\

m ¢
ADIYAMAN UNIVERSITY

Journal of Educational Sciences

Avrticle History

Received: 19.08.2024
Accepted: 17.12.2024
Available online: 27.12.2024
Avrticle Type: Research Article

https://dergipark.org.tr/tr/pub/adyuebd

Investigation of Pre-service Science
Teachers' Cognitive Structures and
Visual Images of Scientist and Engineer

Perception
ADIYAMAN UNIVERSITY Esra Benli Ozdemir?, Selcuk Sahingéz 2, Giilsiim Goksii
Journal of Educational Sci Tasdelen
ournal o ucational >ciences 'Gazi University, Gazi Faculty of Education
(AUJES) 2 Gazi University, Gazi Faculty of Education
3 Master Student

To cite this article:

Benli Ozdemir, E., Sahingoz, S. & Goksii Tasdelen, G. (2024). Investigation of pre-
service science teachers' cognitive structures and visual images of scientist and
engineer perception. Adiyaman University Journal of Educational Sciences, 14(2),
73-99.



https://dergipark.org.tr/tr/pub/adyuebd
https://orcid.org/0000-0002-2246-2420
https://orcid.org/0009-0000-8208-5092
https://orcid.org/0000-0003-4884-7588

Adiyaman University Journal of Educational Sciences

Volume 14, Number 2, December 2024, Page 73-99 ISSN: 2149-2727
DOI: http://dx.doi.org/10.17984/adyuebd.1534786

Investigation of Pre-service Science Teachers' Cognitive Structures and
Visual Images of Scientist and Engineer Perception

Esra Benli Ozdemir!, Selcuk Sahing6z?, Giilsiim Goksii Tasdelen®
1Gazi University, Gazi Faculty of Education
2 Gazi University, Gazi Faculty of Education
3 Master Student

Abstract

This study examines pre-service science teachers' cognitive structures and visual images toward the perception
of scientists and engineers. The study group of the research consists of 195 students studying at a state
university in Ankara in the 2023-2024 academic year. The survey model, one of the quantitative research
methods, was used in the study. The study data were collected with an open-ended question about scientist and
engineer, a Word Association Test (WAT) related to the concepts of scientist and engineer, and a draw a
scientist and draw an engineer test. The data obtained from the study were analyzed using content analysis.
Participants mainly explained the differences between scientists and engineers in their working environments.
The pre-service teachers associated scientist with the word laboratory (n=140) the most and obsessive (n=8) the
least. They associated engineer with the word machine (n=101) and physics (n=8). In the drawings, scientists
were mainly depicted as wearing lab coats, having messy hair, working in the laboratory with experimental
materials, being sad or thoughtful, wearing glasses, and being male. Notably, pre-service teachers partially
eliminate traditional ideas as the grade level increases. On the other hand, the engineer is mainly seen as a man
wearing a work apron or daily clothes, with smooth hair, beardless, working in an open area with construction
materials or motor vehicles, partially happy and thoughtful, and wearing a helmet/hat. Whether the grade level
increase changed their mind about this idea is not determined.

Keywords: Scientist, Engineer, Pre-service science teachers, Cognitive structure, Visual image
Introduction

Science and engineering are critical to economic growth, technological innovation, and sustainable
development. These two fields form the cornerstones of social progress, providing solutions that improve the
quality of life and facilitate daily life. While scientific research helps to develop new technologies and solve
applied problems by providing an understanding of the natural world, engineering meets the various needs of
society by transforming this scientific knowledge into practical applications (National Research Council, 2012;
World Economic Forum, 2020). The social perception of scientists and engineers significantly impacts their
educational processes and future career choices.

The importance of science and engineering in the education system is related to the tangible benefits of
these disciplines for individuals and societies and their potential to improve individuals' thinking and problem-
solving skills. Science and engineering education helps individuals to develop scientific thinking, analytical
skills, and creative problem-solving abilities. Science education encourages students to understand the natural
world, learn through experimentation, and solve problems using scientific methods. On the other hand,
engineering education provides opportunities for students to solve real-world problems by giving them the skills
to transform this scientific knowledge into practical applications (National Research Council, 2012). Beginnig
science and engineering education early can increase students' interest in these fields and influence their future
career choices. Education policies and teaching strategies should ensure that these disciplines are effectively
presented to students and allow students to explore their abilities and interests in these fields (OECD, 2016).

The importance of science and engineering education can be listed as follows:

1. Economic and Technological Development: Science and engineering education supports economic
growth and promotes technological progress. Scientific and engineering knowledge enables the
development of innovative products and services, which leads to competitiveness and efficiency in
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the labor market (World Economic Forum, 2020). The importance given to science and
engineering in education contributes to increasing social welfare and economic development.

2. Problem Solving and Creative Thinking: Science and engineering education equips students with
analytical thinking, creative problem-solving, and critical thinking skills. These skills help students
solve complex problems and develop innovative solutions (Linn & Eylon, 2011). Effective
representation of these areas in the education system ensures that students are prepared for the
challenges they will face in their future careers.

3. Social and Environmental Responsibility: Science and engineering education increases students'
sensitivity to social and environmental issues. These disciplines produce solutions to solve
environmental problems, increase energy efficiency, and ensure sustainable development. The
importance of these areas in education helps students understand and fulfill their social
responsibilities (Eilks & Ralle, 2012).

4. Preparing for the Future Workforce: Education in science and engineering is critical in preparing
students for the future workforce. Investments in STEM (Science, Technology, Engineering, and
Mathematics) education allow students to explore career opportunities in these fields and gain
competencies (Davis & Anderson, 2019). In particular, STEM (Science et al.) education provides
students with a broad knowledge base and skill set in science and engineering, preparing them for
future career opportunities (OECD, 2016). The fact that education systems train a highly qualified
workforce in science and engineering ensures the continuity of social development and economic
success.

Science and engineering education is vital to individuals' personal and professional development.
Representing these fields in education is critical for social and economic development. By effectively presenting
science and engineering fields, education policies and teaching strategies can increase students' interest in these
disciplines and contribute to raising competent individuals in these fields. Strengthening science and
engineering education should be a fundamental investment for future social welfare and economic success.

It is the leading occupational group. The perception of these professions in society can significantly
affect the educational process and career choices. Pre-service science teachers' cognitive structures and visual
images of these professions are decisive in their educational strategies and teaching approaches. The 2013
science curriculum emphasized inquiry-based teaching and interdisciplinary learning, which increased the
importance given to Science-Technology-Engineering-Mathematics (STEM) practices (MoNE, 2013). The 2018
science curriculum emphasizes the importance of engineering and design skills in science education, along with
science process and life skills within domain-specific skills (MoNE, 2018). Finally, the science curriculum that
came into force in 2024 adopts a teaching approach based on scientific inquiry and engineering designs to
continue this process (MoNE, 2024). Therefore, it is essential to understand how educators and students
perceive the concepts of scientists and engineers in science education and how they exhibit behaviors in this
direction.

The perceptions carried from past to present influence how pre-service teachers present science and
engineering professions to their students, which can guide students' perceptions and choices about occupations.
Understanding how pre-service teachers perceive images of scientists and engineers enables the design of
educational materials and teaching strategies more inclusively and diversely. Examining pre-service science
teachers' perceptions of “scientist” and “engineer” is essential to improving the processes of defining and
promoting these two professions in the education system.

Investigating pre-service science teachers' perceptions of science and engineering sheds light on
developing educational policies and strategies. If education policies accurately promote science and engineering
professions and teaching strategies address them from a broad perspective, it can help students discover their
abilities and interests in these fields (OECD, 2016). Accordingly, educational systems can enable students to
develop a more realistic and comprehensive understanding of science and engineering professions by allowing a
wide range of science and engineering professions to be represented.

Sub-problems of the research:
1. How are the cognitive structures of pre-service science teachers towards the concept of “scientist”?

2. How are the cognitive structures of pre-service science teachers towards the concept of “engineer”?
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3. How are the visual images of pre-service science teachers towards the concept of "scientist™?
4. How are the visual images of pre-service science teachers towards the concept of “engineer”?

While there are many studies on the perceptions of scientists in the literature, studies on the perceptions
of engineers are more recent, and research in this area is limited, especially in Tirkiye (Benli et al., 2011; Bilen
et al., 2014; Koyunlu et al., 2016). The most striking aspect of this study is that the perceptions of scientists and
engineers were examined and compared together. Although studies that examine both professions together can
be found in the foreign literature (Fralick et al., 2009; Jung & Kim, 2014; Park & Lee, 2014), there is a limited
number of studies on this topic in the Turkish literature (Giilhan & Sahin, 2018). In the literature, Fralick et al.
(2009), Jung and Kim (2014), and Park and Lee (2014) are examples of studies that investigated the perceptions
of scientists and engineers together. In a study of 1600 middle school students in the US, Fralick et al. (2009)
found that scientists are typically portrayed as wearing glasses and lab coats, while engineers are defined as
workers or laborers who use tools rather than scientists. Jung and Kim (2014) showed that elementary school
students defined scientists from a stereotypical perspective and perceived engineers as "people who design
robots, computers, and airplanes" wearing regular clothes. Park and Lee (2014) conducted a study with 512
sixth-grade students in South Korea. They found that students perceived engineers as people who "repair, build,
manufacture, work outdoors in work clothes” and characterized them as less intelligent and creative than
scientists. It should be noted that most studies have been conducted with middle school students. In this context,
it is believed that this study, which examines pre-service science teachers' cognitive structures and visual images
concerning the perception of 'scientist and engineer’, will fill a significant gap in the literature.

Method
Research Design

In this study, the cognitive structures and visual images of pre-service science teachers' perceptions of “scientist
and engineer” were examined, and the survey model, one of the quantitative research methods, was used. The
survey model is an approach that defines a situation in the past or present in its current state and covers the
processes that are applied to ensure learning and the development of desired behaviors in individuals. In this
model, a survey is conducted on the entire population, or a sample is selected to make a general assessment of a
large group (Karasar, 2011).

Sample

A convenience sampling method, one of the non-randomized study methods, was used to determine the study
group (Fraenkel & Wallen, 2006). In this context, the demographic characteristics of the study group are shown
in Table 1.

Table 1. Demographic characteristics of the study group

Grade Level Gender
Female Male Total
N % N % N %

Grade 1 26 86.67 4 13.33 30 100
Grade 2 54 90.00 6 10.00 60 100
Grade 3 42 93.33 3 6.67 45 100
Grade 4 53 88.33 7 11.67 60 100
Total 175 89.74 20 10.26 195 100

Examining Table 1, it can be seen that the study group in the research consists of 195 pre-service
science teachers (Ngrader = 30, Ngrade2 = 60, Ngrade3 = 45, Ngrades = 60). It can be seen that 89.74% of the pre-service
teachers were female students, and 10.26% were male students.

Data Collection Tool

The data for this study, which investigated the cognitive structures and visual images of pre-service science
teachers' perceptions of scientists and engineers, were collected using qualitative data collection tools. The study
data were obtained through an open-ended question about the fields of study of scientists and engineers, a
scientist Word Association Test (WAT), an engineer Word Association Test (WAT), a scientist drawing test,
and an engineer drawing test.
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Open-ended Questions about Scientist and Engineer

One of this study's qualitative data collection tools is the open-ended question directed to the pre-service science
teachers. In the study, an open-ended question prepared by the researchers was directed to determine pre-service
science teachers' views on the concepts of scientist and engineer. The researchers conducted a literature review
and prepared a form as a data collection tool. To ensure the internal and external validity of the open-ended
question, the opinions of a field expert and a language expert were taken. The finalized open-ended question
was applied face-to-face as a form to the pre-service science teachers in the study group. The participants were
asked about the working areas of scientists and engineers and were expected to answer the question within 20
minutes. The pre-service teachers wrote their answers on this form. The ‘scientist and engineer’ question was
asked to evaluate the cognitive structures of pre-service teachers about the characteristics of scientists and
engineers. With the open-ended question, pre-service teachers could freely express their cognitive structures,
experiences, and opinions. This situation allowed the researcher to obtain in-depth and rich data.

Scientist and Engineer Word Association Test

Word association tests aim to reveal the cognitive networks in students' minds. They assess the adequacy and
salience of concepts in long-term memory, examine the accuracy of connections between concepts, and
visualize conceptual relationships. They can also be used to compare how new information is related to existing
information and to compare initial and final word associations (Ercan et al., 2010). Some rules should be
followed when using the word association test. According to Bahar and Ozatli (2003), the concepts to be tested
should be presented in an appropriate number of rows. The opposite side of each concept is left blank, and the
student is expected to write the word that this concept evokes. The time given can vary between 30 seconds and
1 minute, depending on the average age of the group, and should be shorter as the age increases. If more than
one concept is to be questioned, a separate sheet of paper should be provided. Otherwise, the other concepts may
influence the answers as the students will see them together. Therefore, the concepts should be presented
individually in the presence of a supervisor, and the next concept should be introduced when the time is up.

In this study, the cognitive perceptions of pre-service teachers were examined through the critical
concepts of scientists and engineers, and categories were formed based on the frequency distribution of concepts
associated with the key concepts. Each key concept was given 30 seconds. Participants were asked to write five
words that came to mind within 30 seconds for each key concept in the blank space opposite the critical word.
Since Bahar and Ozatli (2003) suggested that the administration time of the Word Association Test (WAT)
could vary between 30 seconds and 1 minute depending on the average age of the group and that the time should
be shorter as the age increases, the recommended time was minimized. The test was administered to the pre-
service teachers.

Draw a Scientist Test and Draw an Engineer Test

In this study, to investigate the visual image of scientists and engineers in the minds of pre-service teachers, they
were asked to draw a picture. The students were given 30 minutes to do this, with guidance. The Draw a
Scientist Test developed by Chambers (1983) and the Draw an Engineer Test developed by Knight and
Cunningham (2004) were used as data collection instruments.

The Draw a Scientist Test is a one-question instrument used to assess the perception of a scientist.
Chambers tested this scale with students from kindergarten to fifth grade. The test is analyzed according to the
drawings' presence or absence of certain elements. The analysis criteria Chambers (1983) identified include
gender, clothing, research tools, and research environment. Schibeci and Sorensen (1983) examined the
reliability of this scale and found an inter-coder agreement rate of between 0.78 and 0.98. These results suggest
that the scale is valid and reliable for measuring scientists' perceptions.

The Draw an Engineer Test is another one-question instrument designed to assess the perceptions of
engineers. The test was administered to 384 students from third to twelfth grade (Knight & Cunningham, 2004).
Karatas (2017) analyzed the test results based on four criteria: appearance, objects, tasks, and work environment
of engineers, focusing on sixth-grade students. In the study, document analysis was employed for data analysis,
and field experts reviewed the results. Pre-service teachers participating in the study were asked to draw an
image of an engineer within a given timeframe.

Data Analysis

The data obtained in the study were analyzed using qualitative data analysis. Qualitative data were analyzed by
using the steps of the content analysis method. The purpose of content analysis is to interpret similar data by
systematically bringing them together. According to Yildirim and Simsek (2021), qualitative data are analyzed
in four stages in content analysis. These stages are coding the data, finding themes and sub-themes, organizing
the data according to the codes and themes, and interpreting the findings. The answers given to the tests and the
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drawings were transferred verbatim. In order to ensure the consistency of the research, two field experts coded
the data simultaneously and reached a consensus. This study transferred participants' test responses and
drawings without modification to maintain authenticity. To ensure the reliability of the analysis, two field
experts independently coded the data. Any discrepancies were resolved through discussion, achieving consensus
and strengthening the study's consistency.

Participants were assigned special numbers as P; for pre-service teacher 1 and P, for pre-service
teacher 2. The open coding method was used in the qualitative data analysis to identify standard codes and
categories from the data. Irrelevant codes and categories were excluded before the analysis was completed.
Inductive analysis was the preferred method of content analysis. The researchers labeled and analyzed the data
using relevant quotations for the identified categories. The stages of inductive content analysis included
planning, coding the data, determining the categories, and interpreting the findings (Yildirim & Simsek, 2021).

The framework for analysis was developed using categories, codes, and representative statements. Each
researcher coded the data independently. The 'agreement' and 'disagreement' levels between the researchers were
identified and documented. Miles and Huberman (2015) proposed the formula reliability = agreement /
(agreement + disagreement) to assess the consistency between researchers. Using this formula, the reliability of
the two coders was calculated to be 0.90, 0.88, and 0.89 for open-ended questions, word association tests, and
drawings, respectively. In qualitative research, a minimum agreement level of .80 between researchers and
experts is required to ensure reliability (Creswell, 2013). The coding process for the pre-service teacher's
opinion was as follows: appropriate code(s) were identified for the pre-service teachers' statement, and these
codes were categorized accordingly. For example, the pre-service teacher's statement, 'Scientists conduct
experiments and make discoveries in laboratories, while engineers work in the field to produce,’ was coded
under the category 'work environments'.

Validity and Reliability of the Study

Data diversity played an important role in ensuring the validity and reliability of the study (Yildirim & Simsek,
2021). Various data sources were used, including participants' responses to open-ended questions, word
association tests, and student drawings. The researcher's role was closely aligned with the field, allowing for
direct observation, direct data collection, and communication with participants when necessary to clarify
ambiguities, increasing the study's validity. In addition, the findings were presented in detail, explicitly
incorporating the participants' perspectives so that the results could be generalized to similar studies and
contexts. To ensure reliability, the researchers analyzed the data independently, minimizing inconsistencies in
codes and categories. Their previous experience contributed positively to the study's data collection, analysis,
and overall conduct. Participants' opinions and drawings were analyzed and explained in detail throughout the
research. Direct quotations from participants' views were included to ensure the findings were presented clearly
and comprehensively.

Ethics approval

Gazi University Social and Human Sciences Ethics Committee granted the ethics committee approval of this
study with the decision dated 27.02.2024 and numbered 4.

Findings

Open-Ended Question Regarding the Concepts of Scientist and Engineer

The results of the content analysis of pre-service science teachers' responses to the open-ended question about
how they explain the terms ‘scientist” and ‘engineer’ are presented in Table 2.

Table 2. Content analysis results regarding the open-ended question on the concept of scientist and engineer
Categories Frequency (f)  Percentage (%) Sample Answers

Study environments 56 28 Scientists ~ conduct  experiments  and
discoveries in the laboratory, while engineers
produce in the field.

Reasons for 36 18 Scientists try to understand nature and the

studying universe and discover new information, while
engineers solve problems.

Modes of study 36 18 Scientists try to prove ideas by testing them,

while engineers try to benefit people and make
their lives easier.
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Fields of study 28 14 Scientists have broader fields of study, while
engineers have narrower fields related to
mathematics and technology.

Study roles 24 12 Scientists deal with things that have not yet
been found, while engineers design.

Study methods 20 10 Scientists make inventions; engineers bring
them to life.

Total 200 100

An analysis of Table 2 shows that the pre-service science teachers' responses to the concepts of
'scientist’ and 'engineer’ can be grouped into six categories. Participants mainly explained the differences
between scientists and engineers regarding their working environment.

Word Association Test Regarding the Concept of Scientist

The results of the word association test regarding pre-service science teachers' responses to the concept of
'scientist' are presented in Table 3.

Table 3. Content analysis results for the word association test on the concept of scientist

Categories Concepts Frequency The total frequency  Percentage
() of the category (%)

Scientist as a Researcher 80 160 26,66
feature Questioner 28

Discoverer 24

Genius 12

Curious 8

Obsessed 8
Scientist as a Science 44 116 19,33
field Physics 24

Chemistry 20

Biology 16

Mathematics 12
Scientist as a Laboratory 151 272 45,33
study environment Study room/Office 52

Nature 49

Library 20
Scientist as a Einstein 24 52 8,68
noun (individual) Aziz Sancar 20

Madame Curie 8
Total 600 100

Looking at Table 3, the pre-service teachers' responses to the word association test regarding the
concept of scientist are grouped into four categories: scientist as a trait, scientist as a field of study, scientist as a
work environment, and scientist as a noun. The pre-service teachers associated the word scientist most with the
word laboratory (n=151) and least with the word obsessive (n=8).

Word Association Test Regarding the Concept of Engineer

The results of the pre-service teachers' responses to the word association test regarding the concept of
engineering are presented in Table 4.

Table 4. Content analysis results regarding the word association test regarding the concept of engineer

Categories Concepts Frequency The total frequency  Percentage
()] of the category (%)

Engineer as a Technology 99 390 40,24
process/activity Invention 98

Product 82

Design 66

Problem 45
Engineer as a field of ~ Machinery 101 410 42,31

study Electrical 93
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Computer 89
Construction 66
Agriculture 42
Chemistry 11
Physics 8
Engineer as a feature ~ Thinking 60 169 17,45
Solving 51
Analytical 38
Producing 20
Total 969 100

Looking at Table 4, the pre-service science teachers' responses to the word association test regarding
the concept of engineering are grouped into three categories (engineer as a process/activity, engineer as a field
of study, and engineer as a characteristic). The pre-service teachers associated the word engineer most with the
word machine (n=101) and least with the word physics (n=8).

Student Drawings Regarding the Concept of Scientist

The results of the pre-service science teachers' student drawings on the concept of scientist are presented in

Table 5.
Table 5. Content analysis results for drawings related to the concept of scientist
Checklist Grade 1 Grade 2 Grade 3 Grade 4 Total
f % f % f % f % f %

] Laboratory coat 21 25 28 33.33 19 22.61 16 19.04 84 100
Clothing Suit 1 5 6 30 5 25 8 40 20 100
features Causal/Sport 3 1875 4 25 4 25 5 31.25 16 100

Unspecified 5 6.66 22 29.33 17 22.66 31 41.33 75 100
Head region Messy hair 15 30 14 28 11 22 10 20 50 100
features Well-groomed hair 5 7.93 20 31.74 16 25.39 22 34.92 63 100
Hairless 10 219 26 3170 18 2195 28 3414 82 100
Facial region Bearded 12 20.68 14 24.13 20 34.48 12 20.68 58 100
features Beardless 18 1313 46 33.57 25 18.24 48 35.03 137 100
Human 2 18.18 3 27.27 4 36.36 2 18.18 11 100
Animal 3 21.42 3 21.42 3 21.42 5 35.74 14 100
Plant 2 14.28 3 21.42 3 21.42 6 42.85 14 100
Chemical experimental 21 14.89 43 30.49 33 23.40 44 31.20 141 100
Other materials
pictures Te_Iephone - - - - - - - - - -
drawn with Microscope 1 25 2 50 - - 1 25 4 100
the scientist 1 elescope 1 25 1 25 2 50 - - 4 100
Electrical materials - - - - - - - - - -
Food ingredients - - - - - - - - - -
Airplane, car, etc. - - - - - - - - - -
Computer - - 2 100 - - - - 2 100
Book - - 2 66.66 - - 1 33.33 3 100
No other picture with the - - 1 50 - - 1 50 2 100
scientist
Female 8 12.30 19 29.23 16 24.61 22 33.84 65 100
Gender Male 16 20.77 25 32.46 16 20.77 20 25.97 77 100
**Gender unclear 6 11.32 16 30.18 13 24.52 18 33.96 53 100
Laboratory 21 15 42 30 33 23.57 44 31.42 140 100
Workroom 4 44.44 - - 2 22.22 3 33.33 9 100
Working Home - - - - - - - - -
environment  poract : ) : : ; ; R ; R )
Space - - - - 1 100 - - 1 100
Location not specified 5 11.11 18 40 9 20 13 28.89 45 100
Happy 5 10.41 10 20.83 12 25 21 43.75 48 100
Angry - - - - - - - - - -
Facial ) Grumpy - - - - - - - - - -
EXPIEsSIon  gaq 8 2424 9 27121 4 1212 12 3636 33 100
Thoughtful 9 16.36 21 38.18 8 14.54 17 30.90 55 100
Unidentified facial expression 8 18.18 20 45.45 6 13.63 10 22.72 44 100
Glasses 12 18.18 18 27.27 20 30.30 16 24.24 66 100

Hat/Cap
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Accessories  Necklace/Earrings/Hair - - - - - - - - -
Buckle/Belt/Tie/Collar R
Handkerchief/Badge/Cloak/Scarf

Accessories not specified 18 13.95 42 32.55 25 19.37 44 34.10 129

80

100

When Table 5 is analyzed, it is seen that the pre-service teachers mostly drew the scientist as a man in a
lab coat, with unkempt hair, working in the laboratory with experimental materials, sad or thoughtful, wearing
glasses and a beardless. Notably, as the grade level increases, pre-service teachers partially get rid of this

ordinary way of thinking.

Some examples of the pictures the pre-service science teachers drew on the concept of scientists are

presented below.

Figure 1. Examples of drawings by pre-service teachers regarding the concept of a scientist

Student Drawings Findings Regarding the Concept of Engineer

The results of the pre-service science teachers' student drawings on the concept of engineering are presented in

Table 6.
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Table 6. Content analysis results for drawings related to the concept of engineer

81

Checklist Grade 1 Grade 2 Grade 3 Grade 4 Total
f % f % f % f % f %
Work apron 14 16.27 25 29.06 20 23.25 27 31.39 86 100
Clothing Suit - - - - - - - - - -
features Causal/Sport 10 13.88 20 27.77 18 25 24 33.33 72 100
Unspecified 6 16.21 15 40.54 7 18.91 9 24.32 37 100
Head region  Messy hair 14 15.73 24 26.96 23 25.84 28 31.46 89 100
features Well-groomed hair 13 19.40 20 29.85 12 17.91 22 32.83 67 100
Hairless 3 7.69 16 41.02 10 25.64 10 25.64 39 100
Facial region  Bearded 5 31.25 4 25 3 18.75 4 25 16 100
features Beardless 25 13.96 56 31.28 42 23.46 56 31.28 179 100
Human - - - - - - - - -
Computer 5 17.85 8 28.57 6 21.42 9 32.14 28 100
Motor Vehicle 3 7.89 10 26.31 12 31.57 13 34.21 38 100
(Plane, car, etc.)
Other Construction 12 17.39 29 24.16 14 20.28 24 34.78 69 100
pictures Materials
drawnwith  |eephone - - . . p h . . .
. Electrical cable 3 375 2 25 1 125 2 25 8 100
the engineer Robot ) ) ) ) . ) ) .
Paper materials - - - - - - 1 100 1 100
Food ingredients - - - - - - - - -
Ruler 5 17.85 6 21.42 8 28.57 9 32.14 28 100
Machine 2 15.38 5 38.46 4 30.76 2 15.38 13 100
Book - - - - - - - - - -
No other picture - - - - - - - - - -
with the engineer
Female 2 8 5 20 8 32 10 40 25 100
Gender Male 28 16.47 55 32.35 37 21.76 50 29.41 170 100
**Gender unclear - - - - - - - - - -
Workshop 2 14.28 4 28.57 3 21.42 5 35.71 14 100
Workroom 5 38.46 3 23.07 2 15.38 3 23.07 13 100
Working Home - - - - - - - - - -
environment - open area/Field 9 8.33 38 35.18 30 27.77 31 28.70 108 100
Factory 8 25 8 25 6 18.75 10 31.25 32 100
Location not 6 21.42 7 25 4 14.28 11 39.28 28 100
specified
Happy 12 2142 11 19.64 12 21.42 21 375 56 100
Angry - - - - - - - - - -
Facial Grumpy - - - - - - - - - -
expression Sad 5 17.24 8 27.58 4 13.79 12 41.37 29 100
Thoughtful 11 19.29 21 36.84 8 14.03 17 29.82 57 100
Unidentified facial 2 5.26 20 52.63 6 15.78 10 26.31 38 100
expression
Glasses 10 20.83 12 25 10 20.83 16 33.33 48 100
Helmet/Hat 20 17.54 37 32.45 22 19.29 35 30.70 114 100
Bracelet - - - - - - - - - -
Necklace/Earring/ - - - - - - - - - R
Accessories  Hairpin/Belt/Tie/ R R R R R - - - -
Collar } ) } } ) R ) ) R
Handkerchief/
Badge/Cloak/Scarf
Accessoriesnot 5 13.15 11 28.94 13 34.21 9 23.68 38 100

specified

Table 6 shows that the pre-service teachers mainly draw male engineers who wear work uniforms or

casual clothes, have neat hair and beards, work outdoors with construction materials or motor vehicles, are
partly happy and thoughtful, and wear hard hats. It is noteworthy that the traditional ideas of the pre-service
teachers remain the same as the grade increases.

presented below.

Some examples of pictures of the engineering concept drawn by pre-service science teachers are
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Figure 2. Examples of drawings by pre-service teachers regarding the concept of engineer
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Results and Discussion

This study investigated pre-service science teachers' cognitive structures and visual images concerning their
perceptions of “scientists” and “engineers”.

According to the first result of the study, the answers given by the pre-service science teachers to the
concepts of scientist and engineer were collected in six categories. These categories describe scientists and
engineers in terms of working environments (n=56), reasons for working (n=36), ways of working (n=36),
working areas (n=28), working roles (n=24), and working methods (n=20). The pre-service teachers explicitly
explained the differences between scientists and engineers and emphasized the differences between them. They
define scientists as people who do experiments and discoveries in the laboratory, try to understand the universe,
and have broad fields of work. Engineers work in the field, solve problems, make functional designs and
applications for people, and have narrow fields of work. This finding shows that pre-service teachers must
correct their perceptions of engineers and scientists and know more about engineers than scientists. When
examining the literature, Giilhan and Sahin (2018) and Fralick et al. (2009) also concluded that engineers are
less known than scientists. This may be because pre-service teachers do not interact much with engineers in
their professional careers.

The responses of the pre-service science teachers to the word association test regarding the concept of
scientist were grouped into 4 categories (scientist as a characteristic, scientist as a field of study, scientist as a
working environment, and scientist as a noun). In terms of characteristics, the pre-service science teachers
associated the scientist mainly with the words of the researcher (n=80), science (n=44), and laboratory (n=151)
experiment (n=140). This situation may be because pre-service science teachers perceive scientists as people
who carry out research and experiments in science. The students who also mentioned the names of scientists
most often repeated the word Einstein (n=24). In the study conducted by Oztiirk Irtem and Hastiirk (2021), it
was found that students mostly preferred the laboratory as the working environment of the scientist. When
examining the literature, it is noteworthy that similar results were obtained (Barman et al., 1997; Camci
Erdogan, 2013; Fralick et al., 2009; Gonsoulin, 2001; Giiler & Akman, 2006; Kaya et al., 2008; Korkmaz &
Kavak, 2010; Kiiciik & Bag, 2012; Ocal, 2007; Ozel, 2012; Ozel & Dogan, 2013; Ozsoy & Ahi, 2014; Turgut et
al., 2017; Tirkmen, 2008). This finding can be said to indicate that students have limited knowledge about the
characteristics, working environment, and field of study of scientists and that they have traditional ideas.

The responses of pre-service science teachers to the word association test regarding the concept of
engineering were grouped into 3 categories (engineer as a process/activity, engineer as a field of study, engineer
as a characteristic). Pre-service teachers associated the concept of engineer most with the word machinery
(n=101) and least with physics (n=8). When looking at the field of study category, pre-service teachers
expressed engineer with the words machinery (n=101), electricity (n=93), computers (n=89), construction
(n=66), agriculture (n=42), chemistry (n=11), and physics (n=8). Participants described engineering as a more
physically demanding occupation. Knight and Cunningham's (2004) study concluded that students generally
perceived engineers as people involved in construction and repair work. Similarly, Cunningham, Lachapelle,
and Lindgren (2005) found that students thought engineers were mainly involved in repair and construction
work. In their study of middle school students, Oztiirk irtem and Hastiirk (2021) found that students most often
drew civil engineers and computer engineers when examining information about the field of engineering.

It is observed that pre-service science teachers mainly draw traditionally thought-out male scientists
with lab coats, messy hair, working in the lab with experimental materials, sad or thoughtful, and wearing
glasses. Significantly, they deviate from these traditional ideas to some extent as they progress through the
grades. Oztiirk Irtem and Hastiirk (2021) found that secondary school students mostly pictured a male scientist
working in the laboratory and with laboratory equipment as the gender of the scientist. Similar results
supporting this study can be found in the literature (Benli et al., 2011; Barman et al., 1997; Camci Erdogan,
2013; Fralick et al., 2009; Gonsoulin, 2001; Giiler & Akman, 2006; Kaya et al., 2008; Korkmaz & Kavak, 2010;
Kiiciik & Bag, 2012; Ocal, 2007; Ozel, 2012; Ozel & Dogan, 2013; Ozsoy & Ahi, 2014; Turgut et al., 2017;
Tiirkmen, 2008).

Considering the engineering drawings of the pre-service science teachers, we see that they mainly draw
male engineers wearing hard hats, wearing work aprons or casual clothes in traditional thoughts, with neat hair
and no beard, working outdoors with construction materials or motor vehicles, partly happy and thoughtful. It is
noteworthy that the traditional thoughts of the pre-service teachers remain the same as the level of education
increases. Similar results have been obtained in studies with different groups of students. It is striking that the
participants mostly portray the gender of engineers as male (Capobianco et al., 2011; Fralick et al., 2009;
Giilhan & Sahin, 2018; Karatas et al., 2011; Knight & Cunningham, 2004; Oztiirk et al., 2021). This situation
can be explained by examining the role of gender stereotypes in career choice. It is believed that breaking
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gender stereotypes in career choices is essential for the professional careers of female students, and solutions to
this situation should be developed.

Since most of the pre-service teachers were female students, the views of the study group were not
analyzed based on the gender factor. However, in a similar study conducted by Bal¢in and Yavuz Topaloglu
(2019) with students at the 4th-grade level of primary education, it was stated that male students exhibited more
positive perceptions towards the concepts of scientist and engineer than female students.

Suggestions

Based on the findings of this study, several suggestions were made to curriculum developers, educators, and
researchers:

Suggestions for curriculum developers:

« In this study, pre-service science teachers' cognitive structures and visual images of scientists and
engineers were found to be at a traditional level. Curriculum developers can provide a broader
understanding by offering pre-service teachers different perspectives through interdisciplinary studies
and hands-on activities.

« It is important that as the pre-service teachers' level increases, they partially move away from the
traditional understanding of scientists. However, they do not move away from the conventional
understanding of engineers. In this context, a more comprehensive and realistic understanding can be
developed using real-world examples in the curriculum.

Suggestions for educators:
+ More active studies can be included so that pre-service teachers have a realistic perception.

« The study found that pre-service teachers gave more traditional answers. In order to develop students'
cognitive structures and visual images, cognitive and behavioral gains aimed at getting to know
scientists and engineers can be incorporated using different methods and techniques.

« Concrete examples (success stories of scientists and engineers, etc.) of how scientists and engineers
can be represented differently can be presented to pre-service teachers.

» Educators should encourage pre-service teachers to closely observe the working conditions and
environments of scientists and engineers in real life through out-of-school learning environments.

» Up-to-date, interactive, and participatory methods should support teaching content and materials.
Students should be provided with up-to-date information, encouraged to work in groups and explore
modern definitions in depth through discussion.

Suggestions for researchers:

* The lack of some demographic information in the study is one of the study's limitations. Given the
different demographic characteristics of the students, their cognitive and affective schemas and visual
images of scientists and engineers can be examined.

« Descriptive and experimental studies can be carried out to identify the factors that influence students'
perceptions of scientists and engineers and to evaluate their impact on students' perceptions.

« The study found that as students progressed through the school, their perceptions of scientists became
less traditional, while their perceptions of engineers remained the same. In this context, long-term
monitoring and experimental studies can be carried out to better understand the factors influencing this
perception, using both in-class and out-of-class educational programs.
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Ozet

Bu c¢alismanin amaci, fen bilgisi 6gretmen adaylarmin bilim insani ve miihendis algisina yonelik biligsel
yapilarinin ve gorsel imajlarinin incelenmesidir. Aragtirmanin ¢aligma grubu, 2023-2024 egitim-0gretim yilinda
Ankara’da bir devlet liniversitesinde 6grenim gdrmekte olan 195 6grenciden olugsmaktadir. Arastirmada nicel
aragtirma yontemlerinden tarama modeli kullanilmistir. Arastirmanin verileri, bilim insant ve mithendis ile ilgili
acik uglu bir soru, bilim insan1 ve miithendis kavramlarima iligskin kelime iliskilendirme testi, bir bilim insan1 ve
bir miihendis ¢iz testi ile toplanmistir. Arastirmadan elde edilen veriler, icerik analizi kullanilarak incelenmistir.
Katilimeilar bilim insan1 ve mithendis arasindaki farkliliklart ¢ogunlukla ¢alisma ortamlar: ile agiklamislardir.
Ogretmen adaylari, bilim insanmi en ¢ok laboratuvar (n=140) kelimesi ile en az takintili (n=8) kelimesi ile
iligkilendirmislerdir. Miihendisi ise en ¢ok makine (n=101) kelimesi ile en az fizik (n=8) kelimesi ile
iligkilendirmislerdir. Cizimlerde bilim insan1 ¢ogunlukla laboratuvar 6nliiklii, daginik sacli, deney malzemeleri
ile laboratuvarda calisan, iizgiin ya da disiinceli, gozIliklii ve erkek olarak ifade ettikleri goriilmektedir. Sinif
seviyesi arttikga, Ogretmen adaylarmin geleneksel diisiincelerden kismen siyrildigi dikkat ¢ekmektedir.
Miihendisi ise, ¢ogunlukla geleneksel diisiincelerde is onliigii ya da giinliik kiyafet giymis, diizgiin sacli,
sakalsiz, ingaat malzemeleri ya da motorlu tasitlar ile agik alanda c¢alisan, kismen mutlu ve diisiinceli, baret
takmis erkek olarak ¢izdikleri goriilmektedir. Sinif seviyesinin artmasi bu diisiinceyi degistirmemektedir.

Anahtar kelimeler: Bilim insani, Miihendis, Fen bilgisi 6gretmen adaylari, Biligsel yap1, Gorsel imaj

Giris

Bilim ve miihendislik, giiniimiizde toplumlarm ekonomik biiyiime, teknolojik yenilik ve siirdiiriilebilir
gelisimleri icin kritik 6neme sahiptir. Bu iki alan, toplumsal ilerlemenin temel taslarini olusturarak hayat
kalitesini artiran ve giinliik yagami kolaylastiran ¢oéziimler sunmaktadir. Bilimsel arastirmalar, dogal diinyanin
anlagilmasini saglayarak yeni teknolojilerin gelistirilmesine ve uygulamali problemleri ¢ézmeye yardimci
olurken; miihendislik, bu bilimsel bilgileri pratik uygulamalara doniistiirerek, toplumun ¢esitli ihtiyaglarini
karsilamaktadir (National Research Council, 2012; World Economic Forum, 2020). Bilim insanlar1 ve

miihendislerin toplumsal algis1 hem egitim siirecleri hem de gelecekteki meslek se¢imleri {izerinde 6nemli bir
etkiye sahiptir.

Egitim sistemi i¢inde bilim ve miihendisligin 6nemi, sadece bu disiplinlerin bireyler ve toplumlar i¢in
sagladigi somut faydalarla degil, ayn1 zamanda bireylerin diisiinme yetilerini gelistirme ve problem ¢dzme
becerilerini artirma potansiyeliyle de iligkilidir. Bilim ve miihendislik egitimi, bireylerin bilimsel diisiinme,
analitik beceri ve yaratici problem ¢dzme yeteneklerini gelistirmelerine yardimci olur. Bilim egitimi, 6grencileri
dogal diinyay1 anlamaya, deney yaparak bilgi edinmeye ve bilimsel yontemleri kullanarak sorunlari ¢6zmeye
tesvik eder. Miihendislik egitimi ise, bu bilimsel bilgileri pratik uygulamalara doniistirme becerilerini
kazandirarak, ogrencilere gercek diinyadaki problemleri ¢6zme firsatlari sunar (National Research Council,
2012). Bilim ve miihendislik egitimine erken yaslardan itibaren baslanmasi, 6grencilerin bu alanlara olan ilgisini
artirabilir ve gelecekteki kariyer segimlerini etkileyebilir. Egitim politikalart ve Ogretim stratejileri, bu
disiplinlerin 6grencilere etkin bir sekilde sunulmasini saglamali ve dgrencilerin bu alanlardaki yeteneklerini ve
ilgilerini kesfetmelerine olanak tanimalidir (OECD, 2016).

Bilim ve miihendislik egitiminin énemi asagida belirtilen sekilde siralanabilir:
1. Ekonomik ve Teknolojik Gelisme: Bilim ve miihendislik egitimi, ekonomik biiyiimeyi destekler ve
teknolojik ilerlemeyi tesvik eder. Bilimsel ve miihendislik bilgisi, yenilik¢i {iriinlerin ve
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hizmetlerin gelistirilmesine olanak tanir, bu da is giicii piyasasinda rekabetgilik ve verimlilik saglar
(World Economic Forum, 2020). Egitimde bilim ve mihendislik alanlarina verilen Onem,
toplumsal refahin artirilmasina ve ekonomik kalkinmanin saglanmasina katkida bulunur.

2. Problem Cozme ve Yaratici Diigiinme: Bilim ve mithendislik egitimi, 6grencilere analitik diisiinme,
yaratict problem ¢dzme ve elestirel diisinme becerilerini kazandirir. Bu beceriler, dgrencilerin
karmasik problemleri ¢dozmelerine ve yenilik¢i ¢oziimler gelistirmelerine yardimer olur (Linn &
Eylon, 2011). Egitim sisteminde bu alanlarm etkili bir sekilde temsil edilmesi, 6grencilerin
gelecekteki kariyerlerinde karsilasacaklari zorluklara hazirlikli olmalarini saglar.

3. Sosyal ve Cevresel Sorumluluk: Bilim ve miihendislik egitimi, 6grencilerin sosyal ve c¢evresel
sorunlara duyarliligini artirir. Bu disiplinler, ¢evre sorunlarinin ¢odziilmesine, enerji verimliliginin
artirilmasina ve siirdiiriilebilir kalkinmanin saglanmasina yonelik ¢oziimler {iretir. Egitimde bu
alanlara verilen 6nem, dgrencilerin toplumsal sorumluluklarini anlamalarina ve bu sorumluluklari
yerine getirmelerine yardimci olur (Eilks & Ralle, 2012).

4, Gelecegin Is Giiciine Hazirhk: Bilim ve miihendislik alanlarinda yapilan egitim, dgrencileri
gelecekteki i giiciine hazirlamada kritik bir rol oynar. Ozellikle STEM (Bilim, Teknoloji,
Miihendislik ve Matematik) egitimine yonelik yatirimlar, 6grencilere bu alanlardaki kariyer
firsatlarin1 kesfetme ve bu firsatlara yonelik yeterlilik kazandirma imkan: sunar (Davis &
Anderson, 2019). Ozellikle STEM egitimi, bilim ve miihendislik alanlarinda dgrencilere genis bir
bilgi taban1 ve beceri seti sunarak, gelecekteki kariyer firsatlarina yonelik hazirlik saglar (OECD,
2016). Egitim sistemlerinin, bilim ve miihendislik alanlarinda yiiksek nitelikli i giicii yetistirmesi,
toplumsal kalkinmanin ve ekonomik basarinin siirekliligini saglar.

Bilim ve miihendislik egitimi, bireylerin kigisel ve profesyonel gelisimlerinde énemli bir yer tutar. Bu
alanlarin egitimdeki temsili, toplumsal ve ekonomik kalkinma i¢in kritik 6neme sahiptir. Egitim politikalar1 ve
Ogretim stratejileri, bilim ve miihendislik alanlarini etkin bir sekilde sunarak ogrencilerin bu disiplinlere olan
ilgilerini artirabilir ve bu alanlarda yetkin bireyler yetistirilmesine katkida bulunabilir. Bilim ve miihendislik
egitiminin gili¢lendirilmesi, gelecekteki toplumsal refah ve ekonomik bagari icin temel bir yatirim olarak
degerlendirilmelidir.

Bilim ve miihendislik, modern toplumlarin gelisiminde ve teknolojik ilerlemesinde kritik roller
oynayan iki temel meslek grubudur. Bu mesleklerin toplum i¢indeki algist hem egitim siirecinde hem de meslek
secimlerinde Onemli etkiler yaratabilir. Fen bilgisi 6gretmen adaylarmin bu meslekler hakkindaki biligsel
yapilar1 ve gorsel imajlari, egitim stratejileri ve 6gretim yaklasimlari {izerinde belirleyici bir rol oynamaktadir.
2013 fen bilimleri 6gretim programi ile 6n plana ¢ikan arastirma-sorgulama temelli 6gretim ve disiplinlerarasi
ogrenme Fen-Teknoloji-Miihendislik-Matematik (FeTeMM) uygulamalarina verilen 6nemin artmasini
saglamistir (MEB, 2013). 2018 yilinda yayimlanan fen bilimleri dersi 6gretim programinda benzer mantikla
alana 6zgii beceriler icerisinde bilimsel siire¢ becerileri ve yasam becerileri ile birlikte miihendislik ve tasarim
becerilerinin de fen egitimindeki 6nemi vurgulanmaktadir (MEB, 2018). Son olarak 2024 yilinda yiiriirliige
giren fen bilimleri dersi 6gretim programi bu siirecin devami olarak bilimsel sorgulama ve miihendislik
tasarimlarina dayali bir dgretim yaklasimini benimsemektedir (MEB, 2024). Bu nedenle fen egitiminde
egitimcilerin ve 6grencilerin bilim insan1 ve miihendis kavramlarini nasil algiladiklari, bu dogrultuda nasil
davranislar sergiledikleri biiyiikk 6nem arz etmektedir.

Gegmisten giiniimiize tasidigimiz algilar, 6gretmen adaylarinin 6grencilerine bilim ve miihendislik
mesleklerini nasil sunacaklarini etkiler ve bu da dgrencilerin meslekler hakkindaki algilarini ve segimlerini
yonlendirebilir. Bilim insani ve miithendis imajlarinin 6gretmen adaylari tarafindan nasil algilandigini anlamak,
egitim materyallerinin ve dgretim stratejilerinin daha kapsayict ve gesitli bir sekilde tasarlanmasini saglar. Bu
baglamda, fen bilgisi dgretmen adaylarinin “bilim insani” ve “milhendis” algilarinin incelenmesi, egitim
sisteminde bu iki meslegi tanimlama ve tanitma siireglerini gelistirmek agisindan biiyiik dnem tasimaktadir.

Fen bilgisi 6gretmen adaylarinin bilim ve miithendislik algilarinin arastirilmasi, egitim politikalarinin ve
stratejilerinin gelistirilmesine 151k tutar. Egitim politikalarinin bilim ve miihendislik mesleklerini dogru bir
sekilde tanitmasi ve Ogretim stratejilerinin bu meslekleri genis bir perspektiften ele almasi dgrencilerin bu
alanlardaki yeteneklerini ve ilgilerini kesfetmelerine yardimci olabilir (OECD, 2016). Bu dogrultuda, egitim
sistemleri bilim ve miihendislik mesleklerinin genis bir yelpazede temsil edilmesine olanak taniyarak
ogrencilerin bu alanlara yonelik daha gergekei ve kapsamli bir anlayis gelistirmelerini saglayabilir.

Bu baglamda arastirmada fen bilgisi 6gretmen adaylarinin bilim insan1 ve mithendis kavramlar ile ilgili
algisina yonelik biligsel yapilarinin ve gorsel imajlarmin incelenmesi hedeflenmektedir. Bu nedenle aragtirmanin
problem cilimlesinde fen bilgisi 6gretmen adaylarinin bilim insan1 ve miithendis kavramlarina yonelik algilarinin
nasil oldugu sorusuna odaklanilmaktadir.
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Aragtirmanin alt problemleri:

1. Fen bilgisi 6gretmen adaylarmin "bilim insan1" kavramina yonelik biligsel yapilari nasildir?

2. Fen bilgisi 6gretmen adaylarinin "miihendis" kavramina yonelik biligsel yapilart nasildir?

3. Fen bilgisi 6gretmen adaylarinin "bilim insan1" kavramina yonelik gorsel imajlar1 nasildir?

4. Fen bilgisi 6gretmen adaylarinin "miihendis" kavramina yonelik gorsel imajlart nasildir?
Alanyazinda, bilim insan1 algis1 iizerine yapilan bircok aragtirma mevcutken, miihendislik algist ile ilgili
calismalar daha yenidir ve ozellikle Tiirkiye’de bu alanda yapilan arastirmalar sinirhidir (Benli, Dokme ve
Sarikaya, 2011; Bilen, Irkigatal ve Ergin, 2014; Koyunlu Unlii ve Dékme, 2016). Bu ¢alismanin en dikkat gekici
yoni, bilim insan1 ve mithendislik algisinin birlikte ele alinmasi ve karsilagtirilmasidir. Her iki meslek alaninin
beraber incelendigi ¢calismalar yabanci literatiirde (Fralick ve digerleri, 2009; Jung ve Kim, 2014; Park ve Lee,
2014) bulunsa da Tiirkge literatiirde bu konuda yapilmis ¢alisa sinirli sayidadir (Giilhan ve Sahin, 2018). Alan
yazininda, bilim insani ve miihendislik algisini birlikte inceleyen arastirmalar arasinda Fralick ve digerleri
(2009), Jung ve Kim (2014) ve Park ve Lee (2014) 6rnek olarak verilebilir. Fralick ve digerleri (2009) ABD'de
1600 ortaokul &grencisi ile yaptiklar ¢alismada, bilim insanlarinin genellikle gozIiikli ve laboratuvar onliigii
giymis olarak ¢izildigini, mithendislerin ise bilim insanlarindan daha ¢ok arag¢ kullanan emekgiler veya isciler
olarak tanimlandigini tespit etmislerdir. Jung ve Kim (2014), ilkogretim Ogrencilerinin bilim insanlarini
kliselesmig bir bakis agistyla tanimladiklarini, mithendisleri ise normal giysiler giymis, "robot, bilgisayar, ugak
tasarlayan kisiler" olarak algiladiklarini gostermistir. Park ve Lee (2014) ise Giiney Kore'de 512 altinci sinif
ogrencisiyle gerceklestirdikleri aragtirmada, Ogrencilerin miihendisleri "tamir, insaat, imalat yapan, is
elbiseleriyle a¢ik havada calisan" kisiler olarak gordiiklerini ve onlar1 bilim insanlarma kiyasla daha az zeki ve
yaratict olarak nitelendirdiklerini belirtmistir. Yapilan ¢alismalarin biiyiik ¢ogunlugunun ortaokul 6grencileri ile
gerceklestirildigi goriilmektedir. Bu baglamda Fen Bilgisi 6gretmen adaylarinin “bilim insant ve miihendis”
algisina yonelik biligsel yapilarinin ve gorsel imajlarin incelendigi bu arastirmanin, alanyazindaki 6nemli bir
boslugu dolduracag: diisiiniilmektedir.

Yontem
Arastirma Modeli

Fen Bilgisi 6gretmen adaylarmin “bilim insan1 ve miihendis” algisina yonelik biligsel yapilarinin ve gorsel
imajlarinin incelendigi bu c¢aligmada nicel arastirma yontemlerinden tarama modeli kullanilmistir. Tarama
modeli, gegmiste ya da giiniimiizdeki bir durumu mevcut haliyle tanimlayan ve 6grenmenin saglanmasi ile
bireyde istenilen davraniglarin gelismesi ig¢in uygulanan siiregleri kapsayan bir yaklasimdir. Bu modelde, genis
bir grup i¢inden genel bir degerlendirme yapmak amaciyla, evrenin tamami ya da buradan secilen bir 6rneklem
tizerinde tarama gerceklestirilir (Karasar, 2011).

Cahisma Grubu

Aragtirmanin ¢alisma grubunu belirlerken seckisiz olmayan c¢alisma yoOntemlerinden birisi olan uygun
ornekleme yonteminden faydalanilmistir (Fraenkel & Wallen; 2006). Bu baglamda arastirmanin calisma
grubuna yonelik demografik 6zellikler Tablo 1°de verilmistir.

Tablo 1. Caligma grubu demografik 6zellikleri

Sinif Diizeyi Cinsiyet

Kiz Erkek Toplam

N % n % n %
1. Simif 26 86,67 4 13,33 30 100
2. Sinif 54 90,00 6 10,00 60 100
3. Smuf 42 93,33 3 6,67 45 100
4, Simif 53 88,33 7 11,67 60 100
Toplam 175 89,74 20 10,26 195 100

Tablo 1 incelendiginde, arastirmada yer alan ¢aligma grubunun 195 fen bilgisi 6gretmen adaymdan
(N1.smf = 30, Ny = 60, N3 s = 45, Nggur = 60) olustugu goriilmektedir. Ogretmen adaylarinin %89,74’s1 kiz
ogrencilerden ve %10,26’s1 erkek 6grencilerden olustugu goriilmektedir.

Veri Toplama Araci

Fen Bilgisi 6gretmen adaylarmin bilim insan1 ve miihendis algisina yonelik biligsel yapilarinin ve gorsel
imajlarinin incelendigi bu arastirmanin verileri nitel veri toplama araglar1 ile toplanmistir. Caligmanin verileri,
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bilim insan1 ve miithendisin ¢aligma alanlari ile ilgili agik uglu bir soru, bilim insan1 kelime iliskilendirme testi,
miihendis kelime iliskilendirme testi, bir bilim insani ¢iz ve bir miihendis ¢iz testi ile elde edilmistir.

Bilim Insani ve Miihendis ile ilgili Actk U¢lu Soru

Bu arastirmanin nitel veri toplama araglarindan biri, 6gretmen adaylarina yonlendirilen acik uclu sorudur.
Arastirmada fen bilgisi Ogretmen adaylarinin bilim insan1 ve miihendis kavramlarina iliskin goriislerini
belirlemek icin arastirmacilar tarafindan hazirlanan ag¢ik uclu bir soru yoneltilmistir. Arastirmacilar tarafindan
konu ile ilgili alanyazin taramas1 yapilarak veri toplama araci olarak bir form seklinde hazirlanmigtir. A¢ik uclu
sorunun i¢ ve dig gecerliligini saglamak icin bir alan uzmani ve bir dil uzmaninin goriisii alinmigtir. Son haline
getirilen agik uglu soru ¢alisma grubunda yer alan fen bilgisi 6gretmen adaylarina bir form seklinde yiiz yiize
uygulanmistir. Katilimcilara bilim insant ve miihendisin ¢aligma alanlari sorulmustur ve 20 dakika igerisinde
verilen soruyu cevaplamalari beklenmistir. Ogretmen adaylar1 yamitlarini bu forma yazmislardir. “Bilim insani
ve mithendis” sorusu, 6gretmen adaylarinin bilim insan1 ve miihendisin 6zelliklerine yonelik biligsel yapilarini
degerlendirmek amaciyla sorulmustur. Ag¢ik uglu soru ile 6gretmen adaylart konuyla ilgili biligsel yapilarini,
deneyimlerini ve goriislerini 6zgiirce ifade etme firsati bulmuslardir. Bu durum arastirmanin derinlemesine ve
zengin veriler elde etmesine olanak tanimigtir.

Bilim Insani ve Miihendis Kelime Iliskilendirme Testi

Kelime iliskilendirme testleri, 6grencilerin zihinlerindeki biligsel aglar1 ortaya ¢ikarmay1 amaglar. Bu testlerle,
uzun siireli hafizada yer alan kavramlarin yeterlilik ve anlam diizeyi degerlendirilir, kavramlar arasindaki
baglantilarin dogrulugu incelenir ve kavramsal iligkiler gorsellestirilir. Ayrica, yeni bilgiler ile mevcut bilgilerin
nasil iligkilendirildigi ve ilk ile son kelime iliskileri karsilastirilabilir (Ercan, Tasdere ve Ercan, 2010). Kelime
iligkilendirme testi uygulanirken bazi kurallara uyulmas: gerekir. Bahar ve Ozatli'ya (2003) gore, testte
sorgulanmak istenen kavramlar, uygun sayida alt alta siralanarak sunulmalidir. Her bir kavramin karsis1 bos
birakilarak, 6grenciden bu kavramin ¢agristirdigi kelimeyi yazmasi beklenir. Verilen siire, grubun yas
ortalamasina bagli olarak 30 saniye ile 1 dakika arasinda degisebilir ve yas arttik¢a siire kisalmalidir. Eger
birden fazla kavram sorgulanacaksa, her kavram i¢in ayr1 bir kagit hazirlanmalidir. Aksi takdirde, 6grenci tiim
kavramlar1 bir arada gorecegi icin cevaplari diger kavramlardan etkilenebilir. Bu nedenle, kavramlar gézetmen
esliginde tek tek sunulmali ve siirenin sonunda bir sonraki kavrama gecilmelidir.

Bu aragtirmada, bilim insani ve miihendis anahtar kavramlar1 iizerinden 6gretmen adaylarinin biligsel algilar
incelenmis ve anahtar kavramin iliskilendirildigi kavramlarin frekans dagilimi iizerinden kategoriler
olusturulmustur. Her bir anahtar kavram i¢in 30 saniye siire verilmistir. Katilimcilardan her bir anahtar kavram
icin 30 saniye igerisinde zihinlerinde canlanan bes kelimeyi anahtar kelimenin karsisinda bos birakilan yere
yazmalar1 istenmistir. Bahar ve Ozatli (2003) Kelime Iliskilendirme Testi (KiT) uygulama siiresini, grubun yas
ortalamasina bagli olarak 30 saniye ile 1 dakika arasinda degisebilecegini ve yas arttik¢a siirenin kisalmasi
gerektigini 6nerdigi i¢in Onerilen siire en aza indirilerek 6gretmen adaylarina uygula yapilmustir.

Bir Bilim Insani Ciz Testi ve Bir Miihendis Ciz Testi

Bu aragtirmada, 6gretmen adaylarinin bilim insant ve miihendise yonelik zihinlerinde var olan gorsel imaji
inceleyebilmek amaciyla, resmetmeleri istenmistir. Ogrencilere bunun igin 30 dakika siire verilmistir ve
herhangi bir yonlendirme yapilmamistir. Calismada Chambers’m (1983) gelistirmis oldugu Bir Bilim Insan: Ciz
Testi ile birlikte Knight ve Cunningham (2004) tarafindan gelistirilen Bir Miihendis Ciz Testi veri toplama arac1
olarak kullanilmigtir.

Bir Bilim Insam Ciz Testi, bilim insam algisim1 degerlendirmek igin kullanilan tek sorudan olusan bir
Olgme aracidir. Chambers, bu 6l¢egi anaokulu diizeyinden besinci siif diizeyine kadar olan 6grencilerle test
etmigtir. Testin analizi, ¢izimlerde belirli unsurlarin bulunup bulunmamasina gére yapilmaktadir. Chambers
(1983) tarafindan belirtilen analiz kriterleri arasinda cinsiyet, giydigi kiyafet, arastirma araglari, arastirma ortami
gibi unsurlar yer almaktadir. Schibeci ve Sorensen (1983), bu dlgegin giivenilirligini incelemis ve 0.78 ile 0.98
arasinda degisen bir kodlayicilar arasi benzerlik orant bulmuslardir. Bu sonuglar, 6lgegin bilim insani algisini
tespit etmede gegerli ve giivenilir bir ara¢ oldugunu gostermektedir.

Bir Miihendis Ciz Testi, mithendis algisin1 degerlendirmek i¢in kullanilan yine tek sorudan olusan bir
baska 6lgme aracidir. Test, ti¢iincii siniftan lise on ikinci smifa kadar uzanan bir aralik igerisinde yer alan 384
ogrenci ile uygulanmistir (Knight & Cunningham, 2004). Karatag (2017), testin altinct sinif &grencileriyle
yapilan uygulamasinda, test sonuglarint gériiniim, objeler, miithendislerin gorevleri ve ¢alisma ortami kriterleri
acisindan analiz etmistir. Bu arastirmada da veri analizi siirecinde dokiiman incelemesi kullanilmis ve alan
uzmanlar1 tarafindan degerlendirilmistir. Ogretmen adaylarindan verilen siire igerisinde bir miihendis resmi
¢izmeleri istenmistir.
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Verilerin Analizi

Arastirmada elde edilen veriler nitel veri analizi kullanilarak analiz edilmistir. Nitel veriler, igerik analizi
yontemi basamaklaridan faydalanilarak analiz edilmistir. igerik analizinde amag benzerlik gdsteren verilerin
sistematik olarak bir araya getirilerek yorumlanmasidir. Yildirim ve Simsek’e (2021) gore nitel veriler, igerik
analizinde dort agsamada analiz edilmektedir. Bu asamalar; verilerin kodlanmasi, temalarin ve alt temalarin
bulunmasi, verilerin kodlara ve temalara gore diizenlenmesi ve bulgularin yorumlanmasidir. Uygulanan testlere
verilen yanitlar ve ¢izilen resimler birebir aktarilmigtir. Aragtirmanin tutarliligini saglamak icin iki alan uzman
tarafindan verilerin es zamanli kodlanmasi ve uzlagmaya varmasi ile belirlenmistir.

Nitel verilerin analizi sirasinda agik kodlama yontemi kullanilarak verilerden ortak kod ve kategoriler
belirlenmistir. lgisiz kodlar ve kategoriler elendikten sonra analiz tamamlanmstir. Igerik analiz yéntemleri
arasindan tiimevarimct analiz tercih edilmistir. Bu siiregte arastirmacilar, verileri etiketlemis ve ilgili
kategorilere uygun alintilar yaparak analiz asamalarini gerceklestirmistir. Timevarimcr igerik analizinin
asamalar1 planlama, veri kodlama, kategori belirleme ve bulgulari yorumlama seklinde ilerlemistir (Yildirim ve
Simsek, 2021).

Katilimcilara 6gretmen adayi 1 i¢in O1, 6gretmen aday1 2 icin O, seklinde 6zel numaralar atanmustir. Analizin
cercevesi, kategori, kod ve ornek ifadeler kullanilarak olusturulmustur. Veriler, her bir arastirmaci tarafindan
bagimsiz olarak kodlanmistir. Arastirmacilar arasindaki "Goriis Birligi" ve "Gorlis Ayriligl" durumu
belirlenerek isaretlenmistir. Aragtirmacilar arasindaki tutarliligi degerlendirmek i¢in Miles ve Huberman’mn
(2015) onerdigi Giivenirlik = Goriis Birligi / (Goriis Birligi + Goriis Ayriligl) formiilii kullanilmis ve iki
kodlayicinin giivenirlik orani hesaplanmistir. Sirasiyla agik uclu soru, kelime iligkilendirme testi ve ¢izimler i¢in
giivenirlik degerleri .90, .88 ve .89 olarak elde edilmistir. Nitel arastirmalarda giivenirligin saglanabilmesi i¢in
aragtirmaci ile uzman arasindaki uyumun en az .80 olmasi gerekmektedir (Creswell, 2013). Ornegin, dgretmen
adaymin goriisiiniin kodlanmasinda su adimlar izlenmistir: Ogretmen adaylarinin goriislerine iliskin kodlama
siireci su sekilde gerceklesmistir: Ogretmen adaymin ifadesine uygun kod(lar) belirlenmis ve bu kodlar
kategorilere ayrilmistir. Ornegin, 6gretmen adaymin “Bilim insanlar1 laboratuvarlarda deneyler ve kesifler
yapar, mithendisler ise sahada calisarak iiretim yapar” ifadesi “caligma ortamlari” kategorisi altinda
kodlanmugtir.

Arastirmanin Gegerlik ve Giivenirligi

Arastirmanin gecgerlik ve giivenirligini saglamak icin veri ¢esitliligi 6nemli bir rol oynamistir (Yildirim ve
Simsgek, 2021). Arastirmada, katilimeilarin agik uglu soruya verdikleri cevaplar, kelime iligkilendirme testleri ve
ogrenci ¢izimleri gibi ¢esitli veri kaynaklari kullanilmistir. Arastirmacilarin alana yakin rolleri sayesinde
dogrudan gozlem yapabilmeleri, verileri kendileri toplayabilmeleri, gerektiginde katilimcilarla iletisime gegerek
anlasilmayan durumlari teyit etmeleri gegerligi artirici faktorler olarak gériilmiistiir. Ayrica, bulgular detaylt
bicimde sunulmus ve katilimcilarin goriislerine yer verilmistir, bu da aragtirma bulgularmin benzer ¢alismalara
ve durumlara genellenebilir oldugunu diisiindiirmektedir. Giivenirligi saglamak adina, arastirmacilar verileri ayri
ayr1 analiz etmis ve kod ile kategorilerdeki farkliliklari en aza indirmeye ¢aligmistir. Arastirmacilarin daha
onceki deneyimleri, siirecin yiiriitiilmesi, veri toplanmasi ve degerlendirilmesinde fayda saglamistir. Arastirma
stirecinde katilimcilardan elde edilen goriigler ve ¢izimler analiz edilerek detayli bir sekilde agiklanmistir.
Katilimeilarin goriiglerinden dogrudan alintilar yapilarak bulgular agik ve anlasilir bir bigimde sunulmustur.

Etik Kurul Beyam

Arastirma Gazi Universitesi Sosyal ve Beseri Bilimler Bilimsel Arastirma ve Yaymn Etigi Kurulu'nun
27.02.2024 tarih ve 4 say1li onay1 ile gergeklestirilmistir.

Bulgular ve Yorumlar
Bilim insam ve Miihendis Kavramu ile ilgili Acik U¢lu Soruya iliskin Elde Edilen Bulgular

Fen bilgisi 6gretmen adaylarinin “bilim insan1 ve mithendis” kavramlarini nasil agikladiklarina yonelik agik uglu
soruya verdikleri cevaplara iligkin i¢erik analizi sonuglart Tablo 2°de verilmistir.

Tablo 2. Bilim insani ve mithendis kavramiyla ilgili agik ug¢lu soruya iliskin igerik analizi sonuglari

Kategoriler Kategoriye Ait Yiizde Ornek Cevaplar
Frekans (f) (%)
Calisma ortamlari 56 28 Bilim insanlar1 laboratuvarda deney ve kesif

yapar, mithendisler ise sahada iiretir.
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Calisma nedenleri 36 18 Bilim insanlar1 dogayi evreni anlamaya
calisir ve yeni bilgiler kesfeder, mithendisler ise
problem ¢ozer.

Calisma sekilleri 36 18 Bilim insanlar1 fikirleri deneyerek
kanitlamaya c¢alisir, miihendisler ise insanlara
faydali olup hayatlarmi kolaylastirmaya calisir.

Calisma alanlari 28 14 Bilim insanlarinin ¢alisma alanlar1 daha
genis, miihendislerin ise daha dar
matematik/teknik ile ilgilidir.

Caligma rolleri 24 12 Bilim insanlar1 bulunmamis seylerle ugrasir,

miihendisler ise tasarim yapar.

Calisma yontemleri 20 10 Bilim insanlar1 bulus yapar, miithendisler ise
hayata gegcirir.

Toplam 200 100

Tablo 2 incelendiginde, Fen Bilgisi 6gretmen adaylarinin bilim insan1 ve miihendis kavramlarina
verdikleri cevaplar alt1 kategoride toplanmugstir. Ogretmen adaylar1 bilim insani ve miihendis arasindaki
farkliliklar: gogunlukla ¢alisma ortamlari ile agiklamiglardir.

Bilim insam Kavram ile ilgili Kelime iliskilendirme Testine iliskin Elde Edilen Bulgular

Fen bilgisi 6gretmen adaylarinin bilim insani kavramina yonelik kelime iliskilendirme testine verdikleri
cevaplara iliskin elde edilen bulgular Tablo 3’de verilmistir.

Tablo 3. Bilim insanm1 kavrami kelime iligkilendirme testine iligkin igerik analizi sonuglari

Kategoriler Kategorilerde Frekans Kategoriye ait Yiizde

yer alan kavramlar (f) toplam frekans (%)
Ozellik Arastirmaci 80 160 26,66
olarak bilim insani Sorgulayan 28

Kesfeden 24

Dahi 12

Merakli 8

Takintili 8
Calisma alani Fen Bilimleri 44 116 19,33
olarak bilim insani Fizik 24

Kimya 20

Biyoloji 16

Matematik 12
Calisma ortami Laboratuvar 151 272 45,33
olarak bilim insani Calisma odasi/Ofis 52

Doga 49

Kiitiiphane 20
Birey (isim) Einstein 24 52 8,68
olarak bilim insan1 Aziz Sancar 20

Madame Curie 8
Toplam 600 100

Tablo 3 incelendiginde, Fen Bilgisi 6gretmen adaylarinin bilim insani kavramina ydnelik kelime
iliskilendirme testine verdikleri cevaplar 4 kategoride toplanmistir: 6zellik olarak bilim insani, ¢alisma alant
olarak bilim insam, ¢aliyma ortami olarak bilim insani, isim olarak bilim insani. Ogretmen adaylari, bilim
insanin1 en ¢ok laboratuvar (n=151) kelimesi ile en az takintili (n=8) kelimesi ile iliskilendirmislerdir.

Miihendis Kavramu ile Tlgili Kelime iliskilendirme Testine iliskin Elde Edilen Bulgular

Fen bilgisi 6gretmen adaylarinin mithendis kavramina yonelik kelime iliskilendirme testine verdikleri cevaplara
iligkin elde edilen bulgular Tablo 4’de verilmistir.
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Tablo 4. Miihendis kavrami kelime iliskilendirme testine iligkin i¢erik analizi sonuglari

Kategoriler Kategorilerde Frekans Kategoriye ait Yiizde

yer alan kavramlar ()] toplam frekans (%)
Siire¢/Faaliyet Teknoloji 99 390 40,24
olarak miihendis Icat 98

Uriin 82

Tasarim 66

Problem 45
Calisma alani Makine 101 410 42,31
olarak miihendis Elektrik 93

Bilgisayar 89

Insaat 66

Ziraat 42

Kimya 11

Fizik 8
Ozellik Diisiinen 60 169 17,45
olarak miihendis Cozen 51

Analitik 38

Ureten 20
Toplam 969 100

Tablo 4 incelendiginde, Fen Bilgisi 6gretmen adaylarmin miihendis kavramina yonelik kelime
iliskilendirme testine verdikleri cevaplar 3 kategoride toplanmistir: siire¢/faaliyet olarak miihendis, ¢calisma alani
olarak miihendis, 6zellik olarak miihendis. Ogretmen adaylar1, miihendisi en cok makine (n=101) kelimesi ile en
az fizik (n=8) kelimesi ile iligkilendirmislerdir.

Bilim insam Kavramu ile ilgili Ogrenci Cizimlerine iliskin Elde Edilen Bulgular

Fen bilgisi 6gretmen adaylarinin bilim insan1 kavramina yonelik 6grenci ¢izimlerine iliskin elde edilen bulgular
Tablo 5’de verilmistir.

Tablo 5. Bilim insan1 kavramu ile ilgili ¢izimlere iligkin igerik analizi sonuglari

Kontrol Listesindeki Ozellikler 1. Simf 2. Siif 3. Siif 4. Siif Toplam
f % f % f % f % f %
Kiyafet Laboratuvar onlagii 21 25 28 33.33 19 2261 16 19.04 84 100
ozellikleri  Takim elbise 1 5 6 30 5 25 8 40 20 100
Giinliik/Spor 3 18.75 4 25 4 25 5 31.25 16 100
Belirtilmemis 5 6.66 22 29.33 17 22.66 31 41.33 75 100
Bas bolgesi Dagmik sag 15 30 14 28 11 22 10 20 50 100
ozellikleri ~ Bakimli sag 5 7.93 20 31.74 16 25.39 22 34.92 63 100
Sagsiz 10 2.19 26 31.70 18 21.95 28 34.14 82 100
Yiiz bolgesi  Sakall 12 20.68 14 24.13 20 34.48 12 20.68 58 100
szellikleri Sakalsiz 18 13.13 46 33.57 25 18.24 48 35.03 137 100
Insan 2 18.18 3 27.27 4 36.36 2 18.18 11 100
Hayvan 3 21.42 3 21.42 3 21.42 5 35.74 14 100
Bitki 2 14.28 3 21.42 3 21.42 6 42.85 14 100
Kimyasal deney 21 14.89 43 30.49 33 23.40 44 31.20 141 100
Bilim insam Malzemeleri
ile beraber ~ Telefon - - - - - - - - - -
cizilen diger Mikroskop 1 25 2 50 - - 1 25 4 100
resimler Teleskop 1 25 1 25 2 50 - - 4 100
Elektrik malzemeler - - - - - - - - - -
Gida igerikleri - - - - - - - - - -
Ugak, araba vb. - - - - - - - - - -
Bilgisayar - - 2 100 - - - - 2 100
Kitap - - 2 66.66 - - 1 33.33 3 100
Bilim insaniyla bagka resim- - 1 50 - - 1 50 2 100
cizilmedi
Kadm 8 12.30 19 29.23 16 24.61 22 33.84 65 100
Cinsiyet Erkek 16 20.77 25 32.46 16 20.77 20 25.97 77 100
**Cinsiyet belirsiz 6 11.32 16 30.18 13 24.52 18 33.96 53 100
Laboratuvar 21 15 42 30 33 23.57 44 31.42 140 100
Calisma odasi 4 44.44 - - 2 22.22 3 33.33 9 100
Calisma Ev - - - - - - - - - -
ortami Orman _ _ _ _ _ _ _ _ _ _
Uzay - - - - 1 100 - - 1 100
Yer belirtilmedi 5 11.11 18 40 9 20 13 28.89 45 100
Mutlu 5

10.41 10 20.83 12 25 21 43.75 48 100
Sinirli - - - - -
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Yiiz ifadesi Huysuz -
24.24

27.27

12.12

36.36

100

92

Uzgiin 8 9 4 12 33

Distinceli 9 16.36 21 38.18 8 14.54 17 30.90 55 100

Tanimlanamayan ytiz 8 18.18 20 45.45 6 13.63 10 22.72 44 100

ifadesi

Gozlik 12 18.18 18 27.27 20 30.30 16 24.24 66 100

Sapka / Kap - - - - - - - - - -
Aksesuarlar  Kolye/Kiipe/Sag R R R R R - - - - -

Tokasi/Kemer/Kravat/Yaka_ _ _ N - N N - - -

Mendil/Rozet/Pelerin/Esarp

Aksesuarlar belirtilmedi 18 13.95 42 32.55 25 19.37 44 34.10 129 100

Tablo 5 incelendiginde, 6gretmen adaylarinin cogunlukla olagan diislince tarzi ile bilim insanini
laboratuvar onliiklii, daginik sacli, deney malzemeleri ile laboratuvarda calisan, {izgiin ya da diisiinceli,
gozliikli, sakalsiz bir erkek olarak cizdikleri goriilmektedir. Sinif seviyesi arttikca, dgretmen adaylarinin bu

stiradan diisiinme tarzindan kismen styrildig1 dikkat ¢ekmektedir.

Fen bilgisi 6gretmen adaylarmin bilim insan1 kavramu ile ilgili ¢izdikleri resimlere ait bazi 6rnekler

asagida sunulmustur.

B e

Sekil 1. Bilim insan1 kavramu ile ilgili 6gretmen adaylarinin ¢izimlerinden 6rnekler
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Miihendis Kavramu ile ilgili Ogrenci Cizimlerine iliskin Elde Edilen Bulgular
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Fen bilgisi 6gretmen adaylarinin miihendis kavramina yonelik 6grenci ¢izimlerine iliskin elde edilen bulgular
Tablo 6’da verilmistir.

Tablo 6. Miihendis kavramu ile ilgili ¢izimlere iliskin igerik analizi sonuclari

Kontrol Listesindeki 1. Simf 2. Siif 3. Simf 4. Simf Toplam
Ozellikler
f % f % f % f % f %
Kiyafet Is onliigi 14 16.27 25 29.06 20 23.25 27 31.39 86 100
ozellikleri Takim elbise - - - - - - - - - -
Giinliik/Spor 10 13.88 20 271.77 18 25 24 33.33 72 100
Belirtilmemis 6 16.21 15 40.54 7 18.91 9 24.32 37 100
Bas bolgesi Daginik sa¢ 14 15.73 24 26.96 23 25.84 28 31.46 89 100
ozellikleri Bakimli sa¢ 13 19.40 20 29.85 12 17.91 22 32.83 67 100
Sagsiz 3 7.69 16 41.02 10 25.64 10 25.64 39 100
Yiiz bolgesi Sakalli 5 31.25 4 25 3 18.75 4 25 16 100
bzellikleri Sakalsiz 25 13.96 56 31.28 42 23.46 56 31.28 179 100
Insan - - - - - - - - -
Bilgisayar 5 17.85 8 28.57 6 21.42 9 32.14 28 100
Motorlu Tagit 3 7.89 10 26.31 12 31.57 13 34.21 38 100
(Ugak, araba vb.)
Miihendis ile  nsaat malzemeleri 12 17.39 29 24.16 14 20.28 24 34.78 69 100
beraber Telefon - - - - - - - - -
resimler Robot - - - - - - - -
Kagit malzemeler - - - - - - 1 100 1 100
Gida igerikleri - - - - - - - - -
Cetvel 5 17.85 6 21.42 8 28.57 9 32.14 28 100
Makine 2 15.38 5 38.46 4 30.76 2 15.38 13 100
Kitap - - - - - - - - - -
Miihendisle - - - - - - - - - -
beraber baska
resim ¢izilmedi
Kadin 2 8 5 20 8 32 10 40 25 100
Cinsiyet Erkek 28 16.47 55 32.35 37 21.76 50 29.41 170 100
**Cinsiyet belirsiz - - - - - - - - - -
Atolye 2 14.28 4 28.57 3 21.42 5 35.71 14 100
Calisma odast 5 38.46 3 23.07 2 15.38 3 23.07 13 100
Calisma Ev R - - - R - - - - -
ortami Agik alan/Saha 9 8.33 38 35.18 30 27.77 31 28.70 108 100
Fabrika 8 25 8 25 6 18.75 10 31.25 32 100
Yer belirtilmedi 6 21.42 7 25 4 14.28 11 39.28 28 100
Mutlu 12 21.42 11 19.64 12 21.42 21 375 56 100
Sinirli - - - - - - - - - -
Yiiz ifadesi Huysuz - - - - - - - - - -
Uzgiin 5 17.24 8 27.58 4 13.79 12 41.37 29 100
Diistinceli 11 19.29 21 36.84 8 14.03 17 29.82 57 100
Tanimlanamayan 2 5.26 20 52.63 6 15.78 10 26.31 38 100
yiiz ifadesi
Gozlik 10 20.83 12 25 10 20.83 16 33.33 48 100
Baret/Sapka 20 17.54 37 32.45 22 19.29 35 30.70 114 100
Aksesuarlar  Bileklik - - - - - - - - - -
Kolye/Kiipe/Sag - - - - - - - - - -
Tokasi/Kemer/Kra _ R - R R - - - - -
vat/Yaka
Mendil/Rozet/Peler
in/Esarp
Aksesuarlar 5 13.15 11 28.94 13 34.21 9 23.68 38 100
belirtilmedi

ogretmen adaylariin geleneksel diisiincelerin ayni kaldig1 dikkat ¢ekmektedir.

Tablo 6 incelendiginde, 6gretmen adaylarinin ¢ogunlukla geleneksel diisiincelerde is Onliigli ya da
giinliik kiyafet giymis, diizgiin sacli, sakalsiz, insaat malzemeleri ya da motorlu tasitlar ile agik alanda ¢aligan,
kismen mutlu ve diisiinceli, baret takmig erkek miihendisler ¢izdikleri goriilmektedir. Siif seviyesi arttikca,

Fen bilgisi 6gretmen adaylarinin miihendis kavrami ile ilgili ¢izdikleri resimlere ait bazi &rnekler
asagida sunulmustur.
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Sekil 2. Mithendis kavramu ile ilgili 6gretmen adaylarinin ¢izimlerinden 6rnekler
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Sonuc¢ ve Tartisma

Bu arastirmada, Fen Bilgisi 6gretmen adaylarinin “bilim insan1 ve miithendis” algisina yonelik biligsel yapilari
ve gorsel imajlar1 incelenmistir.

Aragtirmadan elde edilen ilk sonuca gore, Fen Bilgisi 6gretmen adaylarinin bilim insan1 ve miihendis
kavramlarina verdikleri cevaplar alt1 kategoride toplanmistir. Bu kategoriler: ¢aligma ortamlar1 (n=56), ¢alisma
nedenleri (n=36), ¢alisma sekilleri (n=36), ¢alisma alanlar1 (n=28), ¢alisma rolleri (n=24) ve ¢alisma ydntemleri
(n=20) bakimindan bilim insan1 ve miihendisi agiklamaktadir. Ogretmen adaylar1 bilim insan1 ve miihendisi net
ifadelerle ve farkliliklar1 vurgulayarak agiklamuglardir. Ogretmen adaylari, bilim insanlarmi laboratuvarda deney
ve kesif yapan, evreni anlamaya ¢aligsan, genis ¢alisma alanlarina sahip kisiler olarak; miithendisleri ise, sahada
calisan, problem ¢6zen, insanlara faydali tasarim ve uygulama yapan, dar caligma alanlarina sahip kisiler olarak
tanimlamaktadirlar. Bu bulgu, dgretmen adaylarinin miihendis ve bilim insani algilarinda yanliglar oldugu ve
miihendisleri bilim insanlarina gére daha az bildiklerini gostermektedir. Alanyazin incelendiginde, Giilhan ve
Sahin (2018) ve Fralick ve digerleri de (2009) aragtirmalarinda miihendislerin bilim insanlarina gére daha az
bilindigi sonucuna ulagmiglardir. Bu durumun 6gretmen adaylarinin mesleki kariyerlerinde miihendisler ile pek
etkilesimlerinin olmamasindan kaynaklandig: diisiiniilebilir.

Fen Bilgisi 6gretmen adaylarmin bilim insan1 kavramima yonelik kelime iliskilendirme testine
verdikleri cevaplar 4 kategoride toplanmistir (6zellik olarak bilim insani, ¢alisma alani olarak bilim insani,
calisma ortami olarak bilim insani, isim olarak bilim insani). Ogretmen adaylari, bilim insanini 6zellikleri
bakimindan en ¢ok arastirmaci (n=80), fen bilimleri (n=44), laboratuvar (n=151) ve deney (n=140) kelimeleri
ile iligkilendirmislerdir. Bu durumun, fen bilgisi 6gretmen adaylarinin bilim insanlarin1 Fen Bilimleri alaninda
aragtirma ve deneyler yapan kisiler olarak algilamalarindan kaynaklanabilecegi diisiiniilebilir. Bilim insanlarinin
isimlerine de yer veren dgrenciler, en fazla Einstein (n=24) kelimesini tekrar etmislerdir. Oztiirk Irtem ve
Hastiirk (2021) yaptiklar1 ¢aligmada, dgrencilerin ¢gogunlukla bilim insaninin ¢aligma ortami olarak laboratuvart
tercih ettikleri goriilmiistiir. Alanyazin incelendiginde, benzer sonuglara ulasildig1 dikkat cekmektedir (Barman
ve digerleri, 1997; Camc1 Erdogan, 2013; Fralick ve digerleri, 2009; Gonsoulin, 2001; Giiler ve Akman, 2006;
Kaya ve digerleri, 2008; Korkmaz ve Kavak, 2010; Kiiciik ve Bag, 2012; Ocal, 2007; Ozel, 2012; Ozel ve
Dogan, 2013; Ozsoy ve Ahi, 2014; Turgut ve digerleri, 2017; Tiirkmen, 2008). Elde edilen bu bulgu,
ogrencilerin bilim insaninin 6zellik, ¢alisma ortami ve galisma alani ile ilgili kisitli bilgiye sahip oldugunu ve
geleneksel diisiincelere sahip olduklari sdylenebilir.

Fen Bilgisi 6gretmen adaylarmin miihendis kavramina yonelik kelime iliskilendirme testine verdikleri
cevaplar 3 kategoride toplanmistir (Siireg/faaliyet olarak miihendis, ¢alisma alani olarak miihendis, &zellik
olarak miihendis). Ogretmen adaylar1, miihendisi en gok makine (n=101) kelimesi ile en az fizik (n=8) kelimesi
ile iliskilendirmislerdir. Caligma alanlar1 kategorisine bakildiginda, 6gretmen adaylart mithendisi en ¢ok makine
(n=101), elektrik (n=93), bilgisayar (n=89), insaat (n=66), ziraat (n=42), kimya (n=11) ve fizik (n=8) ile ifade
etmiglerdir. Katilimcilar mithendislerin ¢alisma alanlarin1 daha ¢ok fiziksel gii¢ gerektiren igler olarak ifade
etmiglerdir. Knight ve Cunningham (2004) tarafindan yapilan arastirmada, 6grencilerin miihendisleri genellikle
insaat ve onarim igleriyle ilgilenen kisiler olarak algiladiklart sonucuna varilmistir. Benzer sekilde,
Cunningham, Lachapelle ve Lindgren (2005) de 6grencilerin miihendislerin ¢ogunlukla tamir ve ingaat isleriyle
mesgul olduklarm diisiindiiklerini belirlemislerdir. Oztiirk Irtem ve Hastiirk (2021) ortaokul égrencileri ile
yaptiklar1 ¢alismada, mithendisin brangina ait bilgiler incelendiginde 6grencilerin en fazla insaat miithendisi ve
bilgisayar mithendisi ¢izdiklerini gézlemlemislerdir.

Fen Bilgisi 6gretmen adaylarinin ¢ogunlukla geleneksel diisiincelerde laboratuvar onliiklii, dagmik
sacli, deney malzemeleri ile laboratuvarda ¢alisan, {izgiin ya da diigiinceli, gozliklii ve erkek bilim insanlar
cizdikleri goriilmektedir. Sinif seviyesi arttikca, Ogretmen adaylarinin geleneksel diisiincelerden kismen
ayrildign dikkat cekmektedir. Oztiirk Irtem ve Hastiirk (2021) ¢aligmalarinda ortaokul &grencilerinin bilim
insaninin cinsiyeti olarak daha ¢ok laboratuvarda ve laboratuvar arag geregleri ile ¢alisan bir erkek bilim insant
resmettikleri goriilmiistiir. Alanyazinda ¢alismay1 destekleyen benzer sonuglar goriilmektedir (Benli, Dokme ve
Sarikaya, 2011; Barman ve digerleri, 1997; Camc1 Erdogan, 2013; Fralick ve digerleri, 2009; Gonsoulin, 2001;
Giiler ve Akman, 2006; Kaya ve digerleri, 2008; Korkmaz ve Kavak, 2010; Kiigiik ve Bag, 2012; Ocal, 2007;
Ozel, 2012; Ozel ve Dogan, 2013; Ozsoy ve Ahi, 2014; Turgut ve digerleri, 2017; Tiirkmen, 2008).

Fen Bilgisi 6gretmen adaylarinin mithendis ¢izimleri incelendiginde, cogunlukla geleneksel diigiinme
tarzindan hareketle is onliigli ya da gilinlilk kiyafet giymis, diizgiin sagli, sakalsiz, insaat malzemeleri ya da
motorlu tasitlar ile acik alanda calisan, kismen mutlu ve diisiinceli, baret takmis erkek miihendisler ¢izdikleri
gorlilmektedir. Sinif seviyesi arttikca, Ogretmen adaylarinin geleneksel diislincelerin ayni kaldigi dikkat
¢ekmektedir. Farkli caligma gruplar ile yapilan ¢alismalarda da benzer sonuglar elde edilmistir. Katilimcilarin
miihendislerin cinsiyetini ¢ogunlukla erkek olarak resmettikleri dikkat ¢ekmektedir (Capobianco, Diefes-Dux,
Mena ve Weller, 2011; Fralick, Kearn, Thompson ve lyons, 2009; Giilhan ve Sahin,2018; Karatas, Micklos ve
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Bodner, 2011; Knight ve Cunningham, 2004; Oztiirk irem ve Hastiirk, 2021). Bu durumu meslek secimlerinde
toplumsal cinsiyet kalip yargilariin roliiniin varlig ile agiklayabiliriz. Meslek seg¢imlerinde toplumsal cinsiyet
kalip yargilarmin kirilmasimin kiz 6grencilerin mesleki kariyerleri agisindan 6nemli oldugu ve bu duruma
yonelik ¢coziimler tiretilmesi gerektigi disiiniilmektedir.

Ogretmen adaylarmin biiyiik cogunlugunun kiz égrencilerden olusmasindan dolay1 ¢alisma grubunun
goriigleri cinsiyet faktorii tizerinden incelenmemistir. Ancak alanyazinina bakildiginda benzer bir calismada
Balgin ve Yavuz Topaloglu (2019)’nun ilkogretim 4.smif diizeyinde &grenciler ile gerceklestirdikleri
aragtirmalarinda erkek 6grencilerin kiz 6grencilere kiyasla bilim insani ve mithendis kavramlarina yonelik daha
fazla olumlu algi sergiledikleri belirtmislerdir.

Oneriler

Bu arastirmada elde edilen sonuglara gore; uygulayicilara, program gelistiricilere ve arastirmacilara gesitli
onerilerde bulunulmustur:

Program gelistiricilere yonelik oneriler:

e Arastirmada Fen Bilgisi 6gretmen adaylarinin bilim insan1 ve mithendise yonelik biligsel yapilarinin
ve gorsel imajlarinin geleneksel diizeyde oldugu goriilmektedir. Program gelistiriciler
disiplinlerarasi ¢alismalarla ve uygulamali etkinliklerle ¢esitli perspektifler sunarak adaylara daha
genis bir anlayis kazandirabilir.

e Ogretmen adaylarinin sinif seviyesi arttikca bilim insani ile ilgili geleneksel anlayistan kismen
uzaklagtiklar1 ancak miihendis algisindaki geleneksellikten uzaklagmadiklarr dikkat ¢ekmektedir.
Bu baglamda programda, gercek diinya 6rnekleri kullanilarak daha kapsamli ve gergekei bir anlayis
gelistirilebilir.

Egitimcilere yonelik oneriler:

o Opretmen adaylarinin gergekci bir algrya sahip olabilmeleri igin etkilesimli ve daha fazla aktif
olacaklar1 ¢alismalara yer verilebilir.

e Arastirmada dgretmen adaylarmin daha geleneksel cevaplar verdikleri goriilmiistiir. Ogrencilerin
biligsel yapilarinin ve gorsel imajlariin gelismesi i¢in farkli yontem ve tekniklerle bilim insanini
ve mithendisi tanimaya yonelik biligsel ve davranigsal kazanimlara yer verilebilir.

e Ogretmen adaylarina bilim insan1 ve miihendisin genis yelpazede nasil temsil edilebilecegine dair
somut drnekler (bilim insanlar1 ve mithendislerin basar1 dykiileri vb.) sunulabilir.

e Egitimciler tarafindan okul disi 6grenme ortamlar1 araciligiyla 6gretmen adaylarinin bilim insani
ve mithendisin ger¢ek yasamdaki ¢aligma sartlart ve ortamlarmi yakindan gézlemlemeleri tesvik
edilmelidir.

e Egitim igerikleri ve materyalleri giincel, etkilesimli ve katilimci yontemlerle desteklenmelidir.
Ogrencilere giincel bilgiler sunulmali; Ogrencilerin grup calismalari yapmalari, tartismalar
araciligiyla modern tanimlamalari derinlemesine incelemeleri saglanmalidir.

Aragtirmacilara yonelik oneriler:

e Arastirmada bazi demografik bilgilerin eksikligi aragtirmanm smirhiliklar1  arasindadir.
Ogrencilerin farkli demografik 6zellikleri dikkate alinarak bilim insan1 ve miihendise y&nelik
biligsel ve duyussal semalar1 ve gorsel imajlar1 arastirilabilir.

e Ogrencilerin bilim insan1 ve miihendise yonelik algilarini etkileyen faktorleri belirlemek ve
Ogrenci algilar1 tlizerindeki etkisini degerlendirmek igin betimsel ve deneysel aragtirmalar
yapilabilir.

e Arastirmada sinif seviyesi arttikca bilim insanina yonelik algilarin geleneksellikten uzaklastigi
ancak miihendis algisinda bir degisiklik olmadig: dikkat cekmektedir. Bu baglamda, smif i¢i ve
smif dis1 egitim programlarinin etkin kullanimi ile bu algiya etki eden faktorleri daha dogru
anlamak i¢in uzun vadeli izleme ¢aligmalar1 ve deneysel ¢alismalar yapilabilir.
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