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ABSTRACT

STEM is an approach that aims to provide students with the skills of interdisciplinary cooperation,
open communication, critical thinking, production, creativity and solving problems by integrating
knowledge and skills in the fields of science, technology, mathematics and engineering. For an
effectual STEM education, qualified teachers are needed. In teacher education, metaphors are
seen as a structure that enables teachers to make sense and shape their professional development.
In this sense, using metaphors is considered important to reveal the underlying teaching roles,
beliefs and assumptions about education. The purpose of this research is to determine the
perceptions of pre-service teachers about STEM education through metaphors. In this study, the
research design of phenomenology was used. The participants were 202 pre-service teachers
studying in Computer Education and Instructional Technologies, Science Education, Elementary
Mathematics Education and Turkish Language Education programs. The participants were asked to
establish meaningful metaphors and provided the reasons behind them. The results of the study
showed that the preservice teachers had positive thoughts regarding STEM education, they
perceived STEM education as a new interdisciplinary approach that will carry education forward,
provide socialization and communication, and be undeniable. The results obtained with the
research findings provide important elements in terms of the application steps and components of
the future studies.
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INTRODUCTION

The individuals who comes out of the education process in societies is expected to have the competence to
design all the necessary technological and production equipment for development. Moreover, having scientific
knowledge and developing thinking skills such as critical thinking, analytical thinking and to turn these designs
into practice is also crucial (Gonzalez & Kuenzi, 2012). However, the researches in the literature state that it is
quite the opposite of the situation and that individuals who have completed and completed the process have
moved away from science and production based professions (Bishop, 2015; Christensen, Knezek & Tyler-Wood,
2014; Herrera & Hurtado, 2011). At this point, it can be stated that the basis of STEM education, which has
entered the educational literature in recent years and increasing its impact, is the change in the profile of the
individual that societies want to have and the expectation of qualified workforce that will strengthen their power
in the international arena. It can be said that STEM education is a teaching process in which different disciplines
are integrated in a meaningful and functional way that enables the development of cognitive skills of individuals,
and that individuals acquire and use different thinking skills such as critical and analytical reflectors (Jang, 2016;
NRC, 2011; Sahin, Ayar & Adigiizel, 2014). STEM education is now adopted by many countries. The reason for
this is that education is focused on learning by living by doing with an interdisciplinary approach that will produce
solutions to daily life problems. Unlike the traditional approach, an education system based solely on content
teaching and memorization has begun to be abandoned (Ministry of National Education [MoNE], 2018). Another
important reason for the investments made in the name of STEM education is to improve students' 21st century
skills and increase their success in international assessments in science and mathematics fields such as
Programme for International Student Assessment (PISA) and Trends in International Mathematics and Science
Study (TIMSS) (Kuenzi, 2008; PCAST, 2010). As a country with the highest success in PISA exams for a long time,
one of the most important reasons underlying Singapore's success is the importance it attaches to STEM
education (Deng & Gopinathan, 2016). As the general education strategy of the country, STEM education
approach has become the sine qua non of education. It is seen that education in secondary and high schools is
completely under the influence of STEM education. Similarly, as one of the leading countries of education by
making a name and living by doing, thanks to the innovations they made in education, education policies have
been developed based on STEM education in Finland. In their educational strategic plan, which was launched in
2014, it was aimed to form social working groups to serve as the main components of education. Apart from
these, trainings using different STEM education strategies are given in each of the higher education institutions

(Kearney, 2015).

In recent years, as a result of the investments made in "Research and Development (R&D)" studies and
cooperation with universities, STEM education has been further developed and STEM education training
programs have been added to education systems (Morrison, 2006; Tekin Poyraz, 2018). Effective STEM education

is not only possible with active students in these areas, their teachers must undergo good pre-service and in-
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service training for a qualified STEM education, it is especially important that they adopt this approach in

undergraduate level (Wang 2013; Deveci, 2017).

Examining the perceptions, attitudes and beliefs of the candidates is at the center of the studies to support the
professional development of pre-service teachers and to direct their tendencies in line with the reform studies
(Noyes, 2004). Moreover, there are many studies in the related literature revealing that metaphors are a
powerful tool for determining perceptions (Ergiin & Kiyici, 2019, Inbar, 1996; Guerrero & Villamil, 2002; Saban,
Kogbeker & Saban, 2005). Some concepts that are difficult to explain through metaphors are defined by analogy
with another concept, and the use of the elements used in daily life in the simulation enables a new perspective
to the facts (Carpenter, 2008; Lakoff & Johnson, 2005; Modell, 2009). Metaphors are also referred to as
"similarities in differences" (Aslan, 2019). When considered in teacher education, metaphors are seen as a
structure that enables teachers to make sense and shape their professional roles. In this sense, using metaphors
as an important tool of perception is considered important to reveal the underlying teachers' roles in the

classroom and their beliefs and assumptions about education (Ben-Peretz, Mendelson & Kron, 2003).

STEM offers an interdisciplinary perspective on the skills emphasized in curricula. Revealing the perceptions of
pre-service teachers towards STEM education through metaphors is considered important in determining the
tendencies towards STEM education. The main purpose of this research is to determine the perceptions of pre-
service teachers who receive STEM education through metaphors. Tobin and LaMaster (1992) emphasize the
importance of the functionality of metaphors in professional development programs due to the effective role of
teachers in reflecting their roles in learning environments, beliefs and attitudes about education. The teacher,
who decides on the arrangement of the teaching environment, the selection of materials, and the use of methods
and techniques, has significant effects on the effectiveness of learning activities as well as the students'
perceptions. Pre-service teachers' perceptions of STEM education will be able to give very important clues about
STEM education environments that they will shape in the future. In this context, the research questions of the

study are as follows.

1. What are the metaphors that pre-service teachers have regarding STEM education?

2. Under which conceptual categories can the pre-service teachers’ metaphors be collected regarding STEM

education?

3. Do the determined metaphor categories differ depending on the programs that the pre-service teachers are

studying?
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METHOD

This study used phenomenological approach, which is a form of qualitative research and focused on the
experiences of individuals to arrive a description of the nature of the particular phenomenon (Creswell, 2013).
Within this perspective, the researchers investigated on producing in-depth knowledge of STEM education by

exploring the experiences and perceptions of the pre-service teachers.

Participants

The participants of this study were 202 junior pre-service teachers from four different programs in the spring
semester of 2018-2019 academic year: 68 from elementary mathematics education (EME), 26 from computer
education and instructional technology (CEIT), 27 from science education (SCE), and 81 from Turkish language
education (TLE) of a public university in Central Anatolia Region of Turkey. The participants were selected based

on their departments that were connected with STEM fields based on purposive sampling method.
Data Collection Tools

Within the scope of the research, a data collection tool was prepared in order to determine the opinions of
teacher candidates about STEM education. The preservice teachers were given 10 minutes and within this period
they were asked to fill in the blanks of the following sentence “STEM education is similar to ... because ...”. In this
context, pre-service teachers were expected to write a justification considering the characteristics of the

structure they likened after defining STEM education with a word or a phrase.
Data Analyses

15 out of 202 pre-service teachers were not included in the analysis because these participants either did not
establish a metaphor or could not logically explain the reason for their metaphor. Data obtained from 187
teacher candidates were evaluated by two researchers using content analysis technique. Researchers separately
coded metaphor categories and relational contexts. Inter-rater reliability of the study was calculated according
to the formula of Miles and Huberman (1994). While the reliability among the evaluators was 97% for categories,
93% was calculated for relational contexts. Coding was done independently by two researchers; however, later
the researchers reached a consensus by identifying parts that could replace each other or have very close
meanings. In the categorization phase, the structure mapping framework of Gentner (1988) was used. Gentner
proposed that metaphors could be divided into relational, attributive and both. The relational metaphors map
common functions, process or systematic relations between two entities. On the other hand, the attributive
metaphors are mere appearance matches of size, shape or physical features. There are also metaphors that

includes characteristics of both relational and attributive.
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In data analysis, the Chi-square test was used to determine whether the observed frequencies differ significantly
from the expected frequencies. The Chi-square statistic is designed to analyze group differences when the

dependent variable is measured at a nominal level with the following formula.

, _(0-E)?
R

In the formula, ¥? is the Chi-square value, O is the observed value (i.e. counts of cases) and E is the expected
value. McHugh (2013) stated some assumptions of the Chi-square test as follows. First of all, the categories of
the variables are mutually exclusive. This assumption was met since each particular data fits into one and only
one category of the department and metaphor type. Second, the study groups must be independent. Since the
categories are not related to each other and the data collection was completed in one occasion, this assumption
was also met. Finally, the expected values should be 5 or more in at least 80% of the cells, and no cell should
have an expected of less than one. The SPSS output of Chi-square test stated that 0 cells (0.0%) have expected
count less than 5 and the minimum expected count is 6.40. This result is an indication that this assumption has

also been met.
FINDINGS (RESULTS)

The metaphors created by pre-service teachers regarding STEM education are given below with the related

category. Table 1 gives the frequency values of each metaphor and percentage of the categories.

Table 1. Pre-Service Teachers' Metaphors about STEM Education

Categories Metaphors f Metaphors f
Voltran 10 Anthill 2
Family 9 Air 2
Universe 8 Space 2
Rainbow 8 World 2
Tree 7 Book 2
Food 7 Factory 2
Puzzle 6 Water 2
Attributive Cocktail 5 Cake 2
& Relational Pizza 5 Colony 2
Sports teams (football/basketball/volleyball) 5 Robot 2
(Total f: 135 Dinner table 4 Sun 2
percentage: Mother 4 Snack 2
72.2%) Mixed ice cream 4 Organs 1
Mixed toast 4 Film 1
Beehive 3 Garden 1
Brain 3 Scientist 1
Father 3 School 1
Five fingers 3 Ninja turtles 1
Soup 3 Rubik’s cube 1
Art 3
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Categories Metaphors f Metaphors f
Research 4 Courage 2
Project 3 Effort 2
Approach 3 Solidarity 2
Necessity 3 Interdisciplinary relations 2
Relational Cooperative learning 3 Discovery 2
Science 3 Innovation 1
(Total f: 52 Life 3 Entertainment 1
percentage: Conflict 3 Labor 1
27.8%) Creativity 2 Change 1
System 2 Power 1
Many areas 2 Contact 1
Togetherness 2 Needlessness 1

Integrity 2

As shown in Table 1, pre-service teachers produced a total of 64 valid metaphors regarding STEM education. It is
also indicated that pre-service teachers mostly associate STEM education with metaphors of "Voltran", "family",
"universe", "rainbow", "tree", "food" and "puzzle". Pre-service teachers created 39 attributive and relational
metaphors and 25 relational metaphors. While the relationship with an abstract metaphor is explained here, it
is categorized as relational, if this relationship is expressed with a visual concrete image, it is categorized as
attributive and relational metaphor. It was determined that 72.2% of teacher candidates indicated attributive

and relational metaphors. The crosstabulation output having observed and expected counts of each department

categories (in rows) and the metaphor types (in columns) was given in Table 2.

Table 2. Crosstabulation of Categories by Programs and Metaphor Types

Departments Attributive & Relational Relational Total
CEIT Observed count 17 6 23
Expected count 16.6 6.4 23.0
EME Observed count 48 16 64
Expected count 46.2 17.8 64.0
SCE Observed count 18 7 25
Expected count 18.0 7.0 25.0
TLE Observed count 52 23 75
Expected count 54.1 20.9 75.0
Total Observed count 135 52 187
Expected count 135.0 52.0 187.0

The frequencies in Table 2 were not significantly different since x? (3, N=187)=.591, p=.898. This result indicated

that there was no association between programs and metaphor types.

Relational contexts were also identified in the metaphors stated by the pre-service teachers. The different

relational contexts are given with the same metaphor. Therefore, giving different relationships with the sample
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metaphor and especially the percentage has been found more meaningful. When the relational contexts of
metaphors are analyzed, interdisciplinary collaboration and parts coming together, relationships that express an
independent, separate and strong whole are formed “tree, brain, Voltran, food, dining table, family, beehive,
anthill, cocktail, five-finger, soup, universe, space, world, factory, rainbow, cake, colony, Ninja turtles, organs,
pizza, sport teams, mixed ice cream, mixed toast, puzzle, integrity, interdisciplinary relationship”. It was
determined that 68.5% of the pre-service teachers expressed this relationship. As an example of the metaphors
created in the context of this relationship, direct quotations from the opinions of some pre-service teachers are
presented below. Direct quotations about pre-service teachers' metaphors are given by an abbreviation including
the number and department of the pre-service teachers. For example, PTS13 represents 13 pre-service teacher
studying Science Education, PTM5 represents 5™ pre-service teacher studying Mathematics Education, PTT10
represents 10%" pre-service teacher studying Turkish Language Education, PTC8 represents 8t pre-service teacher

studying Computer Education and Instructional Technologies.

Considering the features of STEM education, STEM education is similar to Voltran; because robots
with different features came together in the Voltran to form a separate and stronger robot. Here,
we came together with different departments to come up with a powerful project and created a

Voltran. PTM26

Considering the characteristics of STEM education, STEM education is similar to Family; because
each family member is a different character, but when they come together, a family that is solid
and able to overcome everything is created, we became such a family when we met with different

fields. PTS13

Considering the features of STEM education, STEM education is similar to the Universe; because
each planet and the stars in the universe are connected by different cosmic bonds, and in the end,
a very beautiful universe emerges, we combined with our different perspectives like different

planets and created a very beautiful product. PTT25

Considering the features of STEM education, STEM education is similar to Rainbow; because if there
is one color missing in the rainbow, it cannot be rainbow. We were like colors in STEM project. Each

section added a different color to the project. PTM52

The Relationships expressed as concepts that carry education forward are used in exemplary metaphors of
"scientist, research, project, approach, labor, power, discovery, innovation, creativity and system". It has been
determined that 12.8% of pre-service teachers express this relationship. As an example of the metaphors created
in the context of this relationship, direct quotations from the opinions of some pre-service teachers are

presented below.
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Considering the features of STEM education, STEM education is similar to Scientist; because the
scientist carries science forward, STEM carries education forward by increasing our success in

international exams with what it provides students. PTS2

Considering the features of STEM education, STEM education is similar to Creativity; because it

provides students with 21st century skills to produce something entirely new. PTC9

Considering the features of STEM education, STEM education is similar to Discovery, because it is
necessary to look at the world differently to discover STEM provides students to look differently and

take innovative steps. PTM37

Relations, expressed as a vital importance and necessity, were used in the sample metaphors of "Sun, air, water,
art, book, science, change, necessity". It has been determined that 9.6% of pre-service teachers express this
relationship. As an example of the metaphors created in the context of this relationship, direct quotations from

the opinions of some pre-service teachers are presented below.

Considering the features of STEM education, STEM education is similar to Sun; because, without
the sun, there is no life, and STEM is vital for a country in education. In the country where STEM
education is not provided, the workforce lags behind and its economy lags behind in the inter-

country economy. PTS6

Considering the features of STEM education, STEM education is similar to Art; because, the simpler
the life without art, the simpler the education without STEM, the more important it is that STEM is

as necessary as art. PTT12

The relations expressed as socialization and communication are used in the sample metaphors of “family,
mother, father, togetherness, solidarity, communication and entertainment”. It has been determined that 7% of
pre-service teachers express this relationship. As an example of the metaphors created in the context of this

relationship, direct quotations from the opinions of some pre-service teachers are presented below.

Considering the characteristics of STEM education, STEM education is similar to Family; because

communication was high in the family and communication was very high in our group. PTT38

Considering the characteristics of STEM education, STEM education is similar to Solidarity; because

STEM projects have been shaped by what we talked about, discussions and cooperation. PTC14

Considering the characteristics of STEM education, STEM education is similar to Mother; because

just as mother supports our communication, STEM also supports our social development. PTT42
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The negative relationship is based on disagreement and not being necessary. Thereupon, only 4 pre-service
teachers formed the “dispute and unnecessary” metaphors. As an example of the metaphors created in the
context of this relationship, direct quotations from the opinions of some pre-service teachers are presented

below.

Considering the features of STEM education, STEM education is similar to the conflict; because we

had a lot of trouble in our project. PTT4

Considering the features of STEM education, STEM education is similar to unnecessary; because |

had to talk to unnecessary people. PTC3
CONCLUSION and DISCUSSION

STEM education and STEM workforce are increasingly emphasized in many countries aiming to progress in
technology and innovation in all over the world. In the 21st century, employees need to have creativity skills,
expertise in information and communication technologies, and the ability to solve complex problems in addition
to science and math skills (Jayarajah, Saat & Rauf, 2014). STEM education is an approach that develops 215t
century skills for learners. A strong STEM education starts as early as preschool, uses problem-based and inquiry-
based approaches and offers students practical activities (Tanenbaum, 2016). In order to increase the number of
students in STEM fields and employment percentages to STEM professions, students should be interested in
these fields and their motivation towards these fields should be high. For this reason, scientific reports on STEM
education focus on harmonizing existing teachers, increasing the number of undergraduate students in STEM
fields and supporting graduate and early career research (Kuenzi, 2008). For a qualified STEM Education, qualified
teachers are needed first (Wang, 2013). Since it will be beneficial for teachers, who are the practitioners of STEM
Education, to acquire interdisciplinary views while studying at the undergraduate level (Deveci, 2017),
determining the perceptions of pre-service teachers about STEM education through metaphors is considered
important in terms of revealing the perspectives of STEM education in Turkey. Pre-service teachers will be able
to give deep clues about STEM education environments where they will shape their perceptions about STEM
education in their professional life. In this context, pre-service teachers' perceptions of STEM education were

determined through metaphors.

Although the teacher candidates formed two types of metaphors which were "attributive and relational"
metaphor and "relational" metaphor, it was determined that the majority of teacher candidates formed
attributive and relational metaphors. Both visual and functional definitions of pre-service teachers can be
interpreted as an indication of the pre-service teachers' awareness of STEM education. At the same time, the
fact that the categories are not differentiated according to the departments can be interpreted as a result of the

STEM education given as a whole.
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When the relational contexts of the metaphors were examined, the pre-service teachers used the relational
context that stated that the combination of interdisciplinary cooperation and parts, an independent, separate
and strong whole was formed. Similarly, Calisici and Siimen (2018) stated that pre-service teacher candidates
perceive STEM education as an approach that complements each other, mostly using various dishes and puzzle
metaphors. This result obtained from the research also appears in the definitions made in the STEM education
in the literature. It perceives STEM as an interdisciplinary approach that integrates the concepts of STEM fields
with art and other traditional fields with an emphasis on STEM subjects (Morrison, 2006). Integrative STEM
education refers to technological/engineering design-based learning approaches that intentionally combine
mathematics and science education concepts and practices with technology and engineering concepts and
practices, and are developed through further integration with other school subjects such as language arts, social
studies, and arts (Sanders, 2009). While the STEM training emphasized four disciplines at first, today the
emphasis is placed on the integration of these four disciplines and other fields. Integrated STEM education is
very important for students to have relationship building skills and holistic perspective. STEM education allows
students to apply what they have learned in the classroom/laboratory to their future professions in the real world
(Ejiwale, 2013). The barriers between STEM areas in schools are removed and integrated into education. Smith
and Karr-Kidwell (2000) stated that learning has become relevant, focused, meaningful and student-friendly due
to an integrated approach that connects integrated STEM education with disciplines. Overall, integrated STEM
education is an effort to combine science, technology, mathematics and engineering disciplines in a class, a unit,
or a lesson based on the links between these disciplines and problems in the real world (Moore & Smith, 2014).
Current educational approaches give students disconnected science, mathematics and technology content, while
the STEM approach combines four disciplines in a real life situation in a connected paradigm of learning (Hom,
2014). It can be stated that teaching in an integrated way will contribute to students' making meaningful
connections between disciplines and performing more permanent learning by looking at the problems from a

holistic perspective.

The relations, which are expressed as the concept that carries education forward, are emphasized in the opinions
of pre-service teachers with the opportunities it provides especially for the learners, the successes it gained in
international exams and the skills it provides. We find the roots of these connections of pre-service teachers in
the theoretical and practical studies mentioned in the literature (Bybee, 2010; Korkmaz & Kaptan, 2001; Yildirim,
2018). STEM education approach is an important education approach that emphasizes the development of 21st
century skills in educational environments. It is stated that as long as the STEM education program integrates
group activities, laboratory research and projects, it will provide students with the opportunity to gain 21st
century skills (Bybee, 2010). It is also presented as a process that supports lifelong learning and encourages
students to learn with self-control (Korkmaz & Kaptan, 2001). Yildirim (2018) stated the reasons why many
countries attach importance to STEM education in terms of economic and technological reasons, linking with
daily life, international exams such as PISA and TIMSS, vocational education, increasing interest in STEM

disciplines and the benefits of STEM education.
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Pre-service teachers used the associations that they expressed as a vital importance and necessity. In parallel
with the literature, it is stated that K-12 and STEM education in higher education should be regarded as a
necessity in meeting the needs of a scientifically and technologically literate workforce in a modern and
technology oriented country (Hossain & Robinson, 2012). STEM education prepares students for 21st century
economics challenges and opportunities and is the basis for STEM workforce. At the same time, research
emphasizes the necessity and importance of basic cognitive knowledge, skills and abilities associated with STEM

education as it is in demand in almost all business sectors and professions (Carnevale, Smith & Melton, 2011).

The relational context that pre-service teachers express as socialization and communication emphasizes an
important aspect of learning. Approaches such as problem-based learning and project-based learning, which
stand out in STEM, reveal the importance of applied learning. These approaches, implemented in collaborative
groups, are part of learning. Diffily (2001, 2002) emphasized that STEM education supports students' academic
success as well as their emotional and social development. STEM education provides experiences where students
speak, shape discussions and solve problems. According to a two-year study funded by NSF, STEM teaching is
more effective and student success increases when teachers work together or in teams to develop strong
professional learning communities in their schools (Fulton & Britton, 2011). In line with the opinions of the
teacher candidates in this study, Hmelo-Silver (2004) states that STEM education programs provide students with
the flexibility they need to succeed in problem solving skills, interpersonal communication and a rapidly changing
competitive world. At the same time, it is stated in the relevant studies that STEM education builds confidence
and encourages self-study and encourages self-employment and participation of family and society to learn in

formal and informal learning environments (Nathan, Atwood, Prevost, Phelps & Tran, 2011; Wang, 2012).

When the metaphors and relational contexts produced by the pre-service teachers were examined, it was
determined that they had positive thoughts regarding STEM education, they perceived STEM education as a new
interdisciplinary approach that will carry education forward, provide socialization and communication, and be
undeniable. Considering that STEM education improves awareness of the professions of STEM fields and the
relationships between in-school and out-of-school learning opportunities, it provides positive orientations about
future STEM education environments where future teachers will shape these perceptions, considering that they
provide introduction and foundation to success. Only four pre-service teachers created metaphors that reflect
negative relationships. It is noteworthy that these four pre-service teachers are from the same project group.
Therefore, it is thought that this situation is due to the inability to create an effective communication

environment within the group.
RECOMMENDATIONS

In future studies, it can be considered to use different categories for metaphors. Studies determining the
metaphorical perceptions of pre-service teachers studying in STEM fields at different universities can be

conducted. Metaphoric perception differences between universities can be determined. In addition to this,
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experimental researches that determine the effect of different applications on the change in pre-service
teachers' metaphorical perceptions can be conducted. The metaphors obtained as a result of the researches can
be used as a tool to evaluate the knowledge and skills related to STEM education in pre-service and in-service

professional development programs.
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OGRETMEN ADAYLARININ FETEMM EGITiMINE iLiSKiIN METAFORIK ALGILARI

0z
FeTeMM, fen, teknoloji, matematik ve miihendislik alanlarina ait bilgi ve becerilerin
butlinlestirilerek 6grencilere disiplinler arasi isbirligi, iletisime agik olma, elestirel dusiinme,
Uretme, yaraticilik ve problemleri ¢gd6zme becerileri kazandirmayi amaglayan bir yaklagimdir. Etkili
bir FeTeMM Egitimi icin Oncelikle nitelikli 6gretmenlere ihtiya¢ duyulmaktadir. Metaforlar,
ogretmen egitiminde ele alindiginda Ogretmenlerin mesleki gelisimlerini anlamlandirip
bicimlendirmelerini saglayan bir yapi olarak gériilmektedir. Bu anlamda 6nemli bir algi araci olarak
metaforlarin kullanilmasi, 6gretmenlerin sinifta sahip oldugu rollerinin ve egitimle ilgili inang ve
varsayimlarinin altinda yatanlari ortaya ¢ikarmak igin 6nemli goriilmektedir. Bu arastirmanin temel
amaci, FeTeMM egitimi alan 6gretmen adaylarinin FeTeMM egitimine iliskin algilarini metaforlar
araciliglyla belirlemektir. Bu arastirmada, olgu bilim yontemi kullanilmigtir. Arastirmanin
katilimcilarini, Bilgisayar ve Ogretim Teknolojileri Egitimi, Fen Bilgisi Egitimi, ilkdgretim Matematik
Egitimi ve Tirkce Egitimi programlarinda okuyan 202 6gretmen adayr olusturmaktadir.
Arastirmadan elde edilen sonuglar 6gretmen adaylarinin FeTeMM egitimine iliskin olumlu goris
bildirdikleri, FeTeMM egitimini sosyallesme ve iletisimi saglayacak, egitimi ileriye tasiyacak, dnemli
ve gerekliligi yadsinamaz disiplinler arasi yeni bir yaklasim olarak algiladiklari belirlenmistir.
Arastirma bulgulari ile elde edilen sonuglarin ileriki galismalarin uygulama basamaklari ve
bilesenleri bakimindan énemli 6geler sunmaktadir.

Anahtar Kelimeler: FeTeMM, metafor, 6gretmen adayi, 6gretmen egitimi.
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GiRiS

Toplumlarda egitim stirecinden gikan bireyin bilimsel bilgiye ve elestirel dlisiinme, analitik disinme gibi diisiinme
becerilerine sahip olmanin yaninda kalkinma ve gelisim i¢in gerekli tum teknolojik ve tretim ekipmanlarini
tasarlama yeterliligine sahip olmasinin ve bu tasarimlari uygulamaya aktarabilecekleri mesleklere yonelmelerinin
beklendigi gérilmektedir (Gonzalez ve Kuenzi, 2012). Alanyazindaki arastirmalar ise durumun tam aksine
oldugunu 6gretim siirecindeki ve siireci tamamlamis bireylerin, bilim ve tGretim temelli mesleklerden uzaklastigini
ifade etmektedir (Bishop, 2015; Christensen, Knezek ve Tyler-Wood, 2014; Herrera ve Hurtado, 2011). Bu
noktada egitim alanyazinina son vyillarda giren ve gittikce etkisini artiran FeTeMM egitiminin temelinde,
toplumlarin sahip olmak istedigi birey profilinin degisimi ve uluslararasi arenada giiclerini pekistirecek ekonomik
Uretim gergeklestirecek nitelikli is glicli beklentisinin oldugu ifade edilebilir. FeTeMM egitiminin farkh disiplinlerin
bireylerin biligsel becerilerinin de gelisimine olanak saglayacak sekilde, anlamli ve islevsel olarak entegre edildigi,
yine bireylerin elestirel, analitik yansitici gibi farkli diisinme becerilerini kazandigi ve kullandigi bir 6gretim sireci
oldugu soylenebilir (Jang, 2016; NRC, 2011; Sahin, Ayar ve Adiglizel, 2014). FeTeMM egitimi artik birgok diinya
Ulkesi tarafindan benimsenmektedir. Bunun nedeni ise egitimin gunliik yasam problemlerine ¢ézim Uretecek
disiplinler arasi bir yaklasimla yaparak yasayarak Ogrenmeye odakli hale gelmesidir. Geleneksel egitim
anlayisindan farkh olarak, sadece icerik 6gretmeye ve ezbere dayall bir egitim sisteminden vazgegilmeye
baslanmistir (MEB, 2018). FeTeMM egitimi adina yapilan yatirimlarin diger 6nemli sebebi ise 6grencilerin 21.
yuzyil becerilerini gelistirerek 6grencilerin fen ve matematik alanlarindaki uluslararasi sinavlarda (PISA, TIMSS
vb.) basarisini artirmaktir (Kuenzi, 2008; PCAST, 2010). Uzunca bir stiredir PISA sinavlarinda en yiksek basariy
gosteren bir llke olarak Singapur’un basarisinin altinda yatan en dnemli sebeplerden biri FeTeMM egitimine
verdigi énemdir (Deng ve Gopinathan, 2016). Ulkenin genel egitim stratejisi olarak FeTeMM egitimi yaklasimi
egitimin olmazsa olmazi haline gelmistir. Oyle ki ortaokul ve liselerde egitim tamamen FeTeMM egitiminin
etkisinde oldugu goriilmektedir. Benzer sekilde, egitimde yaptiklari yenilikler sayesinde adindan soz ettiren ve
yaparak yasayarak egitiminin 6nci Ulkelerinden biri olarak Finlandiya’da FeTeMM egitimini temel alan egitim
politikalar gelistirilmistir. Finlandiya’da 2014 yilinda hayata gegirilen egitim stratejik planinda, bireylerin kiiglik
yastan itibaren FeTeMM egitimine yonelik ilgi ve yeteneklerini arttirmak icin sosyal calisma gruplari olusturulmasi
amaglanmistir. Olusturulan bu sosyal gruplarin egitimin temel bilesenlerinden biri olmasi planlanmistir. Bunlarin
disinda yiksekdgrenim kurumlarinin her birinde farkli FeTeMM egitimi stratejilerinin de kullanildigi egitimler

verilmektedir (Kearney, 2015).

Son yillarda “Arastirma ve Gelistirme (ARGE)” calismalarina yapilan yatirnmlar ve Universitelerle isbirligi
sonucunda FeTeMM egitimi daha da gelistirilmis ve 6zellikle FeTeMM egitimi yetistirme programlarinin egitim
sistemlerine eklenmesi saglanmistir (Morrison, 2006; Tekin Poyraz, 2018). Etkin bir FeTeMM egitimi yalnizca bu
alanlarda etkin 6grencilerle mimkin degildir, 6gretmenlerinde nitelikli bir FeTeMM egitimi icin iyi bir hizmet-
oncesi ve hizmet ici egitimden gegmeleri gerekmektedir, 6zellikle bu yaklasimi lisansta benimsemeleri 6nem arz

etmektedir (Wang, 2013; Deveci 2017).
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Ogretmen adaylarinin profesyonel gelisimlerini desteklemek ve egilimlerini reform ¢alismalari ile uyumlu
yonlendirmek icin adaylarin algi, tutum ve inancglarinin incelenmesi yapilan ¢alismalarin odaginda yer almaktadir
(Noyes, 2004). Ayrica, ilgili alanyazinda metaforlarin algilari belirlemede giiclii bir arag oldugunu belirten ¢ok
sayida calisma yer almaktadir (Ergiin ve Kiyici, 2019; Inbar, 1996; Guerrero ve Villamil, 2002; Saban, Kogbeker ve
Saban, 2005). Metaforlar araciligiyla agiklamakta zorluk cekilen bazi kavramlar baska bir kavrama benzetilerek
tanimlanmakta ve benzetimde giinliik hayatta kullanilan unsurlarin kullanilmasi, olgulara yeni bakis acilariyla
bakilmasini saglamaktadir (Carpenter, 2008; Lakoff ve Johnson, 2005; Modell, 2009). Metaforlar ayni zamanda
“farkliliklardaki benzerlikler” olarak da ifade edilmektedir (Aslan, 2019). Metaforlar, 6gretmen egitiminde ele
alindiginda 6gretmenlerin mesleki rollerini anlamlandirnip bigcimlendirmelerini saglayan bir yapi olarak
gorulmektedir. Bu anlamda 6nemli bir algi araci olarak metaforlarin kullanilmasi, 6gretmenlerin sinifta sahip
oldugu rollerinin ve egitimle ilgili inang ve varsayimlarinin altinda yatanlari ortaya ¢ikarmak igin 6nemli

gorilmektedir (Ben-Peretz, Mendelson ve Kron, 2003).

FeTeMM, &gretim programlarinda vurgulanan becerilere disiplinler arasi bir bakis agisi sunmaktadir. Ogretmen
adaylarinin FeTeMM egitimine yonelik algilarinin metaforlar araciligi ile ortaya konulmasi, FeTeMM egitimine
yonelik egilimlerin belirlenebilmesi agisindan 6nemli gorilmektedir. Bu arastirmanin temel amaci, FeTeMM
egitimi alan 6gretmen adaylarinin FeTeMM egitimine iliskin algilarini metaforlar araciligiyla belirlemektir. Tobin
ve LaMaster (1992) 6gretmenlerin 6grenme ortamlarindaki rollerinin, egitimle ilgili inan¢ ve tutumlarinin
yansitiimasindaki etkin rolii dolayisiyla metaforlarin mesleki gelisim programlarindaki islevselliginin dnemini
vurgulamaktadir. Ogretim ortaminin diizenlenmesi, materyallerin segilmesi, ydntem ve tekniklerin kullanilmasina
karar veren 6gretmenin, hem 6grenim faaliyetlerinin etkili olmasinda hem de 6grencilerin algilarinda 6énemli
etkileri bulunmaktadir. Ogretmen adaylarinin FeTeMM egitimine yénelik algilari ileride sekillendirecekleri
FeTeMM egitimi ortamlari hakkinda cok 6nemliipuglari verebilecektir. Bu baglamda ¢alismanin arastirma sorulari

asagidaki gibidir.
1. Ogretmen adaylarinin FeTeMM egitimine iliskin sahip olduklari metaforlar nelerdir?

2. Ogretmen adaylarinin FeTeMM egitimine iliskin sahip olduklari metaforlar hangi kavramsal kategoriler altinda

toplanabilir?

3. Ogretmen adaylarinin FeTeMM egitimine iliskin sahip olduklari metafor kategorileri 6grenim gérdikleri

programlara gore farklilasmakta midir?
YONTEM

Bu calismada, nitel bir arastirma deseni olan ve bireylerin belirli bir olgunun dogasinin bir tanimini elde etmek
icin deneyimlerine odaklanan olgu bilim yaklagimi kullanilmistir (Creswell, 2013). Bu bakis agisiyla arastirmacilar,
katilimcilarin deneyimlerini ve algilarini arastirarak FeTeMM egitimi hakkinda derinlemesine bilgi tGretmeyi

amaclamaktadir.
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Katilimailar

Calismanin katihmcilarini i¢ Anadolu’da bir devlet Universitesinin 2018-2019 egitim dgretim yilinin bahar
doéneminin dort farkli programinda 6grenim goéren 202 Uglncl sinif 6gretmen adayr olusturmaktadir.
Katilimcilarin 68 ilkégretim matematik 6gretmenligi (iMO), 26’si bilgisayar ve dgretim teknolojileri (BOTE), 27’si
fen bilgisi 6gretmenligi (FBE) ve 81'i Tlirkge 6gretmenligi (TRE) programlarinda 6grenim gérmektedir. Katilimcilar,

FeTeMM alanlari ile iliskili bélimlerden amach 6rnekleme yonteminden yararlanilarak secilmistir.
Veri Toplama Araci

Arastirma kapsaminda, 6gretmen adaylarinin FeTeMM egitimine iliskin sahip olduklari dislinceleri belirlemek
amaciyla bir veri toplama araci hazirlanmistir. Ogretmen adaylarina 10 dakika siire verilmis ve bu siire icerisinde
“FeTeMM egitiminin sahip oldugu &zellikler diisiinildiigiinde, FeTeMM edgitimi ........."ya benzer; ¢iinki,......
climlesindeki bos birakilan yerleri doldurmalari istenmistir. Bu kapsamda 6gretmen adaylari FeTeMM egitimini
bir s6zciik ya da bir s6z 6begi ile tanimladiktan sonra benzettikleri yapinin karakteristik 6zelliklerini dikkate alarak

bir gerekce yazmalari beklenmistir.
Veri Analizi

Arastirmaya katilan 202 6gretmen adayindan 15 6gretmen adayinin verileri analize dahil edilmemistir ¢linkii bu
O0gretmen adaylari ya metafor kurmamislar ya da kurduklari metaforun gerekcesini mantikh sekilde ifade
edememislerdir. 187 6gretmen adayindan elde edilen veriler iki arastirmaci tarafindan igerik analizi teknigi ile
degerlendirilmistir. Arastirmacilar metafor kategorilerini ve iliskisel baglamlari ayri ayri kodlamislardir.
Arastirmanin degerlendiriciler arasi glivenilirligi Miles ve Huberman (1994) formilline gore hesaplanmistir.
Kategoriler igin degerlendiriciler arasi givenirlik %97 bulunurken iligkisel baglamlar igin %93 hesaplanmistir.
Kodlamalar bagimsiz olarak iki arastirmaci tarafindan yapilmistir; ancak, daha sonra arastirmacilar birbirlerinin
yerine gecebilecek veya birbirine ¢ok yakin anlamlari olan kisimlari belirleyerek, bir uzlasmaya varmislardir.
Kategoriye ayirma asamasinda Gentner’in (1988) yapi haritalama cergevesi kullaniimistir. Gentner, metaforlarin
iliskisel, niteliksel ve her ikisini de iceren kategorilere ayrilabilecegini 6ne stirmiistiir. iliskisel metaforlar, iki varlik
arasindaki ortak islevleri, siire¢ veya sistematik iliskileri esler. Ote yandan, niteliksel metaforlar yalnizca boyut,
sekil veya fiziksel 6zelliklerin gériiniim eslesmeleridir. Hem iliskisel hem de niteliksel 6zellikleri iceren metaforlar

da vardir.

Veri analizinde gozlenen degerlerin beklenen degerler ile anlamli diizeyde farklilasip farklilasmadigini belirlemek
amaciyla Ki-kare testi kullanilmistir. Ki-kare istatistigi kategorik olarak tanimlanan bagiml degiskenin grup

farkhliklarini belirlemek amaciyla asagida belirtilen formiil ile hesaplanmaktadir.

, _(0-E)?
R
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Formdilde, ki-kare degeri x? ile, gbzlenen deger O harfiile ve beklenen deger ise E harfi ile sembolize edilmektedir.
McHugh (2013) ki-kare testinin varsayimlarini su sekilde aciklamistir. ilk olarak, degiskenlerinin kategorilerinin
ayrisik olmasi gerekmektedir. Bu varsayim katilimcilar tarafindan paylasilan verilerin sadece ve sadece bir
program ve metafor tiir(i altinda gruplanmasi sebebiyle saglanmaktadir. ikinci varsayim ise ¢alismada yer alan
gruplarin bagimsiz olmasidir. Kategorilerin birbirleriyle iliskili olmamasi ve veri toplama siirecinde tek uygulama
yapilmasi sebebiyle bu varsayimin saglandigi kabul edilmektedir. Son olarak, capraz tabloda yer alan hicrelerin
en az %80'inde beklenen degerlerin 5 veya daha fazla olmasi ve higbir hiicrede beklenen degerlerin 1’in altinda
olmamasi gerekmektedir. Ki-kare testinin SPSS ciktilari, higbir beklenen degerin 5'ten az olmadigi ve en kiglk

6.40 degerine sahip oldugunu gostermistir. Bu sonug, bu varsayimin da karsilandiginin bir gostergesidir.
BULGULAR

Ogretmen adaylarinin FeTeMM egitimine iliskin olusturduklari metaforlar iligkili oldugu kategori ile birlikte

asagida verilmektedir. Tablo 1’de her bir metafora ait frekans ve ylizde degerleri verilmektedir.

Tablo 1. Ogretmen Adaylarinin FeTeMM Egitimine iliskin Olusturduklari Metaforlar

Kategoriler Metaforlar f Metaforlar f
Voltran 10 Karinca yuvasi 2
Aile 9 Hava 2
Evren 8 Uzay 2
Gokkusagi 8 Dinya 2
Agac 7 Kitap 2
Yemek 7 Fabrika 2
Puzzle 6 Su 2
Niteliksel & Ko.kteyl > Kek . 2
liskisel Pizza 5 Koloni 2
Spor Takimlari (Futbol/Basketbol/Voleybol) 5 Robot 2
(Toplam : 135 Yemek masasi 4 GUne§ 2
yiizde: %72.2) Anne 4 Kumpir 2
Karisik dondurma 4 Organlar 1
Karigik tost 4 Film 1
Ari kovani 3 Bahge 1
Beyin 3 Bilim insani 1
Baba 3 Okul 1
Bes parmak 3 Ninja kaplumbagalar 1
Corba 3 Zeka kapa 1

Sanat 3
Kategoriler Metaforlar f Metaforlar f
Arastirma 4 Cesaret 2
Proje 3 Caba 2
iliskisel Yaklas!rp 3 . [?ayanlsma” i 2
Relational ' Gereklilik 3 Disiplinler arasi iligki 2
Isbirlikli 6grenme 3 Kesif 2
(Toplam f: 52 Bilim 3 Yuenilik 1
yiizde: %27.8) Yasam 3 Eglence 1
Anlasmazhk 3 Emek 1
Yaraticilik 2 Degisim 1
Sistem 2 Gug 1
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Bircok alan 2 iletisim 1
Birliktelik 2 Gereksizlik 1
Butlnlik 2

Tablo 2'de gorildigi gibi 6gretmeni adaylari FeTeMM egitimine iliskin olarak toplam 64 adet gecerli metafor
Uretmislerdir. Ogretmen adaylarinin FeTeMM egitimini en ¢cok “Voltran”, “aile”, “evren”, “gékkusag”, “agac”,
“yemek” ve “puzzle” metaforlariyla iliskilendirdikleri gériilmektedir. Ogretmen adaylari 39 adet niteliksel ve
iliskisel metafor, 25 adet iliskisel metafor olusturmuslardir. Burada soyut bir metaforla iliski agiklandiysa iliskisel
olarak siniflandirilirken, eger bu iliski gorlintisel bir somut imgeyle ifade ediliyorsa niteliksel ve iliskisel metafor
olarak kategorilestirilmistir. Ogretmen adaylarinin %72.2 sinin niteliksel ve iliskisel metafor olusturduklari tespit

edilmistir. Program tirlerinin satirlar ve metafor tiirlerinin ise siitunlar olarak belirtildigi, gbzlenen ve beklenen

degerlerin yer aldigi capraz tablo ¢iktisi Tablo 2'de verilmektedir.

Tablo 2. Program ve Metafor Tirlerine gore Kategorilerin Capraz Tablolamasi

Program Niteliksel & iliskisel iliskisel Toplam
BOTE Gozlenen deger 17 6 23
Beklenen deger 16.6 6.4 23.0
iMO Goézlenen deger 48 16 64
Beklenen deger 46.2 17.8 64.0
FBE Gozlenen deger 18 7 25
Beklenen deger 18.0 7.0 25.0
TRE Gozlenen deger 52 23 75
Beklenen deger 54.1 20.9 75.0
Toplam Gozlenen deger 135 52 187
Beklenen deger 135.0 52.0 187.0

Tablo 2’de belirtilen frekanslar, x? (3, N=187)=.591, p=.898 olmasi sebebiyle istatistiksel diizeyde anlamli bir fark

olmadigini géstermektedir. Bu sonug, programlar ve metafor tiirleri arasinda bir iliski olmadigini ifade etmektedir.

Ogretmen adaylarinin belirttigi metaforlarda ayni zamanda iliskisel baglamlar tespit edilmistir. Farkli iliskisel
baglamlar ayni metafor ile birlikte verilmistir. Bu yizden farkli iliskiler 6rnek metafor ve 6zellikle yizde ile
verilmesi daha anlamli bulunmustur. Metaforlarin iliskisel baglamlari incelendiginde, disiplinler arasi birliktelik ile
pargalarin bir araya gelmesi, bagimsiz, ayri ve gigli bir bitlinin olustugunu ifade eden iliskiler “agag, beyin,
Voltran, yemek masasi, aile, ari kovani, karinca yuvasi, kokteyl, besparmak, ¢orba, evren, uzay, diinya, fabrika,
gokkusagi, kek, koloni, Ninja kaplumbagalar, organlar, pizza, spor takimlari, karisik dondurma, karisik tost, puzzle,
bitinlik, disiplinler arasi iliski” 6rnek metaforlarinda kullanilmistir. Ogretmen adaylarinin %68.5’inin bu iliskiyi
ifade ettikleri tespit edilmistir. Ornek olarak bu iliski baglaminda irretilen metaforlar, katiimcilarin formlarinda

kullandigi ciimlelerden birebir alintilarla asagida verilmektedir. Alintilar, ggretmen adayinin numarasi ve
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boéliminiin de yer aldigi kisaltmalar ile birlikte verilmistir. Ornegin, OAF13 Fen Bilgisi Egitiminden 13 numarali
dgretmen adayini, OAM5 Matematik Egitiminden 5 numaral 6gretmen adayini, OAT10 Tiirkce Egitiminden 10
numarali 6gretmen adayini, OABS Bilgisayar ve Ogretim Teknolojileri Egitiminden 8 numarali 6gretmen adayini

temsil etmektedir.

FeTeMM egitiminin sahip oldugu ézellikler diistiniildiigiinde, FeTeMM editimi Voltran’a benzer;
clinkii Voltran’da farkl ézelliklere sahip robotlar bir araya gelerek ayri ve daha gii¢lii olan robot
olusuyordu. Bizde burada farkli béliimler bir araya gelerek gii¢lii bir proje ortaya ¢ikardik, Voltran

olusturduk. GAM26

FeTeMM egitiminin sahip oldugu ézellikler diisiiniildiigiinde, FeTeMM egitimi Aile’ye benzer; ¢linkii
her bir aile liyesi farkli karakterler ama bir araya gelince sapasaglam ve her seyin (stesinden

gelebilen bir aile olusur, bizde iste farkli alanlarla bulusunca béyle bir aile olduk. OAF13

FeTeMM egitiminin sahip oldugu ézellikler diisiiniildigiinde, FeTeMM egitimi Evren’e benzer;
clinkii evrendeki tiim gezegen ve yildizlar birbirine farkli kozmik baglarla bagldir ve sonunda ¢ok
glizel bir evren ortaya cikar bizde farkli gezegenler gibi farkl bakis agilarimizia birlestik ve ¢ok giizel

bir diriin olusturduk. OAT25

FeTeMM egitiminin sahip oldugu 6zellikler diistiniildiigiinde, FeTeMM egitimi Gékkusagina benzer;
¢linkii gékkusadinda bir tane renk eksik olsa o gékkusadi olamaz bizde FeTeMM projesinde renkler

gibiydik her béliim ayri bir renk katti projeye. OAM52

Egitimi ileriye tasiyan kavram olarak ifade edilen iliskiler “bilim insani, arastirma, proje, yaklasim, emek, gic, kesif,
yenilik, yaraticilik ve sistem” 6rnek metaforlarinda kullanilmistir. Ogretmen adaylarinin %12.8’inin bu iliskiyi ifade
ettikleri belirlenmistir. Bu iliski baglaminda olusturulan metaforlara 6rnek olarak bazi 6gretmen adaylarinin

gorislerinden alintilar asagida sunulmustur.

FeTeMM egitiminin sahip oldudu ézellikler disinildiigiinde, FeTeMM egitimi Bilim insani’na
benzer; ¢linkii bilim insani bilimi ileriye tasir, FeTeMM de 6grencilere kazandirdiklariyla uluslararasi

sinavlarda basarimizi arttirarak egitimi ileriye tasir. OAF2

FeTeMM egitiminin sahip oldugu ézellikler diisiiniildiigiinde, FeTeMM egitimi Yaraticiliga benzer;
clinkii 6grencilere 21. Yiizyil becerileri kazandirarak bambaska yepyeni seyler iiretmelerini saglar.

OAB9

FeTeMM egitiminin sahip oldugu 6zellikler diisiiniildiigiinde, FeTeMM editimi Kesif'e benzer; ¢iinkdi
kesfetmek icin diinyaya farkli bakmak gerekir FeTeMM de égrencilere farkli bakmayi saglayarak

yenilik¢i adimlar atmalarini saglar. OAM37
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Hayati

bir 6nem ve gereklilik olarak ifade edilen iliskiler “glines, hava, su, sanat, kitap, bilim, degisim, gereklilik”

drnek metaforlarinda kullaniimistir. Ogretmen Adaylarinin %9.6’sinin bu iliskiyi ifade ettikleri tespit edilmistir. Bu

iliski baglaminda olusturulan metaforlara 6rnek olarak bazi 6gretmen adaylarinin gorislerinden alintilar agsagida

sunulmusgtur.

Sosyall

FeTeMM egitiminin sahip oldugu 6zellikler diisiiniildiigiinde, FeTeMM edgitimi Giines’e benzer;
¢linki Giines olmazsa yasam olmaz ayni sekilde FeTeMM egitimi de bir iilke icin hayati 6neme
sahiptir. FeTeMM egitimi verilmeyen iilkede is giiciinde geri kalir ve ekonomisi lilkeler arasi

ekonomide geride kalir. OAF6

FeTeMM egitiminin sahip oldugu ézellikler diistinildiigiinde, FeTeMM egitimi Sanat’ a benzer;
¢linki Sanat olmadan hayat ne kadar yalinsa FeTeMM olmadan da egitim o kadar yalin kalir, geride

kalir o yiizden FeTeMM sanat kadar gereklidir. OAT12

esme ve iletisim olarak ifade edilen iliskiler “aile, anne, baba, birliktelik, dayanisma, iletisim ve eglence”

érnek metaforlarinda kullaniimistir. Ogretmen adaylarinin %7 sinin bu iliskiyi ifade ettikleri tespit edilmistir. Bu

iliski baglaminda olusturulan metaforlara 6rnek olarak bazi 6gretmen adaylarinin gorislerinden alintilar asagida

sunulmustur.

FeTeMM egitiminin sahip oldugu 6zellikler diisiiniildiigiinde, FeTeMM egitimi Aile’ye benzer; ¢linkii

aile icinde de iletisim yiiksektir bizim grupta da iletisim ¢ok yiiksekti. GAT38

FeTeMM egitiminin sahip oldugu ézellikler diistiniildiigiinde, FeTeMM edgitimi Dayanisma’ya
benzer; ¢linkii FeTeMM projeleri konustuklarimizla, tartistiklarimizla ve birlikteligimizle sekillendi.

0AB14

FeTeMM egitiminin sahip oldugu 6zellikler diisiiniildiigiinde, FeTeMM egitimi Anne’ye benzer;
clinkii nasil anne birlikteligimizi iletisimimizi destekliyorsa FeTeMM de ayni sekilde sosyal

gelisimimizi destekledi. OAT42

Negatif iliski ise anlasamama ve gerekli olmama Uzerine kurulmustur. Bunun lizerine sadece dort 6gretmen adayi

“anlasmazlik ve gereksizlik” metaforlarini olusturmuslardir. Bu iliski baglaminda olusturulan metaforlara 6rnek

olarak

1155

bazi 6gretmen adaylarinin goruslerinden alintilar agsagida sunulmustur.

FeTeMM egitiminin sahip oldugu ézellikler diisiiniildiigiinde, FeTeMM egitimi anlasmazliga benzer;

¢linkii biz projemizde anlasmada ¢ok zorlandik. OAT4

FeTeMM editiminin sahip oldugu 6zellikler diisiiniildiigiinde, FeTeMM egitimi gereksizlige benzer;

¢linkii gereksiz insanlarla konusmak zorunda kaldim. OAB3
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SONUC ve TARTISMA

Dinyada, teknolojik acidan ilerlemeyi amacglayan birgok (ilkede FeTeMM egitimi ve FeTeMM isglici lzerinde
giderek daha fazla durulmaktadir. 21. yiizyilda, ¢alisanlarin fen ve matematik becerilerine ek olarak yaraticilik
becerilerine, bilgi ve iletisim teknolojilerindeki uzmanliklarina ve karmasik olan sorunlari ¢ézme yeteneklerine
sahip olmalari gerekmektedir (Jayarajah, Saat ve Rauf, 2014). FeTeMM egitimi Ogrenenlerde 21. yizyil
becerilerini gelistiren bir yaklasimdir. Glgli bir FeTeMM egitimi, okul 6ncesinden baslayarak probleme ve
sorgulamaya dayali yaklasimlar kullanarak uygulamali etkinlikler sunmaktadir (Tanenbaum, 2016). FeTeMM
alanlarina yerlesen 6grenci sayisi ve FeTeMM mesleklerine istihdam ile ilgili ylizdelerin artmasi igin, 6grencilerin
bu alanlara ilgi duymasi ve bu alanlara yonelik motivasyonlarinin yliksek olmasi gerekmektedir. Bu sebeple
FeTeMM egitimi ile ilgili bilimsel raporlar mevcut 6gretmenleri uyumlu hale getirme, FeTeMM alanlarinda lisans
ogrencilerinin sayisini arttirma ve yiiksek lisans ve erken kariyer arastirmalarini destekleme (izerinde durmaktadir
(Kuenzi, 2008). Etkili bir FeTeMM Egitimi icin dncelikle nitelikli 6gretmenlere ihtiyag duyulmaktadir (Wang, 2013).
FeTeMM egitiminin uygulayicilari olan 6gretmenlerin disiplinler arasi bu bakis agisini lisans diizeyinde egitim
alirken edinmelerinin faydali olacagi ifade edilmektedir (Deveci, 2017). Bu baglamda, 6gretmen adaylarinin
FeTeMM egitimine yonelik algilarinin metaforlar araciligi ile ortaya konulmasi, FeTeMM egitimine yonelik
egilimlerini belirleme agisindan dnemli gériilmektedir. Ogretmen adaylarinin FeTeMM egitimine yonelik algilari
meslek hayatlarinda sekillendirecekleri FeTeMM egitimi ortamlari hakkinda da énemli ipuglari verebilecektir. Bu
baglamda calismada, 6gretmen adaylarinin FeTeMM egitimine iliskin sahip olduklari algilari metaforlar

aracihigiyla belirlenmistir.

IH

Ogretmen adaylari “niteliksel ve iliskisel” ve “iliskisel” olmak {izere iki tip metafor olusturmalarina ragmen elde
edilen metaforlarin ¢cogunun niteliksel ve iliskisel tiirde olduklari gériilmiistiir. Ogretmen adaylarinin hem gérsel
hem de islevsel tanimlamalari 6gretmen adaylarinin FeTeMM egitimleri strecinde gelistirdikleri farkindaliklarinin
bir gostergesi olarak yorumlanabilir. Ayni zamanda kategorilerin béliimlere gore farklilasmamasi bitlinlesik

olarak verilen FeTeMM egitiminin bir sonucu olarak yorumlanabilir.

Metaforlarin iliskisel baglamlari incelendiginde, 6gretmen adaylar disiplinler arasi birliktelik ile pargalarin bir
araya gelmesi, bagimsiz, ayri ve gicli bir biutlnin olustugunu ifade eden iliskisel baglam kullanmislardir. Bu
sonugla benzer olarak Calisici ve Simen (2018) 6gretmen adaylarinin ¢ogunlukla “tiirlii yemegini” ve “puzzle”
metaforlarini kullanarak FeTeMM egitiminin btinlesik yapisini vurguladigini belirtmistir. Arastirmadan elde
edilen bu sonug alanyazinda FeTeMM egitimine iliskin yapilan tanimlarda da karsimiza ¢ikmaktadir. FeTeMM
barindirdigi alan konularina agirlik vererek sanatla ve diger geleneksel alanlarla bitiinlestiren disiplinler arasi bir
yaklasim olarak yorumlanmaktadir (Morrison, 2006). Bitiinlestirici FeTeMM egitimi, matematik ve fen egitimi
kavram ve uygulamalarini teknoloji ve mihendislik kavram ve uygulamalariyla kasitli olarak birlestiren ve dil
sanatlari, sosyal calismalar, sanat gibi diger okul konulariyla daha fazla entegrasyon yoluyla gelistirilmis
teknolojik/mihendislik tasarim tabanli 6grenme yaklasimlarini ifade eder (Sanders, 2009). FeTeMM egitimi ilk

baslarda dort ayri disipline vurgu yaparken bugilin bu doért disiplinin ve diger alanlarin entegrasyonuna vurgu
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yapilmaktadir. Bltinlesik FeTeMM egitimi 6grencilerin iliski kurma becerilerine ve biitiincil bakis agisina sahip
olmalari agisindan oluk¢a 6nemlidir. Okullarda FeTeMM alanlari arasindaki bariyerlerin kaldirilarak bittnlesik bir
sekilde ele alinmasi, 06grencilerin 6grenme ortamlarinda o6grendiklerini gelecekteki mesleklerine
uygulayabilmelerine olanak saglar (Ejiwale, 2013). Smith ve Karr-Kidwell (2000) biittinlestirilmis FeTeMM egitimi
ile disiplinleri birbirine baglayan bitincil bir yaklasim olmasi dolayisiyla 6grenmenin iliskili, odakl, anlamli ve
O6grenciye uygun hale geldigini belirtmistir. Genel anlamda butinlestirilmis FeTeMM egitimi fen, teknoloji,
matematik ve mihendislik disiplinlerini, bu disiplinler ve gergek dinyadaki problemler arasindaki baglantilara
dayanan bir sinif veya bir ders igerisinde kombine etme ¢abasidir (Moore ve Smith, 2014). Mevcut egitim
yaklasimlari fen, matematik ve teknoloji iceriklerini 6grencilere birbirinden kopuk olarak vermekte, FeTeMM
yaklasimi ise dort disiplini ayri ayri 68retmek yerine gergek yasam durumlarinda birbirine bagli bir 6grenme
paradigmasinda birlestirmektedir (Hom, 2014). Bu baglamda bitinlestirilmis ¢ercevede verilen FeTeMM
egitiminin, 6grencilere bltincul bir bakis agisi kazandirmada ve 6grenmelerini kalici olacak sekilde desteklemede

katki saglayacagi sdylenebilir.

Egitimi ileriye tasiyan kavram olarak ifade edilen iligskiler O6gretmen adaylarinin goéruslerinden ozellikle
O0grenenlere sagladigi firsatlar, uluslararasi sinavlarda sagladigi basarilar ve kazandirdigi becerilerle
vurgulanmustir. Ogretmen adaylarinin bu iliskilendirmelerinin koklerini alanyazinda belirtilen teorik ve uygulamali
calismalarda bulmaktayiz (Bybee, 2010; Korkmaz & Kaptan, 2001; Yildirim, 2018). FeTeMM egitim yaklasimi
egitim ortamlarinda 21. yizyil becerilerinin gelisimine vurgu yapan 6nemli bir egitim yaklasimidir. FeTeMM
egitim programi grup aktivitelerini, laboratuvar arastirmalarini ve projeleri buttinlestirdigi 6lclide 6grenciler igin
21. yuzyil becerilerini kazanma firsati saglayacagi belirtilmektedir (Bybee, 2010). Ayni zamanda yasam boyu
6grenmeyi destekleyen, 6grencileri 6z denetimli 6grenmeye tesvik eden bir siireg olarak sunulmaktadir (Korkmaz
ve Kaptan, 2001). Yildirim (2018) pek ¢ok tlkenin FeTeMM egitimine 6nem vermesinin nedenlerini, ekonomik ve
teknolojik nedenler, ginlik yasamla baglanti kurmasi, PISA/TIMSS gibi uluslararasi sinavlar, mesleki egitim,

FeTeMM disiplinlerine karsi ilginin arttiriimasi ve FeTeMM egitiminin faydalari bigiminde ifade etmistir.

Ogretmen adaylari hayati bir 5nem ve gereklilik olarak ifade ettikleri iliskilendirmeler kullanmislardir. Alanyazinda
paralel olarak K-12 ve yiliksekégretimde FeTeMM egitimi, modern ve teknoloji odakh bir tlkede, bilimsel ve
teknolojik olarak okur-yazar bir isgliciintin ihtiyaglarini karsilama konusunda kuskusuz bir gereklilik/zorunluluk
olarak gorilmesi gerektigi belirtiimektedir (Hossain ve Robinson, 2012). FeTeMM egitimi 6grencileri 21. yy
ekonomisi zorluk ve firsatlarina hazirlamakta ve FeTeMM is giici icin temel teskil etmektedir. Ayni zamanda
arastirmalar, FeTeMM egitimi ile iliskili temel bilissel bilgi, beceri ve yeteneklerin neredeyse tiim is sektorlerinde

ve mesleklerde talep gordigin igin gerekliligini ve dnemini vurgulamaktadir (Carnevale, Smith ve Melton, 2011).

Ogretmen adaylarinin sosyallesme ve iletisim olarak ifade ettikleri iliskisel baglam 6grenmenin dnemli bir yéniinii
vurgulamaktadir. FeTeMM’de 6n plana ¢ikan probleme dayali 6grenme, proje tabanli 6grenme gibi yaklasimlar
uygulamali grenmenin dnemini ortaya koymaktadir. isbirlikli gruplarla uygulanan bu yaklagimlar 6grenmenin bir

parcasidir. Diffily (2001, 2002) FeTeMM egitiminin 6grencilerin akademik basarilarinin yani sira duygusal ve
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sosyal gelisimlerini de destekledigini vurgulamistir. FeTeMM egitimi, 6grencilerin konustuklari, tartismalar
sekillendirdikleri ve problem ¢ézdikleri deneyimler saglar. NSF tarafindan finanse edilen iki yillik bir ¢alismaya
gore, FeTeMM o6gretimi daha etkilidir ve 6gretmenler okullarinda gligli profesyonel 6grenme topluluklari
gelistirmek igin birlikte ya da ekipler halinde galistiklarinda 6grenci basarisi artar (Fulton ve Britton, 2011). Bu
calismadaki 6gretmen adaylarinin gorisleriyle paralel olarak Hmelo-Silver (2004) FeTeMM egitim programlarinin
ogrencilere problem c¢6zme becerileri, kisilerarasi iletisim ve hizla degisen rekabetci bir diinyada basaril
olabilmek igin ihtiyac duyduklari esnekligi kazanmalarini sagladigini belirtmektedir. Ayni zamanda ¢alismalarda;
FeTeMM egitiminin formal ve informal 6grenme ortamlarinda 6grenmek igin kisinin kendi yeteneklerine gliven
insa ettigi ve kendi kendine calismayi tesvik ettigi ve aile ve toplumun katilimini sagladigi belirtilmektedir (Nathan,

Atwood, Prevost, Phelps ve Tran, 2011; Wang, 2012).

Ogretmen adaylarinin Urettikleri metaforlar ve iliskisel baglamlari incelendiginde FeTeMM egitimine iliskin
olumlu distincelere sahip olduklari, FeTeMM egitimini egitimi ileriye tasiyacak, sosyallesme ve iletisimi
saglayacak, 6nemli ve gerekliligi yadsinamaz disiplinler arasi yeni bir yaklasim olarak algiladiklari belirlenmistir.
FeTeMM egitiminin FeTeMM alanlarinin mesleklerinin farkindaligini ve okul igi ve okul digi 6grenme firsatlari
arasindaki iliskileri gelistirerek okul éncesinden ortaokul seviyeleri boyunca basariya gétiiren derslere giris ve
temel sagladig distnilerek, gelecegin 6gretmenlerinin bu algilari ileride sekillendirecekleri FeTeMM egitim
ortamlari hakkinda olumlu yénelimleri gdstermektedir. Ogretmen adaylarindan sadece dérdi negatif iliski
yansitan metaforlar olusturmuslardir. Bu dért 6gretmen adayinin da ayni proje grubundan olmasi dikkat gekicidir.
Dolayisiyla, bu durumun grup icinde etkili iletisim ortaminin olusturulamamasindan kaynaklandigi

disinulmektedir.
ONERILER

Gelecekte yiritilecek calismalarda metaforlar icin farkh kategorilerden yararlanilmasi dusindlebilir. Farkh
Universitelerde FeTeMM alanlarinda 6grenim goéren Ogretmen adaylarinin metaforik algilarini belirleyen
arastirmalar yapilabilir. Universiteler arasindaki algi farkliliklari metaforlar araciligiyla belirlenebilir. Ayni
zamanda, deneysel arastirmalarla farkh uygulama igeriklerinin 6gretmen adaylarinin metaforik algilarindaki
degisime etkisi arastirilabilir. Arastirmalar sonucunda elde edilen metaforlar, hizmet 6ncesi ve hizmet ici mesleki
gelisim programlarinda FeTeMM egitimine iligkin bilgi ve becerilerinin degerlendiriimesinde bir arag¢ olarak

kullanilabilir.
ETiK METNi

Bu makalede dergi yazim kurallarina, yayin ilkelerine, arastirma ve yayin etigi kurallarina, dergi etik kurallarina

uyulmustur. Makale ile ilgili dogabilecek her tiirli ihlallerde sorumluluk yazarlara aittir.
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