the view of life is restricted in that sense. Therefore, STEM
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education includes all areas. You decide the scope where it starts and
ends. (P10)

Apart from this notion, there is a principal who thinks that STEM education contributes

to problem solving skills in addition to analytical thinking.

STEM, especially in laboratory and implementation classes, offers
good things to students to face with a problem and solve it. Secondly,
analytical thinking. For example, with a 3D printer, first the student
thinks about what to do analytically, then she/he forms a schema in
his/her mind, draws the image analytically, then reflects it. Those are
all about STEM education concretizing things offering students good
and big opportunities.

In order to emphasize the advantage of STEM education for putting knowledge into
concrete base, another principal stated that “Students benefit from STEM education to
convert their theoretical learning into practice. That provides students with the
opportunity to reach the goal of learning.” (P8) In addition to analytical thinking and
problem solving skills, one principal mentioned that “STEM education brings holistic
approach, providing holistic thinking for students” (P7) Those are their opinions about
the contribution of STEM education to the educational context. Despite the
contributions, there are gaps formed by STEM education according to the principals

which is the topic of the other theme of principals’ perceptions.

In addition to the contribution of STEM education to the educational context, STEM
movement is perceived as a contributor of individual development for some school
principals. One of the principals emphasized its contributions to improvement of
students in social context by stating “STEM education not only directs students to use
their intelligence in the courses but also in the social and societal life to improve their
communication skills.”(P9). The same principal also indicated its contribution to

entrepreneurship and self-confidence. He said that

STEM education helps them to gain self-confidence. When they get
success, they gain self-expression and the ability to defend their project.
It adds the entrepreneurship to their personality. For example, our
students meet with the companies for sponsorship and they show their
willingness and entrepreneurship to do this job. They communicate
well. (P9)
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Apart from this opinion, one of the school principals looked at STEM education from
the perspective of technology and entrepreneurship and some attempts for our youths

to be the part of competition in the world in this area.

Hamdi Ulukaya has an attempt about supporting the skillful youths who
are entrepreneur as well to provide them education in Unites States of
America and send them back to Turkey. That means there is an
awareness and the salvation of our country is in that direction but there
are not enough studies about it as it has lack in media as well. Our
startups are a few. (...). Yet it looks promising. (...). I believe in you.
(P10)

The indication of entrepreneurship takes place when it comes to STEM education
contributions for them. Although entrepreneurship is the skill to start a new business
especially for chasing the opportunities in the economic field (entrepreneurship, n.d.),
just one principal indicated the economics dimension of STEM among the school
principals talking about the contribution of STEM education to the entrepreneurship.
The emergence of STEM education because of economic reasons is also mentioned by
him. Apart from him there was no one looking at it from that perspective which is
highly indicated in literature as well. He is the deputy principal in the school where
“garage” is established inspired from Apple and Steve Jobs and Steve Wozniack. He
stated that

When you asked about why everyone goes to United States of America,
it presents opportunities. When presenting opportunities, it says I invest
in you 50.000 dollars and how much I will get in return. It is totally
trade. Education is unfortunately a trade, so is STEM. (...) When you
think about Apple, they established it with a limited budget, with a
support of investor. Then suddenly it gets in the top, and then the
company was taken away from Steve Jobs. The point we are missing as
a country is this. We could not turn what we found to be in trade market.
(...) When you look at the news you see that in Black sea region, in
Trabzon, our people do the staff without any educational practice what
the United States of America do in STEM education. Yet they are not
aware of it. There is no entrepreneur. If you give STEM education, you
have to give entrepreneur spirit. You need to turn it into patent. Turn it
into patent and sell it, make money. You will end up being the one of
the richest people in the world suddenly or you end up broke. (P10)
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4.2.1.4. (Policy) Gaps in STEM Education

Even though STEM education may contribute to economics, education and individual
development according to high school principals, this movement also has some gaps
in the educational context because of the policy transferring issues and related

subthemes to policy gap.

The policy gap forming an obstacle towards implementation of STEM education is
expressed by school principals. There are different codes coming out for this subtheme
as the differentiation between public and private schools, gaps in regulations and
applications, deficiencies STEM creates, reaching the experts of the field, and finally

the issue of reaching school materials any time.
In general, about policy gap for STEM education one of the principals stated that

“In opening speech of a congress, professor said that after the
establishment of Turkish Republic, MoNE did many reforms and
changes but unfortunately those reforms did not take place in the
classroom environment. | experience this for 20 years by myself too.
(...) STEM education has the same too.

(..))

Education has another side that education has an ideology. Every
country, every nation wants to raise their students. United States of
America is different. Since its establishment, it takes the 35% share
from the global education. It gives opportunities to the most intelligent
ones to get them in the country and it wants them to gain a sense of
belongingness. Therefore, it is valid them to start an action as STEM.
Okay, STEM education could come to our country but it has to be in
our country not transferred from United States of America. There are
some attempts about this for two years but it is still in thinking phase.
There is not implementation unfortunately. (P10)

Also one of the school principals emphasized that

Lastly, FATIH project, when we criticize the examples in it, there were
no students and teacher in a classroom environment who lead the
process as it is in a computer and technology laboratories. Therefore,
we could not say this was a success. Why? Because there was lack of
content. The tablets should be filled. (P2)
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Another criticism about STEM education is that this movement is seen as the only

savior which could save us all.

STEM is not very well understood idea, unfortunately. I read a lot, think
a lot about it but I could not learn even 1% of the whole STEM
education. We do the same mistake and direct in one direction hoping
to save us. However, human being has a complex structure and has a
complicated brain that one direction could do anything. Therefore,
maybe STEM education could be useful as a tool in the educational
system to raise individuals but it is not safety buoy by itself. (P1)

A principal from another high school stated that:

The matter is that there should be a systematic operation in education.

There is a metaphor saying ‘attack a meal like a ravenous wolf’. We

should not come close to everything that is implemented by others or

we heard. Unfortunately, MoNE approach STEM education as some

other issues with that approach but everything does not fit to everyone.

(P8)
This idea is supported by another school principal who gave the example of 1990’s
popular management approach tried to fit in our system, which is Total Quality
Management (TQM). The principal stated that “When we met Servet Ozdemir after
years he tried to adapt TQM into Turkish context, he emphasized he better gave it up
and it could not be applied to Turkey. Therefore, if STEM education comes from

United States of America, then it is not a good method.”(P3)

In addition to those general notions about policy gap, policy development gap of
STEM education, there is social justice issue of STEM education related to policy gap.
When it comes to the difference between public and private schools regarding how
STEM education can be applied in educational environment, some of the school
principals thought that they have source, different applications and chance to apply
perfectly. One of the school principals stated that STEM education could be
implemented in a few public school apart from the private schools:

When it comes to the establishment of computer centers and robotics
workshops, we could not go further. Our biggest drawback is that there
are a few public schools who can do it apart from the private schools.
Those who can do get help from companies to set up this STEM
environment. There is a huge financial burden coming with STEM
education. (P1)
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Another school principal pointed out the curricular activities going on in private school
as “I examine some of the private school curricula and they produce technological

programs” (P6)

Apart from those, one of the school principals gave example from FATIH project and
its application in one of the private schools as “I observed in a private school that our
English teacher uses this technic now. (...) I observed how they use those materials

when they teach English to students. | admired it. (P3)

Therefore, school principals have an opinion about the opportunities and advantages
of private school over public schools when it comes to STEM education. That is why
there is a social justice issue revealed because of the advantageous terms of private
schools with their infrastructure and additional human sources helping them to fit

STEM education into their practices.

In addition to the social justice issue of STEM education, there is a concern about the
curricular practices regarding the integration of STEM education. The question “How
can we apply STEM education in our schools?” is a question mark for school principals
because of the curricular reasons. One of the school principals summarized the
situation by saying “When you say that I will do this in science fields, there is a
university entrance exam, curriculum issue and teacher issue” (P10). The support of
this notion comes from another principal stating that “As a public school, we have a
tied regulation and curriculum we need to follow. Therefore, there are no any
applications other than those done in other schools” (P7). Except from those opinions,
there is another one stating that “Is it possible to learn physics, chemistry, biology or
mathematics better when we apply STEM education? I don’t think so. It could not
respond to all the needs.” (P3), which is about the deficiency of STEM education as

well.

Another school principal stated his concern about the mathematics teachers even
though there is M in STEM representing mathematics by emphasizing that “I think the
mathematicians are not much involved in STEM, | could not find the answer to where
they should be in STEM education. Maybe it is also because of the curriculum not

creating environment for them to be involved.” However, he also states that “Our
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curriculum is valid for this educational practice. We have many application courses
but we need to design courses with a new and different lab environment.” (P1) This
notion is supported by another school principal who specified that “We call ‘the
system’ but who defeats this is the teachers and administrator. MoNE tell us what to
teach, it is true, but it does not say that you need to drill with tests (do a test)” (P8).
Another supporter says that “It can be applied in Turkish educational system since the

system is not far away from those practices.” (P6).

Besides of those curricular issues regarding STEM education, there is another gap
which is created by STEM itself in education according to school principals, which is
the incongruence between Turkish educational system and STEM education. The
participants illustrated the conflict between different functions or structures of the

system and STEM education.

Although there is a support for STEM education among school principals, they also
think that this educational practice could not respond to all the needs and requirements
in the educational context. As mentioned earlier some think that human being has a
complex structure that s/he could not be educated with one and only approach as
STEM. Another school principal stated that “You consider education as a whole. When
you want to expertise in social or scientific areas, you can gain it with university level
education. Administrating the schools and the curricular activities just around STEM
education is not a valid approach.” (P6). Another school principal explains the
deficiency by emphasizing that “Life or the school is not just about science and
technology. ‘I will teach just STEM and leave the rest’ approach is not appropriate.”
(P7)

Except from those, one of the school principals quoted from the Minister of National
Education, Prof. Dr. Ziya Selguk, that we need to teach our children the things to take
place in the future which robots cannot do. (P1)

Apart from those there is different emphasis on the lacks that STEM education leaves
by other school principals stating similar ideas with the ones quoted here. Therefore,
it can be said that relying on just one approach seems inappropriate for school

principals to apply as an educational practice.
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In addition to the incongruence of Turkish educational system and STEM education,
there is a need to understand the educational context as well. When STEM applications
and the experiences in a school are the case, we need to investigate whole educational
environment by the information given by school principals and document analysis so
that the STEM applications in this environment could appear. While the school
principals were talking about the educational environment in their schools, they
mentioned the physical environment, the different applications in their school
separating them from other schools, the foreign language education in their schools,
the teaching methods used by teachers and the individual development activities done
in the school including arts, humanities and traits that could lead them to good places
in the future as entrepreneurship as they indicated. When it comes to the STEM
education and the educational context to present this education, principals indicated
mostly that there is no STEM application in their school because of different reasons.
As mentioned earlier in the “Teachers” section, one of the reasons is the lack of
knowledge of teachers. One of the school principals clearly said that “We do not have
STEM education in our school. (...) Our teachers try to implement but we could not
apply it to the classes” (P1). Additionally, one of the school principals emphasized the
importance of in-service training for those kinds of implementations stating that “In
an unknown subject, you could not do much of work and production, and be
productive. We need to know first. That is how you could not have opinion without

knowledge, we need briefings in our schools about STEM education.” (P6).
Another school principal indicated that

We except something from the students in STEM education but in our
schools it could not be applied since the students mostly come from far
distance. Where can it be applied? In a boarding school. (...) There are
limited applications anyway. You need to announce those to each
student, we try this by hanging the competitions on the walls, we say it
directly. Students do not give much attention. They have the ability but
there are so many side effects interfering. (P10)

To sum up, there are different applications or none in schools related to STEM
education. the general notion is the need for training and briefing about STEM

education and support to create environments where those could be applied. There is
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a lack of knowledge and physical sources to implement STEM education in high

schools.

The gap that most of the school principals are agreed on is the university entrance
exam taking place in the 12" grade after four years of high school education. They
specify the needs and claims coming from students and parents in the last two years
mostly in the last year of high school because of the wish to prepare for university
entrance exam. There are stereotypical choices determined for students who study in
those schools chosen as sample in this study. One of the school principals is also
indicated that as “Science high schools and project high schools go towards in science
and mathematics areas and weighted education is conducted in those areas.
Traditionally, the graduates of those schools particularly become doctors or

engineers.” (P9)

Also, the other issue here is how the school success is measured by the university
entrance exam results. While one of the principal stated that “Our school’s rate of
placement to the university is high” (P7), another principal defended that “If we
concentrate on the placement of students into universities, and their degrees in the
standardized exam, all of our 100 students could have a degree in top 500 or 1000.”
(P8). However, they prefer not to do so. Also one of the school principals said that
“When students become distant from the school in their last year, they regret it later in
their life.” (P4). The indication of stress level in students is another problem caused by
university entrance exam which does not let teachers implement the curricular

activities in the last year of the high school. Because

Students could say “please do not teach me those, I want to drill test for
the entrance exam”. They do not want to listen literature especially
when they are in science classes. Especially in the last two years, that
is what we are going through. (...) University entrance exam ruins the
country and does not leave space for analytical thinking (P3)

Apart from the claims of students, there are parents, who want preparation of their

children for the entrance exam.

You face with a dilemma here. There is a university entrance exam and
the parents want their children to be prepared for this exam. (...) They
want their children to drill in the evening at home. (...) getting good
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result from the exam, going to the specified university and program
creates the dilemma for us (...) (because) what the parents want and
what teachers give as an education is different from each other (P10)

Therefore, university entrance exam is an obstacle towards the teaching and learning
environment where the applications as STEM could not take place according to school
principals.

Other than that in those schools, future generally means the university entrance exam
and it is life itself for some school principals. The measurement of being the best
school is the achievement in university entrance exam and having students in the best
universities of the country, therefore school principals give importance to that aspect.
They indicate how students adapt themselves to this exam and ignore the school
environment as emphasized in previous sections. Therefore, there is a need to adapt
those students to school rather than the exam and the teachers are the key factors. That
is why all teachers should be involved in the process of raising students for future.
However, this STEM education process could only be done with the support and
sacrifice of teachers since they are the ones responsible for the teaching and learning
process. Being a teacher is an important job which could also go in wrong ways as a
school principal in science high school had a statement indicating his concerns about
raising the students as “Teacher should not be the person imposing his/her own truths
to students. (...) Students should go ahead from us. The teachers should not create

their clones but they need to set students free.” (P8).

In addition to the educational context and its relation with the gaps for STEM
education, there is a need to discuss the lack of know-how and funding for STEM
education. Lack of know-how and funding for STEM education have been found to be
among the gaps in STEM education. The lack of know-how has emerged as a gap since
there are some obstacles in implementation process of STEM education. Firstly, the
principals need outside sources as experts to support the projects to be run in the school
under the application of STEM education. Since there is a lack of the knowledge for
how to support students in the projects, they are taking support from the outsiders as
universities and engineers. When doing a project, students could need expert opinion
that could lead them through the process where teacher, peer and principal support

could not take the way of running the project and there is a lack of know-how. This
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kind of support could be from companies or university professors that school
administration communicates with to get their expertise. Even though they can reach
the experts as schools, their connection unfortunately takes place in short terms. A
principal pointed out that situation by saying “We could have problems in the long
term communication with the experts of the fields but we can handle the short term

communications.” (P8).

Also another issue about the lack of know-how is how STEM education could be
implemented in the time of curricular activities, because of the fact that STEM
education could not be integrated into the curricular activities, there is a need to create
time for students to work on the projects that could lead them to be in STEM related
processes. Yet, they could not find time and they do not know how to solve this
problem. Therefore, there emerges another issue regarding the times that students
could reach the school sources. Because of the fact that the schools are open in
restricted time before and after classes, it is hard to reach the school materials when
needed. Therefore, the need is indicated by the same school principal as “Actually we
have an intention to keep the school open 24 hours a day with the support of guard. If
the students want to study on the projects they are doing, then they could be up all
night to study.” (P8). This school could have an opportunity for this intention because
there is a complex surrounding the school and it has facilities as dormitories and sports
field. However, the school without this surrounding do not much opportunity to keep

the school open for 24 hours. For this reason, another school principal stated that

There is a need to create time for students. They need to have time to
try things in labs and “garage”, they need free time to attempt. Steve
Jobs did not work in daytime, they studied at night in this garage. They
make use of their free time. (...). If this school was a boarding school,
| could activate the labs, and | could apply the best education with the
support of our two or three teachers. (...) When students meet their
basic needs after the classes end (03.30 pm.), they will enter the
laboratories voluntarily. When they do this voluntarily, they do
excellent work (P10)

Thus, there is indicated requirement of the full time access to the school supplies to let
students work with a variety of sources in a school environment. Those two issues
emerged for lack of know-how were indicated by only two school principals who also
are the only ones mentioning STEM education implementations in their schools. In
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addition to the lack of know-how issue in STEM education regarding lack of
knowledge and the available time contradiction for STEM education, the funding to
support STEM education is the issue about financial gap requiring to be filled.
Therefore, every school has different approach about this situation but there is a
common notion that the extra budget is needed for extra expenses done for the
educational practices except from the regular spending. This extra budget is provided
to schools from different sources such as School- Parents Association, companies,
universities and non-governmental organizations. About creating budget for STEM

education, there are still financial drawbacks. One of the school principals stated that:

The biggest drawback of STEM education is that it is an expensive
movement. This forces schools mostly. Schools could handle only the
regular spending. In an environment where a 3D printer costs 10,000
liras, a STEM lab will cost over 200,000 liras. That could be met with
a large budget as the state has. Except from this, the materials for
robotics, especially software as computers and the programs are
expensive. We could not provide those opportunities to every child or
every student. Therefore, for STEM movement, in this high school, we
could not go any further from the setup of a computer and technology
lab and basic robotics and robotics workshops. (P1)

This notion is also supported by another school principal who mentioned taking

financial support from out sources as well.

We do not have enough sources. We provide financial support from
non-governmental organizations. There is 90% lack of fund but we do
not make this an excuse. (...) When our computer is not good enough,
we take our students to the place where there are expensive computers
if it helps them to study. This is a sacrifice. (...) By being raised within
this system, our students become managers, engineers in the future.
Therefore, the companies in the economy in those fields should support
the system. The companies expecting good job should consider the
qualified job is done by qualified individuals. They need to invest to
education for that reason. (P8)

Apart from those notions, there was a principal thinking that -the financial support for

STEM education should be provided by stating that

“Yes, there could be some drawbacks about finance in schools but it is
not true to attach everything to financial obstacles. Yet, in that kind of
scientific activities, the support is provided as money and there are
some drawbacks about it.” (P6)
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In addition to those opinions, in general, the financial obstacles of schools were

indicated by other school principals as well for all of the educational activities.
4.2.2 Experiences of Principals with STEM Education.

The second research question of this study is “What are the experiences of school
principals in STEM practices?”. In order to get answers for this question, we need to
understand the background of the school that is indicated by the school principal
including teachers, students, school principal himself/herself and the educational
context. Other than background of the school, there is another theme which is the
compatibility with STEM applications in which the implementations in the school
regarding to STEM applications will be discussed.

4.2.2.1. Background of the school.

Every school has a different climate and the internal stakeholders fit into this spirit by
time. The school principals interviewed are working in the top schools of their
classification in Ankara and in Turkey. Therefore, in those schools teaching and
learning environments let the students and teachers open to be to new practices,
projects, and experiments because those are categorized as project schools as well by
MOoNE. Therefore, their vision statements mostly include the statement of “being the
best”. This is because of the quality of students in those schools who entered by the
high school entrance exam scores. The teachers and school principals should fit into

the pace of students in those schools because of that reason.

The students’ academic quality is indicated by almost every school principal as an
influencial factor in educational environment. One of the school principals mentioned
that situation by stating that “The students are qualified, have potential, high
knowledge level, and enthusiasm in the participation to the activities.” (P9). Another

school principal added the readiness level of the students as:

Actually, the students are ready for STEM education. Especially the
students we are working with in this school already learned about
computers, programming etc.(...). This generation is willing to and
familiar with the STEM education. Even the least knowledgeable one
has the capability of doing a little programming to solve their problems
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on computer. Especially the activities that we could relate to STEM
education in our school, programming and robotics classes supported
by computers attract attention of students. They enjoy it. (...) There is
a ready crowd of students and they are enthusiastic about it. (P1)

Another principal highlighted the importance of student qualification by stating that

The thing that raises the quality of the education is the student quality.
Therefore, we can describe our education as very well. (...) The
difference come out with the student quality. Teaching the same topic
in a village school and here is different. This difference is because of
the student. Since there is a level difference between the students, the
level of the teaching changes as well. (P7)

When one of the school principals described the educational environment, he

mentioned that students are curious for and enthusiastic about STEM.

The educational environment is active. Since the students are curious,
they try to reach the subjects that they are curious about from different
sources. They reach information from their teachers, communication
sources and universities. (...) The difference between the other schools
and this school is the communication between students. They teach each
other in this school. By sharing, the teams enlarge, and the circle
expands. There are students who do not want to go to the classes to
study on STEM subjects. (...) They could go beyond us in different
subjects. They are knowledgeable. They want application instead of
theory, they enjoy application more. The reason why the application in
this school is different is about the student group. (P8)

One of the school principals stated that “they need to be motivated for STEM
practices” (P10). Apart from those stated, one of the school principals stated that the
students are academically successful, but they need to improve their social side too

and this is what he is mostly interested in. (P11).

In addition to those, the satisfaction of students from the educational environment in
schools was indicated by different school principals. When documents are
investigated, there was different news about students and their achievements in
painting, music, literature and in TUBITAK projects they did with their teachers, but
not in STEM fields.

When talking about the students regarding the STEM practices in the school, we need

to indicate the teachers and their applications in the educational environment because
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they are the ones who do the educational activities. They are the ones actually taking
the lead in the teaching and learning area trying new things. One of the school
principals stated that. “There is no implementation (of STEM education). Maybe, it
could be implemented since an interdisciplinary approach could work but it requires
the groups of teachers to work together.” (P9). When it comes to the participation of
teachers in the applications, the same school principal specified that “There could be
some teachers who do not want to participate the studies, projects or activities. They
participate in the actions about the classes necessarily but for a plus work, the

volunteerism is needed. We work with the volunteer teachers.”
Another principal stated that,

Because we could not change the teachers, we degrade courses to only
classes. (...) We told teachers to go out from the classroom
environment, at least to have a living space. Shift learning to the out of
classrooms. (...) We insist in it but there is a drawback which is teacher
education. (...) For example, they need to construct knowledge (for the
constructivist curriculum came to the education system in 2005) but any
teacher could not do that. Since that day, there have been a few teachers
doing that. Even this approach was not being implemented. (...) If they
implement STEM education, teachers need to put effort not just in the
classrooms. (...). When it comes to the point, sometimes, two teachers
could not prepare a mutual exam. (...) This teacher could not
compromise other groups of teachers as well. (...) We are kind of
individualistic here. There 1s no team spirit. We could not handle it. (...)
For this garage we wanted to give in-service training to our teachers.
The educator who gave the training was an IT person, directing teachers
or telling them what to do by saying “Do this, do that.”. I told him “Do
you believe that you could teach it to teachers?”. He said he believes
but teachers could not login to e-mail for half an hour. (P10)

Another principal indicated the need for in-service training for teachers by

emphasizing that

Teachers are the part of this goal (i.e. STEM education). Not every
teacher could have capableness for computer and computer based
courses. Therefore, STEM education could not be understood by
teachers. So, how they could teach physics by using STEM? There is a
need for in-service training for teachers with many samples. (...) Apart
from this there is no problem with willingness and dialogue. (P1)
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Despite the fact that there is no STEM practice in the school, one of the school
principals stated that this educational practice could be done with the experienced

teachers by saying:

This type of study needs to be implemented by the experienced
teachers, so that it could be more valid, in my opinion. Since we
abandoned the teaching dimension long time ago, a wider opinion could
be taken from teachers about how this practice can be attached to the
educational environment. (P7)

In addition to those, one of the school principals emphasized the group work of
teachers about learning from each other. “The teachers get help from each other about
STEM or anything they have question or have no knowledge. ‘I do not know, 1f you
know, could you help me?” approach is dominant here.” (P8). Another principal stated
the motivation of teachers about this as

“Physics teachers are motivated about STEM. Last year they built a
cooler in our school and it was sold to Ulker. (...) The group of teachers
started to work together, they got rid of individuality slowly.” (P4).

Moreover, there is a school getting in-service training for their teachers from
YEGITEK about STEM education in the summer seminars. The same school principal
also stated that “There is a need for teachers who could inform people and activate
people about STEM education in schools.” (P6) Therefore, there is a commonality that
the teachers need training about STEM education to apply this educational practice in
the schools.

4.2.2.2. STEM Practices in Schools

As stated in the first section above, the STEM practices are very limited at the schools
that were investigated. Although there are not any concrete application examples in
schools regarding STEM education, there are still implementations that could match

with the STEM education for school principals.

The one practice stated by all school principals is TUBITAK science projects and
competitions which lead students to think about problem and find a solution for it. In
all schools, the principals indicated their projects by linking them with the STEM

education. They have news and announcements about their application and
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achievements in TUBITAK projects in physics, mathematics, chemistry,
programming, philosophy, history as taken from document analysis. Those are not the
teaching and learning environment created for all the students but those studies are the
one done by chosen students interested in making projects with the support of the
teachers and also professors from universities to be prepared for the projects. While
one of the principals emphasized that “There are approved TUBITAK 4006, 4007, K1,
K2 projects that the students have individually in our school.” (P9), another school
principal stated that

When a student comes and say | want to prepare a project for
TUBITAK, we match the student with professors in universities and
there is a TUBITAK Olympics group in our school. They gather at the
weekend and on weekdays in labs and the rooms reserved for them to
study with the materials. (P5)

Therefore, collaborations and the implementations for TUBITAK projects are
extensive in those schools which could also be because of being project schools and

science schools.

Other than TUBITAK projects, the emphasis of having 3D printers is another thing
that seems as STEM application tool. Therefore, whether owning one or not, they give
3D printers as an example of STEM education which is mostly combined with the
robotics and programming activities as well. “3D printer is a quite different field. It
opens very serious experience field for students, it is a new field and it contributes to
STEM education or technology.” (P1).

In document analysis, it is seen that there is an interaction with successful Turkish
scientists in NASA, and Cambridge University. Also, there are applications in some
schools regarding organizing robot competition (P8), artificial intelligence
competition (P1), and activities about programming week (P6). There is a school
where there are applications under the name of STEM but the school principal did not
mention those and did not have much knowledge about STEM education. There is an
e-twinning project of the school called as “From Scientix to STEM” and there was a
trip to STEM&MAKERS festival but he mentioned in-school competition regarding

innovation. (P11)
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One of the school principals stated that “We wanted to equip a place with multi-
dimensional printers and computers for studies about robotics and paving the way for
new inventions but it is not activated yet.” (P9). The principal from one of the science
high schools stated that “As I mentioned, the students have studies contributing to
STEM applications, they study on drones, and projects. We provide expert support to
their studies from industry and universities.” (P8). Therefore, there are studies about
robotics, programming, 3D printers and innovative competitions that are reflected as

STEM applications by school principals.
4.2.3 Principals’ Role in STEM Education.

In order to answer the research question “How do school principals define their roles
in STEM practices at their schools?”, three themes emerged. Those themes are related
to the traits of school principals emerged as they indicated for STEM, which leads us
to know about how they direct and lead the way of STEM education. The principals
have different roles in order to run the implementations properly. For STEM education,
participants indicated some aspects they have to facilitate implications, support the
effort and lead the action. In line with it, they described their role in STEM process

from different perspectives as being the facilitator and supporter and leader.
4.2.3.1 Facilitator

The school principals are the facilitators of the schools by responding to the needs, by
being the servant to handle the deficiencies, calling the experts when it is necessary to
be involved in a project, etc. One of the school principals described his role in STEM
education as “We help in getting technological devices. We have the smart boards
provided by FATIH project and we aid our teachers to take the additional sources they
need.” (P9). Another school principal stated that they arranged trips to ASELSAN,
TURKSAT, nuclear research center in Susuz, CERN. (P5). Another one sees his role
in this process as “...making life easy for teachers when they are doing their job. (...).”
He also stated that “ I tell my teachers that we can handle what you want for
educational practices. Yet, I need to see good intention.” (P10). Other than this school
principal, another one stated that “(...) How do we support the process as an

administrator? We think about forming a robotics programming class.” (P2).
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Apart from those, one of the principals emphasized that “I constantly recommend our
teachers to visit the labs related to STEM. We want them to spend time in the trip
fields, and project fields about STEM in our city. Especially in the seminar terms, we

invite the experts for briefing about STEM education.” (P1).
Another school principal stated that

I could describe myself as both leader and servant in the process. (...)

We direct students according to the needs. Also, we try to meet the

needs of our teachers. For example, HAVELSAN engineers give

conferences to our students. They cooperate with ASELSAN and

TURKSAT in the second semester for a training. There are studies done

with CEOs coming from Science, Industry and Technology Ministry.

(P8).
Being the facilitator in the environment requires responding to the needs, being the
servant when it is necessary and searching and recommending for training
opportunities for the development of both students and teachers are seen as the

facilitator role of school principals in the STEM processes.
4.2.3.2 Supporter

Another role of the principal is supporting the teachers and students in STEM
practices. They support both the processes and the communication environment by
their actions. One of the school principals stated his support for students when they

arrive at his door with an idea by saying

When students have some problem or ideas, they come and tell about
it. I support them with the subject. (...) They get the understanding
about the subject and go. None of the projects is returned in this school
if it has effort and thought in it and sounds plausible to me. (P9)

Another school principal stated the importance of group of teachers working together.
“The group of teachers teaching mathematics could not be disconnected, group of
physics teachers as well. When you talk about the group of mathematics teachers, they
and the group of teachers in science should not be worlds apart. (...) Therefore, we
need to bring them together from time to time.” (P5). One of the school principals
specified that “Principals do just the organization, be a model, and motivate.” (P10)

Another school principal emphasized the necessity of making students enthusiastic by
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“telling them everything and sharing everything.” (P6). All in all, it is indicated by
most of the school principals that their job is to make teachers feel satisfied and to
provide them with a good working place as stated by a principal as “My job is to make

teachers pleased and peaceful, and make plans” (P3).
4.2.3.3. Motivator

Lastly, they are the motivators and guiders of the environment. Some see this role of
being motivator as providing flexibility in the work environment while some consider
it as being a guider in the way of improving school practices and providing
opportunities for the self-development of teachers and students. One of the school
principals stated his approach to being a school principal as “open door” policy, giving
the freedom to talk about problems and ideas for teachers and students. (P9) Another
identified his role as “orchestra chef”, providing the harmony among teachers who also
motivates teachers to do the things that are beneficial for students but have discrepancy
with the regulations. Apart from those, one principal stated his leadership is doing the
leadership together to have educational leadership and guidance in the school. Other
than those, one school principal emphasized that he leads teachers to reach mission,
vision and goal, and promote the successful teachers in this way (P7). In addition to
those, one stated that “We provide them (the teachers) with appropriate (teaching)

environment and try to keep their motivation high.” (P6). Another emphasized that

“I have a role in the school to give opportunity, direct and guide through
the way and control at the same time. | have a leadership style to support
teachers to improve themselves.” (P11).

On the whole, we can say that all principals have a role defined for themselves to
manage the STEM processes and all other activities in the school. The common thing
in those schools is the freedom they gave to teachers and students to express their ideas
and take an action after the permission is taken from the principals in projects and

applications which is basically about motivating the teachers and students.

On the whole, in this chapter, the results of the qualitative analysis are presented under
two head sections as qualitative description and content analysis. The main analysis

included in the content analysis part tried to answer three research questions of the
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study under nine themes. When the data gathered from high school principals are
investigated with respect to their perception, experience and leadership in STEM
education as a whole, the lack in knowledge, readiness and physical environment in

schools attract attention.
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CHAPTER 5

DISCUSSION and IMPLICATIONS

In this chapter, discussions and implications are presented regarding the results of the
study. A brief summary of the results of each research question combined with the
literature review and previous research is done together with discussion of the results
and implications for theory, practice and methodology. The suggestions for the future

studies are also indicated.
5.1. Discussion of the results

In this study, the purpose is to understand how high school principals perceive STEM
education who work in prominent high schools of Ankara, what the experiences of
school principals regarding STEM practices and how they define their roles in STEM
practices at their schools. In this section, the results on research question are discussed
in relation to the literature review. The discussion part covers the school principals’
perception about STEM education, school principals’ experience about STEM

education, their role in STEM practices in the school.
5.1.1. School Principals’ Perception about STEM Education

The results of this study showed that STEM education is not a concept that is
understood by the high school principals who are working in prominent high schools
of Ankara. The definitional issues of the STEM education are indicated in the literature
as well, and the results of the study match with the previous studies. According to
Brown et.al (2011), STEM education concept is not well understood by teachers and

administrators they have studied with, which is consistent with the result of this study
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as well. That is why some school principals indicated the reason why they do not have
STEM education application as they do not have much of an idea about what it is.
While some of the participant school principals consider it as the applications in the
chemistry and biology labs, others see it as the implementations they do to turn theory
into practice for students. Some of them admit that they could not do anything about
what they do not have the knowledge. This is how the results of the study match with
a study in the literature in which the readiness level of the teachers for the
implementation of STEM education was measured through a quantitative analysis of
their self-efficacy level and stage of concern level in STEM context. The results
showed that only 5.53% of the teachers were well prepared for STEM education while
the half of the teachers were not prepared (Geng, Jong & Chai, 2019). Another study
supported these results by investigating the issue in mathematics teaching and finding
that only a few teachers have accurate knowledge and perception about the integration
of STEM education into mathematics (AlKhateeb, 2018).

Besides, parallel to the literature, definitional problems about the STEM education
term are evident in this study as well. Participants of this study highlighted the
definitional confusion of the term. The concern around definitional confusion is also
the main concern in the literature where its lack of definitional agreement, even a
framework for a definition, is the issue although the promotion of the concept
constantly done by politicians, educators, profit and non-profit groups (Daugherty,
2013). On one hand, this educational approach created a stir. On the other hand, it does
not have an epistemological foundation for both curriculum activities and for the
training of teachers. Yet, one of the studies says that it is not a necessity to have a
common STEM education definition but the schools need to form vision and goal
statements about what their perception and approach to STEM education are for the
implementation in their own school (Holmund, Lesseig & Slavit, 2018).

There are studies trying to form a framework that the STEM education could be based
on. However, they do not cover the actual teaching and learning environment. Another
criticism is that these studies are also based on different frameworks created by the
researchers to inform the teachers or the educators about STEM education that they

could later apply in their classrooms. A systematic review about this understanding of
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TEM education framework stated five components regarding the studies investigated
as “integration of STEM content, problem-centered learning, inquiry-based learning,
design-based learning and cooperative learning” (Thibaut et al., 2018). In addition,
there are studies trying to understand the perception of teachers in different teaching
areas about STEM education after giving training about the concept and how it could
be applied in Turkey (Akran & Asiroglu, 2018; Calisic1 & Stimen, 2018). Even though
they had the training for what STEM education is and how it could be applied, some
of teachers still think that STEM education is incompatible with the context because
of different reasons. The studies in the literature mainly focus on the teacher perception
where some of the studies add principals into their participants as educators along with
the teachers (Cevik & Ozgiinay, 2018) showing the lack of knowledge in teachers and
school principals and indicating the works to do to apply STEM education in Turkey.
However, as indicated by one of the school principals in this study, it is not adequate
to think about applying a concept without knowledge, and STEM education is the area
about which most of the educators lack knowledge besides the conflict in the academia
about what STEM is. In recent studies, the concept of “integrative STEM education”
is revealed (Bartholomew, 2017; Havice, Havice, Waugaman &Walker, 2018), which
creates a dilemma with the main notion behind “STEM education” which was
supposed to be integrated educational practices in science, technology, engineering
and mathematics. That shows the confusion about whether it is an interdisciplinary
approach or not. If it is, why is there an indication of “integrative” showing up at the
beginning of STEM education? That is why there is a need for a common definition
of the STEM education to understand what it is for all if there is an intention to apply
it as an educational approach globally and in Turkish context. Lack of consensus about
the concept indicates a deep epistemological gap in relation to the concept of STEM

education.

This moves us to another outcome of the study; STEM education as policy borrowing
issue. STEM education became a global movement spread out from the United States
of America, and there are many studies and attempts about this educational approach
reflected in our country as well. The emergence of STEM education in Turkey has
begun with the efforts of the academics who conducted their graduate education in the

United States of America. They hold the advocacy of STEM education for different
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reasons, such as adapting what they see in the United States of America to their country
with the claim of the importance of STEM education for economic development,
enthusiasm to affect the country with the knowledge they have, or build a career on
the topic. Today, STEM education is used as an advertisement tool of in Turkish
private schools to attract more students to their schools but in public schools, there is
limited application field of STEM education. Yet, after the growth of the discussion
about STEM education in Turkey, MoNE published a report about STEM education
in Turkey, basically talking about what it is, how it could be applied in Turkey, and
what steps should be taken to implement STEM education (MoNE, 2016). In this
report, the necessity of action plan to train the teachers and future teachers and the
change of the elementary and secondary school curriculum as integrating the STEM
applications to each teaching area curriculum is indicated along with the necessity of
establishment of STEM centers in universities merged to be part of MoNE STEM
center in the future. Apart from those, the standardized tests and the number of the
science and mathematics subjects in the educational system are pointed out as the
obstacles against the implementation that require plans to get rid of (MoNE, 2016).
Yet, the sudden appearance of STEM education without solid philosophy, definition
and policy presents the lack of consideration in educational administration and
planning side of the STEM education in global area as well as in Turkey. That is why
STEM education is disconnected to the educational practices and there is a need for
policy development if it is necessary to integrate STEM education which has not even
a common definition bringing confusion about the concept. As indicated by the
YEGITEK (Innovation and Educational Technologies Head Office) in the article
“Handbook of STEM Education for Teachers” (2018), STEM education is not a new
approach to learning and it is not a “have to do” for us. However, in the renewed
curriculum, it is possible to integrate STEM education into teaching and learning
environment in Turkey since it is about asking questions, doing research and
inventions that do not require owning expensive infrastructure and programming
knowledge. That is how MoNE sees STEM education (YEGITEK, 2018). While
considering policy borrowing from other countries, it is essential to be prepared for
the implementation wished to be done in the educational context regarding the

borrowed policies. According to Nir, et. al. (2018) in the centralized educational
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context, the issue of policy borrowing should be thought twice since the incongruence
between policy to be adapted and the reality of the educational context may differ.
Therefore, careful evaluation of borrowed policy should be done. That is why there is
a need for full consideration of the policies to be borrowed and their advantages and
disadvantages to be brought. When the United States of America and Turkey are
compared in terms of STEM education needs, it could be seen that the context and the
needs of the countries are different from each other and that leads to discrepancies in
the implementation of STEM education in our country. As revealed in this study, the
emphasis on university entrance exam and the appearance of concerns about the future
are the primary obstacles towards the implementation of new policies and new
educational approaches according to school principals. School principals mostly
pointed out the problem in implementing the curriculum in the last two years of high
school because of the university entrance exam. It is stated by most of the school
principals that students as well as parents do not want teachers to implement the
curriculum in the last two years of high school so that they can study for university
entrance exam during the lesson hours. In that kind of environment, it is hard to
implement curriculum based on asking questions, doing research and inventions and
carrying out long term projects in science, engineering, technology and mathematics
areas. That is just an example indicated by the participants of this study about why the
needs and the context of the educational system are needed to be considered while

thinking about borrowing policies from other countries.

School principals think that in the schools the teaching and learning processes flow
with lecturing, which is the traditional way of teaching, and this is an obstacle towards
the application of asking questions, doing research and inventions even if there are
physical infrastructure and supplies. Parallel to the findings of this study and the
literature, it can be argued that training for STEM teachers is an urgent need. However,
the studies pointing out the need for teacher professional development in STEM
education content also state the lack of epistemic framework to create this kind of
training programs as well as the absence of teacher educators with interdisciplinary
sense to teach STEM (Chai, 2019). While the emphasis is on the professional
development need of teachers, this requirement is valid for school principals as well.

They are the head where we can get informed about the curricular practices that
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teachers do and new teaching methods used by teachers. In the studies working on the
perceptions of the teachers, the need for professional development is indicated
(AlKhateeb, 2018; Bartholomew, 2017; Chai, 2019; Havice, et.al., 2018). Instructional
leadership is having the role in schools for the school effectiveness through the leading
the instructional processes which could show different patterns in different schools
because of the variables such as characteristics of school principals and the
demographics of schools (Gokce, 2009; Gumus & Bellibas, 2016; Neumerski, 2012).
Yet, there is a mediated effect of instructional leadership on student achievement
(Blase and Blase, 1999). Therefore, through instructional leadership, school principals
could advise to the teachers about the implementation to be more effective. That is
why they are responsible for learning new concepts that they wish their teachers to
learn. For those who are responsible for informing the teachers, it is necessary to catch
up with what is new, especially if it is published by the MONE. However, there is a
lack of knowledge among school principals about STEM education which is an
obstacle to lead teachers and support the implementations in the instructional processes
regarding STEM practices as the results of this study is revealed. As the teachers need
professional development as indicated in the literature in many studies to implement
STEM education, school principals need training, too.

While YEGITEK (2018) sees STEM education as an approach which does not need
expensive infrastructure and programming knowledge, school principals in this study
emphasized their lack of infrastructure and physical facilities to implement this
educational practice as 3D printers, and computers with high performance capacities.
One of the participant even gave the example from high schools which established
STEM laboratory with the support of TOFAS. Some of the school principals and
teachers make sacrifices for the usage of those kinds of infrastructure by taking their
students to the facilities with those physical supplies. Yet, some of them pointed out
their need for those kinds of supplies but not having the financial support to provide
physical facilities. Another participant school principal in the study indicated that the
school principal needs to be entrepreneur to provide all the opportunities to the school
by finding donators, financial and academic support. That is how the schools could be
improved and have opportunity in their schools as private schools or public schools

with the donator companies. That is why there is incoherence among the schools for
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reaching the same infrastructure when it is seen that some of them do not have even
FATIH project infrastructure providing tablets, internet and smart boards. Therefore,
there is a need for support and planning for schools to have physical infrastructure in
Turkey as well to supply social justice between public and private schools where the
public schools seem disadvantaged about infrastructure issue. The lack of
infrastructure cause miss in the instructional opportunities is what the school principals
are pointed out in this study which creates the incongruence between students
regarding human capital comprising social and cultural capitals. Thus, the
opportunities that STEM offers in higher education and in work place are not provided
for every individual in the country but for the ones who have taken the advantage of
STEM education in their compulsory level of education (Kondakci & Kulakoglu,
2018). In the literature, the need for closing the gaps among the schools is also
indicated since the infrastructural advantages turn into outperform in students’
performance and an increase of the number of ICT (information and communication
technologies) aided courses. (Gouda, Chandra Das, Goli & Maikho Apollo Pou, 2013;
Lu, Tsai & Wu, 2015). Therefore, even though YEGITEK (2018) pointed out that
STEM education do not require expensive infrastructures to implement in the schools,
the school principals emphasized the need of supplying necessary tools used in STEM
education which is also necessary to catch the educational opportunities offered in
private schools or donated schools to close the gap between the schools. Yet, it is not
enough to provide only physical infrastructure. There is also need for human
infrastructure that is teachers and principals with the knowledge of integrative
education as it was indicated previously in this section since there is not enough
knowledge about STEM education, leading to a mismatch between perception of

school principals and the reality of STEM education.

In this study, the flaws of STEM education are also investigated and the opinions of
school principals are taken. Some of the school principals pointed out the deficiencies
of STEM education regarding the preparation of students to the future having
capability in scientific areas as well as social context. That is why there is a controversy
in the literature about this issue comparing STEM education with STEAM education,
and some academics defend the superiority of STEAM education. Land (2013) stated
that while STEM education provides individuals with high-tech skills, the STEAM
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education moves it further by integrating arts and attaining ability using analytical
thinking, and solving simultaneous complex problems with creative thinking skills.
Apart from its contributions to the creative and analytical thinking of STEAM for
individuals, there are moral and responsibility issues that STEM education lacks and
STEAM education assumes to fill. All of the participant school principals in this study
agreed on that the arts and social sciences are important parts of education for students
to be in the society with their attained knowledge of science and technology, as well
as their intellectual development. As stated by one of the school principals, when all
those technology developments are considered, the part of humans making them
different from robots and artificial intelligences is their human side with all the caring,
thought, ethics and moral values as well as artistic and aesthetic concerns. Therefore,
there are different activities they make in their schools comprising theatre, drawing,
music, poetry, literature, social responsibility projects and conferences. Yet, those are
not integrated to the STEM education but thought as separate fields to be learnt dis-
jointly from science, engineering, technology and mathematics. Also, some of them
think that they cannot be merged for the purpose of integrative education since the
fields are so separate from one another. However, Elon Musk is the counter example
of this initiative merging scientific developments with the human side of individuals
caring about the world they live, which makes humans different from the robots. When
he gets the patents of the engines developed for Tesla cars working with electricity, he
opened those patents for public usage (Musk, 2014). He put the sustainability of our
world to the front of global competition among automotive giants through reducing
the carbon emission. That is why he expected to be used these patents to be used by

other automotive companies for renewable transportation sources.

This kind of consideration is important in scientific and technological advancements
because this world does not just belong to human kind but there are many species we
need to think about while taking decisions concerning our world. The importance of
the responsibility, ethics, values in STEM education and STEM areas converting it
into STEAM one is indicated by Lanchman (2017) as you can make millions in
technology area and impact many people yet the algorithm you write needs to improve

individuals rather than just impact them. Therefore, STEAM education is needed over
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STEM education in order to raise individuals with important values and ethical

concerns for the world they live in.
5.1.2. School Principals’ Experiences about STEM Education

Regarding the STEM education experiences of school principals in their schools,
themes emerged in this study include the openness of students to learning arising from
their quality indicated by principals, the training need of teachers for this kind of
integrative education as emerged in previous question and how the TUBITAK projects
as well as innovative implementations are seen as STEM experiences in the schools.
The schools in the sample of this study are prominent schools having qualified and
distinguished students who have taken high scores in standardized high school
entrance exam. Therefore, the expectation of success from those students in university
entrance exam is high. School principals, in this study, described the profile of the
students as motivated and enthusiastic to learn and qualified with the knowledge,
moving them ahead of their peers. Their enthusiasm towards science and mathematics
and choosing career path in medicine and engineering are the highlights of school
principals. Also, the administration and the teachers of the schools have high
expectations from the students in the university entrance exam. This is supported by
one of the studies conducted by Akglindiiz (2016) stating that the career choice of top
thousands students in university entrance exam in Turkey showed the interest towards
medicine increased over time while the attention given to STEM areas decreased for
those students between the years 2000 and 2014. Moreover, the choice of faculties of
education and basic (hard) sciences remained relatively low for those students.
According to Wang (2013), the choice of a career in STEM pathway depends on
different individual, psychological, contextual, and social dispositions. Yet, the results
of this study showed that school principals prefer their students to get into STEM areas
as a career choice for their undergraduate degree because of the success of students in
the mathematics and science areas. This could be seen reasonable because of the
success but this approach does not give importance to the field of interest of students.
The reason of this approach could be because of the measurement of success for those
schools as the number of students getting into engineering and medicine departments

as a career choice as indicated by the school principals.
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The understanding of participant school principals about STEM education or STEM
concept is about the university level education in science, mathematics, technology
and especially in engineering areas as well as medicine since the integration of those
disciplines as an integrated whole to form STEM education seems complicated and
impracticable in high schools. Therefore, their perception of STEM education is
restricted with four separate disciplines most of the time except some project based
activity opportunities they offer for not all but some of the students. Those students
are mostly interested in doing inquiry and they are supported by their teachers and
school principal for the ideas they have for project based competitions done regularly
by TUBITAK (The Scientific and Technological Research Council of Turkey). The
participant school principals indicated their support and enthusiasm towards new
project ideas coming from both students and teachers because those projects could be
successful in the competition and get awards raising the reputation of the school. The
project competitions done by TUBITAK in technology design and engineering; social
sciences and science and mathematics areas are given importance by the high schools
as the proof of prominence and the commendation of the school. According to
TUBITAK, those projects are to improve learning skills, to learn carrying out research
and using the necessary tool to explore exciting phenomenon and to raise individuals
having a career focus and approaching every problem like a project with self-esteem
and capability. Individulas will be prepared for the life and the university level (Bilim
Insan1 Destek Programlari Baskanligi, 2019). Unfortunately, those project based
learning and teaching competitions are not applicable for every student in high schools.
The students to participate in these project based learning and teaching competitions
are either selected for this process by school principal and teachers or they come up
with an idea to their teachers that could be presented in these competitions as the results
of the study indicated. It is true that every student could not be interested in STEM
areas and could have interest in social sciences. TUBITAK project competitions are
not in just STEM areas but in different areas comprising social sciences as well.
Therefore, it is not a complete STEM application competition but it is an opportunity
for participant students for project based learning in every area. Yet, school principals
perceive those competitions just as STEM application. Since there is no concrete

STEM education perception in their minds creating confusion where to place this
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educational approach, preparing projects for TUBITAK high school competitions

seems to meet the term.

According to the results of this study, in high schools, there is no concrete application
regarding STEM education and this is because of the lack of understanding directing
school principals to perceive it as doing projects in TUBITAK competitions and lack
of knowledge about how to implement STEM education. The schools forming the
sample of this study are prominent schools regarding their educational quality and
student profile interested mostly in science and mathematics areas or at least directed
to those areas by the social environment because of the way they use knowledge they
have in expected way in those areas. It should not be forgotten that education is about
whole person development having knowledge to use in social life as well as in
academic life with wisdom. As one of the participant school principals pointed out that
those students have a promising future with the knowledge they have in STEM areas
but they lack social skills and they need to be improved in those areas as this school
principal tries to do in his school (P11). Therefore, giving importance to the growth of
students as individuals with all necessary social and scientific skills should be the
priority of the educational system, since the values as ethic, responsibility and caring
should go hand in hand with scientific knowledge to have conscious generations using

the wisdom for the good of humanity and the world, not for only himself/herself.

To sum up, regarding STEM education experiences in prominent high schools of
Ankara, there are ready students for those processes as indicated by school principals
with their capabilities in using knowledge in the science, technology, engineering and
mathematics areas. Yet, there are no concrete STEM education applications in those
schools. Even the school establishing the “garage” has also concerns about how they
could implement such practices in their school because of the deficiencies between the
“garage” concept and the educational context. Also, TUBITAK project competitions
are not just based on STEM related areas but also based on social scientific areas which
direct students to learn by preparing projects. It is important to remember that
education is for the full preparation of students to the life-long skills as well as the
improvement of academic knowledge which will be used together for the survival in

the social life. Whole individual development is necessary for all students to be useful
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for their society they live in and for the moral issues they need to develop for the usage

of the knowledge they have to impact the same society.
5.1.3. School Principals’ Role in STEM Education

In the recent study, the document analysis on the vision and mission statements of the
schools shows that these statements are fuzzy and very general. In the semi structured
interviews, there were guestions about vision and mission statements and their relation
with STEM education but the school principals pointed out that those statements are
identified in the direction and framework defined by MoNE and they generally
resemble each other and not mention STEM education practices or technological
enhancement goals of the schools. However, according to the study done by Goldring
and Pasternack (2006), the strategies applied for the increase of school effectiveness
through the change processes by school principals, rather than traditional instruments,
the preparation of goals and school mission is the most influential instrumental factor
in relation to school effectiveness. Also, although school principals could have positive
attitudes towards technology usage in the classrooms and courses, they need to show
their positive attitudes more concretely by integrating technological and innovative
aims into vision of the school to provide necessary involvement and more effective
learning environment (Cakir, 2012). Therefore, it can be claimed that the mission and
vision statements of the school have an important place in the schools to go beyond

the borders and realize the technological and innovative changes in the schools.

STEM education requires change in the teaching and learning environment of the
schools and this needs preparation starting with the written statements of the schools
to make a realization of permanent change. However, in Turkey, the changes and
reforms are done in each school in the same way by MoNE (Kondakci, Orucu, Oguz
& Beycioglu, 2019) without the consideration of school type, student profile or the
socioeconomic status around the schools’ location is done. Therefore, the educational
change process requires school principals to take on responsibility for identification of
the scale of the educational change in the school as well as the vision and mission
statements. However, regarding STEM education, there is not such kind of an action
in the schools to be taken to go to the next step as the results of the recent study showed.

Participant school principals did not define their role in the school as forming mission
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and vision statements of the school or at least leading this movement. Yet, in STEM
education process, how a school principal locates his/her position to lead the school

environment and the implementation done is important.

In this study, they identify themselves in the position of motivator, supporter and
facilitator in general. Most of the principals indicated the importance of being a leader
by providing motivation and flexibility, applying an “open door” system for teachers
and students to tell their problems and ideas, playing the role of “orchestra chef” to
sustain harmony, being the person in charge of all processes in addition to providing
participatory decision making processes for teachers. They follow those processes not
just for their experiences perceived as STEM practices but also for all educational
processes. According to the study done by Akbaba-Altun (2004), while school
principals provide facilitation, staff development and communication in information
technologies (IT) processes, principals need to add instructional and technological
leadership, supervision, planning, coordination, public relation, empowerment, ethics
and security into those features. Those mentioned properties match with the ones
indicated in the recent study by the high school principals as being facilitator,

motivator and supporter.

School principals are the leaders and the head of the schools who meet the needs by
handling the deficiencies when it is asked by teachers or it is necessary. According to
results of this study, school principals mostly perceive their role in STEM education
as facilitators, supporters and motivators. This facilitation job includes wide range of
tasks including preparation of the school for each semester physically, contacting the
people with knowledge to brief students and teachers for subjects that seem necessary
for the improvement all of which is for the contribution to the quality of the teaching
and learning environment. The participant school principals indicated their facilitator
role as being servant, providing informational support by arranging meetings with
experts, supplying physical needs as 3D printers, computers, tablets. Apart from a few
school principals, most of them mentioned their overall role in the school as a
facilitator by not talking about role in STEM practices. As there is no knowledge about
this educational approach among the principals, they stated their lack of practices and

role in STEM education. Yet, the facilitator role of the school principals is important
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aspect of their job since supplying the needs and requirements in the teaching and
learning environment asked by teachers and students could make the process of

learning more efficient in all learning processes including STEM practices.

In addition to the facilitation role of school principals, they define another role they
have in the process as being a supporter. In schools, it is important to provide an
efficient teaching and learning environment. Therefore, in order to implement STEM
education practices in high schools, as indicated by the participant school principals,
the role as a supporter is important to encourage teachers first to professionally develop
themselves, then for the students to take a step to be part of the STEM practices. Also,
school principals take the role of gathering teachers in the same teaching area or in
different teaching areas to collaborate and appreciate the work they do together to
support them to collaborate more. The participant school principals emphasized the
importance of the support of new ideas and the entrepreneurship of both teachers and
students in the way of trying new things and taking risks as well. According to
Bredeson (2000), for the teacher development, principals have three main roles as
being supporter, communicator and manager to create a learning environment for
teachers and the improvement of the school. The support could be professional,
psychological and emotional support with which the teachers could take risks to try
new practices and reveal their creativity in the process of teaching. Thus, for creating
a teaching and learning environment that has challenging project to implement in the
school, the school principals should take the lead and support the action by considering
the benefits of the initiated implementations for teachers and students (Ackley, 2009).
In this sense the perception of participant school principals regarding their role in
STEM practices in this study match with the literature. The support coming from the
school principals encourage teachers and students to be entrepreneur and give them
flexibility and motivation to try new things in the teaching and learning processes.

Their role as supporter is important because of those reasons.

Last but not least, the participant school principals pointed out the importance of being
a motivator for teachers in the implementation of different practices which is part of
being a leader. Being a good motivator as a leader implies variety of actions such as

providing flexibility in the working environment, sustaining the motivation through
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the process of teaching and learning, participating staff to the decision making
processes for what will be done, taking risks for implementing what is best for students
and guiding all the processes as the head of the school. As stated by Wahlstrom and
Louis (2008), the principal leadership impact on student achievement is inevitable and
the study they have done revealed the importance of teacher-principal and teacher-
teacher communication through the shared leadership for decision making processes
in the school about the instructional purposes. Therefore, the mentioned characteristics
of providing motivation that the participant school principals emphasized are
important because of creating a teaching and learning environment including shared
decision making, flexibility and sustaining motivation. The emphasis on providing
flexible environment and supporting the new ideas is necessary for the creativity of
teachers to implement those ideas which is important in STEM practices as well since

it requires creativity and flexibility in the implementation process.

To sum up, the role of school principals not just in STEM education but in all teaching
and learning practices are being a motivator, supporter and facilitator. Providing the
necessary materials and meeting the requirements, supporting the new ideas and
allowing the teachers and students to involve in in challenging and risky projects are
the roles of school principals that are needed in the process of new implementations
revealed as STEM education. In addition to those, being the leader in this process who
motivates, takes risks, takes decisions with teachers, provides healthy communication
environment is another role for school principals to lead the educational processes
including STEM practices for the favor of school effectiveness.

5.2. Implications for Turkish Educational System

In the literature, there are many studies about STEM education investigating it from
different perspectives as curriculum, teacher development, student readiness and
effectiveness but studies approaching to this educational practice from the perspective
of school principals were very limited in number and content. When the importance of
school principals for the school effectiveness and the student achievement is
considered, as the head of the instructional practices and the most knowledgeable
person in the eyes of teachers and students, their perception regarding STEM education

gains importance for the implementation and the sustainability of those kinds of
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practices. Therefore, this study aims to understand the perception of high school
principals about STEM education who are working in the prominent schools of Ankara
province and the country according to the student achievement level measured by
standardized tests and the placement of those students to the high ranking universities
of the country.

This study examined how the head of the school principals perceived STEM education,
not trying to measure the effectiveness of the STEM education. These educational
practices could have promising effects on student learning and the preparation of
students with 215 century skills for the life as it was claimed in the literature and policy
reports. Yet, there is not enough level of readiness and knowledge regarding the
concept. In an environment without enough knowledge, how one can expect to have
implication that has an impact on student learning. As participant school principals of
this study indicated, when the implementation is tried to be done with sudden decision
making without any proper preparation of physical infrastructure and human
resources, there can only be a new course named as STEM practices taught in regular

lecturing method, not in an interdisciplinary perception.

First issue regarding STEM education is the mismatch of the Turkish educational
context with the main purposes of revealing the STEM education. The sudden
popularity of the STEM education was because of its claim on the country’s economic
enhancement placing them to the higher ranking in the global market. The willingness
of the United States of America regarding holding the number one position in the Gross
Domestic Product (GDP) among all countries is the reason why STEM education was
revealed. The competition in the economic area and the concern regarding the rapid
growth of the countries of China and India made the United States of America to take
precautions by revealing the plan that gives importance to the STEM areas with the
initiative announced by Obama as Educate to Innovate (Office of Press Secretary,
2009). This initiative takes the lead in the educational area in the United States of
America by affecting the educational practices, policies and academy. In relation to
the contribution of STEM education to the economy, the United States of America
have the motive to initiate this approach to raise STEM area workers coming from the

STEM pipeline, who were born in the United States of America (Land, 2013). Because
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of the return of foreign individuals to their home country after their education is over
in the United States of America caused the loss of the educated and qualified
individuals, the country launched this STEM movement. When the motive to initiate
this movement is for the United States of America, it can be said that they act according
to their educational and policy needs for the raise of next generations for the country’s
favor. Yet, the motive is not valid for Turkey since our concern is about non-return of
our educated individuals from the foreign countries after they complete their education
or get experience for a couple of years if they have gone to foreign countries. Also,
keeping the individuals in the country by providing the quality education or job
opportunities after the graduation is another concern for Turkey in STEM areas which

is related to preventing brain drain of those individuals.

According to the statistics published by Higher Education Council (2017; 2018; 2019),
the number of graduates of the engineering programs has been higher than 50,000 in
the last three years and the number of graduates of natural and applied sciences is
around 15,000. Those statistics indicate that there is no need for STEM education in
our country when the comparison with the whole population and the graduates of those
programs in each year is done. The employment issue of those engineering and natural
and applied sciences graduates is revealed with the increasing number of graduates in
Turkey. Therefore, directing more and more students to the STEM areas to have a
career is not a valid purpose for Turkey although it is proper for the United States of
America. Yet, this result of this study pointed out that the school principals in the
prominent schools of Ankara stated the quality of the students by indicating their
achievement in the science and mathematics areas and the guidance of those students
to the STEM areas. In our country, there is a need to consider an educational approach
for individuals to be directed to their interested areas, not just to STEM areas, because
the point should not be to have individuals in STEM areas because of their success in
science and mathematics but to choose their path for the future where they can both
contribute to the social and academic life and be happy. Therefore, for STEM
education practices to implement in our schools, first there is a need for a concrete
educational purpose in favor of students and the country. This is where the policy issue
comes to the surface. Policy transferring or policy borrowing is risky for countries

because of non-matching contexts of the countries as discussed earlier. Therefore,
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instead of borrowing the policies, the policy making that responds to the needs of the
country is a more sensible option as in the case of STEM education. Unlike many other
countries, Turkey has enough number of graduates in STEM fields. Rather, there are
graduates of those areas more than needed. Therefore, rather than directing qualified
students to STEM areas, taking policy actions regarding the needs of the country about

STEM-related graduates and the students is the priority.

As the United States of America launched this STEM movement, it spread out to the
world and the impact of STEM education became contagious even though there is not
enough knowledge and perception about what it is and how it could be implemented.
Therefore, this caused some attempts to apply STEM practices without proper
knowledge and preparation, showing lack of readiness as the results revealed in this
study. Therefore, second problem regarding the implementation is the lack of
infrastructure that the STEM practices need and the social justice issue which these
infrastructural problems brings to light. The infrastructure has two components as
physical and human infrastructure. Even though the tablets, smart boards and
computers are provided to many schools in Turkey after the launch of FATIH project,
there are still schools without this opportunity. In addition to this, as the school
principals perceived the STEM education, it requires more than just smart boards and
computers, including 3D printers, programming applications, high quality computers
and the materials to handle the structural needs of the projects. Therefore, there is
firstly a need to equate the opportunities in the schools for all students to reach the
same facilities, then to improve those qualities owned by the schools. Physical
facilities are important parts of the schools making the teaching and learning

environments more efficient and keeping classrooms matching with the age we live.

It is not enough to have those physical facilities in the classrooms if there is no use of
those facilities in the teaching and learning process. Therefore, another issue regarding
the implementation of STEM education is the teaching methods and teachers who will
supposed to be use those methods. The school principals mentioned that the flow of
the courses is done through the traditional way of teaching rather than using the
facilities the schools have. For that purpose, the teachers should be supported to try

new methods in the classroom. STEM education requires trying new paths in the
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classrooms rather than traditional method. About this issue, some of the participant
school principals admit that the schools are not ready for this kind of implementation
because of the lack of readiness of teachers and the participant school principals’ own
lack of knowledge. Therefore, the emphasis of the teachers’ professional development
need for STEM education was done in different research (AlKhateeb, 2018;
Bartholomew, 2017; Chai, 2019; Havice, et.al., 2018). This present research
contributes to those studies regarding the lack of readiness of school principals as the
STEM education perception showed the lack of knowledge. In order to provide an
environment for STEM education practices, the school principals should take the lead
to motivate the teachers and support the action done.

They could not undertake a role in STEM education practices because of the lack of
knowledge and infrastructure in addition to the incompatibility of STEM education
with the system flow in the schools which is the fourth issue creating an obstacle
regarding the implementation of STEM education in Turkish educational context.
While school principals lack knowledge and perception regarding STEM education as
the head of the school, who are also the instructional leaders, it is not valid to expect
teachers to initiate integrative educational practices on their own without the support
and knowledge of the school principals. Therefore, creating an organizational culture
for the STEM education is required (Kondakci & Kulakoglu, 2018) to prepare schools
in terms of physical and human infrastructure to internalize the concept for the proper
and sustainable implementation. To create this kind of an organizational culture, there
is firstly a need for changing organizational culture with regards to the norms, values,
philosophy and vision (Lunenburg & Ornstein, 2004). When the dependence of all
schools on MoNE regarding their vision and mission statements, before any action
expected from the schools, ministry should take the lead about STEM education
practices to be integrated into school context by guiding schools for the vision and
mission statements to be formed. If the change is done from top to down, then the
openness of the schools to changing organizational culture could increase. Yet, when
all those flaws and obstacles towards the implementation of STEM education as the
lack of mission and vision for STEM-related practices, the lack of human and physical
infrastructure, policy borrowing without proper consideration about the context, the

incompatibility of STEM-related implementation with the curriculum and practices
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and the lack of perception and knowledge for STEM education are considered the
conclusion arrived is about not implementing STEM education in our schools. The
reality of the schools regarding the attempts to integrate STEM education into schools
does not match what is written on the paper about how it could be implemented.
Therefore, there is more time needed to implement STEM practices than the traditional
teaching and learning practices and more effort needed to prepare STEM-related
activities integrated into curriculum which is unrelated to STEM practices (Kanadli,
2019).

Apart from all those flaws, the last issue is that the curriculum and the teaching and
learning environment provided in Turkey do not meet the needs of interdisciplinary
educational approach since there is no knowledge of teachers and pre-service teachers
about integrated practices. In order to expect teachers to integrate more than two
disciplines into their courses, there is a need to raise those pre-service teachers in the
university regarding the integrative education. Yet, there is a concern related to the
teacher educators since there are not enough teacher educators in the universities that
have an interdisciplinary sense to teach STEM (Chai, 2019). That is why educational
reforms and changes require time and effort comprising all stake holders of the
educational system including MoNE, universities, academy, schools and policy
makers. In order to expect schools to integrate STEM areas, firstly those parts of the
educational system should collaborate for improvement in school effectiveness.
Reforms could take time, but instead of short term solutions, there is a need to chase
long term opportunities by taking the time to apply reform actions slowly, not
immediately. Therefore, insisting on the integration of STEM education into our
educational system is not the right thing to do in the present time because of the lack
of perception, lack of knowledge and lack of infrastructure forming a barrier towards
the improvement of the school effectiveness according to the results of this study

which has taken the perception of school principals regarding STEM education.
5.3 Limitations of the study

First of all, the study was conducted with the participant school principals working in
science high schools as well as the project high schools in Ankara province which are

thought to be the prominent school of the area. Because the specific type of the high
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schools is investigated this research could only be valid for those schools. Although
there is no concern of generalizability in qualitative research, deeply understanding the
perception of more school principals in different provinces or in different school types
will enrich the literature by looking at STEM education from the perspective of school

management.

Secondly, there could be a researcher bias generating from the nature of qualitative
research. This could be unconscious expression revealed during interview or the
impressions made in some answers. Yet, as the researcher and interviewer, | tried to
stay objective while asking questions. Also, in order to prevent the researcher bias in
the data analysis, the interrater reliability is sustained by taking coding of some
interviews from four of my colleagues. Even though the precautions are taken towards
the researcher bias, there could be some unconscious actions as it was mentioned by
Fraenkel, Wallen, Huyn (2015). Also, there could be an interviewee threat in
qualitative research arising from the communication skills. As | experienced during
the interviews, school principals have an intention talk about all the practices they
made in their schools apart from what is asked. Thus, as the interviewer, | needed to
be careful and to control the interview session to keep school principals in the subject
of STEM education.

Thirdly, in this study, STEM education concept is investigated only from the
management perspective by interviewing with the school principals. Yet, there is a
need for deeper understanding of the implementation, teacher and student perception
about STEM education since the teaching and learning practices are basically the base

of school experiences.
5.4 Recommendations for Future Research

As this study is one of the pioneers regarding to learn about high school principals’
perception of STEM education, the data collected from the school principals working
in the prominent high schools of Ankara province. For further studies, it could be
suggested to investigate the issue deeper in other provinces in Turkey so that the results

of this study could be expanded for the other high school types or educational settings.
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Secondly, approaching the STEM education in Turkish educational context from
organizational culture perspective could give more insight about the compatibility of
STEM education in the schools. Since there is an organizational culture issue apart
from discussed structural and human source of the STEM education, it is needed to be
investigated.

Thirdly, the recommendation for policy makers and practitioners is to direct the effort
given to the integration of STEM education into the improvement of science and
mathematics courses in schools. It could be more beneficial to take action about the
teaching and learning environment provided for mathematics and science courses to
improve the knowledge of students in those areas since the results of standardized and
centralized university entrance exam done every year by OSYM (Assessment,
Selection and Placement Center) showed that the students mean level of basic
mathematics was 6.08 out of 40 questions and science was 2.70 out of 40 questions
this year (2019). According to the results of the standardized university exam, it is
important to consider solutions for the improvement of the students’ level of basic

mathematics and science skills.

Lastly, as YEGITEK (2018) pointed out that STEM education is not a new concept
but it is a holistic approach of all the methods that are implemented in our schools and
the compatibility of renewed curriculum with the STEM education practices, this issue

could be studied in future research.
5.5. Conclusions

The results of this study indicated the lack of readiness, knowledge and infrastructure
as obstacles towards applying STEM education in schools according to the data
collected from school principals. In addition to those, the incompatibility of the STEM
education with Turkish educational context and the lack of teacher educators to teach
how to implement courses with interdisciplinary sense are other conclusions that this

study is revealed.

Firstly, the concept of STEM education is not understood and there is lack of

knowledge about what it is and how it could be integrated into the implementations in
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the school practices. Asking teachers to implement an approach that the school
principals lack of knowledge is not fair when it comes to the application. As the
instructional leaders, school principals need to be the ones that have the knowledge
about the STEM education in the first place to lead teachers in the way of
implementation. Yet, they admitted the lack of knowledge of their own as well as the

teachers as a drawback for implementing STEM education.

Secondly, the physical infrastructure of the schools is not compatible with the STEM
education requirements as 3D printers, programing applications, high quality
computers. While some of the schools own the foundational technological devices for
the integration of technology in the classrooms, it is not enough for STEM education
and some of the schools do not even have the opportunity of those foundational
infrastructure. Therefore, the first need in the schools is to equate the infrastructural
opportunities and then move further by supplying necessary programs, materials and

software for STEM practices.

Thirdly, even though those physical infrastructures are gained to the schools, there will
be need for the human resources to use those facilities. Therefore, the issue is not just
physical but also human infrastructure to be improved for the implementation of
STEM practices. For this reason, in service trainings could be applied to the school
principals and teachers in order to raise their awareness about the concept and how it
could be implemented. Yet, the preservice teachers also need to be trained for
integrative teaching practices but there is lack of teacher educators teaching in
integrative perspective. Therefore, integrative approaches as STEM education requires
the teachers to be trained in that sense. Because even though the curriculum could be
proper for STEM education practices as indicated by YEGITEK (2018), the teaching
methods used and the lack of understanding towards integrative educational practices
are another setback towards STEM education as indicated by school principals. The
attempt to apply STEM educational course in the schools will turn into a course not
different than regular mathematics or science class with traditional teaching and
learning practices as mentioned by one of the school principals. Thus, teachers and
school principals should be educated in that sense if it is vital to implement STEM

education in the schools.
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Last but not least, educational policies of each country should be unique to their own
country since each of them have their cultural, social, historical background affecting
the way of raising the future generations for their societal needs. Therefore, countries
should take how they fit the borrowed policy into their own context into account while
they are borrowing educational policies. Yet, STEM education is a policy that fits into
the context of the United States of America but not Turkey because of the reasons
mentioned earlier such as the human capital needs of these two countries. In addition
to this, STEM education is not compatible with the culture and context of the Turkish
educational system since the traditional way of teaching and learning environment and
the educational processes in the schools which are forming the culture of the schools
do not match with the STEM education needs. For that reason, if it is wished to
implement STEM education in the schools, the conversion of the educational culture
is needed for the schools based on traditional curricular practices, and the preparation
of students to standardized university entrance exam in high schools.

To conclude, the managerial side of the schools have not enough knowledge and valid
understanding of the concept STEM education regarding the results of their perception,
experience and roles about STEM education. This result is compatible with the
previous studies done with teachers about the issue since the suggestions in Turkey
and other countries includes teacher training and infrastructural enhancements. At this
point, the lack of knowledge, readiness and infrastructure of school principals showed
that the implementation of STEM education is hard for Turkish context. Directing the
effort given to STEM education implementation attempts to the improvement of
school effectiveness through the development of current educational practices could
be more valuable for the educational system of the country since every educational
context is unique and the requirements to enhance the learning are different for each

country.
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APPENDICES

APPENDIX A: GORUSME SORULARI / INTERVIEW QUESTIONS

. Okuldaki 6grenme ortamini nasil tanimlarsiniz?

. Diger okullardan farkli olarak okulunuzda ne gibi yontemler
uygulanmaktadir?

. Amerika’dan diinyaya yayilan bir egitimi akimi olan STEM, fen bilimleri,
matematik, teknoloji ve miihendislik konularini bir araya getirerek 6gretimde
interdisipliner yaklagimi benimseyen bir egitim hareketidir. Bu hareketle ilgili
ne diisliniiyorsunuz?

. Okulun vizyonu ve hedefleri ile STEM egitimi arasindaki uyum var midir?
Varsa nasil?

. Okulun misyon vizyon ve hedeflerinde su anki egitim uygulamalarina katkiy1
ne sekilde yapiyorsunuz?

STEM egitimini uygulama 6rnekleriniz var mi1? Okulunuz STEM egitimini
hangi uygulamalarla egitim 6gretim ortamina aktariyor?
a. STEM hareketini okulunuzda yaygin bir sekilde uygulamak i¢in neler
yapiyorsunuz?
Sizce STEM egitim hareketinin kapsadigi egitsel alanlar hangileridir?
(analitik diistinme, problem ¢d6zme vb.)

. Miidiir olarak STEM egitimindeki roliiniizli nasil tanimliyorsunuz?
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a. Ogretmen-dgretmen ve dgretmen miidiir iletisiminin siirecteki rolii
nedir?

b. Sizin bu egitim siirecindeki liderlik roliiniiz nedir?

C. Bu siirecte 6gretmenlere nasil liderlik ediyorsunuz?

9. Ogrencilerin yapilan uygulamalara ydnelik tutumlar1 nedir?

10. Ogretmenlerin yapilan uygulamalara yonelik tutumlari nedir?

11. Ogretmenlerin siirece katilimini etkileyen faktorler nelerdir?

12. Bu siiregte ihtiya¢ duyulan / okulun ihtiyaci olan kaynaklar nelerdir?
Kaynaklarimiz yeterli mi?

13. STEM egitiminin uygulanabilirligi, gergekligi bakimindan Tiirk egitim
sistemine katkisini nasil degerlendirirsiniz? Tiirkiye’ye katkisini nasil
degerlendirirsiniz?

a. STEM’in egitimde eksik biraktig1 alanlar nedir?
b. STEM egitimdeki tiim ihtiyaglara cevap verebilir mi?

14. Avrupa ve Amerika’da bu yiikselen egitim hareketine kars1 ¢ikan arastirmaci
egitimci toplulugu var. Nedenleri ise egitimin sadece matematik ve fen
bilimlerinden ibaret olmadig1 bu konular1 merkeze alan bir yaklagimda sanat
ve beseri bilimlerin roliinlin olmadig1 yoniinde. Bu yiizden, egitim
ortamlarina matematik fen teknoloji ve miihendislik alanlarinin yani sira
sanat becerilerinin de bu siireclere dahil edilmesi gerektigini savunuyorlar.
STEAM egitimi ile ilgili ne diigiinliyorsunuz? Sanat ve beseri bilimlerin
STEM egitimine katkis1 var midir? Varsa nasil katki saglamaktadir?

a. STEAM egitiminde dnem verilen sanat ve beseri bilimler (arts and

humanities) sizin okulunuzdaki uygulamalarda nasil bir yere sahip?
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APPENDIX C: THE LEGAL PERMISSION OF PROVINCIAL
DIRECTORATE OF NATIONAL EDUCATION
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APPENDIX D: INFORMED CONSENT FORM

ARASTIRMAYA GONTLLT KATILIM FORMU

Bu galisma QDT Efitim Bilimler Bakimi Efitim Yanstimi ve Planlamas Program fgrencisi Biisra
Enlakoflu tarafindsn Dog DrYagar Eondakg damsmanhiinds yaririlmektedir. Bu form sizi
arastrma kosullan hakkinda bilgilendinmek igin hazrlanmstr.

Cabsmammn Amac Nedir?

Okul midiirlerinin Bilim, Teknoloji, Mahendislik, Matematik (BILTEMM/ STEM) afitimi
hakkmndaki gomig ve uygnlamalanm incelemekiir.

Bize ¥aul Yardima Olmamn Istevecegiz?

Arastrmna yaz yize gorigme yola ile gergeklestinlecektir. Okul madirlen katlonc olarak davet
edilecek kahlmak istevenlerle toplamda yaklanik 40 dakika sorecek miilakatlar yapalacaknr. Cahsmada
sizden istenen somlara dogimcelerimizi yansitarak cevap vemmenizdir Esabmeommn izin vermesi
dumummnda ses kayd: alimacaknr, izin vermemesi dummunds goriismeds not alinacakor.

Eatdummazla ilgili bilmeniz gerekenler:

Bu ¢absmaya kanlmsk tamamen gonallilok esasma dayaldir. Herhangi bir yaphrma veya
cezaya mamz kalmadan cabgmaya kanlmay reddedebilir veya ¢abzmayr buakabilirsiniz. Arashmma
esnasinda cevap vermek istemadiFiniz sorular olursa bog rzkabilirsiniz.

Arastrmaya katnlanlardan toplanan veriler tamamen gizli mmlacak, veriler ve kimlik bilgileri
herhangi bir sekilde eslestinlmeyecektir. Kanlmolann isimlen bagumsiz bir listede toplanacakaor.
Aynca toplanan verilers sadece araghormacilar ulagabilecektir Bu aragormanm somnglan bilimsel ve
profesyonel vavinlards veya efitim amagh kullanilabilir, fakat kanhmcilann kimlis gizli mmlacaknr,

Riskler:
Cahzmanim berbangi bir riski bulummamaktadar,
Arasarmavla ilgili daha fazla bilgi almak isterseniz:

Cabsmayla ilzili som ve yomumlanmz kvasarmem.edu.ir va da busreknmem. adw
adresinden iletebilirsiniz.

Yukandaks bilgileri okudum ve br calismaya famaemen gonilld elarak kanlperum.

(Formm doldump imzaladiktan sonra wygulayiciya gen veriniz).

Isim Soyad Tarih Imza
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APPENDIX E: TURKISH SUMMARY / TURKCE OZET

STEM EGITIMINDE BIiLINMEYEN ALAN: OKUL YONETICILERININ STEM
EGITiIMI HAKKINDAKI GORUSLERI

Giris

STEM ya da Tiirkiye’de bilinen adiyla BILTEMM egitimi, fen bilimleri (Science),
teknoloji (Teknoloji), muhendislik (Engineering) ve matematik (Mathematics)
alanlarinin akroniminden olusan ve bu alanlarin disiplinler arasi1 bir yaklagimla egitim
ortamlarinda uygulanmas1 amaciyla ortaya ¢ikmis bir egitim hareketidir. Ortaya ¢ikisi
Amerika Birlesik Devletleri’'nde olan bu egitim hareketinin Tiirkiye’deki ilk adimlar
Amerika Birlesik Devletleri’nde doktorasini tamamlayan akademisyenlerin iilkeye
doniisti ile atilmistir. Tiirkiye’de STEM egitim hareketi 6zellikle akademide ve 6zel
okullarda yanki bulmustur (Oztiirk, 2018). STEM egitiminin bu sekilde bir trend
haline gelmesinin ardindan, ulusal diizeyde bir devlet politikas1 olarak ele alinmasi
Milli Egitim Bakanligi (2016) tarafindan yayimlanan STEM Egitimi Raporu ile
olmustur. Raporda STEM egitimi ile ilgili herhangi bir eylem planinin bulunmadig:
belirtilmis buna karsilik 2015-2019 stratejik planinda bu konuya iliskin baz1 amaglarin
olusturuldugundan bahsedilmistir. Ayrica Universitelerde STEM egitimi ile ilgili
yapilan c¢alismalarin ve projelerin azlig1 da vurgulanmistir (MEB, 2016).

Diinyada bircok calismaya konu olan STEM egitimi, Tiirkiye’de de calisilan bir
konudur. Cevik (2017) tarafindan yapilan ¢aligmaya gore 2014-2016 yillar1 arasinda
bu alanla ilgili otuz dort arastirma bulunmaktadir. Konuyu 6gretmen adaylariyla,
Ogrencilerle ve az da olsa 6gretmenlerle yapilan arastirmalarla irdeleyen arastirmacilar
genellikle STEM egitiminin degerlendirilmesi, miithendislik ve STEM, fen bilimleri
ve STEM, STEM goriisleri ve STEM egitimine olan egilim agilarindan

incelemiglerdir. Yapilan calismalarin c¢esitliliginin aksine STEM egitiminin okul
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mudiirleri veya okul yoneticilerinden toplanmis verilerle incelenmesi konusunda

kiiresel captaki eksiklik Tiirkiye’de de goriilmektedir.

STEM egitiminin egitim-6gretim ortamlarina aktarilmasi konusundaki eksiklikler ve
engeller, konunun tam olarak agiklik getirilmemis bir egitim hareketi olmasindan
kaynaklanmaktadir. Ayrica iilkemizde STEM egitiminin uygulanmasi igin altyap1
ihtiyaclarinin karsilanmasi ve okul ortamlarinin uygulamalara uygun hale getirilmesi
gerekmektedir. Bu eksik ve engeller diisiiniildiiglinde, sonugsuz kalan uygulamalar
etrafinda sekillendirilmeye calisilan STEM egitimi, Bati iilkelerinden yapilan daha
onceki diger politika ithalleri gibi, gegici bir hevesin Gtesine gegcememektedir. Her
yonden arastirma ve inceleme yapilmasini gerektiren STEM egitiminin Tiirk egitim
sistemine uygunlugu incelenmeden bu egitim hareketine comert yatirimlar

yapilmaktadir.
Arastirmanin Amaci

Tiirk egitim sistemindeki degisim ve gelisimlerin uygulanmasi, fark edilme ve
yerlestirilmesi i¢in okul liderligi 6nemli bir yere sahiptir. (Kondak¢1 vd., 2019). Bu
yiizden baska degisim siireclerinde olmas1 gerektigi gibi STEM egitiminin de liderlik
acisindan degerlendirilmesi gerekmektedir. Bu durumdan hareketle, bu c¢alismanin
amaci, Ankara ilinde 6zel program uygulayan proje liseleri olarak adlandirilan ya da
ortadgretime gecis sinavinin sonuglarina gore dgrenci alan liselerde gorev yapan okul
yoneticilerinin bu konudaki diistincelerini ve bu konuya yaklagimlarini anlamaktir. Bu
sayede STEM egitimi siiregleri okul yoneticilerinin goziinden irdelenecektir. Bu
amacla, miidiirlerle dort alan1 kapsayan NYC STEM cer¢evesinden yola ¢ikilarak
hazirlanan goriisme protokolii kullanilarak yiiz ylize goriismeler gergeklestirilmistir.
Bahsi gecen dort alan (i) okul vizyonu ve basari igin gerekli olan yapi, (ii), STEM
egitim programi, Ogretimi ve degerlendirmesi, (iii), stratejik ortaklik, ve (iv)
tiniversitelerde STEM ve STEM kariyer planlamasi i¢in gerekli K-12 seviyesinde plan
ve hazirliklardir. STEM egitiminin okullarda uygulanmasina yonelik olusturulan ve
uygulama icin gerekli olan 6nemli noktalara deginen bu temel ¢erceveyi kullanarak
olusturulan gériisme sorulariyla yapilan ¢alismanin amaci okul yoneticilerinin STEM
egitimi algilarini, deneyimlerini ve siiregteki rollerini anlamaktir. Bu baglamda

calismanin arastirma sorulari su sekildedir:
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1. Okul yoneticileri 2010larin egitim trendi olan STEM egitimini nasil
algilamaktadir?

2. Okul yoneticilerinin STEM egitimi ile ilgili deneyimleri nelerdir?

3. Okul yoéneticileri okullarindaki STEM egitimi uygulamalarindaki rollerini

nasil tanimlamaktadirlar?
Alanyazin Taramasi

Alanyazin taramasinda ilk olarak ele alinan konu, STEM egitiminin Amerika Birlesik
Devletleri’nde ortaya ¢ikisinda rol oynayan etkenler ve ortaya ¢ikis nedenleridir. Daha
sonrasinda Tiirkiye’de nasil ortaya c¢iktigindan ve bu konuda MEB tarafindan atilan
adimlardan bahsedilmistir. STEM egitimi diinyada oldugu gibi Tiirkiye’de de yanki
bulan bir konu olmasina ragmen STEM egitimiyle ilgili tanimsal ve kavramsal
acilardan eksiklikler ve ikilikler vardir. Bu durum alanyazinda ortaya ¢ikan bir diger
STEM egitimi konusudur. Tanimsal ve kavramsal eksikliklerin yani sira STEM
alanlarinda kariyer se¢cmeleri i¢in bireylerin egitimlerinin ilk yillarindan itibaren
STEM egitimine tabi tutulmasi gerektigini savunan STEM hatt1 (STEM pipeline)
kavramiyla ilgili alanyazindaki tartismalara da alanyazin taramasit kisminda yer
verilmistir. Ayrica, tim bu eksiklikler, uygulamalar, ortaya ¢ikis hikayelerinden sonra
STEM egitiminin bir politika sorunu olarak ele alinmasi gerektiginden bahseden
calismalara ve politika ithalinde dikkat edilmesi gereken hususlara da deginilmistir.
STEM egitimi bir egitim politikas1 olmasinin yani sira egitimde esitlik konularini da
giindeme getirmektedir. Alanyazinda bu konu dezavantajli gruplar, kadinlar, okullar
arasi farkliliklardan olusan esitsizlikler, STEM alanlarinda c¢alisan bireylerin zeki ama
asosyal (nerd, geek) olarak gorilmesinden kaynaklanan kariyer se¢im degisiklikleri
gibi hususlarda ele alinmigtir. Tiim bunlarin yaninda teknolojik gelismelerin dogrusal
degil iistel (exponential) bir biiylimeyle yasandigi 21. yiizyilda, STEM egitiminin
sosyal hayat becerileri ve is bulma olanaklarini arttirmak agisindan gerekli olan bilgi
ve becerilerin gelistirilmesinde rol oynadigina dair caligmalar alanyazinda mevcuttur.
Yasadigimiz ylizyillda STEM egitimin bilgi ve beceri gelistirme konusunda getirdigi
avantajlari yaninda STEM egitiminin eksik biraktig1 alanlardan da s6z edilmektedir.
Eksik kalan alanlarin gelistirilmesi amaciyla STEM egitimi yerine daha yeni bir
konsept olan STEAM egitiminin uygulanmasi fikri oraya atilmistir. Bu egitim
yaklasimda STEM egitimine sanat ve beseri bilimlerin eklenmesi ve bireylere etik,
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sorumluluk ve estetik gibi konularda katki saglanmasi gerektigi vurgulanmaktadir.
Tim bunlara ek olarak, konu hakkinda alanyazinda yapilan ¢alisma olmasa da STEM
egitiminin uygulanmasi i¢in okul ydneticilerinin {stlenmesi gereken rollerden
bahsedilmistir. Alanyazindaki eksiklikten dolay1 konu okul miidiirlerinin okullardaki
teknoloji uygulamalarinda iistlendikleri liderlik rollerinden ve okul miidiirlerinin
degisim siireglerindeki rollerinden bahsedilerek STE egitimi uygulamalarinda

ustlenebilecekleri rollerle bagdastirilmstir.
Metot

Nitel arastirma metodu “deneyim”lere, “anlam”a ve “anlamlandirma”ya odaklanir
(Bogdan & Biklen, 1998; Patton, 2002). Bu calismada bireylerin deneyimleri ile
olusturduklart disiincelere, hareketlere ve varsayimlara odaklanan fenomenoloji
calisma deseni kullanilmistir (Creswell, 2007, p.57; Patton, 2002, p.104). Calismanin
amaci okul yoneticilerinin STEM egitimi ile ilgili algilarini, deneyimlerini ve rollerini

derinlemesine anlamak oldugundan nitel arastirma yontemi tercih edilmistir.
Calisma grubu

Calismanin katilimcilar1 Ankara ilinde bulunan liselerde ¢alisan okul yoneticilerinden
olugsmaktadir. Katilimeilarin lise diizeyinde okul yoneticiligi yapan kisilerden secilmis
olmasinin nedeni lise seviyesinin tiniversitede okunacak bolim ve kariyer segiminde
kritik bir donem olmasindan kaynaklanmaktadir. Ankara ilindeki liselerden katilimci
okullart segme kriteri ise liselerin Milli Egitim Bakanlig tarafindan her sene yapilan
Lise Giris Swmnavi (LGS) ile 6grenci alan liselerden olmalaridir. LGS’ nin  6nemi,
degisen sinav sistemiyle birlikte, bu sinavla 6grenci alan liselerin yalnizca fen liseleri,
sosyal bilimler liseleri ve Ozel Program ve Proje Uygulayan Ortadgretim Kurumlar
olmalaridir (Milli Egitim Bakanligi, 2018b). Ankara ilinde bulunan toplam 795 liseden
82 tanesi bu kritere uymaktadir. Olgiit 6rneklem yoluyla secilen (Patton, 2002) bu
okullarda aranan bir diger kriter ise okullarin STEM egitimine yakin uygulamalar

yapabilecek ve bu konuda egilimi olan okullar olmalaridir.

Okul tiirlerine karar verildikten sonra, on bir okul ydneticisi ile goriismeler
gerceklestirilmistir. Bu okul yoneticilerinden ikisi Fen Lisesi’nde, ikisi Anadolu ve

Imam Hatip Lisesi’nde ve geri kalan yedisi Anadolu Lisesi’nde gorev yapmaktaydi.
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Lincoln ve Guba (1985)’ya gore arastirmalarda 6rneklem biiytikliigiine katilimcilardan
alinan bilgilere gore karar verilmektedir. Bu yiizden, 6rneklemden alinan bilgilerin en
yiiksek noktaya ulastig1 ve artik alinan bilgilerin tekrar etmeye basladig1 noktada veri

toplama sureci sonlandirilmistir (aktaran Patton, 2002).
Veri Toplama Aracglar

Bu calismada iki tiir veri toplama araci kullanilmistir. ilk veri toplama araci goriisme
protokoliiniin uygulanmast yoluyla okul yoneticileriyle yapilan yiliz yiize
goriismelerdir. Goriisme sorulari, yart yapilandirilmis gériisme teknigine gore, on dort
ana soru ve yedi alt sorudan olusacak sekilde hazirlanmistir (Appendix A) ve goriisme
sorulart ile ilgili iki akademisyenden uzman goriisii alinmistir. Yapilan goriismeler
sirasinda katilimcinin bilgisi ve izni dogrultusunda ya ses kaydi alinmis ya da not
tutulmustur. Bu c¢alismada nitel arastirmanin gecerlik ve giivenirligini artirma
yollarindan biri olan ‘veri toplama araci ¢esitleme yontemi’ kullanilmistir. Bunun i¢in
kullanilan ara¢ okullarin internet siteleri ve stratejik planlarmin incelenmesi yoluyla
yapilan dokiiman analizidir. Dokiiman analizi sirasinda, konuyla ilgisi olmayan
duyuru, haber ve stratejik plan dokiimanlarinin géz ardi edilmesi i¢in Miles ve
Huberman (1994) tarafindan belirtilen ‘veri azaltimi teknigi’ kullanilmistir. STEM

egitimi ile ilgili olmayan dokiimanlar bu sekilde elenmistir.
Veri toplama sireci ve veri analizi

Goriisme sorularinin  hazirlanmasindan sonra ODTU Insan Arastirmalar1  Etik
Kurulu’na Mayis 2018’de bagvurulmus ve izin Haziran 2018’de alinmistir (Appendix
B). Sonrasinda Ankara il Milli Egitim Miidiirliigii’nden Agustos 2018°de gerekli izin
alinmis ve goriismelere baslanmistir. On bir okul yoneticisiyle yapilan gorlismeler
sonrasinda veri toplama siireci goriismeler agisindan sonlandirilirmistir. Dokiiman
analizi goriismeler sonlandirildiktan sonra yapilmistir. Veri toplama siireci Mart
2019°da bitmistir. Veri analizi i¢in kodlama teknigi kullanilmistir ve bu siiregte
MAXQDA 2018.2 uygulamasindan yararlanilmigtir. Kodlama teknigi ile analiz edilen
verilerden ii¢ arastirma sorusu i¢in toplam dokuz tema ¢ikmistir. Veri analizi betimsel

analiz ve igerik analizi olmak {izere iki ana analiz sekliyle gerceklestirilmistir.
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Bulgular

Bu calismada Lise Giris Siavi sonuglarina gore 6grenci alan liselerde gorev yapan
okul yoneticilerinin STEM egitimiyle ilgili algilar1 incelenmigtir. Ayrica okul
yoneticilerinin okullarinda yasadiklart STEM egitimi deneyimleri ile bu siireglerdeki

rolleri arastirilmastir.

Genel olarak, STEM egitiminin okullarin stratejik planlar1 ve misyon, vizyon
climlelerinde yer almadigi, igerik analizinden 6nce okullar ve miidiirlerle ilgili yapilan
betimsel analizde goriilmiistiir. Ayrica goriisme yapilan tiim okul miidiirlerinin okul
yoneticiligi deneyimleri ¢ok olmasina ragmen STEM egitimi konusunda bilgilerinin
kisitlt oldugu veri analizi sonucunda ortaya ¢ikmistir. Ek olarak, okullarin altyapi
acisindan farklilik gosterdigi ve bazi okullarda FATIH projesi ile okullara getirilen

altyapt uygulamalarinin bile olmadig1 goriilmiistiir.

Veri analizi sonucu ii¢ aragtirma sorusu i¢in dokuz tema ¢ikmistir. Bunlar ilk aragtirma
sorusu olan STEM algist ile ilgili ortaya ¢ikan (1) tanimsal sorun, (2) STEM’e karst
STEAM, (3)STEM’in Tiirkiye’ye katkilari, (4)STEM’in (politika) eksikligi; ikinci
arastirma sorusu olan okul yoneticilerinin STEM egitimi deneyimleri ile ilgili ortaya
¢ikan (5) okullarin durumu, (6) okullarda STEM egitimi; ve son aragtirma sorusu olan
okul yoneticilerinin STEM egitimindeki rolii ile ilgili ortaya ¢ikan (7) miidiirlerin
yardimer rolii, (8) midurlerin destekgi rolii, (9) midiirlerin motivasyon saglama

rolidir.

Okul miidiirleri STEM egitiminin ne oldugu ile ilgili birbirinden farkli algilara
sahiptir. Bu durumun nedeni STEM egitimiyle ilgili bilgi eksikligi ya da yanlis
anlasilmalardan kaynaklanmaktadir. Kimisi STEM egitiminin fen bilimleri, matematik
ve hatta beden egitimi dersi ile ilgili olabilecegini sdylerken (P5), baska bir okul
miidiri STEM egitiminin bir yasam felsefesi olarak degerlendirilebileceginden
bahsetmistir (P10). STEM egitiminin Tiirkiye’de ¢ok anlasilmadigini belirten ve
sadece kodlama ve robotik olarak algilandigindan bahseden bir okul miidiirii de

olmustur (P1).

Tanimsal sorunlara ek olarak ve sanat ve beseri bilimlerin STEM egitimine

yerlestirilmesi gerektigini vurgulayan STEAM egitimiyle ilgili de okul mudurlerinin
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birbirlerinden farkli goriisleri bulunmaktadir. Bir okul miidiirii bu alanlarin birlikte
yiiriitilemeyecegini sdylerken (P3), bagka bir okul miidiirii miiziksiz, resimsiz ve
fiziksel aktiviteler olmayan bir hayatin diisiiniilemeyecegini bu yizden de STEM

egitimine sanat ve beseri bilimleri katilmasi gerektigini vurgulamistir (P7).

STEM egitiminin iilkeye katkisiyla ilgili yapilan yorumlarda miidiirlerden biri her
diisincenin diistinme asamasinda iyi oldugunu ancak uygulamaya gectiginde
sonuglarin incelenmesi gerektigini vurgulamis ve STEM egitiminin eger verimli,
sonuglar veriyorsa uygulanmasi gerektigini belirtmistir (P5). Bir diger okul midiiri
STEM egitiminin ¢ikis amaci da olan, STEM egitiminin iilkelere ekonomik
katkilarindan bahsetmis ve STEM egitiminin bir ticaret araci olarak iilkeye geri doniis
saglayacak sekilde girisimcilik ruhu etrafinda gelistirilmesi gerektigini sOylemistir
(P10). Bu sayede STEM egitimi ile amaglanan katkinin saglanabilecegini

vurgulamaistir.

Katkilarinin yaninda okul miidiirleri STEM egitiminin politika olarak eksik biraktig1
alanlardan da soz etmiglerdir. Baz1 okul yoneticileri tarafindan vurgulandig tizere,
ilkelerin kiiltiir, ekonomik ve sosyal yapilarinin farkliligindan kaynakli olarak her
egitim yaklagimi her iilke ve her egitim sistemi i¢in uygun degildir. Amerika Birlesik
Devletleri’nin egitimdeki ve ekonomideki ihtiya¢ ve istekleri ile lilkemizdeki egitim
thtiyag ve istekleri birbirinden farkli oldugundan STEM egitimi tek basma bir
cankurtaran simidi olarak gorulmemelidir (P1, P3, P10). Ayrica bir okul midiirii
tilkemizdeki egitim programiyla Ogretimi yapilan matematik ve fen bilimleri
derslerinin STEM egitimi yoluyla daha 1yi 6gretilmeyecegini vurgulamistir (P3). Buna
ek olarak STEM egitimi ile iilkemizdeki egitim sistemi uyumsuzluk gostermektedir.
Bunun nedenlerinden biri okul miidiirleri tarafindan iiniversite giris sinavlarina
hazirlik siireci olarak belirtilmistir. Ek olarak okullarin acilis kapanis saatlerinin belli
olmas1 ve Ogrencilerin okullara uzak noktalardan gelmelerinden dolayr STEM
egitiminin uygulanamayacagini belirten bir okul miidiirii olmustur. Ciinkii STEM
egitimi esnek ¢alisma saatleri, girisimcilik ruhu ve istek gerektirmektedir. Burada okul
miudiirii tarafindan verilen 6rnek Steve Jobs’in evinin garajinda geceleri c¢alisarak
kurdugu Apple sirketi ve bu sirketin su anda diinyadaki basarisidir ve okul miidiiriiniin
sOyledigi iizere Apple’in gece garajda calisilarak kuruldugu distiniiliirse STEM
egitimi siif ortaminda ders sirasinda uygulanabilecek bir egitim yaklagimi olarak
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diistiniilmelidir (P10). Tiim bunlara ek olarak okul miidiirlerine gére STEM egitiminin
nasil uygulanacagina dair bilgi eksiklikleri ve altyap1 yetersizligi STEM egitiminin

uygulanmasi konusundaki diger engellerdir.

Ikinci arastirma sorusunun temalarindan ilki olan okullarm durumuyla ilgili iki alt
temadan sdz edilebilir. Ilki gdriisme yapilan okul miidiirlerinin ¢alistiklar1 okullardaki
ogrencilerin niteligidir. Tim okul miidiirleri okullarinda bulunan 6grencilerin STEM
egitimi uygulamalarinda yer alabilecek diizeyde ve nitelikte oldugunu belirtirken, bazi
okul miidiirleri 6grencilerin merakli ve O0grenmeye acik oldugunu da sozlerine
eklemislerdir. Bir diger alt tema ise 6gretmenlerin STEM egitiminin uygulanmasi
konusundaki deneyim, bilgi ve becerileri ile ilgilidir. Tum okul midirleri STEM
egitimi ile ilgili Ogretmenlere hizmet i¢i egitim verilmesi gerektigini dile
getirmiglerdir. Bunun yaninda STEM egitiminin Ogretmenlerin fedakarliklar: ile
gerceklestirilebilecegini clinkii esnek calisma saatleri gerektiren bir egitim yaklagimi
oldugunu vurgulayan bir okul miidiirii olmustur (P10). Ayrica her 6§retmenin yeni
yaklasimlar deneme konusunda istekli olmadigin1 ve bazilarinin geleneksel egitim
Ogretim yonteminden vazgecmeyeceklerini de vurgulayan okul miidiirleri

bulunmaktadir.

Goriisme yapilan okul miidiirlerinin ¢alistigr liselerde STEM egitimi konusundaki
deneyimler kisithidir. Okullarin 6grenci ve 6gretmen ile ilgili durumlarinin yaninda
okuldaki altyap1 eksiklikleri okul miidiirleri, tarafindan bu konuda belirtilen bir diger
engeldir. Tiim bunlara ragmen STEM egitimi deneyimi olarak goriilen ve tiim okul
miidiirleri tarafindan belirtilen yegane etkinlik TUBITAK proje yarismalaridir. Cok
cesitli bransta hazirlanabilen bu projeler, matematik, fen bilimleri, kodlama gibi
alanlar1 da ic¢inde barindiran etkinliklerdir. Ancak bu etkinlikler tim okul
ogrencilerinin katilmiyla degil, bireysel ya da kiiclik gruplar halinde c¢alisan

Ogrencilerin katilimiyla gerceklesmektedir.

Son arastirma sorusu ile ilgili ortaya {i¢ tema ¢ikmistir. Bunlardan ilki okul
midiirlerinin okuldaki siireclere yardimci olma rolleridir. Okul miidiirlerinden biri bu
durumu okulda hem hizmetli hem de midiir olarak c¢alistiklarini, 6grencilerin ve
Ogretmenlerin ihtiyaclar1 dogrultusunda hareket ettiklerini sdyleyerek agiklamistir

(P8).
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Okul miidiirlerinin belirtilen bir diger rolii ise destekleyici olma roliidiir. Yeni fikirler
ve proje Onerileriyle gelen Ogretmen ve Ogrencilerin desteklendiginden
bahsetmislerdir. Ayrica motivasyonu saglama rollerinin oldugunu sdyleyen bir okul

midird de olmustur.

Motivasyon saglayici rolleriyle miidiirler okuldaki fikirleri desteklediklerini ve okul
gelisimi ile 6gretmen egitimlerine 6nem verdiklerini vurgulamislardir. Muddrlerin bu
roluyle ilgili acik kapi politikasi benimsedigini ve lizerine disiiniilmiis her fikrin
desteklendigini sdyleyen bir okul midiiriiniin (P9) yaninda 6gretmenleri okulun
misyonunu ger¢eklestirmede ve vizyonuna ulagsmada lider olarak yonlendirdigini ve

bu konuda motivasyon sagladigini sdyleyen bir okul midiirii de vardir (P7).
Tartisma

Bu ¢alismanin amaci STEM egitiminin etkililigini 6l¢mek degil, okul yoneticilerinin
STEM egitimini nasil algiladiklarini anlamaktir. STEM egitimi alanyazinda ve egitim
politikas1 raporlarinda iddia edildigi iizere 6grenme ortamina ve Ogrencilerin 21.
yiizy1l becerilerini kazanmalarina katki saglayacak bir egitim yaklasimi olabilir.
Ancak bu ¢aligmanin sonuglarinin gosterdigi tizere STEM egitiminin uygulanmasi ig¢in
hazirbulunusluk ve bilgi diizeyinde yetersizlikler bulunmaktadir. Bilgi eksikliginin
bulundugu bir konuda 6grencilerin 6grenimleri tizerine olumlu katki saglanilmasi
giictiir. Okul miidiirlerinden birinin bahsettigi iizere yeterli donanim, altyap1 ve bilgi
birikimi olmadan uygulanmaya kalkilirsa STEM egitimi sadece 6gretmen anlatimina

(lecturing) dayanan yeni bir ders ad1 olmaktan 6teye gegmeyecektir (P10).

STEM egitimiyle ilgili ilk sorun Tiirk egitim sistemi ile STEM egitimi arasindaki
uyumsuzluktur. Amerika Birlesik Devletleri’nde ortaya ¢ikan STEM egitiminin ortaya
¢ikis amact STEM alanlarinda kariyer yapmak isteyen ABD dogumlu birey sayisini
arttirmak ve onlar1 ekonomiye kazandirmaktir (Land, 2013). Tiirkiye’nin miithendislik
ve fen bilimleri alanlarmdaki mezun sayilar1 (YOK, 2017; YOK, 2018, YOK, 2019)
ve i3 bulma durumlar1 disiiniildiiglinde iki iilke arasinda farkliliklar oldugu
gozlemlenmektedir. Bu yiizden Tiirkiye’nin ihtiyaci olan sey iiniversite diizeyinde
daha ¢ok insanin miihendislik ve fen bilimleri alanlarinda egitim alarak bu alanlardan
mezun olmast degil, mevcut mezunlarin beyin goglinliin engellenerek {ilke

ekonomisine kazandirilmasini saglamaktir. Bu nedenle STEM egitiminin egitim

134



sistemi ile uyumsuzlugu ve uygulamadaki eksiklikler, bu kavramin bir politika ithali

sorunu olarak karsimiza ¢ikmasina neden olmaktadir.

Ikinci olarak STEM egitiminin {ilkemizde uygulanmas: icin gerekli altyap: tiim
okullarda mevcut degildir ve bu da STEM egitiminin bir egitimde esitlik sorunu haline
getirmektedir. Ozel okullarin STEM egitimini bir reklam araci olarak kullanmas1 ve
bu konu ile ilgili egitim programlari hazirlamasinin yaninda devlet okullarinin
altyapmin gelistirilmesi icin ulastiklar1 firsatlar birbirinden farklidir. YEGITEK
(2018) raporunda STEM egitimi i¢in pahali altyapilara gerek duyulmadigr ve STEM
egitiminin zaten okullarda var oldugu belirtilirken okul miidiirleri bu konuda aym
goriiste degildir. Ug boyutlu yazicilar, pahali bilgisayar programlari ile yiiksek
islemcili bilgisayarlarin STEM egitimi i¢in gerekli oldugunu ve ¢ogunlukla bunu
karsilayamadiklarini1 vurgulamiglardir. Tiim bunlar diisiiniildiigiinde genel bir altyap1

eksikligi sorunundan s6z etmek miimkiindiir.

Altyapi eksikliginin yaninda, okullarda uygulayici eksikligi de bulunmaktadir. Bunun
nedeni, bu ¢alismada ortaya ¢iktig1 tizere okul miidiirlerinin ve alanyazinda belirtildigi
lizere 6gretmenlerin bu konuda mesleki gelisime ihtiya¢ duymalaridir (AlKhateeb,
2018; Bartholomew, 2017; Chai, 2019; Havice vd., 2018). Ogretmenler mesleki
gelisime ihtiyag duymaktadir ancak 6gretmenleri STEM egitimi gibi disiplinler arasi
bir yaklasimla ilgili bilgilendirecek egitimci ihtiyact da gz ardi edilmemelidir. Cilinkii

bu konuda insan kaynag eksikligi mevcuttur (Chai, 2019).

Okulun 6gretim liderligi roliinii de istlenen okul midiirlerinin STEM egitimi
hakkindaki bilgi ve alg1 eksikligi bu ¢alismayla ortaya ¢ikmistir. Bu durumda sadece
ogretmenlerin kendilerini STEM egitiminin gerektirdigi disiplinler arasi yaklagimla
donatmalarin1 istemek haksizliktir. Bu ylizden STEM egitiminin uygulanmasina
olanak saglayacak bir okul kiiltiirii olusturmak gerekmektedir (Kondak¢r &
Kulakoglu, 2018). Bu tiir bir okul kiiltliriiniin olusturulmasi i¢in, normlar, degerler,
felsefe ve vizyon bakimindan orgiitsel bir degisim gerekmektedir (Lunenberg &
Ornstein, 2004). Ancak miidiirlerin belirttigi iizere, okullarin misyon, vizyon ve
amaglar bakimmdan Milli Egitim Bakanligi’na bagliliklar1 disiiniildiigiinden
degisimin st yonetimden alt yoOnetimlere dogru yapilmasi gerektigi ortaya

cikmaktadir. Tiim eksik ve engeller goz 6niinde bulunduruldugunda konuyla ilgili
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politika ithali, altyap1, insan kaynaklar1 baglamlarinda diigiiniilmesi gerekenler vardir.
Bu yiizden, STEM egitimi ile ilgili uygulamalar i¢in daha zaman vardir ve program

gelistirilmesi i¢in daha fazla caba gerekmektedir (Kanadli, 2019).

Son olarak STEM egitimi iilkemizde tam anlamiyla uygulanan ve somut uygulama
ornekleri olan bir egitim yaklasimi degildir. Tirkiye’deki egitim programlari ve
ogretim teknikleri diisiiniildiigliinde STEM egitiminin disiplinler aras1 yaklasimla
Ogretimi gerektiren dogasiyla uyumluluk gostermemektedir. Bunun nedeni 6gretmen
ve Ogretmen adaylarinin disiplinler arasi bir yaklasima dayali 6gretimle ilgili olarak
yetistirilmemesi ve bu konuda diinyada oldugu gibi Tiirkiye’de de insan kaynagi eksigi

olmasidir (Chai, 2019).

Bu calisma, okul yoneticilerinden toplanan verilerden elde edilen sonuglara gore,
hazirbulunusluk, bilgi ve altyapr eksikliklerinin okullarda STEM egitiminin
uygulanmasinda engel teskil ettigini gostermektedir. STEM egitiminin tam olarak
anlasilmadig1 ve bu konuda bilgi eksiklikleri oldugu bir gercektir. Ayrica okullarin
fiziksel altyap1 acisindan gelistirilmesi gerekmektedir. Bir uygulamanin yapilabilmesi
icin tek gereken materyal eksiklerinin giderilmesi degildir. En 6nemli nokta konu
hakkinda bilgi sahibi olan uygulayicilarin olmasidir. STEM egitiminde bahsedilen
uygulayicilar 6gretmenlerdir. Ancak okullarda yiiriitiilen e8itim 6gretim stireglerinde
yapilacak degisiklikler ve yeni uygulamalar okul yoneticilerinin bilgisi ve destekleri
sonucunda bir yere varabilmektedir. Bu yiizden, 6gretmenlerin oldugu kadar okul
yoneticilerinin de STEM egitimi hakkinda bilgi sahibi olmalar1 ve bu konunun
okullarda etkili bir sekilde uygulanmasi icin siire¢ yonetimi ve Ogretim liderligi
rollerini Ustlenmeleri gerekmektedir. Tim bunlara ragmen okullardaki egitim
ogretimden sorumlu insan kaynagini, disiplinler arasi bir yaklagimla yetistirecek ve
gelistirecek egitimcei eksikligi mevcuttur (Chai, 2019). Tiim bu eksik ve engellere
ragmen STEM egitiminin egitim sistemimize uygulanmasinda 1srarc1 olmak dogru
degildir. Bu tip bir politika ithali ile olmazi oldurmaya caligmaktansa mevcut egitim
sisteminin iyilestirilmesi ve gelistirilmesi i¢in ¢alismak daha akillica olacaktir.
Okullarda ytriitillen fen bilimleri, matematik ve bilisim teknolojileri derslerinin
gelistirilmesi ve daha iyi egitim Ogretim ortamlar1 hazirlanmasi i¢in caligilmasi
gerekmektedir. Her sene oldugu gibi bu sene de OSYM (2019) tarafindan yayimlanan
istatistiklere gore liniversite sinavinin ilk ayagi olan TYT de (Temel Yeterlilik Testi)
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temel matematik alanindaki ortalama 40 soru tizerinden 6,08 iken fen bilimleri testinde
ortalama 40 {izerinden 2,70 tir. Bu ortalamalar gz 6niinde bulunduruldugunda okul
kiltliriiniin degismesini gerektiren bir egitim hareketi olan STEM egitimini okullarda
uygulamaya calismak yerine matematik ve fen bilimleri derslerinde basariy1 arttirmak
icin egitim Ogretim ortamlarindaki uygulamalar1 iyilestirmeye ve gelistirmeye

calismak daha iyi olacaktir.

Arastirmanin sonuglart STEM egitimi ile ilgili okul yoneticilerinin bilgi eksikligi
oldugu kadar bu konuda okulun egitim dgretim siireglerinin temeli olan 6gretmenlerin
de bu uygulamalar1 yapmak i¢in hazir olmadiklari, altyapida yetersizlikler oldugu ve
okullardaki geleneksek egitim Ogretim siireclerinin STEM egitimi ile uyumluluk
gostermedigi goriilmistiir. Bu ylizden yapilmasi gereken Milli Egitim Bakanligi,
tiniversite, okul ve politika gelistiricilerin ortak calismasi ile egitim sistemimizde
gereken iyilesmeyi ve gelismeyi saglamaktir. Her lilkenin kendine 6zgii kiiltiird, tarihi,
egitim ihtiyaglar1 ve sosyolojik altyapisi vardir. Bu yiizden, yapilmasi gereken bir
politika ithaline bel baglamak degil, kiiltiire, sosyolojik yapiya ve egitim ihtiyaglarina
uygun iyilestirmelerde bulunmak ve okullarin her yonden gelisimini saglamaya

calismaktir.
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