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ABSTRACT

INVESTIGATION OF SCIENCE TEACHERS’ NATURE OF ENGINEERING
VIEWS

Irdem Agriman, Nurseli
M.S., Department of Science Education in Mathematics and Science Education
Supervisor: Prof. Dr. Jale Cakiroglu
Co-Supervisor: Assoc. Prof. Dr. Sedef Canbazoglu Bilici

September 2022, [77| pages

Today’s, STEM education come into our lives and our curriculum. Therefore, STEM
education that is the interdisciplinary approach and combine science with technology,
mathematics and engineering is new trend in Turkey, so the especially, science teacher
that are considered as an important part of STEM education should be good at engi-
neering skills and know how to provide engineering training for students. Therefore,
the views of teachers about nature of engineering is very important. In this study,
the aim is to bring into open teacher’s views about nature of engineering in central
Anatolia in Turkey. Qualitative research method is utilized. Nine science teachers
are participated in this study as a participant. Data were analyzed by using coding
method. At the end of the study, teachers’ views on nature of engineering differ in
some points. In particular, the answers to the questions related to demarcation, engi-
neering design process aspects vary. The teachers gave approximately the same an-
swers to the questions asked for the tentativeness and creativity aspects. They thought
that engineering design can change and engineering uses creativity and imagination.

However, their reasons were also different. In the comments on the social and cultural



embeddedness aspect, few participants thought that engineering is effected by soci-
ety. Regarding the subjectivity aspect, the majority thought that engineering does not
have a unique solution. Lastly, under social aspect of engineering, most teachers talk

about engineers working as a group, but the answers to advantages and disadvantages
differ.

Keywords: STEM, engineering, nature of engineering, science teacher
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0z

MUHENDISLIGIN DOGASINA YONELIK FEN OGRETMENLERININ
GORUSLERININ INCELENMESI

Irdem Agriman, Nurseli
Yiiksek Lisans, Fen Bilimleri Egitimi Boliimii
Tez Yoneticisi: Prof. Dr. Jale Cakiroglu
Ortak Tez Yoneticisi: Dog. Dr. Sedef Canbazoglu Bilici

Eyliil 2022 ,[77) sayfa

Giliniimiizde STEM egitimi hayatimiza ve miifredatimiza girdi. Bu nedenle disiplinler
arasi bir yaklasim olan ve bilimi, teknoloji, matematik ve miihendislikle birlestiren
STEM egitimi Tiirkiye’de yeni bir akimdir. Bu nedenle 6zellikle STEM egitiminin
onemli bir parcasi olarak kabul edilen fen bilgisi 6gretmenlerinin miithendislik bece-
rileri ve mithendisligi nasil uygulayacaklarini iyi bilmeleri gerekmektedir.Bu nedenle
ogretmenlerin miithendislik algist olduk¢a dnemlidir. Bu ¢aligsmanin amaci Tiirkiye’de
I¢ Anadolu’da yasayan fen bilgisi 6gretmenlerinin miihendisligin dogas1 hakkindaki
goriiglerini arastirmaktir. Nitel arastirma yontemi kullanilmaktadir. Bu ¢alismaya do-
kuz fen bilgisi 6gretmeni katilmaktadir. Veriler kodlama yontemi kullanilarak ana-
liz edilmigtir. Arastirmanin sonunda 68retmenlerin miithendisligin dogasina iligkin
goriisleri baz1 noktalarda farklilik gostermektedir. Ozellikle sinir belirleme ve mii-
hendislik tasarim siireci yonleri ile ilgili sorularin cevaplar cesitlilik gostermektedir.
Degisebilirlik ve yaraticilik boyutlarina yonelik sorulan sorulara 6gretmenler asagi

yukar1 aym cevaplar1 vermiglerdir. Miithendislik tasariminin de8isebilecegini ve mii-
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hendisligin yaraticilif1 ve hayal giiciinii kullandigin1 diistinmektedirler. Ancak bunun
nedenlerine verilen cevaplar yine farklilagsmaktadir. Sosyal ve kiiltiirel boyutuyla il-
gili yapilan yorumlarda, miithendisligin toplumdan etkilendigi diisiincesine ¢ok az kisi
sahiptir. Oznellik boyutuna gelince, cogunluk miihendisligin benzersiz bir ¢6ziimii ol-
madigini diistinmektedir. Son olarak, miithendisligin sosyal yonii altinda, cogu 6gret-
men miihendislerin grup halinde calismasindan bahsetmektedir. Ancak bu durumun

avantaj ve dezavantajlari i¢in verilen cevaplar farklidir.

Anahtar Kelimeler: STEM, miihendislik, miithendisligin dogasi, fen 6gretmeni
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CHAPTER 1

INTRODUCTION

1.1 Introduction

What is science? This question is actually difficult to answer because it has differ-
ent definitions. According to Gilbert (1991), science is an operation that builds the
estimated conceptual model. Moreover, according to the National Science Standards
(NRC, 1996), science is a process in that students are active by making the inquiry,
observing, testing, and constructing knowledge. Everything in daily life is related to
science, so it plays an important role for us because it is in our daily life. According to
Kola (2013), science education enhances students that are not members of scientific
society to share the science content and to process with them, so we need to integrate

it into our curriculum to familiarize this concept to students.

On the other hand, the science is not only enough to be taken from students because
the connection between the other disciplines that are mathematics technology, and
engineering is its inherent. According to Kola (2013), without science education, en-
gineering, technology, medicine and the other disciplines are not possible to teach.
However, according to Sanders (2009), science, technology engineering and mathe-
matics have dominated in their fields for a century, and they are separated. On the
other hand, the real-life that means thinking of without schools, designing and scien-
tific inquiring interoperate with engineering to solve real life problems. For instance,
when the mechanical engineer makes a car, they need to know science that enable the
engineers the physical rules, mathematics to calculate what is necessary to make a
car, technology to adjust modern-days, and, also, engineering to design the car differ-

ent from others and develop its design ergonomically. In the light of these, we ought



to think that these disciplines are not separate from each other.

According to White (2014), STEM education comes in view resulting lots of his-
torical events such as World War II. In there, the science, technology, engineering,
and mathematics are used to produce a new product that leads to improve STEM
education. Another example of historical event is “Sputnik”. In view of White
(2014), Sputnik pioneers to the beginning of STEM education because it leads the
start of technological advance and technological achievement. Technological devel-
opments, achievements, increase in the workforce, and the replacement of human
power with technological tools has caused some changes in education. As a result of
these changes, the STEM approach began to be heard more in our curricula. Accord-
ing to Akgiindiiz et al. (2015) it must be necessary to raise a child that is interested
in the field of STEM education, innovator, an entrepreneur, and think creatively be-
cause of making real in Turkey the miracle created in Japan, in South Korea, in Asia
in the 2000s. Also, again according to Akgiindiiz et al.(2015) to raise these children,
we need to an educational culture that gives responsibility, and computer program-
ming from a very young age to students, makes them think, enables them to make
wrong, and inoculates an entrepreneurial spirit, so if we ask the STEM is necessary
for our culture, the answer will be YES. From the point of view of teachers, ques-
tions about engineering knowledge and how to apply it began to be asked because
the teachers who give a STEM education that need to know engineering knowledge
to students ought to know what engineering education is, and how to integrate it into
our lessons. To answer the questions of how teachers’ engineering knowledge is and
how is it applied, it is necessary to focus on the nature of engineering (NOE) because
Karatag et al. (2011) stated that understanding the nature of engineering will lead
to a better understanding of engineering and technology.To understand NOE well, it
has been benefited from the nature of science to understand well the nature of en-
gineering because in terms of Deniz et al. (2020), in science education, NOS is a
well-established research field, so the historical trajectory of NOS scholarship in sci-
ence education might enrich the evolving Nature of Engineering research agenda and
attempts to define NOE ideas. Moreover, Deniz et al. (2020) conducted a study about
it and stated that there is a relationship between them and according to , people can

understand the creative, subjective, tentative, social, and socio-cultural dimensions of



the scientific enterprise through contemporary NOS perspectives. Similarly, people
who hold current NOE perspectives are also more inclined to value the creative, sub-
jective, tentative, social, and sociocultural components of engineering design. On the
part of Deniz et al. (2020) NOE aspects including demarcation, engineering design
process (EDP), empirical basis, tentativeness, creativity, subjectivity, social aspect of
engineering and social and cultural embeddedness were developed. Figure [I.1] and

Figure are tables about the descriptions of NOE aspects;



Figure 1.1: Description of nature of engineering aspects

NOE aspect

Description

Demarcation (What is engineer-
ing? What makes engineering
different from other disci-
plines?)

Engineering design process
(EDP)

Empirical basis

Tentativeness

Engineering 1s systematically engaging in the practice of design
to achieve solutions for specific problems. Engineers apply their
understanding of the natural world (scientific knowledge) to design
solutions for real world problems

In the K-12 context, “science” is generally taken to mean the tra-
ditional natural sciences: physics, chemistry, biology, and (more
recently) earth, space, and environmental sciences...We use the term
“engineering” in a very broad sense to mean any engagement in a
systematic practice of design achieve solutions to particular human
problems. Likewise, we broadly use the term “technology to include
all types of human-made systems and processes-not in the limited
sense often in schools that equates technology with modern com-
putational and communications devices. Technologies result when
engineers apply their understanding of natural world and of human
behavior to design ways to satisfy human needs and wants (NRC
2012, pp. 11-12)

Engineering design process 1s viewed as both domain knowledge and
the central practice of engineering in the Framework (NRC 2012).
There is an overall agreement on the components of the engineering
design process described below

The core idea of engineering design includes three component ideas:
Define, Design, and Optimize

A, Define Defining and delimiting engineering problems involves stat-
ing the problem to be solved as clearly as possible in terms of criteria
for success and constraints or limits

B. Design Designing solutions to engineering problems begin with
generating a number of possible solutions. These potential solutions
are then evaluated to assess which ones best meet the criteria and
constraints of the problem

C. Optimize Optimizing the design solution involves a process in
which solutions are systematically tested and refined and the final
design is improved by trading off less important features for those that
are more important (NGSS Lead States 2013, Appendix L, p. 104)

Engineers optimize their design solutions and compare alternative solu-
tions based on evidence obtained from test data

... engineers engage in testing that will contribute data for informing
proposed designs. A civil engineer, for example, cannot design a new
highway without measuring the terrain and collecting data about the
nature of the soil and water flows (NRC 2012, p. 45)

Engineers use investigation both to gain data essential for specifying
design criteria or parameters and to test their designs. Like scientists,
engineers must identify relevant variables, decide how they will be
measured, and collect data for analysis. Their investigations help
them to identify how effective, efficient, and durable their designs
may be under a range of conditions (NRC 2012, p. 50)

Engineering design solutions are subject to change. Engineering design
solutions can be revised to better achieve the desired goal or they can
be revised to satisfy different criteria

Phases of engineering design process do not always follow in order,
any more than do the “steps” of scientific inquiry. At any phase, a
problem solver can redefine the problem or generate new solutions to
replace an idea that is just not working out (NGSS Lead States 2013,
Appendix L, p. 104)




Figure 1.2: Description of nature of engineering aspects (cont’d)

NOE aspect Description

Creativity Creativity and imagination of engineers play a major role during the
engineering design process. The role of creativity and imagination
is not limited to any specific component of the engineering design
process

Engineering and science are similar in that both involve creative pro-
cesses, and neither uses just one method (NRC 2012, p. 46)

Subjectivity There is no unique solution to an engineering design problem. While
there can be many solutions to the same problem, some of these
solutions may be more suited to meet the criteria and constraints of
the problem

There is usually no single best solution but rather a range of solutions.
‘Which one is the optimal choice depends on the criteria used for mak-
ing evaluations (NRC 2012, p. 52)

Social aspects of engineering Engineering is not a solitary pursuit. Engineering design solutions are
constructed through social negotiation. Despite their individual differ-
ences, members of an engineering community share common under-
standings, traditions, and values. This social dimension enhances the
quality of engineering design solutions

The work of engineers, like the work of scientists, involves both indi-
vidual and cooperative effort; and it requires specialized knowledge
(NRC 2012, p. 28)

Engineers cannot produce new or improved technologies if the advan-
tages of their designs are not communicated clearly and persuasively.
Engineers need to be able to express their ideas, orally and in writing,
with the use of tables, graphs, drawings, or models and by engaging
in extended discussions with peers. Moreover, as with scientists, they
need to be able to derive meaning from colleagues’ texts, evaluate the
information, and apply it usefully. In engineering and science alike,
new technologies are now routinely available that extend the pos-
sibilities for collaboration and communication (NRC 2012, p. 53)

Social and cultural embeddedness Engineering is a human activity. There is a continued interaction
between engineering and society. Sociocultural factors influence the
engineering design process, and in turn, engineering influences the
society. These social and cultural factors include social composition,
religion, worldview, political, and economic factors

Not only do science and engineering affect society, but society’s deci-
sions (whether made through market forces or political processes)
influence the work of scientists and engineers. These decisions
sometimes establish goals and priorities for improving or replacing
technologies; at other times they set limits, such as in regulating the
extraction of raw materials or in setting allowable levels of pollution
from mining, farming, and industry (NRC 2012, p. 213)

Source: Deniz et al., 2020: 638 and 639.

However, Deniz et al. (2020) stated that there is a limitation about the empirical
and social nature of engineering aspects that they defined in their study. Then, Kaya
(2020) conducted a study including these aspects and different aspects from these

aspects. Figure [I.3] Figure [T.4] Figure [I.5] and Figure [I.6] are tables about the de-
scriptions of NOE aspects from the Kaya’s study.
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Figure 1.3: Description of nature of engineering aspects

NOE Aspect Description

Demarcation (What is Engineering is systematically engaging in the practice of design to achieve
engineering? What makes solutions for specific problems. Engineers apply their understanding of the
engineering different from natural world (scientific knowledge) to design solutions for real world
other disciplines?) problems.

In the K-12 context, “science” is generally taken to mean the traditional natural
sciences: physics, chemistry, biology, and (more recently) earth, space, and
environmental sciences...We use the term “engineering” in a very broad sense
to mean any engagement in a systematic practice of design to achieve solutions
to particular human problems. Likewise, we broadly use the term “technology
to include all types of human-made systems and processes-not in the limited
sense often in schools that equates technology with modern computational and
communications devices. Technologies result when engineers apply their
understanding of natural world and of human behavior to design ways to satisfy
human needs and wants. (NRC, 2012, p. 11-12)



Figure 1.4: Description of nature of engineering aspects (cont’d)

Engineering design process
(EDP)

Empirical basis

Tentativeness:

Engineering design process is viewed as both domain knowledge and the central
practice of engineering in the Framework (NRC, 2012). There is an overall
agreement on the components of the engineering design process described
below.

The core idea of engineering design includes three component ideas: Define,
Design, and Optimize

A. Define: Defining and delimiting engineering problems involves stating
the problem to be solved as clearly as possible in terms of criteria for
success and constraints or limits.

B. Design: Designing solutions to engineering problems begin with
generating a number of possible solutions. These potential solutions
are then evaluated to assess which ones best meet the criteria and
constraints of the problem.

C. Optimize: Optimizing the design solution involves a process in which
solutions are systematically tested and refined and the final design is
improved by trading off less important features for those that are more
important (NGSS Lead States, 2013, Appendix I, p. 104)

Engineers optimize their design solutions and compare alternative solutions
based on evidence obtained from test data.

... engineers engage in testing that will contribute data for informing proposed
designs. A civil engineer, for example, cannot design a new highway without
measuring the terrain and collecting data about the nature of the soil and water
flows (NRC, 2012, p. 45)

Engineers use investigation both to gain data essential for specifying design
criteria or parameters and to test their designs. Like scientists, engineers must
identify relevant variables, decide how they will be measured, and collect data
for analysis. Their investigations help them to identify how effective, efficient,
and durable their designs may be under a range of conditions (NRC, 2012, p.
50)

Engineering design solutions are subject to change. Engineering design
solutions can be revised to better achieve the desired goal or they can be
revised to satisfy different criteria.

Phases of engineering design process do not always follow in order, any more
than do the “steps™ of scientific inquiry. At any phase, a problem solver can
redefine the problem or generate new solutions to replace an idea that is just not
working out (NGSS Lead States, 2013, Appendix I, page 104).



Figure 1.5: Description of nature of engineering aspects (cont’d)

Creativity

Subjectivity

Social aspects of engineering

Social and cultural
embeddedness

Creativity and imagination of engineers play a major role during the
engineering design process. The role of creativity and imagination is not limited
to any specific component of the engineering design process.

Engineering and science are similar in that both involve creative processes, and
neither uses just one method (NRC, 2012, p. 46).

There is no unique solution to an engineering design problem. While there can
be many solutions to the same problem, some of these solutions may be more
suited to meet the criteria and constraints of the problem.

There 1s usually no single best solution but rather a range of solutions. Which
one is the optimal choice depends on the criteria used for making evaluations
(NRC, 2012, p. 52).

Engineering is not a solitary pursuit. Engineering design solutions are
constructed through social negotiation. Despite their individual differences,
members of an engineering community share common understandings,
traditions, and values. This social dimension enhances the quality of
engineering design solutions.

The work of engineers, like the work of scientists, involves both individual and
cooperative effort; and it requires specialized knowledge (NRC, 2012, p. 28).

Engineers cannot produce new or improved technologies if the advantages of
their designs are not communicated clearly and persuasively. Engineers need to
be able to express their ideas, orally and in writing, with the use of tables,
graphs, drawings. or models and by engaging in extended discussions with
peers. Moreover, as with scientists, they need to be able to derive meaning from
colleagues’ texts, evaluate the information, and apply it usefully. In engineering
and science alike, new technologies are now routinely available that extend the
possibilities for collaboration and communication (NRC, 2012, p. 53).

Engineering is a human activity. There is a continued interaction between
engineering and society. Sociocultural factors influence the engineering design
process, and in turn, engineering influences the society. These social and
cultural factors include social composition, religion, worldview, political, and
economic factors.

Not only do science and engineering affect society, but society’s decisions
(whether made through market forces or political processes) influence the work
of scientists and engineers. These decisions sometimes establish goals and
priorities for improving or replacing technologies; at other times they set limits,
such as in regulating the extraction of raw materials or in setting allowable
levels of pollution from mining, farming, and industry (NRC, 2012, p. 213)



Figure 1.6: Description of nature of engineering aspects (cont’d)

Criteria or Constraints Engineers make decisions based on predetermined criteria and constraints
during the engineering design process. Making gains on one criterion often
invelves losing on another criterion or other criteria.

Engineers must contend with a variety of limitations, or constraints, when they
engage in design. Constraints, which frame the salient conditions under which
the problem must be solved, may be physical, economic, legal, political, social,
ethical, aesthetic, or related to time and place. In terms of quantitative
measurements, constraints may include limits on cost, size, weight, or
performance, for example. And although constraints place restrictions on a
design not all of them are permanent or absolute (NRC, 2012, p. 205).

Failure-Laden
Failure in engineering design is inevitable and provides opportunities for
improving design solutions. Engineers engage in multiple iterations to enhance
the quality of their products and systems.

Tests are often designed to identify failure points or difficulties, which suggest
the elements of the design that need to be improved (NRC, 2012, p. 207).
Engineers often look for and analyze patterns, too. For example, they may
diagnose patterns of failure of a designed system under test in order to improve
the design (NRC, 2012, p. 86).

Source: Kaya, 2020: 194, 195, 196 and 197.

1.2 Significance of the Study

The importance of engineering has increased with the development of technology and
the replacement of labor force by machines. In this direction, developed countries
wanted to make some reforms in education. With the birth of the STEM concept, en-
gineering was integrated into science courses. In our country, engineering has started
to be included in the education process with some changes in the curriculum made in
2018 (Ministry of National Education [MoNE], 2018). The inclusion of engineering
in education programs raises the question of what teachers know about this subject.
In this study, it was aimed to collect information about teachers’ views on the nature

of engineering.

There are three main specific significance of this study. The first one is that studies

on nature of engineering related to these aspects are limited. The fact that the study
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depends on these aspects reveals the value of this study and will contribute to the
literature. Secondly, in the previous studies, it was taken views from elementary
school teachers (Deniz et al.,2020) or preserve teachers or engineers educators (Kaya,
2020) about the nature of engineering. This study focused on middle school teachers’
views about nature of engineering. The fact that there was no study related to these
aspects at this level. It shows the importance of the current study. Finally, in the study
conducted by Deniz et al., (2020), there was a limitation about empirical and social
NOE aspects. Then, in study conducted from Kaya (2020), the new nature of aspects
and new questionnaires were developed. In this study, the aspects of NOE taken
from study (Deniz et al.,2020) from literatiire about nature of engineering views are
adapted to Turkish and social aspect of NOE that are known as missing in this study
are taken from the study (Kaya, 2020), and again adapted to Turkish. Closing the
deficiencies in the first study with a question taken from the other study and applying
it to different teachers in terms of experience is a feature that distinguishes the study
from other studies. Moreover, the changes in questionnaires make a new contribution

to the literatiire.

In conclusion, also, this study and previous studies have not only contributed to the
literature, but also can guide the training programs to be applied to teachers according
to the information obtained at the end of this study. With qualified teacher education
programs, it can be developed for teachers to integrate engineering into their courses

more consciously and to increase their knowledge level on this subject.

1.3 Definition of Important Terms

Nature of Engineering: According to Deniz et al. (2020), NOS is a well-established

study topic in scientific education, therefore the historical trajectory of NOS schol-
arship in science education may enhance the expanding NOE research agenda and
attempts to define NOE ideas. Furthermore, it has been discovered that there is a
link between them, and according to Deniz et al.(2020), current NOS viewpoints can
help people grasp the creative, subjective, tentative, social, and socio-cultural compo-
nents of scientific discovery. People who hold contemporary NOE attitudes are also

more likely to respect engineering design’s creative, subjective, uncertain, social, and
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sociocultural components (Deniz et al., 2020).

STEM Education: Definition of STEM education is difficult because according to

White (2014) it has different definitions based on different people. There are some
different views about it. In view of Sanders (2009) “STEM education includes ap-
proaches that explore teaching and learning between/among any two or more of the
STEM subject areas, and/or between a STEM subject and one or more other school
subjects” (p.21.). In contrast to this definitions, in view of The United States De-
partment of Education (2007), “Science, Technology, Engineering, and Mathematics
education programs are defined as those primarily intended to provide support for, or
to strengthen, science, technology, engineering, or mathematics (STEM) education
at the elementary and secondary through postgraduate levels, including adult educa-

tion.”(p.11)

Science: In terms of Eastwell (2002), science is frequently referred to be one method
of knowing, characterizing, categorizing, and comprehending our cosmos, notably in

curricular materials.

Mathematics: According to Toluk (2003), in general, different definitions will emerge,
such as the knowledge of numbers and shapes, the collection of operations and rules,

the science of patterns and orders .

Technology: According to Giinay (2017), Technology based on scientific knowledge,

machine and knowledge of manufacturing devices.

Engineering: Engineering is a profession that seeks to provide solutions to client’s

technological issues (Hartman, 2016)

1.4 Purpose of the Study

The purpose of the study was to investigate and evaluate the views of science teach-
ers’ about nature of engineering. The innovations added to the curriculum, the in-
troduction of STEM education into our lives, becoming importance of engineering
education with STEM education necessitate to make this study. Developing countries

try to develop or developed countries try to improve more and arrive necessities of
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their current age by making innovations, using technologies, making their designs,
solving their problems by thinking or sharing their ideas with others. In fact, all these
mentioned features reveal the importance of the concept of engineer, and it leads to
some changes in education system. According to Cansoy (2018), it is seen that the ex-
pectations that are relating to the needed individual qualities have changed depending
on the social, economic, political, and technological developments in the 21st century.
In addition, these changes also affect the education systems, and some situations of
making some necessary changes in the knowledge, skills and competencies are made
out (Cansoy, 2018). Moreover, according to Akgiindiiz et al., (2015), with the glob-
alization, leadership in field of economic success, technological development, and
defense industry become more important day by day. Competitions of innovativeness
between countries get bigger because of developments in the world and depletion of
resources. Due to gaining speed of competitions of technological development, the
countries feel obligate to bring improvement about educational policies (Akgiindiiz
et al., 2015). Engineering practices have begun to be included in science education.
In the light of these issues, in our country, Turkey, science, engineering, and en-
trepreneurship practices were integrated in the middle school science curriculum in
2018 (MoNE, 2018). The science, engineering and entrepreneurship practices aim to
develop students’ entrepreneurial, science and engineering skills. With this program,
the student identifies a problem from daily life. They produces alternative solutions
to this problem by considering its own material and vehicle situation. It is expected to
choose the most suitable one among the alternative solutions. This produces a product
with the chosen solution. They are expected to market their products to improve their
entrepreneurial skills, and to develop strategies for this (MoNE, 2018). According
to 2018 science curriculum in Turkey, these discipline assists students inventing and
innovating solutions to issues from an interdisciplinary perspective by integrating sci-
ence, mathematics, technology, and engineering, allowing students to make and use
products using the knowledge and skills they have obtained, and it entails devising
techniques for adding value. That is, it was aimed that students gain engineering
skills in the light of interdisciplinary approach that includes science, mathematics,
and technology. Also, engineering plays a direct role in problem resolution and in-
novation. According to Bybee (2010), students should study engineering and gain

some of the skills and talents connected with the design process because of its eco-

12



nomic value to society. When we look at all these, the importance of STEM (science,
technology, engineering, and mathematics) education that are famous and added into
educational policy has emerged. It is still new in Turkey, so science instructors, who
are considered to become a significant element of STEM education, must have solid
engineering knowledge, and know how to use it in order to deliver engineering educa-
tion by integrating science, mathematics and technology. As a result, teachers’ views
on engineering are critical. As a result of these, the study’s goal was to look into and
analyze middle school science teachers views on the nature of engineering. In this
study, aspects of the above-mentioned studies and related questions were taken as a
basis in order to reveal the views of teachers. Some of the questions were removed or
changed as a result of the pilot study. Then, the following research question guided

the present study.

1.5 Research Question

What are the views of science teachers about the nature of engineering?
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CHAPTER 2

LITERATURE REVIEW

In this chapter, it is mentioned definitions, general characteristics, emergence, impor-
tance, and studies about STEM education, definition, importance and studies about

engineering, and the nature of engineering and studies about it.

2.1 STEM EDUCATION

With the change in the 2018 science curriculum, we heard more about STEM educa-
tion. In this case, it revealed that more information should be obtained on this subject
and that more work should be done. In this section, what is available in the literature

about STEM education will be discussed.

2.1.1 Emergence of STEM education

The development of industry, the invading technology of our lives, and the depletion
of resources have caused countries to seek innovation, and it is obvious that this can
be possible with education and changes made in education, and The United States
has been a pioneer in this regard, so it published a new curriculum in 1996 within the
scope of the National Science Education Standard. (Akgiindiiz et al., 2015). The pur-
pose of national science education standards in the US is to present to every student at
different grade levels what they need to know, understand and be able to do in order
to achieve scientific literacy (NRC,1996). This program, whose aim is to provide an
inquiry-based learning experience, has found great response both in the USA and in

developed and developing countries (Akgiindiiz et al.,2015). Later, it was aimed to
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deliver quality education to all components of the society and reports on this issue
started to be published in the business world, but the reports started to put pressure on
schools to increase the quality of the workforce and further develop the renaissance
(Akgiindiiz et al., 2015). In the face of these pressures and demands, it was discussed
that engineering education should be given in schools, and as a result, STEM started
to become popular by considering engineering with other disciplines (science, math-
ematics, and technology) education (Akgiindiiz et al., 2015). In addition, there have
been events that indirectly formed the infrastructure of STEM education, and these
events are World War II and SPUTNIK (1957) mentioned before in the introduction
part. (White, 2014).

As regards the birth of STEM education in Turkey, engineering and entrepreneurship

practices were added to the science curriculum in 2018.

A definite answer to the question of what is a STEM has not been found yet. There
are different opinions. According to Brown (2012), STEM (science, technology, en-
gineering, and math) education research encompasses a wide range of topics with
ambiguous criteria. That’s why the definitions of STEM education can be diversified,
so from the literature, there are different definitions for STEM education. STEM edu-
cation is thought of as an approach in some studies. For example, Breiner et al. (2012)
defined STEM education as an approach that contains teaching based on a traditional
lecture that reinforces inquiry and project-based learning. Similarly, Ozcan and Kos-
tur (2018) stated that STEM is the combination of Science-Technology-Engineering-
Mathematics. In addition to these, according to Hasanah (2020), STEM education
was defined not only as an approach but also as a career, as instruction and field in
studies. Otherwise, Gonzalez and Kuenzi (2012) define STEM education as the field
of science, technology, engineering and mathematics and reference to teaching and
learning. Moreover, in reference to Akgiindiiz (2018), STEM education refers to a
process in which theoretical knowledge is practically transformed into a product. As
a result of different definitions of STEM education from the literature, it can be un-
derstood that there is no single real definition of STEM education. That is, in terms
of Brown (2012), while the precise concept of STEM education is debatable, there is
a definite need for greater study on the subject, but if we give an example from the

literature.
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It can be mentioned the characteristics of STEM education in terms of different views.
If we consider the characteristics of STEM education from the point of view of the
student (Gallant, 2010), a student who has received a STEM education will be an
individual who can solve problems, think logically, have technology literacy, and can
combine their culture with their learning. If it is considered from the point of view of
the classroom, Akgiindiiz (2018) state that how STEM education should be given in
the classroom and how its boundaries should be drawn have not yet been defined very
well. However, Gallant (2010) states that STEM classroom, which provides students
with a variety of learning styles as well as those with disabilities, centers students in
the classroom, has computers with STEM software, and has easily modular furniture
from grades 6 to 12. Yildirim (2018) asked teachers how a STEM class should be.
It was argued that teachers should have the necessary materials to be able to do the
application, the classes should be suitable for group work, and there should be com-
puters and smart boards (Yildirim, 2018). Also, when examined in terms of STEM
school, Gallant (2010) explained that a STEM school is a school that promotes a cul-
ture that fosters STEM literacy, has educational materials, and encourages inquiry,

creativity, shaping, and performance-based practices.

2.1.2 Importance of STEM education in science education

Akgiindiiz (2018) mention that STEM components, science and mathematics, com-
bined with engineering and technology, can be produced and this production paves the
way for the economy. Among the studies conducted with STEM, the researchers also
mentioned the importance of STEM. In this way, it can be tried to find an answer to
the question of why STEM education and so there are different reasons and opinions
about its importance. For example, Brown et al. (2011) interrogated the importance
of STEM in their study and emphasized that participants in this study thought that
STEM is important because it serves as an interdisciplinary bridge and provides a
conceptual building block for students. Moreover, according to White (2014), this
educational effort aimed to provide all students with critical thinking abilities that
would enable them to solve problems creatively and, as a result, make them more
employable. In addition to all, Akgiindiiz (2018) mentioned in their book about the
importance of STEM education, and stated that with STEM education, it is tried to
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create learning environments that will enable students to solve real-life problems cov-

ering more than one discipline and establish interdisciplinary relationships.

2.1.3 Studies about STEM Education

International and national studies related to STEM will be reviewed in this section.
Studies have been conducted for recognizing STEM education such as investigating
the views of teachers. For instance, in the study conducted by Yildirim (2018), it was
revealed the views of the teachers who included STEM applications in their lessons
with all its dimensions. Six teachers working in different provinces participated in
the study. Data are collected by using qualitative research method and used "STEM
Teacher Interview Form (SOGF)" consisting of 7 questions. It was emphasized that
teachers do not feel competent about content knowledge and that a good STEM
teacher should have knowledge of the field, pedagogy, engineering, and their integra-
tion. In addition, it was emphasized that strategies and methods such as project-based
learning, research-based learning and problem-based learning should be used during
STEM applications. Other example is that in the study conducted by Ozcan and Kos-
tur (2018), the aim is to collect teacher’s views about STEM education. A qualitative
research method was used, and data were collected by asking an open-ended question
that is "What is STEM?". 85 science teachers that have an experience of only 1 or
2 years working in public or private schools participated in the study. As a result, it
was seen that the newly graduated teachers gave comprehensive, detailed, and cor-
rect answers to the question asked. Moreover, there are some studies by conducting
with faculty members. For example, Breiner et al., (2012), in their studies, by asking
some questions to faculty members investigated the definition of STEM education
and how STEM education affects our lives. Although 72 % of the faculty members
participating in the study were interested in STEM, the results showed that there was
no common STEM conceptualism. Concepts often depend on academic discipline
or how STEM affects their daily lives. Also, some studies were conducted to inves-
tigate the STEM perceptions of students. For instance, Cakmak (2019) conducted
a study that the aim of this research is to examine the STEM perceptions of middle
school students determined according to certain criteria (gender, school type, grade

level, parents’ education level, parents’ occupations, family income level, whether
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there is an engineer in the family). As a result of the data analysis, the students lim-
ited technology to only electronic goods. Also, they mentioned the importance of
mathematics, creativity, problem solving, brainstorming and experimentation for en-
gineers. In contrast, some investigations were reported (Brown, 2012 and Hasanah,
2020). Brown (2012) analyzed the eight journals focused on STEM discipline in his
study. The results of the analysis summarize how often different research in STEM
education is done, the results of the research on this topic, the participants, and the
universities affiliated with the research. In addition, Hasanah (2020) investigated
key definitions of STEM education and underlined the different definitions of STEM
education in literature. Literature search was done through Educational Resources In-
formation Center, Scopus, Web of Science and Google Scholar. Four key definitions
that are “Instruction”, “Curriculum”, “Major”, “Career” and three scopes that include

those major definitions based on literature reviews are found and described.

2.2 ENGINEERING

One of the reforms made in education to increase the workforce of developing and
developing countries is to include engineering in education. With engineering edu-
cation, STEM has entered our lives and it is aimed to develop students’ 21st century
skills. In this part, the definition of engineering, the importance of it and some studies

related to it are mentioned.

When examining the literature on the definition of engineering, there are different
opinions. While some define it as a profession, some consider it as a person. Oth-
ers have defined engineering based on the work engineering has done. Additionally,
Chou and Chen (2017) described an engineer as a person who works in the field of
engineering. However, Cakmak et al. (2019) defined engineering as one of the com-
ponents of STEM and a profession that has the ability and potential to change the
quality of life of people positively or negatively. Also, Brophy et al. (2008) men-
tioned about definition of engineering in their article that when many developers of
engineering learning materials are asked about the definition of engineering and what
they do, they mention that engineers invent innovations and processes, improve exist-

ing ones, and come up with new things to meet people’s needs by using mathematics
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and science.

Over time engineering became important in science education. With the development
of Industry 4.0, it can be observed that the machines are used in production instead of
the labor force, so that situation leads to change in employment and reveals some jobs
such as wearable technology designer, data security specialist or 3D printer engineer-
ing (Akgiindiiz,2018). In order to prepare children for the future with this, they should
use education models suitable for 21st century skills (Akgiindiiz,2018). The skills we
call 21st century skills are communication, cooperation, critical thinking and creativ-
ity in general terms (Akgiindiiz, 2018). Anymore, a person who is an engineer by
getting a bachelor’s degree at the university must have certain characteristics such as
practical and analytical thinking, problem solving, and the ability to use imagination
and creativity. According to Akgiil et al. (2013), the aim of engineering education
can be summarized as enabling the student to produce practical and analytical solu-
tions for the problems they may encounter, improving their design skills and solving

design problems in the most efficient way by using existing materials and systems.

In this context, it can be seen that there is a similarity between the changes needed
in education at a young age and the aims of engineering education. That is, the
skills to be acquired with 21st century skills are similar to the skills included in the
purpose of engineering education. Therefore, it is necessary to integrate engineering
education into science education at an earlier age in a way that connects it with other
disciplines. In this way, it will be possible to train young people who are ready for the
changing world, changing technologies and different business areas, with advanced
21st century skills, who will make innovations by reconciling their engineering skills

with the concepts they know in science.

2.2.1 Studies about engineering

With the inclusion of the concept of engineering in our curriculum, it has been a
matter of curiosity about what teachers and students know about it. There are some
studies on this subject. Some of them were conducted with students. For example,
Cakmak et al. (2019) conducted a study to examine how middle school students per-

ceive the concept of engineering and their profession. A total of 627 middle school
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students participated in the study. The mixed method was used in the study. As a re-
sult of the study, it was found that the students did not have enough knowledge about
the engineering field, and they perceived engineering as a male profession. Also,
Chou and Chen (2017) conducted a study by using the Chinese-version of the Draw-
an-Engineer Test (CDET), and the aim of the study was to collect views of students
about conceptions of engineers. A mixed methods research methodology was used
and with content analysis, and data were analyzed. 750 Taiwanese students partici-
pated in the study. it was seen that the children were influenced by the family and
the mass media, and the presence of gender, certain types of engineers and basic con-
cepts were seen in the drawing (Chou & Chen, 2017). Some of researchers were
investigated views of teacher about engineering. For instance, Hammack and Ivey
(2017) investigated science teachers’ perceptions about engineering and engineering
design. The results of the first stage were used to end the interview held in the second
stage. 545 K-5 public school teachers participated in this study. Data were analyzed
with mixed methods research. Data were collected by applying online questionnaire
that include Likert, selected response, and open-ended items. It was found that the
participants did not have much knowledge about the subject. Participants also stated
that they have little experience in engineering. In addition, teachers could not distin-
guish between science examples and engineering activities (Hammack & Ivey, 2017).
Also, Hacioglu et al. (2016) aimed to collect the opinions of teachers who partic-
ipated in engineering design-based education examples in their study. 65 teachers
participated in the study. Qualitative research method was used. Data were collected
with the opinion form prepared on engineering design-based education. As a result
of the study, teachers expressed their positive and negative opinions at the end of
the study. Teachers stated that they support engineering design-oriented science ed-
ucation. They also stated that it can be applied in their classes when the necessary
conditions are met (Hacioglu et al., 2016). Moreover, Sar1 and Yazici1 (2019) con-
ducted a study about science and engineering applications. The aim of the study
was to investigate the views of teachers about science and engineering applications.
20 science teachers participated in the study. Qualitative research method was used.
Data were collected with a semi-structured form. It has been analyzed with data con-
tent analysis. As a result of the study, teachers generally have a positive opinion about

the contribution of engineering to science education. They also think that engineering
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will contribute to science education. However, in the implementation part, teachers
see themselves as inadequate. When asked about their work on this subject, they said
that they would prepare presentations about the life of scientists and engineers, and
preparing product files, designing problem-based projects, and solving simple design

problems (Sar1 & Yazici, 2019).

2.3 NATURE OF ENGINEERING (NOE)

Before understanding the nature of engineering, it is necessary to understand what
the nature of science. Antink-Meyer and Brown (2019) suggested that NOS helps
students grasp the relationships between science and their daily lives by translating
the questions and situations that scientists investigate and explain. Also, according
to Antink-Meyer and Brown (2019), NOS promotes person ’s ways of understanding
the natural world, the role of data and evidence, decision-making about that world.
On the other hand, McComas et al. (1998) defined that NOS is a sophisticated field
that mixes social studies of science including the history, sociology, and philosophy
of science. In order for nature of engineering to be understood well, nature of science
should be well understood because it has been claimed in the literature that there is
a connection between these two (Deniz et al., 2020). Deniz et al.(2020) explained
the relationship between NOE and NOS. They said that in the field of science edu-
cation, NOS is such a well-researched area. Therefore, the emerging NOE research
field and its conceptualization can also be shaped in the light of the historical pro-
cess of NOS science in science education (Deniz et al., 2020). Also, Antink-Meyer
and Brown (2019) mentioned the relationship between them and they said that the
NOS and NOE benefit from the philosophy, sociology, and history of engineering
and technology literatures. In this point, why should NOE be known? Why is it as-
sociated with NOS?. These situations should be considered. In reference to Karatas
et al. (2010), NOE should be knowable because of an understanding of engineering,

science education and NOS.

The changes made in education with the changing world, the inclusion of engineering
in our curriculum (MoNE, 2018) revealed the importance of understanding engineer-

ing. To understand engineering is to understand its nature. Therefore, especially
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those who will give engineering education should have NOE knowledge. There are
important studies in the literature on NOE. One of them was carried out by Deniz et
al (2020). According to Deniz et al. (2020), it is necessary to prepare a common list
of engineering nature aspects for everyone about the concept of the nature of engi-
neering as part of the engineering design process designed by the NGSS. Therefore,
they created some NOE aspects based on the literature. These common NOE aspects
are demarcation, engineering design process, empirical basis, tentativeness, creativ-
ity, subjectivity, social aspect of engineering, and social and cultural embeddedness.

In the following sections, NOE aspects are explained.

Demarcation
Demarcation NOE aspect refers to the meaning of engineering what do engineers do?
According to Deniz et al. (2020), while engineering produces solutions to problems

and deals with the design, the engineer uses his own knowledge to do this.

Engineering Design Process

It is the process by which engineering design takes place. According to Deniz et al.
(2020), there are three main components of the engineering design process including
define, design and optimize. Define involves defining and classifying an existing
problem according to its criteria and limits (Deniz et al., 2020). Design step involves
listing all available solutions and choosing the best among them. (Deniz et al., 2020).

The Optimization part is about design testing.

Empirical Basis
According to Deniz et al. (2020), engineers make the best use of their designs and

compare their data with other evidence-based results

Tentativeness
Engineers can make changes to their designs for the better or revise their designs to

meet different criteria (Deniz et al., 2020)

Creativity
Creativity and imagination play an important role in the engineering design process
and play a role at any stage of the engineering design process. (Deniz et al., 2020).

Also, Hartman (2016) stated that in addition to logical thinking, engineers use their

23



creativity in problem definition, design, application, and communication processes.

Subjectivity

An engineering design problem does not have a unique solution, and one problem
has lots of solutions, but some solutions better meet limits and criteria. (Deniz et al.,
2020)

Social Aspect of Engineering
Although there are individual differences, engineers have common understanding and
values, which leads to an increase in the quality of the solutions in engineering design.

This only happens with social discussion. (Deniz et al., 2020)

Social and Cultural Embeddedness

This NOE aspect describes the relationship between society and engineering. Since
engineering is a human activity, it is affected by sociocultural factors such as social
composition, religion, worldview, political and economic, and thus affects society

(Deniz et al., 2020).

2.3.1 Studies about nature of engineering

There were some studies about the NOE concept. The studies about the NOE as-
pect showed to understand this aspect from different perspectives. One of them was
conducted by Hartman (2016). According to Hartman (2016), although interest in
engineering has increased, the characteristics and unique features of engineering are
not clearly defined, so the aim of the study was to explain the suitable aspects of NOE
at K-12 level. A total of 610 experts (science teachers, engineering teachers, science
education faculty, and engineering education faculty) in K-12 engineering education
are the participants of this study in a three-round Delphi study classically, and a qual-
itative coding method was used to analyze data (Hartman,2016). As a result of the
study, NOE was defined as the replicable process that uses mathematics, science, cri-
teria and constraints to design solutions to meet human needs and requests. Also,
thanks to the Delphi process, 8 nature of engineering aspects have been determined.
Divergent, Creative, and Iterative received the highest marks for these aspects. It is

thought that these results will help the development of engineering at the K12 level.
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(Hartman, 2016).

Other study was conducted by Deniz et al. (2020) to determine effects of elementary
teachers’ perceptions of the nature of engineering (NOE) after solving an engineering
design problem. 30 elementary teachers that are from different schools participated in
this study. A NOE questionnaire with open-ended questions (VNOE-A) that included
seven questions and individual interviews were used to collect data. Investigators
defined nature of aspects that are demarcation, engineering design process, empirical
basis, tentativeness, creativity, subjectivity, social aspects of engineering, and social
and cultural embeddedness. The findings of the current study were in favor of using
more explicit and reflective teaching techniques to impart NOE knowledge during

engineering design activities (Deniz et al., 2020).

Another study about NOE conducted by Kaya (2020). In his study, it is mentioned
that STEM education has the aim of introducing and developing NOE. Investigators
tried to investigate relevant NOE aspect among students to develop multifaceted views
of NOE among students. However, it is found that there is no reliable instrument to
evaluate the conception of NOE, so the study conducted by Kaya has two aims, and
these are to describe NOE aspects on the basis of NGSS and the National Research
Councils’ Framework for K-12 Science Education ,and to develop a new open-ended
Nature of Engineering Instrument - Version B (VNOE-B) that is empirically sound,
trustworthy, and valid, partly based on a Views of the Nature of Engineering (VNOE)
survey meant to gauge students’ NOE perspectives. Also, developed a new instru-
ment (VNOE-B) addressed to answer how engineering experts and non-experts re-
spond to the VNOE-B, and what the similarities and differences are, if any, between
engineering experts’ and non-experts’ NOE views? (Kaya, 2020). The participants
are two groups that are beginners and experts, and while beginners are pre-service
teachers, experts are engineering educators and professional engineers that work in
high institutions (Kaya, 2020). VNOE-B questionnaire was used to collect data and
semi-structured interviews were used to answer the research questions of the study
(Kaya, 2020). Also, a qualitative MaxQDA application was used to analyze data
(Kaya, 2020). With the results of the study, the effects of the VNOE-B questionnaire
on educational practices are discussed, and it is thought that it will guide the teachers

and students interested in science and engineering to improve their opinions.

25



Also, Karatag et al. (2011) examined 6th-grade students’ views about NOE to both
present engineering processes and works. Also, it is provided a foundation for the
development of which activities, or curriculum material. Phenomenographic frame-
work was used to analyze data. The participants were 6th-grade students and the
result of the study showed that the students’ ideas about engineers and engineering

were flimsy, unstable, and prone to shift during the interview (Karatas et al., 2011).

Moreover, Karatas et al. (2016) conducted another study about NOE, and the aim of
the study was to collect the first-grade engineering students views about NOE. The
study (Karatag et al., 2016) investigates the process of engineering, the beliefs of stu-
dents about good engineer and product that results from good engineering process,
and the views of students about difference and similarities of NOS and NOE. 114
students out of 838 students participated in this study (Karatas et al., 2016). A ques-
tionnaire that includes 12 items of open-ended questions was developed. While data
are analyzed, distinct categories and clusters are designed qualitatively. As a result
of the study, students defined engineering studies as a problem solving, a form of
applied science, a system involving design or creativity. It has also been found that
engineering studies have limitations, include a better environment and lifestyle for
people, and technological progress, have teamwork, require skill and creativity, and

are based on scientific knowledge and experience. (Karatas et al., 2016).

2.4 Summary of the Chapter

In general, there are many studies on STEM education and engineering in the litera-
ture. The opinions of the teachers and students were examined and reports on these
subjects were published. Regarding the nature of engineering, there are few aspect-
based studies that are related to NOS. In addition, there were limitations in some
aspects of the studies. For example, Deniz et al. (2020) stated in their study that there

were limitations in the aspects of social nature of engineering and empirical.
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CHAPTER 3

METHODOLOGY

The aim of this part is to introduce the design of the study, the participants of the
study, data collection, data analysis, validity, reliability and trustworthiness of the

study and finally the limitations of the study.

3.1 Design of The Study

In this study, the aim is to understand and reveal the views of the middle school sci-
ence teachers about the nature of engineering. Therefore, the qualitative research
method was appropriate and utilized in this study because according to Fraenkel et
al., qualitative technique focuses on comprehending events and situations from the
perspective of the participants (2015). There are some approaches to qualitative stud-
ies. One of these approaches is case study (Fraenkel et al.,2015). In current study,
qualitative research method was used by applying case study approaches. According
to Yin (2011), three are four types of case study. One of them is single holistic case
study. The present study was a single organization and data were collected from a
group of science teachers. Therefore, in current study, single holistic case study was
used. In this study, to find out the views of teachers about the nature of engineering,
open-ended question were taken from the relevant literature (Deniz et al., 2020; Kaya,

2020).
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3.2 Participants of the Study

It is needed for participants that are knowledgeable about the content instead of choos-
ing participants that are irrelevant to the subjects because the aim of the study is to
collect the views of teachers about content, so in this study, the participants were se-
lected according to the purposive sampling method. It is appropriate for the study
because according to Fraenkel et al. (2015), researchers do not just investigate every-
body who is accessible; instead, they use their judgment to pick a sample that they
feel will offer the data they want based on past knowledge. Moreover, there are lots
of types of purposive sampling methods. Two of these types of purposive sampling
are typical sample and snowball sample. According to Fraenkel et al. (2015) a typical
sample means selecting participants thought to be related to the subject. Also, again
in terms of Fraenkel et al. (2015), snowball sample means selecting participants rec-
ommended by others. Therefore, in this study, two of these types were used to select

teachers that are science teachers in middle school in the Central Anatolia Region.

Nine science teachers participated in this study, and it was interviewed with them.
Also, their answers were recorded. Moreover, some demographic information is gath-
ered from these nine teachers. These demographic information includes the age, the
organization where the teachers work, work experience, gender, alma mater, their
taken STEM education, STEM knowledge and interest, knowledge of engineering
and how much engineering is included in their courses. Eight of the participants are
female and the other is male. The age range of the participants is between 26 and 42.
While six of the participants teach science in a private school, three of them teach in
a public school. The professional experience of teachers is between 2 and 18 years.
Some of the participants had previously received STEM education, while others did
not. All participants did not have a master’s or doctorate. In addition, the participants’
STEM knowledge, interests, and scores on STEM applications in the course differ.

Data about the demographic are shown in the Table [3.1] shortly.
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Table 3.1: Demographic Information about teachers

Participant Age  Gender School Professional Graduated Master or Received S K ge K ge How Much Engi- How Confident In Mak-
Type Experience Faculty Doctora STEM in STEM About About En- neering and Its Ap- ing Engineering Appli-
Degree Education Education STEM gineering  plications in Sci- cations in Classroom
Education ence Lessons
P1 28 Female  Public 5 Science - Yes 3 4 3 2 4
Education
P2 35 Male Private 15 Science - Yes 3 3 3 4 2
Education
P3 26 Female  Private 2 Science - Yes 3 3 3 3 3
Education
P4 31 Female  Public 7 Science - No 3 2 2 2 2
Education
P5 30 Female  Private 6 Science - No 3 3 2 2 3
Education
P6 28 Female  Public 3 Science - No 3 3 2 2 2
Education
P7 29 Female  Private 5 Science - No 4 2 2 3 3
Education
P8 26 Female  Private 4 Science - Yes 3 3 3 4 3
Education
P9 42 Female  Private 18 Science - No 1 1 1 2 1

Education

3.3 Data Collection

In the qualitative research method, three main techniques are utilized to gather and
analyze the data (Fraenkel et al., 2015). Interviewing techniques is one of them. In
this study, the data were collected by conducting interviews with teachers. Since the
aim of this study is to reveal and collect the opinions in people’s minds, the interview
technique was preferred in this study because the aim of the interviewing is to bring
into open their thoughts (Fraenkel et al., 2015). Furthermore, there are some types
of interviews. Semi structured open-ended interview is one of them and operated in
this study. Nine teachers participated in this study. They were asked 7 open-ended
questions, and their answers were recorded. The questions are determined previously,

and all the same questions are asked to teachers in the same alignment.

3.3.1 Description of The Instruments

Since the introduction of the concept of engineering into the education system, many
studies have begun to be made about the nature of engineering. In one of these stud-
ies was conducted by Deniz et al. in 2020. On the part of Deniz et al. (2020), it was

developed NOE aspects called Views of Nature of engineering Questionnaire type A
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(VNOE-A) including demarcation, engineering design process (EDP) empirical ba-
sis, tentativeness, creativity, subjectivity, the social aspect of engineering and social
and cultural embeddedness aspects. However, in the study conducted by Deniz et al.
(2020), it has some limitations. According to Deniz et al. (2020), their design for
the NOE questionnaire was not efficient in collecting data about empirical and social
NOE aspects. Also, another study about NOE was carried out by Kaya (2020). In
his study, it is critical to explain the proper NOE features in K-12 STEM education
to improve students’ engineering literacy. Also, a new instrument for some NOE as-
pects was developed whose name is Views of Nature of engineering Questionnaire
type B (VNOE-B). According to Kaya (2020), the following aspects are included in
the study, but are not limited to set conditions that engineering solutions are multi-
ple and subject to revision for further development, data-centric and evidence-based,
creative, and imaginative, designed in a systematic way, collaborative, constrained by
criteria, failure-laden, influenced by and influence society, culture, and politics, and

distinct from science and other disciplines in their goals.

From this point of view, in the present study, the questions are adapted to Turkish
from mentioned studies and used as an instrument, and it was made a pilot study with
two middle school science teachers and one engineer. The aim of the pilot study is to
understand whether the questions are understandable, and the answers are consistent
with the questions, or not. As a result of the pilot study, some questions were removed
from the instrument because they were not understood by teachers, or the answers
were irrelevant. Also, one question changed when adopting into Turkish, but the

meaning and its NOE aspect were the same. Some changes are given in the Table [3.2]
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Table 3.2: The questions that are removed from the instrument

Questions

NOE Aspect

Engineers need to balance competing criteria and con-

straints when solving engineering problems. Using an

example, explain some of the various factors that en-

gineers often need to consider as they design.

Criteria and constraints

In your opinion, what is the role of failure in the en-

gineering design process? Explain your answer with

a concrete example.

Failure-laden

How do engineers know that their design solutions

meet the required criteria and constraints as they en-

gage in engineering design? Explain your answer

with an example.

Empirical testing

Other changes are given in the Table (3.3

Table 3.3: The question that was changed

The question from the VNOE-A  NOE Aspect The question in this study

NOE Aspect

There is a variety of soda cancrush-
ers commercially available in the
market. Can there be a single best
design for a soda can crusher? If
you believe that there is a single
best design for a soda can crusher,
please explain why. If you believe
that there is not a single best design
for a soda can crusher, please ex-

plain why.

Subjectivity

Computers are widely used nowa-
days. Computer mice have been
produced in order to use the cursor
provided by the operating system
more easily while using the com-
puter. There are a variety of com-
puter mice commercially available
on the market. Could there be a
"best" and "one type" design for
these various computer mice devel-

oped by engineers?, and why?

Subjectivity
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As a consequence of that, one question whose NOE aspect about social and collab-
oration is taken from the Views of Nature of engineering Questionnaire (VNOE-B)
scale developed by Kaya (2020). Other questions on the scale except for one ques-
tion that is related to social aspects of NOE are quoted from the Views of Nature of
engineering Questionnaire (VNOE-A) scale developed by Deniz et al. (2020). In
the present study, it was conducted a list of NOE aspects taken from these studies,
and these common NOE aspects for this study are demarcation, engineering design
process, tentativeness, creativity and imagination, social and cultural embeddedness,
subjectivity, social and collaborative. The questionnaire used in this study, and their

NOE aspects are in the Table|3.4
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Table 3.4: The questions and their NOE Aspects

Questionnaire NOE Aspects

la. What, in your view, is engineering? Demarcation
1b. What makes engineering different from other disciplines (e.g., science,

philosophy, religion)?

2. What is an engineering design process? Explain your answer with Engineering design process
examples.

3. After engineers have developed an engineering design does the design ever Tentativeness
change?

« If you believe that engineering designs do not change, explain why. Defend
your answer with examples.

« If you believe that engineering designs do change, explain why.

4. Do engineers use their creativity and imagination during the engineering Creativity and imagination
design process?

« If yes, then at which stages of the engineering design process do you believe

that engineers use their creativity and imagination: identifying the problem;

developing the design conceptually; constructing the design, testing the

design; refining the design? Please explain why engineers use creativity and

imagination. Provide examples if appropriate

« If you believe that engineers do not use creativity and imagination, please

explain why. Provide examples if appropriate.

5. Some claim that engineering is infused with social and cultural values. Social and cultural
That is, engineering reflects the social and political values, philosophical embeddedness
assumptions, and intellectual norms of the culture in which it is practiced.

Others claim that engineering is universal. That is, engineering transcends

national and cultural boundaries and is not affected by social, political, and

philosophical values, and intellectual norms of the culture in which it is

practiced.

« If you believe that engineering reflects social and cultural values, explain

why and how. Defend your answer with examples.

« If you believe that engineering is universal, explain why and how. Defend

your answer with examples.

6. Computer is used a lot nowadays. Computer mice have been produced in Subjectivity
order to use the cursor provided by the operating system more easily while

using the computer. There are a variety of computer mice commercially

available on the market. Could there be a "best" and "one type" design for

these various computer mice developed by engineers? Yes or not, and why?

7a. How do engineers work? Alone or in a group (team)? Social and collaborative
7b. Describe how working with teammates might contribute to the outcomes

of engineering projects.

7c. Discuss the advantages and disadvantages of working with teammates.

Support your answer with examples.
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3.4 Data Analysis

Fraenkel et al. (2015) stated that, in qualitative research, content analysis can be
used for collecting and analyzing data. Also, they defined content analysis that it is
a method that enables researchers to examine human communication in an indirect
manner in order to analyze human behavior. In their communications, a person or
a group frequently reveals their conscious or unconscious views, attitudes, values,
and ideas. coding methods will be utilized to analyze the data that are obtained from
the informants (Fraenkel et al., 2015). In this study, to analyzing the data, content
analysis was used and data were coded. The questions were categorized with short
key words while the data were categorized in terms of types that are code-designed.
That means the answers are coded based on keywords. These categories were given

in the Table

Table 3.5: Coding about teachers’ views about NOE

Categories Subcategories

Design
Product development
Field
Job

Definition of engineering Creating something
Development
Produce solutions
Invention

Marketing

Continued on next page
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Table 3.5 — continued from previous page

Categories

Subcategories

Different from other discipline

Using other disciplines and produce product
Application

Production based

Using other disciplines and quiding the development
Product creation

Related but not science, an effort to produce something
Problem solving, making life easier

Innovation

Combining digital with social life

Requiring imagination and creativity

Definition of EDP

Process

Finding a solution to the problem
Working on obtaining product
Stage

A fictional process

Drawing

Calculating cost

Changes engineering design

Yes

Continued on next page
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Table 3.5 — continued from previous page

Categories

Subcategories

Why changes engineering design

Not exact accuracy

Based on creativity

Needs

Imaginations

Making life easier
Thinking we can do better
Change of mind
Disapproval

Purpose of use

Based on technological development
Innovation

Success

Change of use

Economic conditions

Environmental conditions

Using creativity and imagination

use creativity and imagination

Why using creativity and imagina-

tion

Finding solution to problem
Ergonomic

For production to begin
Based on design

Different product

Good product

Progressing

Contributing to humanity
Successful

Be attractive

Easy to sell

Continued on next page
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Table 3.5 — continued from previous page

Categories

Subcategories

Which stage using creativity and

imagination

Each stage

The stage of fixing the design

The stage of creation of design

The stage of conceptualization

The stage of development of design

The stage of finding problems

Universal or nonuniversal

Both of them
Universal
Not universal

Not universal, but should be universal

Why universal or nonuniversal

Information used

Creativity

Job

A branch of production and creativity
Needs based

Problem based

Be influenced by others

One best and type design

There cannot be one best and only type of design
There can be only one type of design but not the best

There can be only one type of design

Why one best and type design

Purpose of usage
Different anatomy
People’ preference
Specific purpose of usage
Serve many purposes

Need for use

Working type

Both of them
Group

Continued on next page
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Table 3.5 — continued from previous page

Categories

Subcategories

Contributions of working team-

mates

More ideas

More creativity

Different knowledge of engineers
More ideas

Error-free work with collaboration
Different ideas

Save time

Advantages of working teammates

More ideas

More creativity

Different judgment

Different ideas

Developing their creativity and ideas

Quality work without errors, solving problems faster
Speed of working together

Taking a second look

Error-free

Quick job completion

Making job easier

Disadvantages of working team-

mates

Not listen to others
Communication problems
Financial problems
Disagreement

Disrespect for an opinion
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3.5 Validity, Reliability and Trustworthiness

Trustworthiness and reliability are indispensable for a study. Researchers draw based
on the data they gather; on the other hand, reliability means the constancy of the
ratings (Fraenkel et al., 2015). Also, in this part, trustworthiness was explained for

qualitative research.

3.5.1 Consistency

The question of whether the study gives the same results if it is done a second time
is about reliability (Baltaci, 2019). In this study, an inter-rater method was used to
check reliability. To ensure consistency, in this study, while the 25% of the answers
of the teachers were coded, the answers of one of the nine teachers were indepen-
dently coded by the supervisor of the thesis and compared with the coding of the
researcher.The coding made by different people was compared and the calculation
was made using the Miles Huberman formula calculation. As a result of the calcula-

tion, it was seen that 80% of the answers were compatible.

3.5.2 Trustworthiness

The better the credibility is provided, the more the trustworthiness has been over-
come. In this study, many discussions were regularly held with the supervisor about
the study. It is something that increases consistency with the presence of two su-
pervisors and the expert review method.Also, to handle with this, member checking
method was used. Merriam (1998) stated that member checking is used in studies as
a strategies by obtaining data then back to the people to understand whether the result
is sensible. During the coding process, the interviewed teachers were asked to con-
firm whether what they meant or understood was correct. Moreover, considering the
demographic information of the researchers, it was seen that triangulation was made.
Merriam (1998) mentioned that triangulation means using multiple investigators, data
or methods and is used as a strategies. In this study, care was taken to collect data

from people with different characteristics. It has been tried to ensure the participation
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of teachers with different age experiences and school characteristics. Opinions were

not collected by specifying a single age, school type or characteristic.

3.6 Assumptions

In this study, there are some assumptions. It was assumed that all participants partic-
ipated in the study on a voluntary basis. It was thought that all participants answered
the questions honestly and willingly. Appropriate conditions were provided for the

questions to be answered.

3.7 Limitations

Some parts may not give the situations we want in the study. The limitations of this

study are given below.

1. The time is limited to develop new instruments and to reach more participants.
This study actually can be done in a long time by using mixed methods that are

qualitative and quantitative.

2. The instrument taken from Deniz et al.’s (2020) had some limitations, and the
NOE questionnaire was not efficient in collecting data about empirical and so-
cial NOE aspects. In the present study, to overcome this situation, the NOE
aspect about social also is taken from another study conducted by Kaya (2020).
However, the question about the empirical NOE aspect taken from Kaya (2020)
removed from the current study. Therefore, in the present study the empirical

NOE aspect is limited.
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CHAPTER 4

RESULTS

The views of the teachers about nature of engineering were examined on the basis
of aspects. In this part, the answers received from the teachers are explained with

examples.

4.1 Demarcation

In order to reveal the demarcation aspect of the nature of engineering, 9 science teach-
ers were asked about the definition of engineering. Teachers have a mostly different
view about it. Some of them have defined the same, but even the same concepts can
differ for different reasons or purposes. P1 (participant 1) explained the definition
of engineering as designing and development. Also, P9 (participant 9) defined the
definition of engineering as a design. The differences between them are that P1 also
defined designing with using science. Moreover, P9 also identified engineering as an

invention and marketing, and said that:
"it is designing something, inventing, and then marketing."

Another participant P2 (participant 2) described engineering as a field that facilitates
human life. Also, P2 and P8 (participant 8) had the same definitions, and they de-

scribed engineering as a job. The following are explanations of P2 and P8,

“Engineering is a job that makes the work more practical and makes human

life easier by using science.” (P2)

“Engineering is a job that should definitely be in our lives so that a society can
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progress and shape the future.” (P8)

In contrast to them, P3 (participant 3) identified engineering as creating something
by using different terms from others and explained that engineering is building new
things that make daily life easier, and P5 defined it as production of a solution, and
remarked that engineering is to produce solutions suitable for the needs of the person.
Apart from these, P4 (participant 4) and P6 (participant 6) determined the same views
about the definition of engineering, and defined it as a product development, but they
had a different definition of product development. Although P4 identified engineering
as product development by using science, P6 defined it as a product development that
facilitates human life and uses technology. In addition to that, P7 identified engineer-
ing as a product development process. With process word, P7 differed from the P6

and P4, and remarked that;

“Engineering is a process that the necessary steps are at work, planning, orga-
nization, after production, if there is an error, its rectification, measures, revi-

sion, etc.”

Also, P7 defined it as a production of a solution, and so, with this view, P7 agreed
with P5. Furthermore, to show the demarcation aspect again, nine science teachers
were asked about the features that differ engineering from other disciplines. The
results are mostly different, only two participants have the same explanation, and
others have different explanations about the question. P1 differed engineering from
the other disciplines by mentioning product creation. P1 thought that engineering
creates production by using scientific knowledge that means other disciplines. In

addition to that, P4 varied engineering from other disciplines by referring to:

“Engineering uses other disciplines and guides its development, and mathe-
matics, science, and physics are the basis of this. Engineering directs its own
development by using them. Engineering is not a science on its own, it must

use other sciences. For example, the engineer has to know physics.”

Also, P5 had an opinion about the questions like partially P1, and she explained the
alteration about engineering from other disciplines as product creation. In contrast to

these answers, P2 had a different view. P2 varied engineering from other disciplines
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by mentioning application. P2 said that;

“It is the field of science that allows us to find out how the world works, but
the part that makes our life easier, which is transferred to us in daily life in
this process, is the professional unit that thinks about it. While science is only
looking at how this job works, I look at how I use it, how I use it, engineering

is separated from there, frankly, as an application.”

While the other participants passed their remarks like that, P3 differed engineering

from other disciplines by explaining terms of production base. P3 thought that:

“This is the feature that distinguishes it from other branches because it is a con-
tinuous production situation in engineering, but this does not mean anything,
it does not mean a branch independent from mathematics and physics, but it is

different from others because it is based on production.”

Also, when P6 was asked the difference between engineering and other disciplines, P6
mentioned that engineering is related to science, but it is not a science, and explained
engineering as an effort to produce something. Apart from these, P7 and P8 also put
forward different views. Although P7 mentioned that engineering is a problem solver
and makes our lives easier while explaining the difference of engineering from other
branches of science, P8 explained the difference of engineering from other branches
of science as follows; innovative thinking power and combining numbers with a little
more social life. In addition, P9 believed that engineering requires creativity and

imagination.

4.2 Engineering design process

In order to understand the views about the engineering design process (EDP), 9 sci-
ence teachers were asked what the EDP is, and in order to get detailed information,
it was asked to explain with an example. The answers are mostly the same. 4 partic-
ipants out of 9 were defined EDP as a process, and gave partially different detailed
information about what they understand from the ‘process’ term. Although P1 de-

fined process terms as the process it goes through to create a product with your newly
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existing scientific knowledge, P3 explained that it is based on identifying the prob-
lem, then forming the hypothesis, collecting data and finally producing a solution. In
addition to all, PS and P7 identify the EDP to explain the word of process. P5 said
that:

“When we look at it in general terms, it is defined as a process. The plans were
made, the draft and the prototype were prepared according to the planning, the
prototypical was returned to the beginning according to the plus or the minuses,

and a product was created as a result of all these.”

In fact, a process has been described by P5. The participant supported what he said

with a telephone example:

“We have a phone, but that it has a negative side, and that we fix it in our daily

life and create a new phone.”

In addition to that, P7 talked about a process and explained the process as deter-
mining the problem, dreaming or designing the product that will solve the problem,
planning the necessary material and environment conditions, procedures, and starting
production in the process. On the other hand, P8 expressed an opinion very close
to the opinion of the other four participants and defined it as a fictional process in
which science branches such as physics are used to design the product, mathematical
calculations are made, and then a product is produced using the engineer’s steps. In
contrast to these views, P2 mentioned different opinions and he thought engineering
was regarded as finding solutions to problems. The participant also explained this

problem-solving event with the example of a car. According to the P2,

“A car is made from legos, the car he makes is like this, there are so many on
this Instagram, he builds a car to pass through the gap between two tables, then
he extends that gap a little bit, the car falls and makes a car again, this is what
I say every time, by trying the things we use in science and is designing this
tool by solving these problems. That is, he designs the vehicle in a way that
will find a solution to every kind of problem, that is, to the problem that may be

encountered. This process is the design process that I have observed.”

Another participant with a different view is P4. She defined the EDP as working
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on obtaining products that are obtained by finding a problem or determining some-
thing we want to do, then determining how to plan, what we need, the materials, and

research on the subject. On the other hand, P6 stated that:

Mathematics knowledge about science is used and carried out engineering

studies in the final stage of design.

Finally, P9 voiced her opinion with all reserves and described EDP as making a draw-

ing of the product or calculating the cost.

4.3 Tentativeness

To understand the tentativeness aspect of the nature of engineering, teachers were
asked whether engineering designs made by engineers would change over time. Look-
ing at all the answers, nine out of all nine teachers answered ” yes”. They all think
that engineering design will change over time. When the reason for this was asked
it was seen that the views of the teachers differed. Although some have mentioned
the same reason, the answers differ in the majority. First of all, when asking teachers
why the engineering design process can change over time, the P1 argued that there is
no real accuracy, there is creativity and that a drawing can be changed or something
more ergonomically designed can also be changed. In contrast to that reason, five out
of nine science teachers identified the reason for the change in engineering design as
needs. P2 stated that the engineering design could change and this change in line with

the needs, and he said:

"The design of cars became streamlined. There was a little less fuel. Here the
weight of the materials used has changed, so no matter what we call it, the
design is changing because it got involved with electronics. A request to create
a place has been entered, so the design of the vehicles has changed, the mobile
phone is the best example of them. When we say big phone, we turn to small,

the design of everything is changing, frankly."

Also, P2 mentioned imagination, making life easier, and thinking we can do better as

reasons, but this participant mostly thinks that the reason is the needs of people. In
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addition, P3 argued that engineering designs could change and explained the reason
for this with the change of in our needs in daily life and supported her idea with an
example. P3 talked about the changes in the structures of the buildings, the changes
in the materials used, the effect of this situation on the areas of use in daily life, and
thus our needs in daily life have changed with the developing technology. According
to this participant, this situation also affects the engineering process. In addition to
that, P6 stated that it changed according to the needs, too. Also, P6 supported her
idea by mentioning that there used to be no seat belts but they are now used, the
warning lights were not lit before, but they are now placed in cars as an extra, and
there is no phone, now they are in cars. PS5, on the other hand, talked about the need
while explaining the reasons, and also mentioned that it depends on technological
developments. Moreover, PS5 argued that needs have changed. In fact, with this part,
PS5 was of the same mind with P2, P3 and P6 directly. Here, she supported what she
said with the example of the dryer and said that:

“In the past years there was a washing machine but no dryer. Over time, as
people’s work gains speed, people can disrupt their daily work. To facilitate
this, they may need new machinery to accelerate. This is the dryer, for example,

I can say this.”

Another participant mentioned needs when asked why the engineering design change
is P7. She also emphasized that not only needs but also innovations can cause changes
in engineering designs. In addition to that, P8 defended the view that the reasons for
the change of engineering designs are success, change in usage, innovation. When
mentioning innovation, P8 had the same view with as P7. P8 explained the idea of

change in usage and success like this.

“Let’s say he built a road or built a bridge, this bridge failed as planned over
time, or the usage changed, for example, I threw 100 vehicles while 1000 ve-
hicles started to pass at a daily capacity and engineering must be innovative.

That’s why the engineering design may change.”

In contrast to them, P4 expressed her opinion with a different thought than the other
participants. P4 explained that engineering designs could change with the change

of mind, thought to be unsuitable or changing the purpose of use. In addition, he
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explained the change in the way of use with an example and said:

“For example, let’s say whatever he designs a bridge, for example, a bridge
that will connect two continents, something that is requested from him can be
intended only for cars at work, then he must add a road that his bikes can pass

through, so we may have to design the calculations again.”

Finally, P9 has a very different view than the other participants on this issue. The par-
ticipant stated that the design might change according to environmental and economic

conditions. The participant supported her idea with examples and said:

“An environmentally friendly material has been found, for example, it can be
switched to plastic, or an abundant resource has been obtained at work, it may
be more economical, it may be something with the same volume but more spec-

tacular, maybe anything.”

4.4 Creativity

Three different questions were asked to science teachers to understand the teachers’

views on the creativity aspect.

The first question is on engineers’ use of creativity and imagination. All science
teachers who participated in this study answered that engineers would use their cre-
ativity and imagination. Furthermore, when asked why engineers use their creativity
and imagination,the answers given about the reasons are very different from each
other. For example, P1, PS5 and P7 partially agreed on one issue. They thought that
creativity and imagination came into play as they were looking for a solution to a

problem. P1 said:

“While designing something, an engineer may look for a solution to an existing
problem or come up with an idea to transform an existing thing into a more
useful and advanced form. During this situation, he uses his originality, imagi-

nation, and creativity.”

P35 also explained
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“They come up with a product, this product comes out depending on the prob-
lem, so they need to find solutions to solve this problem. Although they need
technical knowledge to produce it, it is important to have imagination and cre-

ativity in order to come up with something different.”
In addition, P7 said that

“Using our old knowledge or existing applications in solving some problems
might not lead us to an effective solution. Creativity needs to be used here so

that we can come up with a solution that doesn’t exist yet.”

All the remaining participants gave different reasons why they used creativity and
imagination. While P2 expressed that engineer use their creativity and imagination
in order for a product they will produce to be ergonomic, in short, P3 attributed the
engineers’ use of creativity and imagination to the fact that the engineering field is

based on designs. She supported what she said with an example:

“If imagination and creativity were not effective, there would be only one pat-
tern and every engineer would bring it to life. For example, the purpose of the
use of bridges is the same all over the world, but their designs are different from

each other. This is because not every bridge is designed by the same engineer.”

In contrast, P4 stated that engineers use their imagination and creativity in the design
and problem determination step, so different products are formed. Moreover, P6 and

P8 also had different views about this question. Although P6 said that:
“I will say to do a good job, but to get the full reward”

P8 mentioned that the engineers use their creativity and imagination to progress and

to contribute to humanity, and said that:

“In order for engineering to progress and develop, something must be done
other than the same, that is, if the past products are repeated, the society cannot

progress.”

Finally, P9 had a different view from them. She expressed that engineers use creativ-

ity and imagination because they use creativity and imagination to succeed, stand out
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from others, and sell easy products.

Also, the teachers were asked the question that is “at which stage of the engineering
design process does he use his creativity and imagination, that is, in which step he
can use it in determining the problem, in the conceptual development of the design,
in the creation of the design, in testing the design, in the correction of the design,
etc.?” Some of the answers here are diversified. Although P1, PS5, P6, and P7 sug-
gested that engineers use their creativity and imagination in every stage, P3,P4 and
P9 claimed that engineers use their creativity and imagination in the stage of creation
of the design. Also, P3 added to it that engineers also use them in the stage of con-
ceptualization and development of design while P4 added their view to the stage of
conceptualization, and stage of finding problems. In addition to P3, P8 had a view

about it, and she thought that engineers use them in the development stage of design.

4.5 Social and Cultural Embeddedness

This NOE aspect identifies the connection between society and engineering. To un-
derstand this aspect, teachers were asked the following question “Some claim that
engineering is infused with social and cultural values. That is, engineering reflects
the social and political values, philosophical assumptions, and intellectual norms of
the culture in which it is practiced. Others claim that engineering is universal. That
is, engineering transcends national and cultural boundaries and is not affected by
social, political, and philosophical values, and intellectual norms of the culture in
which it is practiced. If you believe that engineering reflects social and cultural val-
ues, explain why and how. Defend your answer with examples. If you believe that
engineering is universal, explain why and how. Defend your answer with examples.”
There are different views about this aspect. Only one participant thought that en-
gineering is universal. Four teachers out of nine explained not only is engineering
universal but also engineering is infused with social and cultural values. Also, other
Four teachers out of nine mentioned that engineering is infused with social and cul-
tural values. Considering the reason for this situation, although there are different
opinions, some teachers have reached a consensus. P1 stated that engineering is both

influenced by social and cultural values and is universal. When asked reason, P1
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explained that the information used in engineering would not change, so it was uni-
versal. However, she stated that creativity is used in products generated by using this
information, and creativity is subjective. Moreover, P1 supported what she said with

an example:

“The region I work in when designing a dishwasher, let’s say if I live in Africa,
in the region I am in, that dishwasher has no meaning. You know, after all, a
dishwasher is something that is used with water. There is a water shortage in
Africa. But the parts you use or the physics or other knowledge you will use,
you use them, it is universal, but you design it in a way that you can adapt to

the region.”

P4 completely agreed with P1. P4 mentioned that engineering uses a common concept

and she said:

“They use a common thing when creating a concept, they use that science,
according to you, there is no such thing as according to me, but what we call
imagination is still ours because we are influenced by our environment since we

were born, I think engineers are affected.”

In addition to these, P6 expressed creativity in terms of its reason, but argued that
engineering as an idea is influenced by the social environment. P6 also mentioned
that creativity would emerge according to the environment we live in. P6 did not
mention it’s universal. In addition, P3 states that engineering as an idea is influenced
by the social environment. When the participant was asked why it was affected, P3

replied:

“Since engineering is a branch of creativity and production, I think it is def-
initely influenced by the environment in which a person grows up. It totally
depends on one’s production and imagination. one’s imagination is also af-
fected by the social environment and cultural values. If I give an example, for
example, we can go from a vehicle design or a building design. In the design of
buildings in Turkey, for example, the dome can reflect this on some buildings,
for example, but a person who grew up in a place where there is no mosque or

dome structures will reflect this.”
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In contrast to them, P2 stated that it is universal. He also stated that engineering is
a profession that facilitates life, facilitates humanity, and facilitates people’s lives.
Therefore, it should not be reflected differently in different cultures. P2 just men-

tioned differently and said:

"In the marketing part, I think that cultural norms are affected, but I think it

should not be."

The P5 is one of the participants with a different opinion. This participant thought
like P3 and P6 that engineering is infused with social and cultural values. However,
the reasons put forward by the participant were very different from the others.She
stated that engineering might change depending on the needs and problems in the
country we live in. Also, she claimed that people first see the problems in their
immediate surroundings, and since they will solve the problems in their vicinity, they
will therefore stay connected to their social environment. P7 and P8 also stated that
engineering, like P1 and P4, is both universal and influenced by social and cultural
norms. However, when asked why it was affected, it was seen that the answers given

by the participants were different from all other participants. While P7 said that:

“The development of engineering is definitely affected by the cultural environ-
ment, but I think that is affected by the cultural environment does not harm
its universality. In other words, the cultural environment is both affected by
the cultural environment and is universal. For example, let’s say, for example,
the pyramids of Egypt or the engineering that emerged in that region in Egypt
were affected by the culture of the region, but the development or engineering

products obtained from there were also used in different parts of the world.”

P8 discussed that it could be differentiated as an engineering type. She mentioned

food engineering is affected by the social environment and said:

“While cheese is a very important concept in society, a food engineer can de-
cide whether the society wants cheese consumption or more organic or not,

while working on cheese.”

However, P8 also stated that civil engineering would not be affected by the people

around while constructing a building. Finally, P9 had a completely different view
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and stated that engineering should be universal, but it is not like that in our country
because as a society, people are definitely under the influence of each other because

they affect each other so much.

4.6 Subjectivity

To understand the subjectivity aspect when looking at teachers’ views on the nature
of engineering, teachers were asked whether there might be one best and one type of
design among various computer mouse, or not. Seven science teachers out of nine
claimed that there could not be one best and only type of design. One science teacher
out of nine supported the idea that there can be only one type of design but not the
best. P1 stated that there could not be one best and only type of design. When asked
teachers why you think so, P1 mentioned that it is used for different purposes. P1 also
supported her idea by saying that there are people who use it for the game. Moreover,
P1 mentioned that it could be designed to appeal to the preference of each person

individually. In addition to that, P1 claimed to be suitable for anatomy, and said:

“Not everyone’s hands are the same size and not the same mold, so everyone
can choose a mouse that is comfortable for them, so we can say that there are

many varieties.”

Furthermore, P2 is completely similar to P1 in his thinking. He thought that there
could not be one best and only type of design because of different purposes of usage,
not suitable for anatomy for everyone, based on people’s preference. Also, he sup-
ported that everyone has a different hand size and the purpose of use is different, for
example, it is used for games, speed is required, a wired design is required to move

more easily. Also he mentioned the people’s different preference and said that:
“My hand is partially large, and I don’t like small designs, frankly.”

Moreover, P9 claimed as the same with P1 and P2 partially that there cannot be one
best and only type of design because the people had a different purpose of usage and

different anatomic, and said that:

“For example, I use my right hand, but it is not better for left-handed people,
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or I don’t know, gamers need a more specialized mouse.”

In addition to these, PS5 and P8 stated that there cannot be one best and only type
of design. Also, P5 and P8 have the same view as P1 and P2 in that human are

anatomically different. P5 said that:

“People are very different from each other, there are left-handed people, there
are right-handed people or there are people with disabilities. You know, it is
not very possible to appeal to everyone in the society, but I think it is important

to have as much diversity as possible, so I believe that it cannot be uniform.”

Like PS5, P8 argued that there would not be a single type and best design because

everyone’s anatomical structure is different, and she said that:

“Small child will also hold it, a large person or an old man or maybe someone
with a physical problem in his hand will also hold that mouse, so the same

design cannot be used as not every person’s grip will be the same.”

Also, P7 partially thought like P1 and P2. The reason was that since everyone’s
preference are different, she stated that there would not be a single type and best
design. Also, P4 claimed that there could not be one best and only type of design.
The reason for this is partially similar to P1, P2 and P7. She mentioned there cannot
be one best and only type of design because people have a different preference. Also,
she mentioned as a reason that there is no one best and only type of design because

of need for use, and she said:

“It varies according to the ergonomics of everyone’s usage needs. For example,
some people do not like the clicking sound, some like it, and some work in a very
quiet place. If he works in a place where there should be no sound, for example,

he can use a mouse that does not make a clicking sound.”

In contrast, P3 had completely different views about this question. She thought that
there could be only one type of design but not the best because she stated that the
mouse has a specific purpose of usage, but that it does not mean the best for people.

Accordingly, she stated:
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“Because the purpose of the mouse is clear, that is, we use it to move the cursor
or to select and click something, so I think it may be uniform, but that doesn’t

mean that it will be the most efficient tool for all people.”

Finally, another participant who gave a very different answer from the others is P6.
She claimed only one type of design, but she did not mention the best of design.
Also, she argued about the reason why the engineering design can be only one type
that only what we call comfort has changed, other than that, it is designed in the most
comfortable way suitable for human hands, it is different, but not much different.
Also, she explained that thickness could vary depending on preference, but there is

only one type of design.

4.7 Social and Collaborative

With social and collaborative aspect, three different questions were asked to reveal
the views of the teachers. One of them is how engineers work. Alone or in a group
(team)? The answers do not differ much. Although P1, P2, P3, PS5, P6 and P9 stated
that the engineers work in a group, P4, P7 and P8 claimed that engineers work not

only alone but also in a group.

In addition, in this aspect, everyone was asked how working with their teammates
contributes to the outcome of an engineering project. P1, P2, P3, PS5, and P6 have
roughly the same opinion on this question. Everyone except P1 talked about the
emergence of different ideas, more ideas as the contribution of working with team-

mates to the outcome of an engineering project. P2 said that:

“More ideas are always good. I think it will be fine. Agreeing, of course, is

important here in the team.”

Also, P3 stated that there would be more opportunities to develop ideas by brain-
storming. In addition, P5 argued that working with the group as the main idea would

reveal different ideas and said that:

“Everyone has a unique imagination, so the solution proposals they offer to a

problem in daily life may be different from each other, so the solution proposal
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offered by one engineer may be different from another engineer. This is how

brainstorming occurs.”
Moreover, P6 said that:

“It makes a positive contribution in every way. More thoughts, more ideas can
be revealed. As a result, a single idea is not always correct, many ideas on a
subject pave the way for it, they can move on to different thoughts. I can say

that collaborative work is important.”

P1, on the other hand, mentioned the emergence of more ideas as a contribution, like
the others. In addition, he also mentions that each engineer has different knowledge
in a different field, and therefore, a better product can be produced when working to-
gether. Another participant who thinks that engineers in different fields have different

knowledge and expertise is P4, and said that:

“I think teamwork is more important for everything because everyone makes
up for each other’s deficiencies. After all, I think that a single engineer cannot
work on a technical issue because it usually needs to be combined from many

fields.”

In addition to these, the thinking of the P7 is not very different from the others. The
participant claimed that cooperation is good, that different ideas cannot arise, and that
events can be handled from different perspectives. In contrast to them, P8 and P9 have
the same idea about it, but different ideas from others. Both of them are thought that
error-free work with collaboration is a contribution to the engineering design project.

Although P8 said that:

“Strength always comes from unity. Progress is more complete, less margin of

error.”
P9 said that:

“If there is a deficiency, it will be noticed more easily, you will see more than

one eye.”

Also, P9 mentioned that the projects would progress faster.
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Furthermore, under this aspect again, everyone was asked what the advantages and

disadvantages of working with teammates are?.

When asked about the advantages of working with teammates, the answers are much
different. P1, PS5 and P6 had the same views about the advantages of working in a
team. They thought that getting more ideas if you work in a team. However, P1
also expressed other advantages that working with a team leads to more creativity
and it provides the opportunity to criticize and comment from different places on the
product. Also, P5 added to her thought and mentioned that this would be an advantage
as the product could be reached faster when working together. In contrast to them,
P2 and P4 had different ideas from all others. P2 suggested that working with a team

caused different ideas, and said:

“Different ideas always open new doors.”

While P4 suggested that it enables people to solve problems faster, and people can
generate quality work without errors. In contrast to them, P3 and P7 also had different
views about these issues from others. While P3 thought that working with group
mates would improve creativity and thinking, P7 argued that a second eye would
always contribute. In addition, P9 seemed to have the same view as P7 when asked
about the advantages of group work. She argued like P7 that taking a second look
was an advantage of working in a team. Also, she mentioned that it leads to an easier
job. Finally, P8 seemed to have a different view when asked about the advantages of

group work. She mentioned the error-free, quick job completion, and said that:

“When you work with your teammates, you will complete the work in a shorter
time because you divide the work, and at the same time, your margin of error is

lower.”

When asked about the disadvantages of working with teammates, the answers are
not much different. P1, P3, P4, PS5, P7, P8, and P9 mentioned the disagreement of
people as a general disadvantage, but they expressed their thoughts in different ways.
Although P1 mentioned that there might be a conflict of opinion and one of them may
work more and the other may work less this will cause problems, P3 claimed that the

mentality of engineers who did not fit in personality would not fit together. Also, P4
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argued that non-compliance with one of the participatory working styles might cause
conflicts and added that there might be cultural differences as well. In addition, the
participant mentioned that there may be people who want to be at the forefront, and
that the other person may not like our work. In addition, P7 believed in short that

disagreement was a disadvantage, and she said:

“There may be people who do not believe the way you believe, then such a
struggle for the soul arises. I think this may be a disadvantage. It may cause

unnecessary waste of time in the reconciliation process.”

Moreover, P8 and P9 suggested that disagreement was one of the main disadvantages.
While P8 talked about conflicts as disagreements, P9 mentioned disagreement again
that if you do not have a good colleague, it will be a hindrance. Furthermore, P5

agreed that the disagreement among engineers was the disadvantage, and said that:

“There may be differences of opinion and people may not reach an agreement

on the solution point.”

Also, she mentioned that there could be financial and communication problems among
the team, so it was also a disadvantage for her. In contrast, P2 argued that if people
do not listen to others, it will be a disadvantage. Finally, P6 had a different view from

others. She thought that disrespect for an opinion was a disadvantage in the working

group.

4.8 Summary of The Results

Teachers have different perspectives on the nature of engineering. Questions about
demarcation and the engineering design process have varying responses, in particular.
The teachers often responded in a similar manner to the inquiries on the aspects of
tentativeness, creativity and imagination. They believed that engineering design is
adaptable and that engineering requires imagination and creativity. However, the
explanations of its results offered again vary. Very few persons who commented on
the social and cultural embeddedness aspect considered that society has an impact on

engineering. The majority of people believed that engineering did not have a singular
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solution under subjectivity aspect. The majority of teachers stated that engineers
work with group when discussing the social component of engineering. However,
they have different opinion about advantages and disadvantages about working with

teammates.
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CHAPTER 5

CONCLUSION AND DISCUSSION

In this chapter, the results of the current study are explained with literature.

5.1 Discussion

The results of the study are mentioned in this part. The aim of the study is to in-
vestigate the science teachers’ nature of engineering views. Therefore, pre-prepared
questions were asked to science teachers by using semi-structured interviews. Then,

data were analyzed qualitatively by using the coding method.

A definition of engineering and the differences engineering from other disciplines
was asked to teachers to collect teacher opinions about the demarcation aspect. Even
though some of them talk about the same opinion, the answers given in general are
different from each other. Generally, when asking the definition of engineering, sci-
ence teachers defined it as design, development, field, job, creating something, prod-
uct development, producing solutions, and product development process. From the
literature, the demarcation aspect of engineering is defined as designs that find a so-
lution to a specific problem. (Deniz et al., 2020). In the current study looking at the
answers, it was seen that two science teachers defined it as finding a solution to the
problem, partially close to the literature. Looking at the demographic information,
it was seen that these two participants chose 3 and 4 in the given range from 1 to 4
when asked about their STEM interests. In addition, these people are people who
apply STEM education in their classes. It can be concluded that this is the reason
why the answers are close to the definition in the literature. Moreover, the other two

participants talked about design and made a definition partially close to the defini-
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tion in the literature. One of the participants who gave this answer is the person who
gave the highest answer when asked about their interest and knowledge in STEM.
The reason why the participant gave a close answer may be that he knows about this
subject. Interestingly, the STEM knowledge and interest of another participant who
gave this answer is in the 1-2 level range. However, the participant is the person with
the oldest age and the highest school experience among the other participants. It may

be possible to attribute the participant’s answer to her experience.

Furthermore, when the answers to the question of the difference between engineering
and other disciplines are examined, different results have been obtained again. Gen-
erally, teachers differed engineering from other disciplines by mentioning production
based, application, using other disciplines and guiding the development, product cre-
ation, relationship with science and affording to produce something, problem-solving,
making life easier, innovation, combining digital with social life, and requiring imag-
ination and creativity. In literature, it was mentioned about the differences between
engineering and other disciplines that engineering used scientific knowledge to solve
real-life problems (Deniz et al., 2020). In the current study results, two participants
defined partially what are the differences engineering from other disciplines like the
definition from literature. Both thought that engineering use scientific knowledge.
People who respond like that are expected under normal conditions to have STEM
knowledge. One of the participants who gave this answer is a participant who is in-
terested in STEM and has STEM knowledge. However, another participant did not
receive STEM training and had little interest in STEM.

Surprisingly, looking at the definitions of engineering in the literature and its dif-
ference from other disciplines, two of the people who gave the closest answer in
the current study are those who are not related to STEM. In a previous study (e.g.,
Kaya, 2020), the results were as expected. For example, in a study conducted by
Kaya (2020), the participants consisted of two groups. One of the groups is an expert
group and consists of engineering educators and professional engineers. The novice
group consists of pre-service and/or in-service elementary teachers. When they were
asked about the definition of engineering and its difference from other disciplines, the
participants in the novice group made explanations that included partial or miscon-

ceptions. Also, in another study (Antink-Meyer & Arias, 2022), it was not studied on
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an aspect basis like the current study, but by applying professional development (PD),
teachers’ opinions about NOE were taken before and after PD. Teachers’ definition of
the relationship between science, mathematics and engineering was examined in the
study. The definitions of teachers with limited NOE knowledge were that engineering

is the same as science and math. (Antink-Meyer & Arias, 2022)

The definition of the engineering design process (EDP) as an aspect was asked to the
teachers. The answers were generally different. Teachers generally defined EDP as
a process, finding a solution to the problem, working on obtaining product, stage,
frictional process, drawing and calculating cost. From the literature, EDP defined
that it had three components that are define, design, and optimize (Deniz et al., 2020).
Only one teacher gave the closest definition to this definition in the literature. That is,
an answer is partially like the description of NOE aspect. However, this participation
mentioned the definition and the design part and not optimization. There are similar
results in the literature. Deniz et al. (2020) stated in their study that teachers had
less EDP knowledge before the intervention. Also, similarly, Hammock and Ivey
(2017) worked with elementary teachers in their studies. They took the opinions of
the teachers about engineering and engineering design. When teachers were asked
what they thought about the engineering design process, they generally stated that
they had little or no knowledge about it (Hammock & Ivey, 2017).

Teachers were asked if engineering designs would change under the tentativeness
aspect. In the literature, it is mentioned that engineering designs can be changed,
to achieve the desired goal or to meet different criteria (Deniz et al, 2020). In this
study, the answers were the same and yes as literature. However, the reasons of it
were different among teachers. Generally, teachers thought the change because of
needs, imaginations, making life easier, thinking we can do better, change of mind,
disapproval, the purpose of use, based on technological development, innovations,
success, change of use, economic condition, environmental conditions, not exact ac-
curacy, based on creativity. Looking at the answers of the teachers in this study, it was
seen that most closely one teacher said that engineering designs could be changed to
succeed. While considering the demographic information of this teacher, it was seen
that she received STEM education. This may be possible reason for giving an answer

that might be close to the literature.
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Looking at the literature, the creativity aspect is defined as an important part of the
engineering design process (Deniz et al., 2020). All participants have the same ideas
about using imaginations. Similarly, this question was also asked in a study conducted
by Kaya (2020) and the participants emphasized that creativity plays an important role

in engineering design process.

The literature stated about social and cultural embeddedness that engineering is hu-
man endeavor. It is mentioned that social and cultural influences affect EDP, and
engineering affects society (Deniz et al., 2020). As a result of the current study, only
three teachers out of the nine explained an answer as a description of NOE aspect
directly. Similarly, Kaya (2020) mentioned in his study that the novice group failed
to define this question. Looking at the demographic information of teachers that an-
swered this question, it was seen that the STEM knowledge and interest of these three
teachers was number 3 in the range given from 1 to 4. There may be a reason why

they can make explanations according to the literature.

The subjectivity aspect can be defined as that engineering design problems do not
have unique solutions (Deniz et al., 2020). In the current study, seven teachers out
of nine teachers responded as in the literature. It could not be established a relation-
ship between the answer given by looking at the demographic information because
it was seen that the demographic information of the teachers differed. On the other
hand, similarity has been seen in the literature. For example, the aspect-free question
was asked to first-year engineering students in the study conducted by Karatas et al.,
(2016). In this study, first-year engineering students were asked whether the resulting
product would be similar if engineers working in two different companies were given
the same task. Considering that engineering students do not have a very good knowl-
edge of engineering, 84% of the answers of the participants are that the products may

be different, just like in the current study.

The definition of the social aspect of engineering in the literature said that engineering
would take place in a social way, not alone. It was also mentioned that although per-
sonalities are different, differences are shared in the social environment, and in this
case, it makes a positive contribution to engineering design solutions (Deniz et al.,

2020). Looking at the answers of the teachers who participated in the study in gen-
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eral, almost all of them gave answers for working in groups and made a completely
correct definition like literature. In terms of the advantages and disadvantages, there
are fewer participants who explain the idea that sharing different thoughts and values
contributes to engineering design solutions, as in the literature. In the demographic
information of one of the people who made this statement, it was seen that this par-
ticipant had received STEM education before. Also, looking at the demographic
information of two other people who gave this answer, it was seen that their STEM
knowledge got 3 points from 1 to 4 points. Perhaps this might have contributed to the

answer given.

5.2 Conclusion

This current study was conducted to investigate the science teachers’ nature of en-
gineering views. The results showed that even though some answers are the same,
teachers generally have different opinions. Judging by their demographic informa-
tion, the reasons for this are that their experience, their interest in STEM and their
knowledge about STEM are different, so according to demographic information, by
looking at the definition of aspects in the literature, by examining other studies in the

literature, some inferences were made about the answers of the teachers.

5.3 Implications and Recommendations for Future Studies

In the light of the results of this study, it can be said that teachers’ views on the nature
of engineering are complex. It has been observed that teachers cannot fully focus
on the nature of engineering issue because as a result of the study, there are teachers
with many different ideas. For STEM education to be transferred to students in a real
sense, the nature of engineering should be understood very well. Its applications in
the classroom and classroom planning should be understood very well by teachers.
Therefore, it is necessary to increase the knowledge level of teachers on this sub-
ject. In this context, workshops may be organized, or in-service training seminars
might be given to inform teachers about the nature of engineering and how to include

engineering in science education.
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Some suggestions can be made also for pre-service teachers. In fact, what is liked
or not liked or interested begins to take shape in the university environment before
entering the business environment. In order to make teachers like STEM education
and to invest in the future, courses that provide STEM education at universities can

be added. Even workshops on this subject can be organized for them.

Considering the missing parts of this study, some suggestions will be made for future
studies. Studies based on these aspects are limited. In order to support the literature,
by using these aspects, studies on the nature of engineering should be done. Also,
these studies might be done with teachers at different levels and be taken their opin-
ions. Moreover, Deniz et al., (2020) stated that there are some limitations in their
work about empirical aspect. Then, this aspect was used in the study conducted by
Kaya (2020), but he worked with pre-service teachers, engineering educators and pro-
fessional engineers in his study. In current study, the questionnaires did not include
aspect of empirical. In future studies, it may include this aspect, and these future

studies may conduct with teachers that are middle school or different levels.
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Appendix B

QUESTIONS OF THE QUESTIONNAIRE

Figure B.1: Questionnaire - page 1

MUHENDISLIGIN DOGASINA YONELIK GORTSLER
Agaldama
Azafidaki soralar Gfretmenlerin  mdhendislifFin  dogfasna yonelik gomiglerind almak ign
olusmralmugtur. Verilen cevaplar yiksek lisans tezinde knllamlscaknr.

# Liatfen azamda bulunan ber somayu cevaplaymez.

¢ Somlan cevaplamak igin sltflanndaki boshuklan knllansbilirsiniz.

# Her sorunun “dofru” va da “yanly” bir cevab yoknr. Sorularlailgili sizlerin géragleri dikkae
almacakar.

1. Cinsiyetiniz: O Eadn O Erkek

[E=]

Tasimz:

Ofremmenlik yapagmiz okulun sd:
4. Ofretmenlik wyapngimz okul: Devlet [ Gzel [
Mesleki tecribeniz (yul):

6. Mezm oldufunuz fakiiltenin adi ve bokima: i
7. Eger Yiiksek Licans / Doktora yaptrysamyz desecs aldiinmez slamm sdi:

[T

(=

O Yiiksek Lisans:

0 Doktora:

8. Dahs doce STEM efitimi aldmor mu? [ ] Evet [] Hayr
Cevabimz Evet ise ltfen aldifimiz egitimi belirtin:

9. STEM ogretimine ne kadar ilgi doyoyorsunnz?
(] Olaukgagek [(Biree  [J Az [
10. STEM ogretimi haklonda ne kadar bilgilisiniz?

[ oOldukeagok [ Bz [ az [ =i

11. Miohendislik hakkinda ne kadar bilgilisiniz?

] oldwkcagok [JBirse  [] Az [ Hig

12, Mihendiclik ve uygulamalanna fen derslerinizde ne kadar yer veriyorsunuz?

] Oldukgagok [Birz  [] Az [

13. Simfimzds miahendislik wygulamalan yapma konusands kendinize ne kadar giveniyorsummz?
] Olukeagok [Biree  [J 22 [Jmig
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Figure B.2: Questionnaire - page 2

a. Size gore mihendislik nedir?
b. Mithendisligi diger bilim dallsnndsn (fen, felsefe, matematik gibi) farkh yapan nelerdir?
Mihendislik tasarim sireci nedic? Latfen bir ormekle apklayime.
Mihendislerin vaphf mihendislik tasarmlan zamen iginds defisebilir mi?
a. Eger cevabmiz evet ize nedenini bir ornekle destekleyverek apklayimz.
. Eger cevabimz hayir ize nedenini bir dmekle destekleyersk apklaymmz.
Wiohendicler mihendiclik tasarmm sirecinde yaranciliklarmg ve hayal giglerini kullsamwr ou?
a. Eger cevabimz evet ise nedenimi bir omekle agklasymoz DMihendizhik tasanm
sirecinin  hsmgi evresinde (problemi belifleme, tasanonin kaTamsal  olarsk
palictirilmesi; fasamoun  olostoulman,  tssmoun fest edilmesi;  tasanoom
diizelnlmesi gibi) yarzoobk we haysl gicioi kullandii;m  doginiyorsummz:
Cevabmz bir droekle apklaymiz.
. Eger cevabimz hayir ize nedenini bir dmmekle agklaymaz.
Bazm iddialara gore mibendizlik sosyal ve kiiltiirel degerlerden etkilenir. YWani miithendislik
uypulandimn kiltirin sosval ve politik deferlerini, felsefi varsavmmlanm ve kiiltiran
entellektiial normlsrim vansatr, Difer iddialar ise mihendiclifin evrenszel oldufudur. Yani
nriihendislik ulusal wve kiiltirel smrlsm sgsar ve sosyal, polidk, filozofik degerlerdsn ve
entellektiiel normlsrdsn etkilenmez. Siz hangisine insmryorsonuz?
a. Efer mihendicslifin sosyval ve kiiltirel defesleri yanathfim disiniyvorssnez, Sroek
verarsk apklamz

b. Eger mihendizligin evrenzel oldnfonu diginityersamz ornek vererek apklayimz.
Bilgizayar pimimiazde ok knllamlmakiadir. Bilgizavan kullanoken islefim sistemimin

saflamus oldafu imleci dsha rshat kullanabilmek adins bilgisayar farelesi fretilmistir.
Piyasada ticari olsrak gesitli bilzisayar fareleri bulunmaktsdir Dihendislerin gelistirdiz
b gesitli bilzisayar fareleri igin “en iyi™ ve “tek bir tip™ tazanm olabilir mi?

1 Ewet, pinkii
1 Hayr, qimki
A Miihendisler nasil calisrlar? Yalmz olarsk nm yoksa grap (mkim) halinds mi?

b. Takim arkadaslan ile galizmamm bir miibendizlik projesinin somacuns nasil bir katka
saplar, Mitfen apklayimz.

c. Takim arkadaslam ile ¢ahismanmn avantajlan ve dezavantajlan oelerdir? Cevabmizy
odrneklerle destekleyiniz.

74



Appendix C

INSTRUMENT PERMISSION FORM 1

Figure C.1: Instrument Permission Form 1
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Appendix D

INSTRUMENT PERMISSION FORM 2

Figure D.1: Instrument Permission Form 2
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Tarih: 20 Ocak 2022, Parsembe. 8:07 am

Omeelil: Mormal
Secenekler: Tim Baghklan Gosier | Yezdinlabilir Selalds Goster | Bumm desya alarak indir | HTML glerek zosier

Merhabalar Mursell,

Me denek Seve seve.

Ekte enstrumani ekledin.

Herhangl bir sorun olursa da her zamen ulasabilirsin.
Basarilar calismalarinda!

Kolay gelsk
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Kaya

Erdogan Kaya, Ph.D.
Assistant Professor of Education
Secondary Education (SEED) Program
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