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Introduction

Although there is a consensus about the need for understanding the basic knowledge in the
disciplines of science, technology, engineering and mathematics (STEM) and turning this knowledge into
skills in order to be able to train science and technology literate individuals in 21* century, only science
and mathematics among these disciplines are a part of educational programs at the K12 level
(National Academy of Engineering [NAE], 2010). It is stated that technology and engineering disciplines
should be a part of educational programs to make STEM education possible (Bybee, 2010). Even though
all of the STEM disciplines are a part of the educational program, the program cannot be successful if it
does not include links between these disciplines (Dugger, 2010). In the USA, STEM has become a
government policy (NAE, 2010; National Research Council [NRC], 2010) and the importance given to
STEM disciplines and STEM education in many European countries has increased (Corlu, Capraro, &
Capraro, 2014). In this respect, it has become a necessity for Turkey as well that modern science
education is restructured by the integration of STEM disciplines into educational programs and students
are introduced to the discipline of engineering at early ages.

In Turkey, the first step towards STEM integration was taken in 2005 with the 'Science and
Technology' lesson educational program (Ministry of National Education [MoNE], 2006). The 'Science
and Engineering Applications' unit and 'Engineering and Design Skills' were added to the Science Lesson
Educational Program which was updated in 2017 in terms of the engineering discipline of STEM
education (MoNE, 2017). The program published in 2018 also included “Science, Engineering and
Entrepreneurship Applications” in all units. By integrating the STEM disciplines through these practices,
it is aimed that students deal with the problems of daily life from an interdisciplinary perspective and
create a product for the solution of problems by using knowledge and skills they acquire (MoNE, 2018).

In the literature, the approaches in which engineering design problems form a context for science
education are defined as 'Design Based Science Education' (DBSE). In this approach, it is stated that
teaching science concepts and processes takes place through scientific research and engineering design
process which involve engineering problems (Daugherty, 2012; Kolodner, 2002; Wendell, 2008). In DBSE,
the learning process begins with a problem which contains science and mathematics. The steps of the
engineering design process are applied over this problem and a product is created as a result. Science
and mathematics subjects are taught through this product (Culver, 2012).

In a study in which lego pieces were used for the applications in a science lesson based on design,
the cycle engineers use while creating designs and the steps in this cycle were modelled. The design
process is at the center of the model and process of the science lesson which will be taught within the
axis of this process is at the perimeter of the model (Wendell et al., 2010). According to the process at
the center, the first step consists of the identification of the problem and this corresponds to the step of
stating the design challenge in the science lesson. In this step, the students are asked to express what
they know and what they need to learn in order to be able to carry out the big design challenge. The
second step of the design cycle is researching possible solutions and the students are asked in this step
to carry out small design challenges and small scientific researches for the big design challenge. The
design challenge and researches in question are suggested to be rather in the form of creating physical
products and testing these products. Students use the findings they obtain in this step in identifying the
most suitable solution step. The last step of the process is creating prototype and testing prototype. This
step includes activities for the big design challenge in which students create, test and improve
prototypes, and make presentations to their group mates (Ercan, 2014; Wendell et al., 2010). The
process is summarized in Figure 1.

A teacher who will use the DBSE approach should firstly determine learning outcomes to be gained
and then determine the big design challenge which embodies these learning outcomes. The teacher
should also plan applications which involve required knowledge and skills for students in their process of
carrying out the big design challenge and prepare a learning environment and provide tools and
equipment necessary for building and testing a prototype in order for students to make their big designs
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within the scope of these applications. (Bozkurt Altan, Yamak, & Bulus Kirikkaya, 2016). Therefore, it
seems important that science teacher candidates acquire the skill to integrate DBSE and engineering
into science lessons and carry out applications in line with this in their undergraduate education. In this
respect, it was aimed in this study to determine the effect of DBSE applications on the perceptions of
science teacher candidates about engineering education and engineers.

1 lesson

Engineering-Design-Based Science
Curriculum Unit Phases

Unpack the unit's grand
engineering design
challenge.

Test, improve,

and

communicate

design

Develop
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Figure 1. Science lesson taught within the axis of design process cycle (Wendell et al., 2010).

Related studies

In recent years, the increasing popularity of the STEM education approach has led to an increase in
the number of studies on DBSE in all grades at the K-12 level. In the literature, there are studies on DBSE
carried out with primary and middle-school students (Ercan, 2014; Kolodner et al., 2003; Marulcu, 2010;
Penner, Giles, Lehrer, & Schauble, 1997; Roth, 2001; Sadler, Coyle, & Schwartz, 2000; Schnittka & Bell,
2011). In these studies, it is stated that DBSE applications increase the academic success of students
(Ercan, 2014; Marulcu, 2010; Roth, 2001), develop their skills related to scientific process and decision
making (Ercan, 2014; Sadler et al., 2000) and contribute to the development of their knowledge level
related to engineering (Ercan, 2014).

In the literature, there are studies carried out with teacher candidates on DBSE applications as well
(Bozkurt, 2014; Bozkurt Altan et al., 2016; Capobianco, 2011; Hacioglu, 2017; Hacioglu, Yamak, & Kavak,
2016; Kinik Topalsan, 2018; Marulcu & Sungur, 2012; Sungur Gul & Marulcu, 2014; Yildirim, 2018). In
these studies, teacher candidates indicated that the design process is based on questioning, makes
permanent learning possible and that the big design challenge is motivating (Bozkurt Altan et al., 2016);
it was concluded in these studies that DBSE applications develop the scientific creativity and critical
thinking (Hacioglu, 2017), decision making and scientific process skills of teacher candidates (Bozkurt,
2014) and that although the teacher candidates report some negative views on DBSE, they mostly have
positive views and wish to carry out DBSE activities in their lessons (Hacioglu et al., 2016).

According to the findings of another study, teacher candidates were found to have engineering
knowledge at a basic level and they did not have competence to carry out science lessons based on
design process (Marulcu & Sungur, 2012). In her study on evaluating design based activities developed
by classroom teacher candidates, Kinik Topalsan (2018) determined that the teacher candidates
displayed a low performance concerning the step in which they defined the problem and that their

1033



Aysegiil ERGUN, Giilbin KIYICI — Pegem Egitim ve Ogretim Dergisi, 9(4), 2019, 1031-1062

performance on the steps of finding the suitable solution and forming models was low as well due to the
difficulty they experienced in this step. In another study, it was determined that, following the DBSE
applications, teacher candidates’ opinions about these applications, engineering, engineers and the
design differed positively and prospective teachers thought that DBSE developed characteristics such as
creativity, curiosity, self-confidence and empathy (Yildirnm, 2018). In another study, it was determined
that teacher candidates’ knowledge about engineers and engineering was at a basic level and that they
did not have competence to structure science lessons on the axis of design process and use lego pieces
in this process (Sungur Gll & Marulcu, 2014).

Based on the results of previous studies, it can be concluded that although teacher candidates
mostly had positive views on DBSE applications, they also expressed negative views; although they
wished to use the applications in their professional life, they experienced difficulties during these
applications and they had basic level knowledge about engineering. When the difficulties teacher
candidates experienced about DBSE applications are taken into consideration, it is found important that
each teacher candidate receives theoretical and applied training about DBSE in their undergraduate
education. In this study, science teacher candidates were given theoretical and applied training for 14
weeks on DBSE in the Science Education Laboratory Applications Il lesson and they were provided with
the opportunity to carry out design based applications in cooperative groups. It is considered that the
study is important in the sense that it contributes to teacher candidates to gain competence in terms of
carrying out DBSE applications in their professional lives and development of STEM education in Turkey.
In this study, it was aimed at determining the effect of DBSE applications on the perceptions of science
teacher candidates about engineering education and engineers. With this purpose in mind, it was
attempted to answer the following research questions:

1. Do the DBSE applications have a meaningful effect on the perceptions of science teacher candidates
about engineering education?

2. Do the DBSE applications have a meaningful effect on the perceptions of science teacher candidates
about engineers?

Method
Research Design

This is a mixed method study in which the quantitative and qualitative methods were used together.
It is stated that the mixed method is superior compared to a research method used alone and that using
quantitative and qualitative methods together for solving any problem allows a better understanding of
the problem (Creswell & Plano Clark, 2007). The quantitative part of the study was carried out using a
single group pre-test post-test semi-experimental design. In this experimental design, the
measurements of the subjects concerning dependent variables as a single group are obtained using the
same measurement tools through a pre-test prior to the experimental process and a post-test after the
experimental process (Buyukoztirk, Kilig-Cakmak, Akgtin, Karadeniz, & Demirel, 2016). The single group
pre-test post-test semi-experimental design is one of weakest experimental designs. However, in studies
in which a new educational approach is applied, it is stated that the preference of the single group
experimental design is due to the nature of the study (Creswell, 2012). In the qualitative part of the
study, the explanatory/descriptive case study design was used. Case study is a method which mostly has
the characteristics of qualitative research approaches and seeks answers to the questions “how, why
and what” (Cepni, 2007). In case study method, it is quite important that the data are presented in a
detailed manner and through the statements of participants as much as possible (Ekiz, 2009; Patton,
1990). In this study, freehand drawings and expressions of teacher candidates regarding drawings were
used in order to be able to determine in more detail teacher candidates’ perceptions about engineer.
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Study Group

The participants of the study consisted of 52 juniors (42 female and 10 male) who were receiving
education at a medium-sized university in the Aegean Region in the spring semester of the 2016-2017
academic year and taking the Science Education Laboratory Applications Il lesson. Criterion sampling,
one of the purposeful sampling methods, was used to determine the study group. In this sampling
method, the researcher deals with all aspects which meet certain criteria which s/he predetermines
(Yrildirim & Simsek, 2016, p. 122). The primary criterion in this study is that the participants took the
Science Education Laboratory Applications Il lesson. The reason why this criterion was determined is
that, the participants received theoretical knowledge on DBSE for a semester within the scope of this
lesson and that, in the applied part of the lesson, DBSE applications were carried out in cooperative
groups in line with the theoretical knowledge received.

Data Collection Tools

With the purpose of determining the effect of DBSE applications on the perceptions of teacher
candidates about engineering education and engineers, the ‘Engineering Education Survey’ and the
‘Draw an Engineer Test’ were used.

The Engineering Education Survey: In the study, the survey developed by Yasar, Baker, Robinson-
Kurpius and Roberts (2006) with the purpose of determining the perceptions of K-12 teachers about
engineering education and adapted to Turkish by Sungur (2013) was used. The original survey consists of
4 factors and 41 items covering importance of engineering (18 items), familiarity with engineering (12
items), stereotypical characteristics of engineers (5 items) and characteristics of engineering and
engineers (6 items). The researchers calculated the Cronbach alpha reliability coefficient values related
to the survey’s sub-dimensions and to the whole survey successively as .91, .83, .76, .66 and .88 (Yasar
et al., 2006). The survey adapted to Turkish consists of 3 factors and 36 items involving importance of
engineering (18 items), familiarity with engineering (10 items) and characteristics of engineering and
engineers (8 items). In this study, the Cronbach alpha reliability coefficient values related to the pre and
post-test data were calculated in order to determine the reliability of the survey. The analysis results are
given in Table 1.

Table 1.

The Reliability Analysis Results of the Engineering Education Survey.

The sub-dimensions and the Survey Cronbach alpha Pre-test Cronbach alpha Post-test
Importance of Engineering .83 .87
Familiarity with Engineering .70 .79
Characteristics of Engineering and Engineers .60 .67
The Engineering Education Survey .84 .89

Results in Table 1 show that the Cronbach alpha coefficients related to the pre-test and post-test
data are over the value of .70 for the whole survey. According to Buyukoztirk (2017), the survey is
reliable since the Cronbach alpha value being .70 and over is acceptable for the reliability of the survey.

Draw an Engineer Test: In the study, a drawing form was created taking the ‘Draw an Engineer Test’
(DAET) developed by Knight and Cunningham (2004) into consideration with the purpose of determining
teacher candidates’ perceptions of engineers. In the form, teacher candidates are required to draw a
picture of a working engineer in an empty box and answer to the question under the box “What is the
engineer you have drawn doing? Briefly, explain”. Pre-service teachers' answers to the open-ended
guestion were used to better evaluate the drawings.

Data Collection and Procedure

Before starting the application process, ethics committee approval was obtained from the ethics
committee of the university where the research was carried out. The Science Education Laboratory
Applications Il lesson which was focused on the DBSE applications was carried out for 14 weeks with the
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teacher candidates. The 52 teacher candidates receiving education in two classes formed 13
heterogeneous cooperative learning groups. The students are placed in two classes determined by the
university information system in line with their lesson selections at the beginning of the semester. A
total of 13 groups were formed, 7 in class A and 6 in class B, consisting of 4 students for each class. In
the determination of the groups, volunteering basis and heterogeneity in terms of gender were taken
into consideration. The DBSE applications carried out in these groups included a wind turbine, a house
which produces its own electricity, an anti-bacterial toothbrush holder, a rocket, a bridge, a solar energy
car, an ecological city, a small sailing boat, a robot, a hydraulic arm, a hydraulic bridge, a plane and a
high-speed train. The application process was carried out by the researchers who gave the lessons in the
two classes. After the researchers gave the theoretical information about DBSE, they guided the
students in the applications carried out afterwards. The activities carried out during the application are
given in Table 2.

Table 2.

The Application Process of the Study.

Weeks Applications Carried Out Duration (min.)

1st week What is STEM education? Making presentations on introducing 40+40+40+40
STEM areas

2nd week Making presentations on “What is design based science 40+40+40+40
education? How is it applied?”

3rd week Making presentations on “What is the engineering design process? 40+40+40+40
What are the steps of the process?”

4th week Presenting application examples based on engineering design 40+40+40+40
process in science education

5th week Forming cooperative groups and giving information about the 40+40+40+40
implementation process by determining applications to be realized

6th week Research and activities carried out by teacher candidates related 40+40+40+40
to their design applications

7th week Daily life problem determined by teacher candidates related to 40+40+40+40
their designs and announcement of the big engineering design
challenge

8th week Search for possible solutions, carrying out mini design tasks and 40+40+40+40
mini scientific researches

9th week Determination of the most suitable solution 40+40+40+40

10th week Creating and testing of the prototype 40+40+40+40

11th week Improving the prototype and a presentation to be made by 40+40+40+40
teacher candidates about their process and products for their
classmates in another group

12-13-14th weeks Presentation made by teacher candidates about their process and  40+40+40+40

products for their classmates in another group

A few selected examples from the DBSE applications carried out by the teacher candidates are given

in Table 3.

Data Analysis

Analysis of quantitative data: In the study, prior to the analysis of quantitative data, the normality

of the distribution of the pretest and posttest scores obtained from the engineering education survey
and its sub-dimensions was determined. In samples higher than 50, it is suggested to use the
Kolmogorov-Smirnov normality test (Blytkoztirk, 2017); since the sample size of the study was 52, the
Kolmogorov-Smirnov test was used. The results of the analysis are given in Table 4.
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Table 3.
Information on DBSE Application Examples and Contents.

Visual of the Design

Content of the Design and Student Learning
Outcomes in Curriculum

A car running with solar energy

& 3
A house which produces its own electricity

A design using UV lights on toothbrush to
solve bacteria growth problem.

1. S/he observes microscopic creatures with
a microscope.

2. S/he takes necessary precautions for
safety and hygiene while observing
microscopic creatures.

3. S/he creates a design which prevents the
growth of microorganisms.

Creating a design that can stand on water and
carry the maximum load to solve any fishing
problems at sea.

1. S/he explains the basic characteristics of
the material using five senses.

2. S/he defines density and indicates its unit.
3. S/he measures and compares the mass
and volume of the materials.

4. S/he defines the material by using
measurable characteristics.

5. S/he builds a small sailing boat using
materials with suitable density.

Designing a vehicle with clean energy to
overcome the problems of air pollution and
increasing gasoline prices.

1. S/he understands the importance of using
renewable energy resources for the
environment.

2. S/he realizes that solar energy can be
converted into electrical energy.

3. S/he designs a vehicle with a simple motor
circuit which produces electricity using a solar
panel.

Creating a design which makes use of
renewable energy resources to overcome the
problem of excess energy consumption and
high bills.

1. S/he knows about renewable energy
resources.

2. S/he understands the transformation of
energy.

3. S/he creates a design which produces its
own electricity by using energy
transformation.
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Table 4.

Results of the Normality Test Related to the Pre-Test and Post-Test Data.

Sub-dimensions and the Survey Test Statistics df p

Importance of Engineering Pre .09 52 .14
Post .08 52 .83

Familiarity with Engineering Pre 13 52 .36
Post .08 52 42

Characteristics of Engineering and Engineers Pre .09 52 .14
Post 11 52 .18

The Engineering Education Survey Pre .09 52 .87
Post .07 52 .70

Results in Table 4 show that the pre-test and post-test scores obtained from the survey and its sub-
dimensions display a normal distribution (p > .05). Therefore, dependent samples t-test was used in the
comparison of the teacher candidates’ pre-test and post-test scores.

Analysis of qualitative data: Content analysis was used in the analysis of data obtained from the
‘Draw an Engineer’ test. Through content analysis, data displaying similar characteristics are gathered
together within certain concepts and themes and organized and interpreted so that they can be
understood by readers (Yildirim & Simsek, 2016). While evaluating the teacher candidates' drawings, the
answers they gave to the open-ended question regarding the drawing they made in the drawing form
were also used. All of the drawings of the teacher candidates were analyzed and coded by the
researchers, the codes were turned into themes under certain headings and data was digitized and
compared. Based on their conclusions, the two researchers calculated the frequency and the
percentages related to codes in themes expressed by the teacher candidates. Since more than one code
was formed in the analysis of activities carried out by the engineer and in materials detected, the sum of
frequency was found to be higher than the size of the study group.

The reliability of data was calculated with the [Consensus / (Consensus + Dissensus)] x 100 formula
suggested by Miles and Huberman (1994). In the study, this formula was used and the concordance
percentage in the codes was calculated as 84.00%. According to Yildirim and Simsek (2016), when the
concordance percentage in the calculation of reliability is 70.00%, then it means that the reliability
percentage is reached. Therefore, the values obtained show that the coding reliability of the researchers
is sufficient. The drawings of the teacher candidates were evaluated through a drawing evaluation form
created by the researchers under the sub-headings of gender of the engineer, number of engineers,
activity of the engineer, materials in the drawing and the area of engineering. Forms used to evaluate
engineer drawings in studies in literature were referred while creating drawing evaluation form (Fralick,
Kearn, Thompson, & Lyons, 2009; Gilhan & $ahin, 2018; Karatas, Micklos, & Bodner, 2011; Knight &
Cunningham, 2004). Drawings with stickman or gender not clearly understood were evaluated in
ambiguous category while drawings of engineers working in group of men and women were considered
as in female category.

Results
Results Related to the First Research Question

The pre-test and post-test scores obtained from the survey and its sub-dimensions were compared
with dependent samples t test with the purpose of determining the effect of DBSE applications on the
perceptions of teacher candidates about engineering education. The results of the analysis are given in
Table 5.

Results in Table 5 revealed a statistically significant difference between the pre-test and post-test
scores of the teacher candidates’ engineering education survey (ts;)=-7.08, p <.05). In addition, there is
a statistically significant difference between pre-test and post-test scores in the sub-dimensions of
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importance of engineering (t;s;) = -6.74, p < .05), familiarity with engineering (t(s; = -5.28, p < .05) and
characteristics of engineering and engineers (t(s;) = -4.28, p < .05). When the pre-test and post-test score
averages of the survey in general and its sub-dimensions are analyzed, it can be seen that the difference
is in favor of the post-test.

Table 5.

Results of the t Test Analysis for Dependent Samples Related to the Pre-test and Post-test Scores.

Sub-dimensions and the Survey Measurement N X Sd df t P

Importance of Engineering Pre-test 52 3.96 44 51 -6.74 .00
Post-test 434 41

Familiarity with Engineering Pre-test 52 3.33 54 51 528 00"
Post-test 3.78 .59

Characteristics of Engineering and Pre-test 52 3.93 41 51 -4.28 00"

Engineers Post-test 4.18 42

The Engineering Education Survey Pre-test 52 3.74 .34 51 -7.08 00"
Post-test 4.10 .38

**p<.05.

Results Related to the Second Research Question

With the purpose of determining the effect of DBSE applications on teacher candidates’ perceptions
of engineers, the drawing of engineers was evaluated with the drawing evaluation form in the sub-
dimensions of gender of the engineer, number of engineers, activity of the engineer, materials in the
drawing and the area of engineering. The analysis results are given in Tables 6, 7, 8, 9 and 10. The results
of the analysis on the gender of engineers in the teacher candidates’ pre and post-drawings are given in
Table 6.

Table 6.
Findings Related to Gender of Engineers in the Drawings.

Pre-drawing Post-drawing

Gender of the Teacher Candidate =~ Gender of the Teacher Candidate

Female Male Female Male

Gender of engineers f % f % f % f %
Female engineer 6 14.30 1 10.00 15 35.71 3 30.00
Male engineer 32 76.20 8 80.00 25 59.53 7 70.00
Ambiguous 4 9.52 1 10.00 2 4.76 0 .00

According to Table 6, the female participants drew female engineers in 14.30% and male engineers
in 76.20% of the pre-drawings. They drew female engineers in 35.71% and male engineers in 59.53% of
the post-drawings. As for the male participants, they drew female engineers in 10.00% and male
engineers in 80.00% of the pre-drawings and female engineers in 30.00% and male engineers in 70.00%
of the post-drawings.

The number of engineers in the teacher candidates’ drawings was determined and it was seen that
they perceived engineering as a profession based on teamwork. The results of the analysis are given in
Table 7.

Table 7.
Findings Related to the Number of Engineers in the Drawings.

Pre-drawing Post-drawing
Number of Engineers f % f %
Single 51 98.08 32 61.54
Team work 1 1.92 20 38.46
Total 52 100.00 52 100.00
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According to the analysis results in Table 7, 98.08% of the engineers were described as single and
1.92% working as a team in the pre-drawings while, in the post-drawings, 61.54% of them were
reported as single and 38.46% working as a team.

Activities performed by engineers in the drawings of the teacher candidates were evaluated and the
results of the analysis are given in Table 8.

Table 8.
Findings Related to the Activities of Engineers in the Drawings.

Pre-drawing Post-drawing
Activity f % f %
Constructing 19 20.88 10 9.71
Repairing 14 15.38 8 7.77
Using materials 6 6.60 5 4.85
Designing 8 8.80 21 20.38
Developing 7 7.70 15 14.56
Calculating 5 5.50 10 9.71
Doing research/analysis 9 9.90 14 13.60
Supervising 17 18.68 12 11.65
Doing experiments 3 3.30 8 7.77
No activity 3 3.30 - -
Total 91’ 100.00 103" 100.00

* Total frequency related to the activities of engineers drawn by the teacher candidates

As can be seen in Table 8, the constructing activity which was 20.88% in the pre-drawing lessened to
9.71% in the post-drawing; the repairing activity decreased from 15.38% to 7.77%, the supervising
activity from 18.68% to 11.65% and the activity of using materials from 6.60% to 4.85%. The activities
whose rate of being drawn in the post-drawings increased were determined as designing (from 8.80% to
20.38%), developing (from 7.70% to 14.56%), calculating (from 5.50% to 9.71%), doing research/analysis
(from 9.90% to 13.60%) and doing experiments (from 3.30% to 7.77%). Examples from the pre and post-
drawings of the teacher candidates and their statements about what the engineers are doing in these
drawings are given in Figure 2.
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Pre-drawing (S21)

Post-drawing (S21)

The construction engineer | have drawn is going
to the area where he works for inspection.

The solar and wind energy engineer | have drawn is
calculating the productivity of the wind turbine.

Figure 2. Examples of engineer activities in the pre and post-drawings.

In the visual in Figure 2, the female student with the code S,; stated that engineer she drew in the
pre-drawing was conducting an inspection, whereas she stated that the solar and wind energy engineer
she drew in her post-drawing was doing a calculation. The materials seen in the work space of engineers
in the drawings of the teacher candidates were evaluated and the results of the analysis are given in
Table 9.
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Table 9.
Findings Related to the Materials Found in the Drawings.
Pre-drawing Post-drawing

Materials Found in the Drawings f % f %
Repair tools (English monkey wrench, hammer, etc.) 13 11.81 6 5.40
Safety helmet 11 10.00 3 2.70
Plans/Projects/Map 11 10.00 17 15.32
Pencils 9 8.18 12 10.81
Desk/Table 11 10.00 11 9.90
T square 9 8.18 10 9.00
Constructions such as bridges and buildings 12 10.90 8 7.20
Laboratory equipment 6 5.45 14 12.61
Wind turbine 3 2.72 9 8.11
Computer and computer equipment 9 8.18 6 5.40
Cables/Electrical devices 9 8.18 5 4.50
Ship/Car 7 6.36 10 9.00
Total 110 100.00 111"  100.00

*Total frequency related to the materials found in the drawings of the teacher candidates

According to the analysis results in Table 9, the materials in the drawings whose number decreased
in the post-drawings compared to the pre-drawings were determined as repair tools (English monkey
wrench, hammer, etc.), safety helmet, constructions such as bridges and buildings, computer and
computer equipment, cables/electrical devices. The materials in the drawings whose number increased
in the post-drawings compared to the pre-drawings were determined as plan/projects/map, pencils, t
square, laboratory equipment, wind turbine and ship/car. Examples related to the objects in the pre and
post-drawings of the teacher candidates and their statements on what the engineers in these drawings
are doing are given in Figure 3.

In the first visual in Figure 3, the male student with the code S;, drew, in his pre-drawing, a male
construction engineer with repair tools in his hand and a female chemical engineer who is using
experiment materials in the laboratory in his post-drawing. In the second visual in Figure 3, the male
student with the code Sy, did not indicate the activity of the engineer in his pre-drawing and drew repair
tools, whereas he drew, in his post-drawing, a construction engineer who is presenting his design on a
project.

The workspaces of engineers in the drawings of the teacher candidates were evaluated and the
results of the analysis are given in Table 10. According to Table 10, construction engineering is shown at
a lower rate in the post-drawing (11.54%) compared to the pre-drawing (51.92%). While workspaces
were not stated with 11.54% in the pre-drawings, it was observed that they were indicated in all of the
drawings in the post-drawings. While energy systems were not found in the pre-drawings, they were
indicated with 5.77% in the post-drawings. The engineering areas whose rate increased in the post-
drawings compared to the pre-drawings were indicated as mining, genetics, chemistry, ship machines,
computer, electricity, machinery, food, map, industry and the automotive sector. Examples related to
the workspaces of engineers in the pre and post-drawings of the teacher candidates and their
statements about the activities the engineers are carrying out are given in Figure 4.

In the first visual in Figure 4, the male student with the code S6 drew a construction engineers who is
doing repair work whereas he drew a mechanical engineer who is doing a design in the post-drawing. In
the second visual, the female student with the code S20 drew a construction engineer who is building a
house in the pre-drawing whereas she drew a food engineer who is doing development research for
food production. The female student in the third visual with the code S45 drew a mining engineer who is
doing supervision in the pre-drawing where as she drew a survey engineer who is doing a calculation in
the post-drawing.
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Pre-drawing (S32)

Post-drawing (S32)

The construction engineer | have drawn
constructing buildings and designing life.

is

The construction engineer | have drawn is creating a
new product by doing a new experiment in the
laboratory.

Pre-drawing (S12)

N

Post-drawing (S12)

The activity was not stated.

The construction engineer | have drawn is
explaining the design of the building to the workers
on the project.

Figure 3. Examples related to the objects found in the pre and post-drawings.

Table 10.
Findings Related to the Workspace of Engineers in the Drawings.
Pre-drawing Post-drawing

Workspace f % f %
Not indicated 6 11.54 - -
Construction 27 51.92 6 11.54
Mining 2 3.84 4 7.69
Genetics 1 1.92 3 5.77
Chemistry 1 1.92 4 7.69
Energy systems - - 3 5.77
Ship machines 1 1.92 3 5.77
Computer 2 3.84 4 7.69
Electricity 2 3.84 5 9.61
Machinery 3 5.77 5 9.61
Food 2 3.84 4 7.69
Map 2 3.84 4 7.69
Industry 1 1.92 3 5.77
Automotive industry 2 3.84 4 7.69
Total 52 100.00 52 100.00
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Post-drawing (S6)

The construction engineer in the drawing is repairing
the damage on the bridge.

The mechanical engineer is designing a car
which works with solar energy.
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Pre-drawing (520)

Post-drawing (S20)

The construction engineer | have drawn is laying the
foundation of a house and building it.

The food engineer in the drawing is doing
development research to safely produce food.

Asagidaki kutucuga cahsan bir miihendis ¢iziniz.

Pre-drawing (S45)

Post-drawing (545)

The mining engineer | have drawn is supervising the
workers who are mining coal.

The survey engineer | have drawn is doing
calculations.

Figure 4. Examples related to the workspaces of engineers in the pre and post-drawings.

Discussion, Conclusion & Implications

As a result of this study, which aimed at determining the effect of DBSE applications on the
perceptions of science teacher candidates about engineering education and engineers, it was
determined that the applications positively affected the teacher candidates’ perceptions of engineering
education. After the applications carried out by the teacher candidates, it was observed that their
perceptions about importance of engineering, familiarity with engineering, characteristics of
engineering and engineers changed in a positive manner. In another study using legos in the design
process, similar to the findings of the present study, it was determined that the perceptions of pre-
service teachers about engineering education changed positively after the applications (Sungur Giil &
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Marulcu, 2014). Results of previous research in the literature showed that, following DBSE applications,
the perceptions of teacher candidates changed positively related to these applications, engineering,
engineers and design (Yildirnm, 2018) and that prospective teachers stated positive opinions about DBSE
(Bozkurt, 2014; Bozkurt Altan et al., 2016; Hacioglu, 2017).

In the study, the freehand drawings of the teacher candidates were also evaluated to determine the
effect of DBSE applications on the perceptions of the science teacher candidates about engineers. The
findings support the quantitative findings obtained with the engineering education survey. According to
the findings, it was determined that DBSE applications positively affected the teacher candidates’
perceptions of engineers. The majority of teacher candidates reflected the stereotypical thought that
engineering was a male profession before their applications. It was determined that the presence of
female engineers increased in the drawings created after the applications. Unlike the results of the
present study, it was determined that most teacher candidates used male figures in engineer drawings
in a case study where teacher candidates' drawings were evaluated after DBSE applications (Yildirim,
2018). It is stated in the results of other studies in the literature that students and teacher candidates
adopted the stereotypical idea that engineers are mostly male (Fralick et al., 2009; Karatas et al., 2011;
Unli & Dékme, 2017; Yildirm, 2018).

In the study, it was seen in the pre-drawings of the teacher candidates that they mostly drew
engineers as a people working on their own whereas the number of engineers working in teams
increased in the post-drawings. It can be said that DBSE applications carried out by teacher candidates in
collaborative groups played an effective role in the emergence of this result. It was determined that
prior to the applications, the activities carried out by engineers depicted in the drawings of the teacher
candidates were mostly constructing, repairing and using materials whereas these activities decreased
in the post-drawings and activities of designing, developing, calculating, doing research/analysis and
doing experiments increased. Similarly, it was determined that the number of materials mostly seen in
the drawings which were related to constructing and repairing activities decreased in the post-drawings
and the rate of activities such as designing, developing, calculating, doing research/analysis and doing
experiments increased in the post-drawings. The statements of the teacher candidates on the activities
of the engineers in the pre and post-drawings also support these findings. For instance, the student with
the code S6 stated, “The construction engineer in the drawing is repairing the damage on the bridge” in
his pre-drawing whereas he stated, “The mechanical engineer is designing a car which works with solar
energy” in his post-drawing. Similarly, the student with the code S21 stated, “The construction engineer |
have drawn is going to his workspace to do supervision” in the pre-drawing whereas the student stated,
“The solar and wind energy engineer is calculating the productivity of the wind turbine” in the post-
drawing.

In the studies in the literature, it is stated that both teachers and students describe engineers as
individuals who do repair and construction work (Capobianco, Diefes-Dux, Mena, & Weller, 2011;
Cunningham, Lachapelle, & Lindgren-Streicher, 2006; Fralick et al., 2009; Karatas et al., 2011; Knight &
Cunningham, 2004; Yildirrm, 2018). It was determined in the study that DBSE applications positively
affected the perceptions of the teacher candidates about the work area of engineers. While mostly
construction engineers were described in the pre-drawings, it was seen that different work areas such as
mining, genetics, chemistry, ship machines, computer, electricity, machinery, food, map, industry,
automotive and energy systems were also depicted in the post-drawings. Unlike this finding, in a case
study in which the perceptions of classroom teacher candidates about engineers were determined after
DBSE applications, Yildirim (2018) stated that the drawings of teacher candidates mostly included civil
engineer figures followed by computer and agricultural engineer figures, respectively. As a result, it can
be expressed that the DBSE applications related to different engineering areas carried out in this study
positively affected the perceptions of the teacher candidates about the work areas of engineers and
thus, the work areas which were not found in the pre-drawings were depicted in the post-drawings.
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In our country, there is a great role to be assumed by teachers in STEM branches in terms of carrying
out the Science, Engineering and Entrepreneurship Applications which is a part of the 2018 science
education program. In the education program, although there are learning outcomes related to STEM
education, there are no application examples of how these learning outcomes can be achieved. DBSE is
one of the widely used approaches to implement STEM education. It is considered important that
teachers receive both theoretical and applied education in their undergraduate training concerning how
they should implement DBSE. In this respect, selective or compulsory classes related to DBSE can be
provided in teaching programs of science education in education faculties and teaching programs in
other areas of STEM. In this study, the perceptions of teacher candidates about engineers were
identified through drawings. Besides the drawings, researchers can conduct interviews or use different
measurement tools to determine teacher candidates’ perceptions of engineer. Experimental studies
with control groups can be carried out and the effect of different STEM education approaches on the
perceptions of teacher candidates about engineering education and engineers can be identified.

This study is limited with the DBSE applications developed by 52 juniors who received education in
the science education program in a medium sized university’s faculty of education located in the Aegean
region in the spring semester of 2016-2017 academic year and took the Science Education Laboratory
Applications Il lesson. The researchers can conduct studies using different DBSE applications in different
teaching programs, involving different grade levels and different lessons. It is suggested that these
studies are carried out in cooperative groups in line with the nature of DBSE and engineering.
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Tiirkge Siiriim

Girig

21. yuzyilda ihtiyag duyulan fen ve teknoloji okuryazari bireylerin yetistirilmesi icin fen bilimleri,
teknoloji, mihendislik ve matematik (STEM) disiplinlerindeki temel bilgileri kavrama ve bu bilgileri
beceriye donistiirme gerekliligi yoninde bir fikir birligi bulunmakla birlikte, bu disiplinlerden sadece fen
ve matematik, K12 dlzeyindeki o6gretim programlarinda bulunmaktadir (National Academy of
Engineering [NAE], 2010). STEM egitimini gerceklestirmek igin 6gretim programlarinda teknoloji ve
muhendislik disiplinlerinin de yer almasi gerektigi belirtiimektedir (Bybee, 2010). STEM disiplinlerinin
tamaminin 6gretim programinda yer aldigi ancak disiplinler arasindaki baglantilara yer verilmedigi
takdirde de basarili olunamayacagi ifade edilmektedir (Dugger, 2010). Amerika'da STEM bir hikimet
politikasi haline gelmis (NAE, 2010; National Research Council [NRC], 2010) ve bircok Avrupa Ulkesinde,
STEM disiplinlerine ve STEM egitimine verilen 6nem artis gdstermistir (Corlu, Capraro, & Capraro, 2014).
Bu baglamda ¢agdas fen egitiminin, STEM disiplinlerinin 6gretim programlarina entegrasyonu ile yeniden
yapilandiriimasi ve mihendislik disipliniyle 6grencilerin erken yaslarda tanismasi Tirkiye icin de bir
gereklilik halini almistir.

Turkiye’de STEM entegrasyonuna yonelik ilk adim 2005 yilinda “Fen ve Teknoloji” dersi 6gretim
programi ile atilmistir (Milli Egitim Bakanligi [MEB], 2006). 2017 yilinda glincellenen Fen Bilimleri Dersi
Ogretim Programi’na STEM egitiminin mihendislik disiplinine yénelik olarak “Fen ve Miihendislik
Uygulamalari” Unitesi ile “Mihendislik ve Tasarim Becerileri” eklenmistir (MEB, 2017). 2018 yilinda
yayinlanan programda ise tim Unitelerde “Fen, Mihendislik ve Girisimcilik Uygulamalari”na yer
verilmistir. S6z konusu bu uygulamalar araciligiyla STEM disiplinlerinin butlinlestiriimesi saglanarak,
Ogrencilerin glinlik hayat problemlerini disiplinler arasi bir bakis agisiyla ele almalari, edindikleri bilgi ve
becerileri kullanarak problemlerin ¢6ziimiine yonelik bir Grin olusturmalari amaglanmaktadir (MEB,
2018).

Literatiirde mihendislik tasarim problemlerinin fen bilimleri egitimi icin bir baglam olusturdugu
yaklasimlar “Tasarim Temelli Fen Egitimi” (TTFE) olarak adlandirilmaktadir. Bu yaklasimda fen kavram ve
stireclerinin 6gretiminin, mihendislik problemleri araciligiyla bilimsel arastirma ve mihendislik tasarim
siireci yoluyla gercgeklestigi belirtiimektedir (Daugherty, 2012; Kolodner, 2002; Wendell, 2008). TTFE'de
O0grenme sireci fen ve matematik alanlarini igeren bir problemle baslar. Bu problem Uzerinden
miihendislik tasarim siirecinin basamaklari uygulanir ve sonugta bir Griin olusturulur. Bu Griin araciligiyla
fen ve matematik konulari 6gretilir (Culver, 2012).

Tasarim temelli bir fen dersinde legolarin uygulamalar icin kullanildig bir arastirmada, mihendislerin
tasarim yaparken kullandiklari déngl ve bu dongilide yer alan basamaklar modellenmistir. Modelin
merkezinde tasarim siireci, ¢evresinde ise bu siire¢ ekseninde yiritilecek fen bilimleri dersinin siireci
yer almaktadir (Wendell et al.,, 2010). Merkezde yer alan siirece gore problemin belirlenmesi ilk
basamagi olusturmakta ve bu basamak fen bilimleri dersinde tasarim gérevinin agiklanmasi basamagina
karsilik gelmektedir. Bu basamakta 6grencilerden bliylk tasarim goérevini gerceklestirebilmeleri igin
neleri bildiklerini ve neleri 6grenmeleri gerektigini ifade etmeleri istenir. Tasarim dénglsinin ikinci
basamagi, olasi ¢6ziimlerin arastirilmasi olup bu basamakta 6grencilerden bliylik tasarim gorevi icin mini
tasarim gérevlerini ve mini bilimsel arastirmalari yerine getirmeleri istenir. S6z konusu tasarim gorevleri
ve arastirmalarin daha cok fiziksel Griin olusturma ve bu Urlnleri test etme seklinde olmasi tavsiye
edilmektedir. Ogrenciler, bu basamakta elde ettikleri bulgulari en uygun ¢6ziimiin belirlenmesi
basamaginda kullanmaktadirlar. Sirecin son basamagi ise prototipin yapilmasi ve test edilmesidir. Bu
basamak, 6grencilerin blyik tasarim gorevi icin prototip yapma, test etme, iyilestirme ve son olarak
grup arkadaslarina sunum yapma faaliyetlerini icermektedir (Ercan, 2014; Wendell et al., 2010). Siireg
Sekil 1’de 6zetlenmistir.
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Sekil 1. Tasarim sireci déngisi ekseninde yirutilen fen bilimleri dersi (Wendell et al., 2010).

Derslerinde TTFE yaklasimini kullanacak bir 6gretmen, oncelikle derste kazandirmayi hedefledigi
kazanimlari, ardindan bu kazanimlari iceren biyuk tasarim goérevini belirlemelidir. Sonrasinda biyuk
tasarim gorevini gergeklestirmeleri sirecinde 6grencilere gereken bilgi ve becerileri kapsayan
uygulamalar planlamali ve 6grencilerin bu uygulamalar kapsaminda buyiik tasarimlarini yapmalari igin
prototip olusturma ve prototipi test etme siirecinde gerekli 6grenme ortamini hazirlamali, arag ve
geregleri temin etmelidir (Bozkurt Altan, Yamak, & Bulus Kirikkaya, 2016). Dolayisi ile fen bilimleri
6gretmeni adaylarinin TTFE ile mihendisligi fen derslerine entegre edebilme yeterliligi kazanmalari ve
lisans egitimlerinde buna yonelik uygulamalar yapmalari 6nemli goérilmektedir. Bu baglamda
arastirmada TTFE uygulamalarinin fen bilimleri 6gretmeni adaylarinin mihendislik egitimi ve miihendis
algilarina etkisinin belirlenmesi amaglanmistir.

ilgili Arastirmalar

Son yillarda STEM egitimi yaklasiminin artan popilaritesi, K-12 diizeyinde tim kademelerde TTFE
konulu arastirma sayisinda artisa yol acmistir. Literatlrde ilkokul ve ortaokul ogrencileri ile
gerceklestirilen TTFE konulu arastirmalar bulunmaktadir (Ercan, 2014; Kolodner et al., 2003; Marulcu,
2010; Penner, Giles, Lehrer, & Schauble, 1997; Roth, 2001; Sadler, Coyle, & Schwartz, 2000; Schnittka &
Bell, 2011). Bu arastirmalarda TTFE uygulamalarinin 6grencilerin akademik basarilarini arttirdigi (Ercan,
2014; Marulcu, 2010; Roth, 2001), bilimsel slrec¢ becerilerinin ve karar verme becerilerinin gelisimini
sagladigl (Ercan, 2014; Sadler et al., 2000) ve mihendislige yonelik bilgi diizeylerinin gelisimine katki
sagladigi belirtilmistir (Ercan, 2014).

Literatlirde 6gretmen adaylari ile gergeklestirilen ve TTFE uygulamalarini konu edinen arastirmalar da
bulunmaktadir (Bozkurt, 2014; Bozkurt Altan et al., 2016; Capobianco, 2011; Hacioglu, 2017; Hacioglu,
Yamak, & Kavak, 2016; Kinik Topalsan, 2018; Marulcu & Sungur, 2012; Sungur Gul & Marulcu, 2014;
Yildirim, 2018). Bu arastirmalarda 6gretmen adaylarinin, tasarim siirecinin sorgulamaya dayali oldugunu,
kalici 6grenmeyi sagladigini ve bliyiik tasarim gorevinin gidileyici oldugunu belirttikleri (Bozkurt Altan
et al.,, 2016); TTFE uygulamalarinin 6gretmen adaylarinin bilimsel yaraticilik ve elestirel dusinme
becerilerini (Hacioglu, 2017), karar verme ve bilimsel slreg becerilerini gelistirdigi (Bozkurt, 2014) ve
ogretmen adaylarinin TTFE’ye yonelik olumsuz gorisler belirtmelerine ragmen c¢ogunlukla olumlu
goriuslere sahip olduklari ve siniflarinda TTFE etkinliklerini uygulamak istedikleri sonuglarina ulasiimistir
(Hacioglu et al., 2016).
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Diger bir arastirmanin bulgularina gére, 6gretmen adaylarinin miihendislik alanina iliskin bilgilerinin
temel seviyede oldugu ve fen bilimleri dersini tasarim siireci ekseninde yuritebilecek yeterlilige sahip
olmadiklari belirlenmistir (Marulcu & Sungur, 2012). Kinik Topalsan (2018), sinif 6gretmeni adaylarinin
gelistirdigi tasarim temelli etkinlikleri degerlendirdigi arastirmasinda, 6gretmen adaylarinin problemi
tanimlama basamaginda dislik performans goésterdigini, bu basamaktaki sikintilardan dolayr uygun
¢6zim bulma ve model olusturma basamaklarindaki performanslarinin da distik oldugunu tespit
etmistir. Baska bir arastirmada TTFE uygulamalari sonucunda 6gretmen adaylarinin, s6z konusu
uygulamalara, mihendislige, mihendise ve tasarima iliskin géruslerinin olumlu bir sekilde farkhlastigi ve
O0gretmen adaylarinin TTFE’'nin vyaraticilik, merak, 0Ozglven, empati gibi 06zellikleri gelistirdigini
dusundukleri belirlenmistir (Yildirim, 2018). Diger bir arastirmada ise 6gretmen adaylarinin miihendise
ve mihendislige yonelik bilgilerinin temel seviyede oldugu, fen bilimleri dersini tasarim siireci ekseninde
yapilandirabilecek ve legolari bu slrecte kullanabilecek diizeyde yeterliliklerinin bulunmadig tespit
edilmistir (Sungur Gul & Marulcu, 2014).

Arastirma sonuglarina gére 6gretmen adaylarinin TTFE uygulamalarina yonelik ¢ogunlukla olumlu
distincelere sahip olmalarina ragmen olumsuz daslinceler de belirttikleri; uygulamalari meslek
hayatlarinda kullanmak istemelerine ragmen uygulamalar esnasinda sikinti yasadiklari ve miihendislikle
ilgili temel diizeyde bilgiye sahip olduklari ifade edilebilir. Ogretmen adaylarinin TTFE uygulamalari ile
ilgili karsilastiklari sikintilar géz 6niine alindiginda her 6gretmen adayinin lisans egitiminde TTFE’ye
yonelik teorik ve uygulamali egitim almasinin énemli oldugu disinilmektedir. Bu arastirmada fen
bilimleri 6gretmeni adaylarina, Fen Ogretimi Laboratuvar Uygulamalari Il dersinde TTFE’ye ynelik olarak
14 hafta boyunca teorik ve uygulamal egitim verilmis, 6gretmen adaylarinin isbirlikli gruplarda tasarim
temelli uygulamalar yapmalari saglanmistir. Arastirmanin, 6gretmen adaylarinin meslek hayatlarinda
TTFE uygulamalarini gergeklestirme yeterliligi kazanmalari ve ilkemizde STEM egitiminin gelisimine katki
saglanmasi noktasinda 6nemli oldugu dusinilmektedir. Bu arastirmada TTFE uygulamalarinin fen
bilimleri 6gretmeni adaylarinin muihendislik egitimi ve muhendis algilarina etkisinin belirlenmesi
amaglanmistir. Bu amagla asagidaki arastirma sorulari yanitlanmaya g¢alisiimistir.

1. TTFE uygulamalarinin fen bilimleri 6gretmeni adaylarinin mihendislik egitimi algilarina anlamli etkisi
var midir?

2. TTFE uygulamalarinin fen bilimleri 6gretmeni adaylarinin mihendis algilarina anlamli etkisi var midir?

Yontem
Arastirmanin Deseni

Bu arastirma, nicel ve nitel yontemlerin bir arada kullanildigi bir karma yontem arastirmasidir. Karma
yontemin, tek basina kullanilan bir arastirma yonteminden daha Ustiin oldugu ve problemin ¢éziimiinde
nitel ve nicel verilerin beraber ise kosulmasi ile problemin daha iyi anlasiimasini sagladigi belirtilmektedir
(Creswell & Plano Clark, 2007). Arastirmanin nicel bolimi tek gruplu 6n test-son test yari deneysel
desen kullanilarak gerceklestirilmistir. Bu deneysel desende tek bir grup olan deneklerin bagimli
degiskene iliskin 6l¢climleri deneysel islem 6ncesinde 6n test ve deneysel islem sonrasinda son test olmak
lizere ayni 6lgme araglan kullanilarak elde edilir (BlUylkoztirk, Kilig-Cakmak, Akgln, Karadeniz, &
Demirel, 2016). Tek gruplu 6n test-son test yari deneysel desen, en zayif deneysel desenlerden biridir.
Ancak yeni bir egitim yaklasiminin uygulandig arastirmalarda tek gruplu deneysel desenin tercih
edilmesinin arastirmanin dogasindan kaynaklandigi belirtilmektedir (Creswell, 2012). Arastirmanin nitel
béliminde aciklayici/tanimlayici durum galismasi deseni kullanilmistir. Durum c¢alismasi, agirlikh olarak
nitel arastirma yaklasimlarinin 6zelliklerini tasiyan ve “nasil, nigin, ne” sorularina cevaplar arayan bir
yontemdir (Cepni, 2007). Durum calismasinda verilerin ayrintii ve mimkin oldugunca katilimcilarin
ifadeleriyle desteklenerek sunulmasi olduk¢a énemlidir (Ekiz, 2009; Patton, 1990). Bu arastirmada da
o6gretmen adaylarinin miihendis algilarini daha ayrintii bir sekilde belirleyebilmek igin, serbest
cizimlerden ve 6gretmen adaylarinin gizimlerine iliskin ifadelerinden yararlaniimistir.
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Calisma Grubu

Arastirmanin ¢alisma grubu, 2016-2017 O6gretim yili bahar doéneminde Ege bodlgesindeki orta
biyiiklikteki bir Gniversitenin Fen Bilgisi Ogretmenligi programinda 6grenim géren ve Fen Ogretimi
Laboratuvar Uygulamalari Il dersini alan 52 (42 kiz, 10 erkek) tglnci sinif 6grencisinden olusmaktadir.

Calisma grubunun belirlenmesinde, amagli 6érnekleme yéntemlerinden, o6l¢lit 6rnekleme yontemi
kullaniimistir. Bu 6rnekleme yonteminde arastirmaci, 6nceden belirledigi belli bir takim 6lgutleri
karsilayan batin durumlari ele almaktadir (Yildinm & Simsek, 201, p. 122). Bu arastirmadaki baslica
6lgiit, katihmcilarin Fen Ogretimi Laboratuvar Uygulamalari |l dersini aliyor olmalaridir. Bu &lgiitiin
belirlenmesinin nedeni ise bu ders kapsaminda katilimcilara bir donem boyunca TTFE’ye iligkin teorik
bilgi verilmesi ve dersin uygulama kisminda alinan teorik bilgi dogrultusunda isbirlikli gruplarda TTFE
uygulamalarinin gergeklestirilmesidir.

Veri Toplama Araglari

Arastirmada yapilan TTFE uygulamalarinin, 6gretmen adaylarinin mihendislik egitimi ve mihendis
algilarina etkisini belirlemek amaci ile ‘Mihendislik Egitimi Anketi’ ve ‘Bir Mihendis Ciz Testi’
kullantimstir.

Miihendislik Egitimi Anketi: Arastirmada Yasar, Baker, Robinson-Kurpius ve Roberts (2006)
tarafindan K-12 6gretmenlerinin mihendislik egitimi algilarini belirlemek amaci ile gelistirilen, Sungur
(2013) tarafindan Tirkge ‘ye uyarlanan anket kullaniimistir. Orijinal anket mihendisligin 6nemi (18
madde), muhendislige asinalik (12 madde), mihendislerin basmakalip 6zellikleri (5 madde) ve
mihendisligin ve mihendislerin 6zellikleri (6 madde) olmak lzere 4 faktér ve 41 maddeden
olusmaktadir. Arastirmacilar anket alt boyutlarina ve tamamina iliskin Cronbach alpha gilivenirlik katsayi
degerlerini sirasiyla, .91, .83, .76, .66 ve .88 olarak hesaplamistir (Yasar et al., 2006). Turkceye uyarlanan
anket ise yapilan givenirlik analizleri sonucunda mihendisligin 6nemi (18 madde), mihendislige asinalik
(10 madde) ve mihendislerin ve mihendisligin 6zellikleri (8 madde) olmak Uzere 3 faktor ve 36
maddeden olusmaktadir. Bu ¢alismada anketin glivenirligini belirlemek igin 6n test ve son test verilerine
iliskin Cronbach alpha givenirlik katsayr degerleri hesaplanmistir. Analiz sonuglari Tablo 1’de
sunulmustur.

Tablo 1.

Miihendislik Egitimi Anketinin Glivenirlik Analizi Sonuglari.

Alt Boyutlari ve Anket Cronbach alpha On Test Cronbach alpha Son Test
Miihendisligin Onemi .83 .87
Muhendislige Asinalik .70 .79
Miihendisligin ve Miihendislerin Ozellikleri .60 .67
Mihendislik Egitimi Anketi .84 .89

Tablo 1'deki analiz sonuglarina gére On test ve son test verilerine ait Cronbach alpha katsayilarinin
anketin tamaminda .70 degerinin lzerinde oldugu gorulmektedir. Buyukoztirk’e (2017) gore Cronbach
alpha degerinin .70 ve Uzerinde olmasi 6lgme aracinin glivenilirligi icin kabul edilebilir oldugundan
anketin glvenilir oldugu soylenebilir.

Bir Miihendis Ciz Testi: Arastirmada 6gretmen adaylarinin mihendis algilarini belirlemek amaciyla
Knight ve Cunningham (2004) tarafindan gelistirilen ‘Bir Miihendis Ciz Testi’ gbz 6niinde bulundurularak
bir ¢izim formu olusturulmustur. Formda bos bir kutucugun igerisine galisan bir miihendis ¢iziniz ifadesi
bulunmakta ve kutucugun altinda “Cizdiginiz miihendis ne yapiyor? Kisaca agiklayiniz.” sorusu yer
almaktadir. Ogretmen adaylarinin acgik uclu soruya verdikleri yanitlardan cizimlerin daha iyi
degerlendirilmesi noktasinda yararlaniimistir.
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Verilerin Toplanmasi ve Arastirmanin Uygulama Siireci

Uygulama slrecine gegmeden 6nce arastirmanin yUrutildigu Gniversitenin ilgili etik kurul birimine
basvuru yapilarak arastirmanin gergeklestirilebilmesi igin gerekli olan etik izin raporu alinmistir.
Ogretmen adaylari ile TTFE uygulamalari odakli Fen Ogretimi Laboratuvar Uygulamalari 1l dersi 14 hafta
boyunca yiritiilmistiir. iki subede 6grenim géren 52 6gretmen adayi, 13 adet heterojen &zellikte
isbirlikli 6grenme grubu olusturmustur. Ogrenciler dénem basinda ders segimleri dogrultusunda,
Universite bilgi sistemince belirlenen iki subede yer almaktadir. Her bir subedeki 6grencilerden, 4’er
kisiden olusan, A subesinde 7 adet, B subesinde ise 6 adet olmak Uzere toplam 13 grup olusturulmustur.
Gruplarin belirlenmesinde gonillllik esasi ile birlikte cinsiyet bakimindan heterojenlik 6zelligi dikkate
alinmistir.

Bu gruplarda gergeklestirilen TTFE uygulamalari ise riizgar tiurbini, kendi elektrigini Greten ev, anti
bakteriyel dis fircalik, roket, kdpri, glines enerjisi ile hareket eden araba, eko sehir, taka, robot, hidrolik
kol, hidrolik képrii, ugak ve hiz treni seklindedir. Uygulama sureci iki subede dersi yiriten arastirmacilar
tarafindan gerceklestirilmistir. Arastirmacilar, TTFE ile ilgili teorik bilgileri verdikten sonra gerceklestirilen
uygulamalarda 6grencilere rehberlik yapmistir. Uygulama siirecinde gergeklestirilen calismalar Tablo
2’de sunulmustur. Ogretmen adaylarinin gergeklestirdikleri TTFE uygulamalarindan segilen bazi érnekler
Tablo 3’te sunulmustur.

Tablo 2.

Arastirmanin Uygulama Siireci.

Haftalar Gergeklestirilen Uygulamalar Siire (dk)

1. Hafta STEM egitimi nedir? STEM alanlarinin tanitimi konulu sunum yapilmasi  40+40+40+40

2. Hafta Tasarim Temelli Fen Egitimi nedir? Nasil uygulanir? Konulu sunum 40+40+40+40
yapilmasi

3. Hafta Muhendislik tasarim siireci nedir? Sirecin basamaklari nelerdir? Konulu 40+40+40+40
sunum yapilmasi

4. Hafta Fen egitiminde mihendislik tasarim sirecine dayali uygulama 40+40+40+40
orneklerinin katilimcilara sunulmasi

5. Hafta Gergeklestirilecek uygulamalarin  belirlenerek, isbirlikli gruplarin 40+40+40+40
olusturulmasi ve uygulama sireci hakkinda bilgi verilmesi

6. Hafta Ogretmen adaylarinin  tasarimlarina iliskin uygulamalara yénelik 40+40+40+40
arastirma ve calismalarini gergeklestirmesi

7. Hafta Ogretmen adaylarinin tasarimlarina iliskin giinlilk hayat problemini 40+40+40+40
belirlemeleri ve bliyiik mihendislik tasarim goérevinin agiklanmasi

8. Hafta Olasi ¢oziimlerin arastirilmasi, mini tasarim gorevlerinin ve mini bilimsel 40+40+40+40
arastirmalarin yapilmasi

9. Hafta En uygun ¢6zlimiin belirlenmesi 40+40+40+40

10. Hafta Prototipin yapiimasi ve test edilmesi 40+40+40+40

11. Hafta Prototipin iyilestiriimesi ve ©6gretmen adaylarinin diger gruptaki 40+40+40+40

arkadaslarina sireci ve Urinlerini tanittiklari bir sunum yapmalari
12-13-14. Hafta Ogretmen adaylarinin diger gruptaki arkadaslarina siireci ve Uriinlerini 40+40+40+40
tanittiklari bir sunum yapmalari

Verilerin Analizi

Nicel verilerin analizi: Arastirmada nicel verilerin analizine gegmeden 6nce, miihendislik egitimi
anketi ve alt boyutlarindan elde edilen 6n test ve son test puanlarinin dagiliminin normalligi
belirlenmistir. 50’den biliyik oOrneklemlerde Kolmogorov-Smirnov normallik testinin kullaniimasi
onerilmektedir (Blyukoztirk, 2017); arastirmanin 6rneklem biylklGgi 52 oldugundan analiz igin
Kolmogorov-Smirnov testi kullanilmistir. Analiz sonuglari Tablo 4’te sunulmustur.
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Tablo 3.
TTFE Uygulama Ornekleri ve icerigine lliskin Bilgiler.

Tasarimin Gorseli

Tasarimin igerigi ve Ogretim Programindaki
Ogrenci Kazanimlari

Glines enerjisi ile hareket eden araba

Kendi elektrigini Greten ev

Dig firgasinin  lizerinde  bakteri Uremesi
problemine ¢6zlim i¢in UV 1sinlarinin kullanildig
bir tasarim yapilmasi.

1. Mikroskobik canlilari mikroskop ile
gozlemler.

2. Mikroskobik canhlari gbzlemlerken giivenlik
ve hijyen ile ilgili gerekli tedbirleri alir.

3. Mikroorganizmalarin liremesini engelleyen
bir tasarim yapar.

Denizde balik tutma problemine ¢6ziim igin su
Gzerinde durabilen ve en fazla yiiki taslyabilen
bir tasarim yapilmasi.

1. Bes duyusunu kullanarak maddenin temel
ozelliklerini aciklar.

2. Yogunlugu tanimlar ve birimini belirtir.

3. Maddelerin kiitle ve hacimlerini 6lgerek
karsilastirir.

4. Olgiilebilir &zellikleri kullanarak maddeyi
tanimlar.

5. Uygun vyogunluktaki maddeleri kullanarak
taka insa eder.

Hava Kkirliligi ve artan benzin fiyatlan
problemlerine ¢éziim igin temiz enerijili bir arag
tasarimi yapilmasi.

1. Cevre icin yenilenebilir enerji kaynaklarinin
kullaniminin 6nemi kavrar.

2. Gines enerjisinin  elektrik  enerjisine
donistirebilecegini fark eder.

3. Gunes paneli kullanarak elektrik Greten basit
motor devreli bir arag tasarlar.

Enerji tlketimi fazlaligi ve vyuksek fatura
problemine ¢6zim icin yenilenebilir enerji
kaynaklarini kullanan bir tasarim yapiimasi.

1. Yenilenebilir enerji kaynaklarini bilir.

2. Enerjinin donlisimini kavrar.

3. Enerji donldsimind  kullanarak  kendi
elektrigini Gretebilen bir tasarim yapar.

Tablo 4’teki analiz sonuglarina gore anket ve alt boyutlarindan alinan 6n test ve son test puanlari
normal bir dagilm géstermektedir (p > .05). Bu nedenle 6gretmen adaylarinin 6n test ve son test
puanlarinin karsilastirilmasinda bagimh érneklemler igin t testi kullaniimistir.
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Tablo 4.

On Test ve Son Test Verilerinin Normallik Testi Sonuclari.

Alt boyutlari ve Anket Test istatistik sd p

Miihendisligin Onemi On .09 52 14
Son .08 52 .83

Miihendislige Asinalik On 13 52 .36
Son .08 52 A2

Miihendisligin ve Mithendislerin Ozellikleri On .09 52 .14
Son 11 52 .18

Muhendislik Egitimi Anketi On .09 52 .87
Son .07 52 .70

Nitel verilerin analizi: “Bir Miihendis Ciz” testinden elde edilen verilerin analizinde igerik analizi
kullanilmistir. icerik analizi ile benzerlik gdsteren veriler belirli kavramlar ve temalar cercevesinde bir
araya getirilir ve okuyucunun anlayabilecegi sekilde diizenlenerek yorumlanir (Yildirrm & Simsek, 2016).
Ogretmen adaylarinin gizimleri degerlendirilirken ¢izim formunda yaptiklari gizime iliskin olarak acik uclu
soruya verdikleri vyanitlardan da vyararlanilmistir. Ogretmen adaylarinin gizimlerinin tamami
arastirmacilar tarafindan incelendikten sonra kodlanmis, kodlar belirli baslklar altindaki temalara
doénistirilmis, veriler sayisallastirilarak karsilastinlmistir. iki arastirmaci, degerlendirmeleri sonucunda
uzlastiklar sonuglara gore temalardaki kodlarin, 6gretmen adaylari tarafindan ifade edilme sikhgini
(frekans) ve frekansa bagl ylizdelerini hesaplamistir. Cizimlerde mihendisin yaptigi aktivite ve bulunan
nesnelerin analizinde birden fazla kod olustugundan frekans toplami ¢alisma grubunun biyiklGglinden
daha buyuk olarak bulunmustur.

Verilerin glivenirligi Miles ve Huberman (1994) tarafindan 6nerilen [Gorls birligi / (Gorls birligi +
Gorus ayrihgl)] x 100 formild ile hesaplanmistir. Arastirmada bu formil kullanilarak kodlamalardaki
uyusum yizdesi %84.00 olarak hesaplanmistir. Yildirnm ve Simsek'e (2016) gore, glivenirlik
hesaplamasindaki uyusum yiizdesi %70.00 oldugunda gilivenirlik yiizdesine ulasiimis kabul edilir. Dolayisi
ile elde edilen degerler, arastirmacilarin kodlama givenirliklerinin yeterli oldugunu gostermektedir.
Ogretmen adaylarinin gizimleri, miihendisin cinsiyeti, miihendis sayisi, yapilan aktivite, ¢izimde bulunan
nesneler ve muhendislik alani alt baslklarinda, arastirmacilar tarafindan olusturulan bir ¢izim
degerlendirme formu aracihgl ile degerlendirilmistir. Cizim degerlendirme formu olusturulurken,
literatlirde yer alan arastirmalarda mihendis ¢izimlerini degerlendirmek Uzere kullanilan formlardan
yararlanilmistir (Fralick, Kearn, Thompson, & Lyons, 2009; Giilhan & Sahin, 2018; Karatas, Micklos, &
Bodner, 2011; Knight & Cunningham, 2004). C6p adam ya da cinsiyeti net olarak anlasiimayan gizimler
belirsiz kategorisinde, kadin ve erkek grup calismasi yapan muhendis gizimleri ise kadin kategorisinde
degerlendirilmistir.

Bulgular
Birinci Arastirma Sorusuna iliskin Bulgular

TTFE uygulamalarinin 6gretmen adaylarinin miihendislik egitimine yonelik algilarina etkisini
belirlemek amaci ile anket ve alt boyutlarindan alinan 6n test ve son test puanlari bagimli 6rneklemler
icin t testi ile karsilastirilmistir. Analiz sonuglari Tablo 5’te sunulmustur. Tablo 5’teki analiz sonuglarina
gore, 6gretmen adaylarinin mihendislik egitimi anketi 6n test ve son test puanlari arasinda istatistiksel
olarak anlaml bir farkhlik bulunmaktadir (ts;) = -7.08, p < .05). Ayrica anketin, mihendisligin 6nemi alt
boyutunda (tsy) = -6.74, p < .05), mihendislige asinalik alt boyutunda (ts;) = -5.28, p < .05) ve
mihendisligin ve miihendislerin 6zellikleri alt boyutunda (ts;) = -4.28, p < .05) &n test ve son test
puanlari arasinda istatistiksel olarak anlamli bir farkhlik bulunmaktadir. Anket genelindeki ve alt
boyutlardaki 6n test ve son test puan ortalamalarina bakildiginda farkin son test lehine oldugu
gorilmektedir.
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Tablo 5.

On Test ve Son Test Puanlarina iliskin Bagimli Orneklemler icin t Testi Analiz Sonuglari.

Alt boyutlari ve anket Olgim N X S sd t p

Miihendisligin Onemi Ontest 52 396 .44 51  -6.74 .00
Son test 434 41

Miihendislige Asinalik Ontest 52 333 .54 51 -5.28 00"
Son test 3.78 .59

Miihendisligin ve Mihendislerin Ozellikleri ~ On test 52 393 41 51 -4.28 .00~
Son test 418 .42

Miihendislik Egitimi Anketi Ontest 52 374 .34 51  -7.08 00"
Son test 410 .38

** p < .05.

ikinci Arastirma Sorusuna iliskin Bulgular

TTFE uygulamalarinin 6gretmen adaylarinin muhendis algilarina etkisini belirlemek amaci ile
muhendis gizimleri, miihendisin cinsiyeti, miihendis sayisi, yapilan aktivite, ¢izimde bulunan nesneler ve
muhendislik alani alt baghklarinda gizim degerlendirme formu ile degerlendirilmistir. Analiz sonuglari
Tablo 6, 7, 8, 9 ve 10’da sunulmustur. Ogretmen adaylarinin 6n ve son gizimlerindeki miihendislerin
cinsiyetine iliskin analiz sonuglari Tablo 6’da sunulmustur.

Tablo 6.
Cizimlerdeki Miihendis Cinsiyetine iliskin Bulgular.

On Cizim Ogretmen Adayinin Cinsiyeti  Son Cizim Ogretmen Adayinin Cinsiyeti

Miihendisin Kadin Erkek Kadin Erkek

Cinsiyeti f % f % f % f %
Kadin Mihendis 6 14.30 1 10.00 15 35.71 3 30.00
Erkek Muhendis 32 76.20 8 80.00 25 59.53 7 70.00
Belirsiz 4 9.52 1 10.00 2 4,76 0 .00

Tablo 6'ya gore, 6n gizimde kadin katilimcilar %14.30 oraninda kadin mihendis, %76.20 oraninda
erkek muhendis gizmistir. Son ¢izimde ise %35.71 oraninda kadin mihendis, %59.53 oraninda erkek
mihendis ¢izmistir. Erkek katihmcilar 6n ¢izimde, %10.00 oraninda kadin miihendis, %80.00 oraninda
erkek muhendis cizmistir; son cizimde ise %30.00 oraninda kadin miihendis, %70.00 oraninda erkek
miihendis gizmistir. Ogretmen adaylarinin gizimlerindeki miihendis sayisi belirlenerek, miihendisligin
takim galismasina dayanan bir meslek oldugu yéniindeki algilari tespit edilmistir. Analiz sonuglari Tablo
7’de sunulmustur.

Tablo 7.
Cizimlerdeki Miihendis Sayisina iliskin Bulgular.

On Gizim Son Cizim
Miihendis Sayisi f % f %
Tek 51 98.08 32 61.54
Takim galismasi 1 1.92 20 38.46
Toplam 52 100.00 52 100.00

Tablo 7’deki analiz sonuglarina gore, 6n gizimde tek olarak betimlenen mihendis orani %98.08, takim
¢alismasi yapan mihendis orani ise %1.92’dir. Son gizimlerde ise %61.54 oraninda tek, %38.46 oraninda
takim calismasi yapan mihendis bulunmaktadir. Ogretmen adaylarinin gizimlerindeki miihendislerin
yaptiklari aktiviteler degerlendirilmis ve analiz sonuclari Tablo 8’de sunulmustur.

Tablo 8’e gore, 6n ¢izimde %20.88 olan insa etme faaliyeti, son ¢izimde %9.71’e; 6n ¢izimde %15.38
olan tamir etme faaliyeti, son gizimde %7.77’ye; 6n gizimde %18.68 olan denetleme faaliyeti son gizimde
%11.65’e ve 6n ¢izimde %6.60 olan arag kullanma faaliyeti son ¢izimde %4.85’e dlismustiir. Son gizimde
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cizilme orani artan faaliyetler ise tasarim yapmak (%8.80'den %20.38’e), gelistirmek (%7.70'ten
%14.56’ya), hesaplamak (%5.50’den %9.71’e), arastirma/inceleme yapmak (%9.90’dan %13.60’a) ve
deney yapmak (%3.30’dan %7.77’ye) olarak belirlenmistir. Ogretmen adaylarinin én ve son ¢izimlerinden
ornekler ve bu gizimlerdeki mihendislerin yaptiklari islere iliskin olarak yazdiklari cimleler Sekil 2’de
sunulmustur.

Tablo 8.
Cizimlerdeki Miihendis Aktivitelerine iliskin Bulgular.
On Cizim Son Cizim

Aktivite f % f %
insa etmek 19 20.88 10 9.71
Tamir/Onarim yapmak 14 15.38 8 7.77
Arac kullanmak 6 6.60 5 4.85
Tasarim yapmak 8 8.80 21 20.38
Gelistirmek 7 7.70 15 14.56
Hesaplamak 5 5.50 10 9.71
Arastirma/inceleme Yapmak 9 9.90 14 13.60
Denetlemek 17 18.68 12 11.65
Deney yapmak 3 3.30 8 7.77
Aktivite yok 3 3.30 - -
Toplam 91" 100.00 103" 100.00

*Ogretmen adaylarinin ¢izdigi miihendislerin yaptigi aktivitelere iliskin toplam siklik frekansidir.

Ergrane ey
= - o
%
% B //
! I
On ¢izim (021) Son gizim (021)
Cizdigim insaat miihendisi denetim yapmak lizere | Cizdigim giines ve riizgar enerjisi mihendisi riizgar
calistigi alana gidiyor. triblintiniin enerji verimini hesapliyor.

Sekil 2. On ve son cizimlerdeki miihendis aktivitelerine iliskin 6rnekler.

Sekil 2’deki gorselde O,; kodlu kadin grenci 8n ¢izimde ¢izdigi insaat miihendisinin denetim yaptigini
belirtirken, son gizimde ise ¢izdigi glines ve riizgar enerjisi mihendisinin hesaplama yaptigini belirtmistir.

Ogretmen adaylarinin gizimlerinde miihendisin ¢alisma ortaminda bulunan nesneler degerlendirilmis
ve analiz sonuglari Tablo 9’da sunulmustur. Tablo 9’daki analiz sonuglarina gore cizimlerde betimlenen
nesnelerden, son cizimde 6n ¢izime gore sayisi azalanlar, tamir aletleri (ingiliz anahtar, ¢ekic vb), kask,
kopri/bina gibi yapilar, bilgisayar ve malzemeleri, kablolar/elektrikli aletler olarak belirlenmistir. Son
¢izimde On ¢izime gore ¢izilme orani artan nesneler ise plan/proje/harita, kalemler, T cetvel/génye,
laboratuvar malzemeleri, riizgar tiirbini ve gemi/araba olarak tespit edilmistir. Ogretmen adaylarinin én
ve son ¢izimlerinde yer alan nesnelere iliskin 6rnekler ve bu cizimlerdeki mihendislerin yaptiklari islere
iliskin olarak yazdiklari cimleler Sekil 3'te sunulmustur.

Sekil 3’teki ilk gdrselde, Os, kodlu erkek dgrenci 6n cizimde elinde tamir aletleri olan bir erkek insaat
miihendisi, son gizimde ise laboratuvarda deney malzemeleri kullanan bir kadin kimya mihendisi
cizmistir. Sekil 3’teki ikinci gorselde O;, kodlu erkek 6grenci, &n cizimde mihendisin faaliyetini
belirtmemis ve gizimde tamir aletleri resmetmistir, son gizimde ise yaptig1 tasarimi proje izerinde sunan
ingaat mihendisi gizmistir.
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Tablo 9.
Cizimlerde Bulunan Nesnelere iliskin Bulgular.
On Cizim Son Cizim

Cizimlerde Bulunan Nesneler f % f %
Tamir Aletleri (ingiliz anahtari, cekic vb.) 13 11.81 6 5.40
Kask 11 10.00 3 2.70
Plan/Proje/Harita 11 10.00 17 15.32
Kalemler 9 8.18 12 10.81
Sira/Masa 11 10.00 11 9.90
T cetvel/Génye 9 8.18 10 9.00
Kopri/Bina Gibi Yapilar 12 10.90 8 7.20
Laboratuvar Malzemeleri 6 5.45 14 12.61
Razgar Tirbini 3 2.72 9 8.11
Bilgisayar ve Malzemeleri 9 8.18 6 5.40
Kablolar/Elektrikli Aletler 9 8.18 5 4.50
Gemi/Araba 7 6.36 10 9.00
Toplam 110 100.00 111" 100.00

*Ogretmen adaylarinin gizimlerinde yer alan nesnelere iliskin toplam siklik frekansidir.

On ¢izim (032) Son ¢izim (032)

Cizdigim insaat miihendisi binalar insa ediyor ve | Cizdigim kimya miihendisi laboratuvarda yeni bir
hayati tasarliyor. deney yaparak bir (iriin ortaya ¢ikariyor.

i} . izim (612)
On cizim (012) Son ¢izim (012)

Faaliyet belirtilmemis. Cizdigim insaat miihendisi isgilere proje (izerinde
binanin tasarimini agikliyor.

Sekil 3. On ve son gizimlerde bulunan nesnelere iliskin drnekler.

Ogretmen adaylarinin gizimlerindeki miihendislerin ¢alisma alanlari degerlendiriimis ve analiz
sonuglari Tablo 10’da sunulmustur. Tablo 10’a gére, insaat mihendisligi, son ¢izimde (%11.54) 6n gizime
(%51.92) gére daha diisiik bir oranda tasvir edilmistir. On cizimde %11.54 oraninda calisma alani
belirtiimezken, son gizimde bitiin ¢izimlerde ¢alisma alaninin belirtildigi gérilmustir. Enerji sistemleri
miihendisligi 6n gizimde yer almazken, son gizimde %5.77 oraninda betimlenmistir.
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Tablo 10.
Cizimlerdeki Miihendislerin Calisma Alanina iliskin Bulgular.
On Cizim Son Cizim

Calisma Alani f % f %
Belirtilmemis 6 11.54 - -
insaat 27 51.92 6 11.54
Maden 2 3.84 4 7.69
Genetik 1 1.92 3 5.77
Kimya 1 1.92 4 7.69
Enerji sistemleri - - 3 5.77
Gemi makineleri 1 1.92 3 5.77
Bilgisayar 2 3.84 4 7.69
Elektrik 2 3.84 5 9.61
Makine 3 5.77 5 9.61
Gida 2 3.84 4 7.69
Harita 2 3.84 4 7.69
EndUstri 1 1.92 3 5.77
Otomotiv 2 3.84 4 7.69
Toplam 52 100.00 52 100.00

Son gizimde 6n gizime gore ¢izilme orani artan mihendislik alanlari maden, genetik, kimya, gemi
makineleri, bilgisayar, elektrik, makine, gida, harita, endistri ve otomotiv olarak belirlenmistir.
Ogretmen adaylarinin 8n ve son gizimlerindeki miihendislerin ¢calisma alanlarina iliskin érnekler ve bu
cizimlerdeki mihendislerin yaptiklari islere iliskin olarak yazdiklari ctimleler Sekil 4’te sunulmustur.

Sekil 4’teki ilk gérselde O6 kodlu erkek &grenci, én cizimde onarim yapan bir insaat miihendisi
gizerken, son cizimde tasarim yapan bir makine miihendisi cizmistir. ikinci gérselde 020 kodlu kadin
Ogrenci, 6n ¢izimde bina ingsasi yapan bir insaat miihendisi gizerken, son gizimde gida Uretimi gelistirme
calismalari yapan bir gida miihendisi gizmistir. Ugiincii gérseldeki 045 kodlu kadin dgrenci, 6n cizimde
denetim yapan bir maden mihendisi gizerken, son gizimde hesaplama yapan bir harita muhendisi
Gizmistir.

Tartisma, Sonug ve Oneriler

TTFE uygulamalarinin fen bilimleri 6gretmeni adaylarinin, miihendislik egitimi ve mihendis algilarina
etkisini belirlemeyi amaclayan bu arastirma sonucunda, uygulamalarin 6gretmen adaylarinin
mihendislik egitimi algilarini  olumlu yénde etkiledigi belirlenmistir. Ogretmen adaylarinin
gerceklestirdikleri uygulamalarin ardindan mihendisligin 6nemi, miihendislige asinalik, mihendisligin ve
miihendislerin 6zelliklerine yonelik algilari, uygulama 6ncesine gére olumlu yénde degismistir. Tasarim
slirecinde legolarin kullanildigi diger bir arastirmada, bu arastirma bulgusu ile benzer olarak, 6gretmen
adaylarinin uygulamalar sonrasinda miihendislik egitimine iliskin algilarinin olumlu yonde degistigi
belirlenmistir (Sungur Gil & Marulcu, 2014). Literatlirde yer alan diger arastirma sonuglarinda da TTFE
uygulamalari sonucunda 6gretmen adaylarinin s6z konusu uygulamalara, miihendislige, mihendise ve
tasarima yonelik dislincelerinin olumlu yonde degistigi (Yildirrm, 2018), 6gretmen adaylarinin TTFE'ye
yonelik olumlu gorisler belirttikleri tespit edilmistir (Bozkurt, 2014; Bozkurt Altan et al., 2016; Hacioglu,
2017).

Arastirmada TTFE uygulamalarinin fen bilimleri 6gretmeni adaylarinin mihendis algilarina etkisini
belirlemek icin 6gretmen adaylarinin serbest gizimleri de degerlendirilmistir. Cizimlerin degerlendirilmesi
sonucu elde edilen bulgular, mihendislik egitimi anketiyle elde edilen nicel bulgulari destekler
niteliktedir. Elde edilen bulgulara gére TTFE uygulamalarinin 6gretmen adaylarinin miihendis algilarini
olumlu ydnde etkiledigi belirlenmistir. Ogretmen adaylarinin biiyiik cogunlugu, uygulamalar éncesinde
mihendisligin erkek meslegi oldugu seklindeki basmakalip dislinceyi gizimlerine yansitmistir.
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S = ; e e JERC T
mMdhead: s _ —
e &
On ¢izim (06) Son ¢izim (06)

Resimdeki insaat miihendisi képriideki hasarlari | Makine miihendisi giines enerjisiyle ¢alisan bir
onariyor. araba tasarlyor.

On ¢izim (020) Son ¢izim (020)

Cizdigim insaat miihendisi evin temelini atip insa | Resimdeki gida miihendisi gidalarin glivenilir
ediyor. sekilde (iretimi icin gelistirme ¢alismalari yapiyor.

Asagidaki kutucuga cahgan bir miihendis ¢iziniz.

On ¢izim (045) Son ¢izim (045)

Cizdigim maden miihendisi, madenden kémiir | Cizdigim harita miihendisi hesaplamalar yapiyor.
cikarilirken isgilerin denetimini yapiyor.

Sekil 4. On ve son cizimlerdeki miihendislerin calisma alanlarina iliskin &rnekler.

Uygulamalar sonrasi yapilan gizimlerde ise kadin mihendislerin oraninin arttigi belirlenmistir. Bu
arastirma sonucundan farkh olarak TTFE uygulamalari sonrasinda 6gretmen adaylarinin mihendis
cizimlerinin degerlendirildigi bir durum arastirmasinda, O6gretmen adaylarinin ¢ogunun mihendis
cizimlerinde erkek figlirli kullandiklari belirlenmistir (Yildirim, 2018). Literatirde yer alan diger arastirma
sonuglarinda da 6grencilerin ve 6gretmen adaylarinin, mihendislerin cogunlukla erkek oldugu seklindeki
basmakalip diisiinceyi benimsedikleri belirtiimektedir (Fralick et al., 2009; Karatas et al., 2011; Unli &
Dokme, 2017; Yildirim, 2018).
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Arastirmada 6gretmen adaylarinin uygulama 6ncesi ¢izimlerinde miihendisi cogunlukla tek cizdikleri,
uygulama sonrasindaki gizimlerde ise isbirlikli calisma yapan muhendislerin arttigi gorilmustir. Bu
sonucun ortaya ¢ikmasinda, arastirmada 6gretmen adaylarinin isbirlikli gruplarda gergeklestirdikleri TTFE
uygulamalarinin etkili bir rol oynadigi séylenebilir. Ogretmen adaylarinin cizimlerinde mihendislerin
yaptiklari faaliyetler uygulama 6ncesinde ¢ogunlukla insa, tamir ve arag kullanma olarak betimlenirken,
uygulama sonrasinda bu faaliyetlerin azaldig ve tasarim, gelistirme, hesaplama, arastirma/inceleme ve
deney yapma faaliyetlerinin arttigi belirlenmistir. Benzer olarak 6n gizimlerde ¢ogunlukla bulunan insa ve
tamir faaliyetlerine yonelik nesnelerin son gizimlerde azaldigl ve son ¢izimlerde tasarim, gelistirme,
hesaplama, arastirma/inceleme ve deney yapma faaliyetlerine yonelik nesnelerin oraninin arttig
belirlenmistir. Ogretmen adaylarinin én ve son cizimlerindeki miihendislerin yaptiklari islere iliskin
ifadeleri de bu bulgular destekler niteliktedir. Ornegin 06 kodlu 6grenci 6n giziminde “Resimdeki insaat
miihendisi képriideki hasarlari onariyor” ifadesine, son c¢iziminde ise “Makine miihendisi giines
enerjisiyle calisan bir araba tasarliyor” ifadesine yer vermistir. Benzer bir sekilde 021 kodlu 6grenci 6n
ciziminde “Cizdigim insaat miihendisi denetim yapmak lizere ¢alistigi alana gidiyor” ifadesine, son
ciziminde ise “Cizdigim giines ve riizgar enerjisi miihendisi riizgar tribliniiniin enerji verimini hesapliyor”
ifadesine yer vermistir.

Alanyazinda yer alan arastirmalarda hem 6gretmenlerin hem de 6grencilerin mihendisleri tamir ve
insaat isleri yapan bireyler olarak betimledikleri belirtiimektedir (Capobianco, Diefes-Dux, Mena, &
Weller, 2011; Cunningham, Lachapelle, & Lindgren-Streicher, 2006; Fralick et al., 2009; Karatas et al.,
2011; Knight & Cunningham, 2004; Yildirnm, 2018). Arastirmada gergeklestirilen TTFE uygulamalarinin,
o6gretmen adaylarinin mihendislerin ¢alisma alanlarina yonelik algilarini da olumlu yonde etkiledigi
belirlenmistir. On cizimlerde cogunlukla insaat mihendisi cizilirken, son gizimlerde maden, genetik,
kimya, gemi makineleri, bilgisayar, elektrik, makine, gida, harita, endiistri, otomotiv ve enerji sistemleri
gibi farkh galisma alanlarinin da betimlendigi gértlmustir. Bu bulgudan farkli olarak Yildirim (2018), TTFE
uygulamalarinin ardindan sinif 6gretmeni adaylarinin  mihendis algilarini  belirledigi durum
arastirmasinda, 6gretmen adaylarinin gizimlerinde en ¢ok insaat mihendisi figiiriine yer verdigini, bunu
siraslyla bilgisayar ve ziraat mihendisi figirlerinin izledigini belirtmistir. Sonug olarak bu arastirmada
gerceklestirilen farkli muahendislik alanlarina yonelik TTFE uygulamalarinin, 6gretmen adaylarinin
muhendisin ¢alisma alanlarina yonelik algilarini olumlu yénde etkiledigi; dolayisiyla 6n gizimlerde yer
almayan farkh galisma alanlarina son gizimlerde yer verildigi ifade edilebilir.

Ulkemizde 2018 fen bilimleri dersi égretim programinda yer alan Fen, Miihendislik ve Girisimcilik
Uygulamalarinin  gerceklestiriimesinde STEM branslarindaki 6gretmenlere buyik sorumluluk
diismektedir. Ogretim programinda STEM egitimine yonelik kazanimlar olmasina ragmen bu
kazanimlarin nasil gergeklestirilecegine yodnelik uygulama oOrnekleri bulunmamaktadir. TTFE, STEM
egitimini gerceklestirmek icin yaygin olarak kullanilan yaklasimlardan birisidir. Ogretmenlerin lisans
egitimlerinde TTFE’yi nasil uygulayacaklarina yonelik olarak hem teorik hem de uygulamali bir egitim
almalari 6nemli gorilmektedir. Bu baglamda egitim fakiltelerinin fen bilgisi 6gretmenligi ve STEM'in
diger alanlarindaki 6gretmenlik programlarinda TTFE’ye yonelik se¢meli veya zorunlu dersler agilabilir.
Bu arastirmada 6gretmen adaylarinin miihendis algilari gizimler araciligiyla belirlenmistir. Arastirmacilar
cizimlerin yani sira milakatlar yaparak ya da farkli 6lgme araglari kullanarak, 6gretmen adaylarinin
miihendis algilarini belirleyebilirler. Kontrol gruplu deneysel arastirmalar yapilarak, farkli STEM egitimi
yaklasimlarinin 6gretmen adaylarinin miihendislik egitimi ve mihendis algilarina etkisi belirlenebilir.

Bu arastirma 2016-2017 egitim-6gretim yili bahar doneminde Ege bolgesindeki orta blyuklikteki bir
Universitenin egitim fakiiltesi fen bilgisi dgretmenligi programinda 6grenim goéren ve Fen Ogretimi
Laboratuvar Uygulamalari Il dersini alan 52 {g¢lincii sinif 6grencisinin gerceklestirdigi TTFE uygulamalari
ile sinirhdir. Arastirmacilar, farkli TTFE uygulamalarini kullanarak, farkli 6gretmenlik programlarinda,
farkli sinif diizeylerinde ve farkl dersler kapsaminda c¢alismalar gergeklestirebilirler. Bu calismalarin
TTFE’nin ve miihendisligin dogasina uygun olarak isbirlikli gruplarda gerceklestirilmesi dnerilmektedir.
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