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Article Info Abstract

The purpose of this study was to investigate secondary school students’ performance

DOI: 10.14812/cuefd. 395594 and views in activities based on the engineering design process. From the two selected

Article history: secondary schools, 48 students voluntarily participated in this study. For each school,
Received  16.02.2018 six students were selected from each of the grades 5, 6, 7, and 8. In this study, a case
Revised 03.10.2018 study approach was used which is one of the types of qualitative research design. Four
Accepted  15.10.2018 different situations were considered from a holistic approach in two different schools.

To obtain the data, qualitative data collection techniques were chosen. The observation,
interview forms were analysed through descriptive analysis. Two researchers
implemented the activities based on the engineering design process to all the groups. In
the first week, the students were informed about the engineering design process. The
following weeks, the students worked in groups and undertook the activities designed
by the researchers for each grade level in accordance with the relevant units. The results
of this study revealed that students at lower grades had difficulty identifying the
problem, obtaining the data, drawing the design, using the materials, and redesigning
steps. However, all the students had positive views related to the implementation of the
engineering design process.
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Miihendislik Tasarim Siirecine Dayali Etkinliklere Yonelik Ortaokul
Ogrencilerinin Perforsmanlari ve Gériisleri

Makale Bilgisi Oz
DOI: 10.14812/cuefd.395594 Bu galismanin amaci muhendislik tasarim surecine dayal etkinlikler ile ilgili ortaokul
ogrencilerinin performanslarinin ve gorislerinin tespit edilmesidir. Galismaya iki
Makale Gegmisi: ortaokulda 6grenim goéren 48 6grenci gonullu olarak katilmistir. Her okulun 5, 6, 7 ve 8.
Gelis 16.02.2018 Sinif dizeyinden 6 Ogrenci galisma igin segilmistir. Bu calismada, nitel arastirma
Dizeltme  03.10.2018 yontemlerinden birisi olan durum galismasi uygulanmistir. Bu amagla, iki farkli okulda
Kabul 15.10.2018 holistik yaklasima dayali 4 farkli durum goz 6niinde bulundurulmustur. GCalismada veri
Anahtar Kelimeler: toplamak amaciyla nitel veri toplama tekniklerinden yararlaniimigtir. Gozlem ve
Miihendislik Tasarim Siireci, gorisme formlarindan elde edilen veriler igerik analizi yolu ile analiz edilmistir.
Ortaokul Ogrencileri, Mihendislik tasarim sirecine dayali etkinlikler iki arastirmaci tarafindan tim gruplara
Ogrenci performanslari uygulanmistir. Uygulamanin ilk haftasinda 6grenciler muhendislik tasarim sireci

konusunda bilgilendirilmistir. Devam eden haftalarda, 6grenciler gruplar halinde
calisarak, her grup icin Uniteler dogrultusunda arastirmacilar tarafindan olusturulan
etkinlikleri gergeklestirmislerdir. Bu arastirmanin sonucu, alt siniftaki 6grencilerin
problemi belirleme, veri elde etme, tasarimi gizme, materyalleri kullanma ve tasarimin
tekrar gozden gegirilmesi asamalarinda zorlandiklarini ortaya gikarmistir. Buna karsihk,
ogrencilerin hepsinin mihendislik tasarim sireci ile ilgili olumlu goruglere sahip
olduklari belirlenmistir.

*Author: hsurmeli@mersin.edu.tr
**This research was presented as a poster at the European Science Education Reserach Association (ESERA), 21-25 August, 2017,
Dublin, Ireland
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Introduction

In a globalised world, countries are in competition in terms of their national economies, scientific and
technological development. In some cases, they have concerns about losing their economic status and
about their performance in international science and mathematics assessments resulting in falling behind
the other countries (Newman, Dantzler & Columa, 2015). In order for these countries to meet the
economic, scientific and technological requirements, they realised that they need to train their students
to solve the social and technological problems they face and to be able to adopt a group work approach
(Bairaktarova, Cox & Evengelou, 2011; De Biase, 2016). In this context, many countries have developed a
new science teaching curriculum or revised the existing curriculum and searched for the best instructional
approaches and assessments to implement these curriculums (Schnittka, Bell & Richards, 2011). The main
goal of these reforms is to promote scientific and technological literacy of their citizens. In Turkey, the
science and engineering curriculums have been revised motivated by the results of international
assessments and the need to increase the scientific, technological, social and economic capacity of the
country, as well as the desire to become a competitor in the arena of developing countries. The latest
revision of the draft curriculums was published by the Ministry of Education (MoNE), which will be
implemented in elementary, secondary and high schools from the beginning of the 2017-2018 academic
year. The programs will be founded on not only the basic concepts and principles of science but also
science and engineering applications which will facilitate students in gain engineering and design skills
(MoNE, 2017).

The engineering design process is accepted as a model for the science, technology, engineering and
mathematics educational program (STEM) curriculum design (Corbett, 2012). The basic engineering
design process includes the scientific steps of ask, imagine, plan, create, and improve. In this process, it is
important for students to use their scientific and mathematical knowledge in solving problems,
understand the role of materials they select, use their creativity and in-depth thinking to design models
(English, Hudson & Dawes, 2011). In contrast to traditional teaching, this active process of learning
promote students’ development of mathematics and science content knowledge, scientific process skills,
and their attitudes towards science (Schnittka, et al., 2011). In this approach, students use their
mathematics and science knowledge to solve a problem and create a model (Strong, 2013), and they can
understand what engineers do and the design process they follow when creating the models (Schnittka,
et al, 2011).

In recent years, there has been an increase in studies concerning the engineering design process. These
studies have focused on science instruction, and science content learning, the students’ technological
literacy, learning about the design process, and their use of scientific process skills (Apedoe, et al., 2008;
Mehalik, Doppelt & Schurnn, 2008; Mooney & Laubach, 2002; Strong, 2013). All these studies reported
increases in student achievement in mathematics and science content knowledge and in the participants’
positive attitudes towards the engineering design approach. Since the latest version of the Science
Teaching Curriculum (MoNE, 2018) based on engineering practices, in this study, practicing the sample
activities through the design process is important both for teachers and students. In the light of the results
of the studies in literature and based on the new science curriculum that will be implemented in Turkey
from the beginning of the 2017-2018 academic year, the current study aimed to examine the performance
and opinions of the participant secondary school students about the activities prepared for the
engineering design process. For this purpose, the following research questions were developed to guide
the research:

1- How do the fifth grade students perform in the activities prepared for the engineering design process?
2- How do the sixth-grade students perform in the activities prepared for the engineering design process?
3- How do the seventh-grade students perform in the activities prepared for engineering design process?

4- How do the eighth-grade students perform in the activities prepared for the engineering design
process?
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5- What are the views of secondary school students about the activities prepared for the engineering
design process?

Method

In this study, a case study method, as one of qualitative research design approaches, was used to
explore the performance of different grade levels of secondary school students and their opinions
concerning the activities prepared for the engineering design process. In this study, four different
situations were selected within a holistic approach in two different schools.

Participants

This study was implemented in two secondary schools which are similar in terms of achievement and
socio-economic status and are located in two large cities in Turkey. 48 students from the two secondary
schools voluntarily joined this study in the 2016-2017 academic term. The students were selected from
grades 5, 6, 7, and 8. Voluntary principle was accepted in the study and six students from each of these
grades from each of the schools participated voluntarily in this study. The students worked in groups, each
consisting of three students from the same grade. The students’ achievement in science and mathematics
was also considered in creating the groups. There were 16 groups; two groups for each grade level.

Table 1.
Sampling Groups

School 1 School 2
Grade 5 Grade6 Grade7 Grade 8 | Grade5 Grade6 Grade7 Grade8
Groups 1 2 1 2 1 2 1 2 3 4 3 4 3 4 3 4 Total

Girls 2 3 1 3 3 1 1 1 1 1 2 2 2 23
Boys 3 1 3 2 2 2 2 2 3 2 1 1 1 25
Instrument

In this case study, qualitative data collection techniques were used. By using observation and interview
forms diverse data were obtained. The observation form was contains 15 items and the items were rated
as low, medium and very. The interview form consisted of 5 open-ended questions and was applied to
the students after the activity. The observation and interview forms were analyzed through descriptive
analysis.

Data Collection Procedure

Two researchers who implemented the activities were doctoral students and were also science
teachers in the national education-related schools. In the first week of this study, students were informed
about the engineering design process. In the second week, the researchers applied a sample activity based
on the engineering design process to all the groups. In this way, each student gained experience in the
design process. In the following weeks, the activities for each grade level were implemented. Students
performed the activities designed by the researchers at each grade level in accordance with the relevant
science curriculum units.

Practising

Two researchers who implemented the activities were doctoral students and were also science
teachers in the national education-related schools. In the first week of this study, students were informed
about the engineering design process. In the second week, the researchers applied a sample activity based
on the engineering design process to all the groups. In this way, each student gained experience in the
design process. In the following weeks, the activities for each grade level were implemented. Students
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performed the activities designed by the researchers at each grade level in accordance with the relevant
curriculum units. Practising process and activities are shown in Table (2).

Table 2.
Practising Process and Activities
Weeks Period Practising
Week 1 1 class hour Selection of students and making an introduction to the
(40 minute) engineering design process
Practising a sample activity to fifth-grade level
Week 2 1 class hour Practising a sample activity to sixth-grade level
(40 minute) Practising a sample activity to seventh-grade level

Practising a sample activity to eighth-grade level

Practising activities to fifth-grade level
Week 3 2 class hours Practising activities to sixth-grade level
(80 minute) Practising activities to seventh-grade level

Practising activities to eighth-grade level

Students performed the activities, designed by the researchers at each grade level in accordance with
the relevant units. The activities are presented in Table 3.

Table 3.
Activities Applied During Engineering Design Process
Grade Unit-Content Objectives Activity
Measuring Explores the inhibitory effect of frictional force on the
5 force/physical motion of an object by experimenting in various Slow drop of
phenomena — the environments and present examples of frictional force  an eraser
frictional force in daily life

Explain combined forces

Demonstrate multiple forces acting on an object by
experimenting and drawing

Explore and compare balanced and unbalanced forces  Using a
by observing the motion of the objects catapult
Explain with examples, how kinetic and potential

energy forms are converted to each other and make

inference that energy is conserved

Force and motion/
6 physical
phenomena

Force and energy/

physical Explore the variables that affect the solid pressure Using the

7 phenomena- and analyse the relationships between these variables  \ heel of 3
force-solid pressure truck
relationship
Simple Machines/ Give examples of simple machines in daily life Changing

8 Physical Utilizing simple machines, designs and build a the size of a
phenomena mechanism that provides convenience in daily life. basketball

In the activity process, firstly, a suitable problem was identified and a scenario related to this problem
was presented for the student to work on. After that, for each activity, the necessary materials and other
alternative materials prepared by the teachers were given to the students. The students were told that
they were free to choose the materials they wanted to use for their design. Each activity was performed
over 2 class hours (80 minutes). During the activity process, the previously prepared observation analysis
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forms were used by the researchers to note the work of each group, and thus obtained the data. After
finishing the design activities, the students were asked to fill in the interview form.

Example of an Activity: Adjustable Basketball Hoop

Grade: 8

Unit: Simple Machines/ Physical phenomena

Aim: To design a basketball hoop with an adjustable height.

Problem scenario: There are students from different age groups in the school, and this means they
are of different heights. This is a problem for the younger students; so, there is a need for an adjustable
basketball hoop. Your task is to design a hoop with the ability to rise and fall relative to the heights of the
users. The materials you can use in the design process are given below.

Criteria: Before starting the project, investigate the difference between the normal size of a basketball
hoop and the average height of an adult human. Calculate the height of the hoop according to ages groups
(10 to 15 ages) using the mathematical ratio but you will not design the actual size of the pot. The height
of the basketball hoop is 305 cm. The average height of an adult is 172.6 cm.

Age Average height of a man
10 137 cm
11 143 cm
12 150 cm
13 156 cm
14 162 cm
15 168 cm

2 pieces of sewing needle rollers
Thick tyre (rubber)

Cardboard

Wooden rod

Hard sponge

Adhesive

2 syringes

Materials

Connection hose
Olive QOil, Water
Rope

O O O O 0O 0 0 o0 o o
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Photographs of the designs
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Findings

Findings of Observation Forms

Table 4 shows the data obtained from the forms in which the researchers recorded their observations. Each item in the observation form was graded as low, medium and
high. The total scores for each group are given in Table 4.

Table 4.
Results of the Observation Forms
Grade 5 Grade 6 Grade 7 Grade 8
01 02 01 02 01 02 01 02
Items G1 G2 G3 G4 T G1 G2 G3 G4 T G1 G2 G3 G4 T G1 G2 G3 G4 T
The students described the problem in their 3 3 3 3 12 3 3 ) 1 9 3 ) 3 ) 10 3 3 3 3 12
own words.

The students wanted to undertake the
research by considering the work that had 2 2 2 1 7 3 2 2 2 9 3 2 2 1 8 3 3 3 3 12
been done.

The students proposed different ways to
solve the problem.

The students created different ideas that
will work.

The students could evaluate the positive
and negative aspects of these ideas.

The students could decide on one of these

ideas.

The stgdents were able to discuss the 3 3 5 1 9 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12
chosen idea.

The students could specify materials. 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12

The students were able to draw a design in
which they could use the materials.

The students could design. 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12
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The students could evaluate how the design 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12

worked.
The students tried the design many times. 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12

The students could record their
observations about the design.

The students could make changes in the
design depending on the test results.

The students could retry the design they
changed.

The students could describe the product
they created to the other groups.

Total scores 45 41 41 37 164 | 46 45 44 40 175 | 48 43 44 37 174 | 48 48 46 44 186
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As seen in the results of the observations in Table 4, the eighth-grade students attained the highest score.
The levels of the sixth and seventh graders were found to be close to each other and the fifth-grade students’
scores were found the lowest.

All the groups had difficulty in creating ideas, but after they found an idea, they had no problems in evaluating
it and using materials to create it. It was observed that the fifth graders had difficulty in drawing designs while
the students in the other grades were able to do this easily. Design creation and the evaluation stages were
successfully performed by all the groups. Although the fifth-grade students had difficulty in obtaining the data
from their observations related to design, for the other grades, the participants were able to obtain the required
data. However, apart from the eighth grade, the other groups did have difficulties in making changes and
experimenting with their designs.

Findings of Interviews

Table 5.
Design processes
Grades 5 Grades 6 Grades 7 Grades 8
Design processes 01 02 01 02 01 02 01 02
Gl G2 G3 G4 Gl G2 G3 G4 Gl G2 G3 G4 Gl G2 G3 G4

We identified the 1 1
problem
We imagined the 3 2 3 2 3
design
We planned the 1 3 2 2 2 3 2 3
design
We created the 3 3 3 3|3 3 3 3|3 3 3 3|3 3 3 3
design
We checked the 3 3 3 3 1 3 3 3 2 1
design
We developed the 1 2 1
design

The first question on the interview form was, "Which phases have you completed for your design?" The
responses from the students to this question are summarised in Table 5 showing that only Group 1 students (6
grade) in School 1 undertook all the design phases. All the students in all groups created the design. The most
challenging part of the process was the identifying the problem and design development phase.

The second question on the interview form was, “Did you perform the design as you think? If your answer is
No, explain why?” Students' answers to this question are presented in the table (6) below.

Table 6.
Students’ Opinions about Creating Their Designs

Yes No Partially

School Grades Group f f f Reasons
Gl 3
01
5 G2 3
02 G3 3

852



Hikmet SURMELI et al.— Gukurova Universitesi Egitim Fakiiltesi Dergisi, 47 (2), 2018, 844-872

G4 2 1 The problem was solved, but the design was not
aesthetic
Gl 3
01 . .
G2 2 1 There was a problem in the design process but
6 the problem was solved
02 G3 2 1 The problem was not solved
G4 3 The problem was not solved
Gl 3
01
G2 3
7
G3 3
02
G4 3 The problem was not solved
Gl 3
01
G2 2 1
8 G3 3 There was a problem in the design process but
02 the problem was solved
G4 2 1 The problem was solved, but the design was not
aesthetic
8 3

Total Number of Students

As shown in Table 6, 37 of the students stated that they liked their designs and it had performed as they had
thought. Eight students did not like their designs and stated that they had not performed as they had expected,
and the remaining three students said that they had partly achieved their goal in the design. These students also
considered that their designs could solve the problem. Other students stated that they experienced problems in
the design process, and some students were of the opinion that their designs were not as aesthetic as they
thought they would be.

The third question on the interview form was “Did your design achieved its purpose? If your answer is No,
explain why?” Students' answers to this question are presented in the table (7) below.

Table 7.
Student Opinions on Whether They Achieved the Purpose of Design
Yes No
Group
School Grades f f Reason
G1 3
01
G2 3
5
G3 3
02
G4 1 2 Suitability for problem solving
G1 3
01
G2 2 1 Suitability for problem solving
6
G3 3 Suitability for problem solving
02
G4 2 1 Suitability for problem solving
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G1 3
01
G2 3
7
G3 3
02
G4 3 Suitability for problem solving
G1 3
01
G2 1 2 Material usage problem
8
G3 3
02
G4 3
Total Number of Students 36 12

While 36 of the students who participated in the study declared that they achieved the aim of completing the
design, the G3 students participating in the design work of the sixth-grade and all the G4 students participating
in the seventh-grade design study stated that they did not achieve their design purpose. The students in the
latter two groups stated that the design they undertook was not appropriate to solve the problem. From the
eighth grade, two of the G2 students stated that their design did not reach its goal because they could not use
the material correctly. Four students in the other groups who thought that their designs were inappropriate
indicated that their design was not sufficient to solve the problem.

The fourth question on the interview form was “Have you had any difficulties in implementing your design?
If so, what are they? Students' answers to this question are presented in the table (8) below.

Table 8.
Student Views on the Challenges in the Design Work

Yes No
School Grade Group f f Reason
G1 3
01
G2 3
5 G3 3 Material usage problem
02 Material usage problem,
G4 3
Not working in cooperation
G1 3 Material usage problem
01
G2 3 Material usage problem
6
G3 2 1 Material usage problem
02
G4 3 Material usage problem
Gl 3 Material usage problem
01
G2 3 Material usage problem
7
G3 3 Material usage problem
02
G4 3 Material usage problem
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Gl 3 Material usage problem

ot G2 3 Material usage problem

8 G3 3 Material usage problem

02 G4 3 Material usage problem
Total Number of Students 41 7

As revealed in Table 8, almost all the students stated that they had problems about using the materials.

The fifth question on the interview form was, “Would you make changes if you need to redesign the design?
Why? Students' answers to this question are presented in the table (9) below.

Table 9.
Students’ Opinions Concerning Redesign

Yes No
School Grade Grou Reason
P (f)
01 Gl 2 ! Material change
G2 3 -
5
G3 3 Design change
02
G4 3 Design change, material change
Gl 1 2 Design change
01
6 G2 3 Design change, material change
G3 1 2 ;
02 Design change
G4 2 1 Material change
o1 Gl 2 1 Material change
; G2 2 1 Material change
G3 3 -
02
G4 3 Material change
o1 Gl 3 Visual change
G2 3 Material change
8
02 G3 3 Material change, visual change
G4 2 1 Visual change
Total Number of Students: 33 15

According to Table 9 33 students indicated that they would create the design again and change it if necessary.
What they wanted to change most in this redesign was a change in materials. While the fifth and sixth graders
require material and design changes, the seventh- and eighth-grade students who demonstrated better
designing skills wanted to use different materials and to make the design more aesthetically pleasing.
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Discussion & Conclusion

Most educators agree with the idea that the engineering design process should be introduced to high school
students prior to them reaching college (Carr & Strobel, 2011; Denson, 2011). They indicate that such an
education promotes engineering habits of mind, critical thinking skills and knowledge (Carr & Strobel, 2011;
Hynes, 2012). However, some educators suggest that students are engaged in design challenges prior to high
school (Hynes, 2012). In this context, age-appropriate engineering design challenges can start as early as the
fourth grade, including standard based instruction as guiding principles for an engineering design process
(Sneider, 2011).

In the current study, the engineering design process was applied to secondary school students based on the
existing Science Curriculum. The data obtained from observation and from interviews generated the results of
this study. The results obtained from observation demonstrated that among the secondary school students the
highest scores belonged to the eighth grade students. The scores of the sixth graders and the seventh graders
were found to be similar, but the fifth grade students had the lowest score. These results indicated that
engineering design should be taught in the six, seventh and eighth grades. The integration of engineering design
processes in secondary school provides problem-based, hands-on, and inquiry-related activities (Carr & Strobel,
2011) which is also suggested as the teaching approach to be used in the Science Curriculum presented by MoNE.
These teaching approaches allows students to promote problem solving, decision making, team working and
critical thinking skills, and also allows them to acquire engineering habits of mind and self- management (Denson,
2011; Dym et al., 2009) which are accepted as 21th Century skills. In addition, engineering design activities help
students to apply science and mathematics contents in a meaningful way (Chae, Purze & Cardolla, 2010, cited in
Car & Strobel, 2011).

Throughout engineering design activities, students identify problems, generate solutions, decide on a
solution to a design, draw the design, design the product, obtain data related to the design, and then iteratively
test and redesign their product. The observation results showed that only the fifth graders seemed to have
difficulty in drawing the designs and obtaining data related to the design, while the students in the other grades
were able to do so easily. However, King and English (2016) introduced an optical engineering task to fifth grade
students and found that these students could complete the engineering task. In this study the researchers
showed the importance of the design sketch stage and suggested that students be encouraged to complete their
drawings. Zhou and colleagues (2017) also emphasized the potential effect of hands-on engineering design
activities on students’ self-efficacy in sketching. They used toy design activities with real world problems for
middle school students. Considering to fifth grades’ scores obtaining from observation, in the current study,
more age-appropriate design activities may be suggested for this age level in order to apply the design process.

Researchers accept design as an important component of the engineering design process (Davis et al., 2000).
In this study, overall, it was observed that the design creation and evaluation stages could be accomplished
successfully by all groups. Similarly, the findings obtained from the interviews indicated that all students were
able to perform the design step. While most of them stated that they liked their designs and that they performed
as they anticipated, a few students stated that they did not perform as they thought they would. However, the
observation results showed that except for those in the eighth grade, all students experienced difficulties in the
redesigning step. Differently, the interview results revealed that students created the design iteratively, and
made some changes by using different materials. Sixth and seventh grade students also stated that they
demonstrated better design skills and made more aesthetically-pleasing products. These results revealed that
teachers’ and students’ expectations differed in the redesigning steps. The researchers define the design process
as an iterative process which requires the design’s revision. In this process, students iteratively test to improve
the product (Davis et al., 2000; Gaskins et al., 2015) and understand and identify the aspects of the engineering
design process (Zhou et al., 2017). To demonstrate the importance of iteration, Zhou and colleagues (2017)
introduced hands-on toy design activities, and found that middle school students’ self-efficacy was increased as
a result of iteration and prototyping. Loojenga and colleagues (2015) also undertook a study considering the play
behaviour of children, and stressed that iteration fits with childrens’ natural way of learning.
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In the present study, the students declared that, among the steps, they were least aware of identifying the
problem, undertaking the research, imagining, planning and developing the design. The observation results also
revealed that fifth grade students had difficulty in obtaining the data related to the design. Despite the design
steps that they were least aware of, most of the students expressed the view that they achieved the purpose of
the design. However, they did not have any problem evaluating the idea or selecting and using the materials. On
the other hand, few of those who stated that the design they had created was not appropriate in terms of solving
the problem, explained that they had problems with regard to using the materials correctly. In addition, the total
scores of the groups showed that all of the students had difficulty during the creation of the ideas, but after they
had found a solution, they had no problems in evaluating and creating it. Previous studies indicated that, as
students gain experience in design practices, they can understand the substantial aspects of design process
(English et al., 2012; Mentzar et al., 2015; Zhou et al., 2017).

This study has implications for determining the factors that teachers should consider when preparing
engineering design activities in science education. The results of this study indicated that one of the most
important factor that affected the students’ performance in the engineering design process was the students’
level of education. For example, the students in the lower grades had difficulty identifying the problem, obtaining
data, drawing the design, using the materials, and redesigning. However, the students did have positive views
related to the implementation of the engineering design process. This study suggested that to improve students’
skills, they should engage in more work related to design programs for secondary school students. As Denson
(2011) suggested, researchers should work collaboratively to develop engineering design standards that are
suitable for the students’ age and skills.

This study has also implications for science teachers, since design activities were created in accordance with
the learning outcomes of the secondary school science curriculum. Such activities can be considered for use in
science classrooms. The successful integration of engineering design processes in the curriculum, and science
teachers’ knowledge, skills and behaviour, are also important factors (Dux, 2015). In this context, teacher
preparation programs need to be revised to consider engineering design practices, and new research should be
planned, based on pre-service teachers and teachers in schools.
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Tiirkge Siirimui

Girig

Kiresellesen diinyada, (lkeler ulusal ekonomileri, bilimsel ve teknolojik gelismeleri agisindan rekabet
halindedir. Bu llkeler, bazi durumlarda ekonomik giiclerini kaybetme ve uluslararasi fen ve matematik
sinavlarindaki performanslari sonucunda diger Ulkelerin gerisinde kalma kaygisi duymaktadirlar (Newman,
Dantzler ve Columa, 2015). Ekonomik, bilimsel ve teknolojik alanlardaki gereksinimlerini karsilayabilmek igin,
kargilastiklari sosyal ve teknolojik sorunlari ¢ézebilen ve grup calismasi yaklagimini benimseyen &grencilere
ihtiyaglari olduklarini fark etmislerdir (Bairaktarova, Cox & Evengelou, 2011; De Biase, 2016). Bu baglamda, bir¢ok
tlke ya yeni bir fen 6gretim mifredati gelistirmis ya da mevcut miifredati gézden gegirmistir. Ayni zamanda bu
mifredatlari uygulamak icin de en iyi 6gretim yaklasimlarini ve degerlendirmeleri bulmaya calismislardir
(Schnittka, Bell & Richards, 2011). Bu reformlarin temel amaci, bireylerin bilimsel ve teknolojik okuryazarhgini
tesvik etmektir. Tlrkiye'de, uluslararasi sinavlarin sonuglari ve llkenin bilimsel, teknolojik, sosyal ve ekonomik
kapasitesinin artirilmasi gerekliligi ve gelismekte olan ulkelere rakip olma arzusuyla 6gretim programlari yeniden
gozden gegirilmistir. Bu amagla, Milli Egitim Bakanligi (MEB) tarafindan ilkokul, ortaokul ve liselerde 2017-2018
egitim-6gretim yili basindan itibaren uygulanmaya baslanan taslak programlar yayinlanmistir. Hazirlanan
programlar sadece bilimin temel kavram ve prensiplerini 6grenme Uzerine degil, ayni zamanda 6grencilerin
mihendislik ve tasarim becerilerini kazanmalarini saglayacak fen ve miuihendislik uygulamalari Uzerine
olusturulmustur (MEB, 2017).

Muhendislik tasarim sireci, bilim, teknoloji, miihendislik ve matematik egitim programi (STEM) tasarimina bir
model olarak kabul edilmektedir (Corbett, 2012). Temel mihendislik tasarim siireci, soru sormak, hayal etmek,
planlamak, yaratmak ve gelistirme bilimsel asamalarini icermektedir. Bu siiregte 6grencilerin problemleri
¢6zmede bilimsel ve matematiksel bilgilerini kullanmalari, sectikleri materyallerin rollerini anlamalari ve
yaraticiliklarini kullanmalari 6nemlidir (English, Hudson ve Dawes, 2011). Geleneksel 6gretimin aksine, bu aktif
o6grenme sireci, 6grencilerin matematik ve fen bilgisi icerik bilgisini, bilimsel slire¢ becerilerini ve fene karsi
tutumlarini gelistirmelerini desteklemektedir (Schnittka et al., 2011). Bu yaklasimda, 6grenciler bir problemi
¢6zmek ve bir model olusturmak icin fen ve matematik bilgilerini kullanirlar (Strong, 2013) ve miihendislerin neler
yaptigini ve modeller olustururken izledikleri tasarim siirecini anlayabilirler (Schnittka vd., 2011).

Son yillarda mihendislik tasarim sireci ile ilgili galismalarda bir artis olmustur. Bu ¢alismalarda fen 6gretimi
kapsaminda fen igerik bilgisini 6grenme, 6grencilerin teknoloji okuryazarhgi, tasarim siirecini 6§renme ve bilimsel
siire¢ becerilerini kullanma konularina odaklaniimistir (Apedoe, vd., 2008;. Mehalik, Doppelt ve Schurnn 2008;
Mooney & Laubach, 2002; Strong, 2013). Calismalarin hepsinde 6grencilerin matematik ve fen igerik bilgisi
basarilarinin arttigi, mihendislik tasarim yaklasimina yonelik olumlu tutum sergiledikleri gorilmastir.
Giincellenen Fen Bilimleri Programi (MEB, 2018) mihendislik uygulamalarini icerdiginden dolayi, tasarim
sirecine dayali 6rnek etkinliklerin yapilmasi 6gretmenler ve 6grenciler icin 6nemlidir. Literatlrde yer alan
¢alismalarin sonuglari isiginda ve 2017-2018 egitim-6gretim yilindan itibaren Tirkiye'de uygulanmaya baglanan
ve miihendislik uygulamalarini iceren Fen Bilimleri Ogretim Programi nedeni ile bu calismada, miihendislik
tasarim sirecine yonelik hazirlanan etkinlikler ile ilgili olarak ortaokul 6grencilerinin goris ve performanslari
incelenmistir. Buradan hareketle asagidaki arastirma sorulari gelistirilmistir:

1- Mihendislik tasarim silregleri dogrultusunda hazirlanan etkinliklerde 5. Sinif 6grencilerinin
performanslari nasildir?

2- Mihendislik tasarim siiregleri dogrultusunda hazirlanan etkinliklerde 6. Sinif 6grencilerinin
performanslari nasildir?

3- Mihendislik tasarim sidregleri dogrultusunda hazirlanan etkinliklerde 7. Sinif 6grencilerinin
performanslari nasildir?
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4- Miuihendislik tasarim siiregleri dogrultusunda hazirlanan etkinliklerde 8. Sinif 6grencilerinin
performanslari nasildir?

5- Mihendislik tasarim siregleri dogrultusunda hazirlanan etkinlikler hakkinda ortaokul 6grencilerinin
gorusleri nelerdir?

Yontem

Bu calismada, ortaokul 6grencilerinin performanslarini incelemek ve mihendislik tasarim siirecine yonelik
hazirlanan etkinliklerle ilgili gbrislerini belirlemek igin durum ¢alismasi yontemi kullanilmistir. Bu ¢alismada, iki
farkh okulda bitlnsel bir yaklasimla dort farkli durum segilmistir.

Katilimcilar

Bu calisma, Tiirkiye'deki iki buylk sehirde bulunan ve basari ve sosyo-ekonomik durum agisindan benzer olan
iki ortaokulda gergeklestirilmistir. Calismaya iki okuldan toplam 48 6grenci, 2016-2017 egitim 6gretim yili gliz
déneminde gonulli olarak katilmistir. Katilimcilar her sinif seviyesinden alti kisi olarak gonulli 6grencilerden
secilmistir. Ogrenciler, her biri ayni siniftan ve {i¢c 6grenciden olusan gruplar halinde ¢alismislardir. Gruplarin
olusturulmasinda 6grencilerin fen ve matematik basarilari da dikkate alinmistir. Calisma her bir okulda her sinif
seviyesinde iki ser grup olacak sekilde gergeklestirilmis olup iki okulda toplam 16 grupla ¢alisilmistir.

Tablo 1.
Calisma Grubu

Okul 1 Okul 2

5.5inif 6.S5inif 7.5inif 8.5mif | 5.5inif  6.5inIf 7.5inif 8.5inif
Gruplar 1 2 1 2 1 2 1 2|3 4 3 4 3 4 3 4 Toplam
Kiz 2 3 1 3 3 1|1 1 1 1 2 2 2 23
Erkek 3 1 3 2 212 2 2 3 2 1 1 1 25

Kullanilan Veri Toplama Araglari

Calismada, veri toplamak amaci ile nitel veri toplama teknikleri kullanilmistir. Veriler gdzlem ve goriisme
formu kullanilarak toplanmistir. Gézlem formu 15 maddelik hazirlanmis olup maddeler az, orta ve ¢ok olarak
derecelendirilmistir.  Gorisme formu 5 aclk uglu sorudan olusmaktadir ve 0Ogrencilere etkinlik sonrasi
uygulanmistir. Gozlem ve goriisme formlari nitel analiz yontemlerinden betimsel kullanilarak analiz edilmistir.

Uygulama

Etkinlikleri uygulayan iki arastirmaci Milli Egitim Bakanligina bagli okullarda fen bilimleri 6gretmeni olarak
gorev yaparken ayni zamanda da Fen egitimi alaninda doktora yapmaktadirlar. Bu ¢alismanin ilk haftasinda,
miihendislik tasarim siireci hakkinda katimci 6grenciler bilgilendirilmistir. ikinci haftada, arastirmacilar tim
gruplara miihendislik tasarim siirecine dayanan érnek bir etkinlik uygulamiglardir. Bu sayede her 6grenci tasarim
sureci ile ilgili bir deneyim kazanmustir. Takip eden haftalarda ise her sinif seviyesi igin etkinlikler uygulanmistir.
Ogrenciler, her sinif seviyesinde arastirmacilar tarafindan fen program Unitelerine uygun olarak tasarlanan
etkinlikleri gergeklestirmislerdir. Uygulama sureci ve etkinlikler Tablo (2) de sunulmustur.
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Tablo 2.
Uygulama Siiregleri ve Etkinlikler
Haftalar  Siire Uygulama
1.Hafta 1ders s'aati Ogrencilerin secimi ve miihendislik tasarim siirecine giris yapma
(40 dakika)
Besinci sinif diizeyinde 6rnek bir etkinlik yapma
1 ders saati Altinci sinif dlizeyinde 6rnek bir etkinlik yapma
2.Hafta (40 dakika) Yedinci sinif diizeyinde 6rnek bir etkinlik yapma
Sekizinci sinif diizeyinde 6rnek bir etkinlik yapma
Besinci sinif duizeyinde etkinlik uygulama
2 ders saati Altinci sinif diizeyinde etkinlik uygulama
3.Hafta (80 dakika) Yedinci sinif diizeyinde etkinlik uygulama

Sekizinci sinif diizeyinde etkinlik uygulama

Calismada arastirmacilar tarafindan Fen Bilimleri Unitelerine uygun olarak her bir seviyede hazirlanan

etkinlikler 6grenciler tarafindan uygulanmistir. Uygulanan etkinlikler Tablo (3) de sunulmustur.

Tablo 3.
Miihendislik Tasarim Siirecinde Uygulanan Etkinlikler
Sinif  Unite-igerik Kazanimlar Etkinlik
Kuvvetin Surtlinme kuvvetinin gesitli ortamlarda hareketi
BaylklGginln engelleyici etkisini deneyerek kesfeder ve surtiinme Parasiit

5 Olgiilmesi / Fiziksel kuvvetine glnlik yasamdan 6rnekler verir. 3
Olaylar- Strtinme yapalm
kuvveti

Bileske kuvveti agiklar
Bir cisme etki eden birden fazla kuvveti deneyle ve
gizimle gosterir.
Kuvvet ve Hareket / Dengelenmis ve dengelenmemis kuvvetleri, cisimlerin .
6 Fiziksel Olaylar- hareket durumlarini gézlemleyerek kesfeder ve Bir mancinik
Bileske kuvvet karsilastirir. yapalm
Kinetik ve potansiyel eneriji tiirlerinin birbirine
donlstugini orneklerle aciklar ve enerjinin korundugu
sonucunu gikarir.

Kuvvet ve enerji /

7 fiziksel olaylar Kati basinci etkileyen degiskenleri ve bu degiskenler En duyarli
Kuvvet-kati basing arasindaki iliskilerin analizini kesfedin. kamyon
iliskisi
Basit Makinalar/ Basit makinelerin glinlik yasamdaki kullanim alanlarina

8 fiziksel olaylar ornekler verir. Ayarlanabilir

Basit makinelerden vyararlanarak ginlik yasamda is
kolayligi saglayacak bir diizenek tasarlar ve yapar.

Pota

Etkinlik slirecinde 6ncelikle 6grencinin lzerinde galisacagl problem senaryosuna bagh uygun bir problem
verilmis ve 6grencinin istenilen problemi tespit etmesi saglanmistir. Daha sonra her bir etkinlik igin, arastirmacilar
tarafindan hazirlanan gerekli materyaller ve diger alternatif materyaller &grencilere verilmistir. Ogrencilere
tasarimlari igin kullanmak istedikleri malzemeleri se¢me konusunda 6zgiir olduklari séylenmistir. Her etkinlik 2
ders saati boyunca gerceklestirilmistir (80 dakika). Aktivite siireci boyunca, dnceden hazirlanmis olan gozlem

860



Hikmet SURMELI et al.— Gukurova Universitesi Egitim Fakiiltesi Dergisi, 47 (2), 2018, 844-872
formu arastirmacilar tarafindan kullanilarak her grup i¢in notlar almislardir ve bu sekilde veriler elde edilmistir.
Tasarim etkinliklerini bitirdikten sonra 6grencilerden goriisme formunu doldurmalari istenmistir.

Bir Etkinlik Ornegi: Ayarlanabilir Basketbol Potasi

Sinif: 8

Birim: Basit Makineler / Fiziksel olaylar

Amag: Ayarlanabilir bir yikseklige sahip bir basketbol potasi tasarlamak.

Problem senaryosu: Okulda farkl yas gruplarindan 6grenciler var ve bu onlarin farkl boy uzunluklarina sahip
olduklari anlamina geliyor. Bu kiicik ve kisa boylu 6grenciler igin bir problemdir; Béylece, ayarlanabilir bir
basketbol potasina ihtiya¢ vardir. Goreviniz, kullanicilarin boylarina gore ayarlanabilir bir pota tasarlamaktir.
Tasarim siirecinde kullanabileceginiz malzemeler asagida verilmistir.

Kriterler: Projenize baslamadan dnce bir basketbol potasinin normal boyu ile yetiskin bir insanin ortalama
boyu arasindaki farki arastiriniz. Tasarlayacaginiz pota gergek boyutlarda olmayacagi icin matematiksel orani
kullanarak pota boyunuzu, yas gruplarina gore hesaplayiniz. Basketbol potasinin yerden yiksekligi 3.05 cm’ dir.
Ortalama bir yetiskin boyu ise 172.6 cm’ dir.

Yas  Bjr erkegin ortalama boyu

10 137 cm
11 143 cm
12 150 cm
13 156 cm
14 162 cm
15 168 cm

2 Adet dikis ipi makarasi
Kalin palet lastigi

Mukavva

Tahta gubuk ( ince ve kalin)
Sert stinger

Malzemeler Yap|§t|r|C|' .
2 adet enjektor
Baglanti hortumu
Zeytinyagi

Su

ip

o O O 0O 0 0 0 0 O O O
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Tasarim fotograflar
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Bulgular

Gozlem Formlari ile ilgili Bulgular

Tablo 4, arastirmacilarin gozlemlerini kaydettigi formlardan elde edilen verileri gostermektedir. Gézlem
formundaki her madde az, orta ve ¢ok olarak derecelendirilmistir. Her grup icin toplam puanlar tablo 4'te
verilmistir.

Tablo 4'te gozlemler ile ilgili bulgularda géruldugi tizere sekizinci sinif 6grencileri en yliksek puana ulagmistir.
Altinci ve yedinci sinif 6grencilerinin seviyelerinin birbirine yakin oldugu ve besinci sinif 6grencilerinin puanlarinin
en disik oldugu bulunmustur.

Go6zlem sonuglari, btlin gruplarin en ¢ok fikir Gretirken zorlandiklari, ancak bir fikir bulduktan sonra, bunlari
degerlendirmede ve tasarim igin materyalleri kullanirken hicbir problem yasamadiklarini gostermistir. Besinci
sinif 6grencilerinin tasarim gizerken zorlandiklari ancak diger siniflardaki 6grencilerin gizimi kolayca yapabildikleri
gorilmuistir. Tasarimi  olusturma ve degerlendirme asamalari tim gruplar tarafindan basariyla
gerceklestirilmistir. Besinci sinif 6grencilerinin, tasarimlariyla ilgili gozlemlerinden verileri elde etmede
zorlandiklari ancak diger sinif 6grencilerinin verileri rahatlikla elde ettikleri gézlemlenmistir. Bununla birlikte,
sekizinci sinif 6grencileri disinda, diger siniflardaki 6grencilerin tasarimlarinda degisiklik ve tasarimi tekrar
deneyebilmede zorluk cektikleri gorilmustar.
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Tablo 4.
Gézlem Formlari ile llgili Bulgular

5.Sinif 6. Sinif 7. Sinif 8.Sinif
o1 02 o1 02 o1 02 o1 02
Maddeler G1 G2 G3 G4 T G1 G2 G3 G4 T G1 G2 G3 G4 T G1 G2 G3 G4 T
.Ogrenul.er problemi kendi climleleri ile 3 3 3 3 12 3 3 ) 1 9 3 ) 3 ) 10 3 3 3 3 12
ifade ettiler.

Ogrenciler yapilmis calismalari diisiiniip
arastirma istegi duydular.

Ogrenciler problemi ¢cdzmek igin farkli
yollar dusinduler.

Ogrenciler ise yarayacak farkli fikirler
olusturdular.

Ogrenciler bu fikirlerin olumlu ve olumsuz
yonlerini degerlendirebildiler.
Ogrenciler bu fikirlerden birisine karar
verebildiler.

Ogrenciler secilen fikir Gizerinde
tartigabildiler.

Ogrenciler materyalleri belirleyebildiler. 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12

Ogrenciler materyalleri kullanabilecekleri
bir tasarim cizebildiler.

Ogrenciler tasarimi olusturabildiler. 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12

Ogrenciler tasarimin nasil calistigini
degerlendirebildiler.

Ogrenciler tasarimi bircok kez
deneyebildiler.

Ogrenciler tasarim ile ilgili gdzlemlerini
kaydedebildiler.

Ogrenciler test sonuglarina bagli olarak
tasarimda degisiklikler yapabildiler.

3 3 3 3 12 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12
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Ogrenalgr fjeg|§t|rd|k|er| tasarimi tekrar 3 ) 5 1 8 5 3 2 1 8 3 5 5 1 8 3 3 5 5 10
deneyebildiler.
Ogrenciler olusturduklari Griini diger 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12 3 3 3 3 12

gruplara anlatabildiler.

Toplam Puan 45 41 41 37 164 | 46 45 44 40 175 | 48 43 44 37 174 | 48 48 46 44 186
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Gorisme ile ilgili Bulgular

Uygulama sonrasi 6grencilere uygulanan gériisme formundaki birinci soru, "Tasariminizi hangi asamalardan
gegerek yaptiniz?" sorusudur. Ogrencilerin bu soruya verdikleri cevaplar, Tablo 5'de 6zetlenmistir; 6.sinif
seviyesinde 1. okuldaki grup 1 6grencilerinin tiim tasarim asamalarini gergeklestirdikleri gortlmektedir. Tim
seviyelerde, gruplardaki tim égrenciler tasarimi olusturabilmistir. Ogrencilere gére siirecin en zor kisminin
problemi belirleme, tasarim gelistirme asamasi oldugu goriilmektedir.

Tablo 5.
Tasarim asamalari ile ilgili 6grenci goriisleri

5.Sinif 6.Sinif 7. Sinif 8. Sinif

o1 02 01 02 01 02 01 02
Tasarim Siiregleri Gl G2 G3 G4 Gl G2 G3 G4 Gl G2 G3 G4 Gl G2 G3 G4
Problemi belirledik 1 1
Tasarimi hayal ettik 3 2 3 2 3
Tasarimi planladik 1 3 2 2 2 3 2 3
Tasarimi olusturduk 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Tasarimi kontrol ettik 3 3 3 3 1 3 3 3 2 1
Tasarimi gelistirdik 1 2 1

Gorusme formunun ikinci sorusu “Tasariminiz diistindigiiniz gibi oldu mu? Hayir, ise neden?” sorusudur. Bu
soruya 6grencilerin verdikleri yanitlar asagidaki tablo 6’da sunulmustur.

Tablo 6.
Ogrencilerin hayallerindeki tasarimi yapma durumlari ile ilgili gériisleri

Okul Sinif Grup Evet Hayrr  Kismen

f f f Nedenleri
01 G1 3
5 G2 3
02 G3 3
G4 2 1 Problem ¢o6ziildi, ama tasarim estetik degildi
G1 3
01 Tasarim siirecinde bir sorun vardi ama
6 G2 2 1 problem ¢oziildu
02 G3 2 1 Problem ¢ozllmedi
G4 3 Problem ¢ozllmedi
o1 G1
7 G2
02 G3
G4 3 Problem ¢éziilmedi
01 61
G2 2 1
8 Tasarim siirecinde bir sorun vardi ama
02 G3 3 problem ¢ozildu
G4 2 1 Problem ¢6ziildii, ama tasarim estetik degildi
Toplam Ogrenci Sayisi 37 8 3
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Calismaya iki okul, 16 grup g¢alismasindan toplam 48 &6grenci katilmistir. Tablo 6 da goruldigi gibi bu
ogrencilerden 37’si tasarimlarini begendiklerini ve dustindikleri gibi bir tasarim gergeklestirdiklerini ifade
etmislerdir. 8 0Ogrenci hayir derken 3 06grenci kismen gergeklestirdiklerini sdylemislerdir. Nedenleri
incelendiginde, altinci ve yedinci sinif 6grencilerinden hayir diyenlerin olusturduklari tasarimlarin probleme
¢6zim olusturmadigini ve dusundikleri gibi gerceklesmedigini belirttikleri gorilmektedir. Alti ve sekizinci sinif
ogrencilerden tasarimlarinin kismen dustindikleri gibi oldugunu soyleyenler ise neden olarak, problemi
¢6zmelerine ragmen tasarimi gergeklestirirken sorunlar yasadiklarini belirtmislerdir. 5. Sinif ve sekizinci sinif
ogrencilerinden kismen ya da hayir cevabini verenler, neden olarak problemi ¢cozmelerine ragmen tasarimlarinin
dusiindukleri kadar estetik olmadigi gérusuni belirtmislerdir.

Gortusme formunun Gglincli sorusu “Tasariminiz amacina ulasti mi? Hayir, ise neden?” sorusudur. Bu soruya
ogrencilerin verdikleri yanitlar asagidaki tablo 7’de sunulmustur.

Tablo 7.
Tasarimin amacina ulasip ulasmamasi ile ilgili gériisler

Okul Sinif Grup Evet Hayir

f f Nedenleri
Gl 3
01
G2 3
5
G3 3
02
G4 1 2 Problem ¢6zme uygunlugu
Gl 3
01 , .
6 G2 2 Problem ¢6zme uygunlugu
02 G3 3 Problem ¢6zme uygunlugu
G4 2 Problem ¢6zme uygunlugu
Gl 3
01
G2 3
7
G3 3
02
G4 3 Problem ¢6zme uygunlugu
Gl 3
01
8 G2 1 2 Materyali kullanma sorunu
G3 3
02
G4 3
Toplam 6grenci sayisi 36 12

Calismaya katilan 6grencilerin 36’sI tasarimin amacina ulastigini ifade ederken 12 6grenci bunun disinda goris
bildirmistir. Altinci sinif seviyesindeki tasarim g¢alismasina katilan G3 6grencileri ile 7. Sinif tasarim ¢alismasina
katilan G4 6grencilerinin tamami tasarimlarinin amacina ulasmadigini beyan etmislerdir. Bunun nedeni olarak da
yaptiklari tasarimin problemin ¢6ziimiine uygunluk tasimadigini belirtmislerdir. Sekizinci siniflardan G2
ogrencilerinin ikisi ise materyalli dogru kullanamadiklari igin tasarimlarinin amacina ulasmadigini belirtmislerdir.
Tasarimlarinin uygun olmadigini diisiinen diger gruplardaki dort 6grencide problemi ¢dzmek igin yaptiklari
tasarimin yeterli olmadigini séylemislerdir.

Gorisme formunun dordiincli sorusu olan “Tasariminizi gercgeklestirirken zorluklarla karsilastiniz mi?
Karsilastiysaniz nelerdir?” sorusu ile ilgili 6grenci gorislerine bakildiginda 6grencilerin neredeyse tamaminin
materyal kullanma ile ilgili sorun yasadiklarini belirtmislerdir. Tablo 8'de sonuglar verilmistir.
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Tasarim sirasinda karsilasilan zorluklar ile ilgili gériisler
Okul Sinif Grup E\;et Hafylr Nedenleri
o1 G1 3
G2 3
> G3 3 Materyal kullanma sorunu
02 Materyal kullanma sorunu
G4 3 e
Isbirligi yapmamak
o1 Gl 3 Materyal kullanma sorunu
6 G2 3 Materyal kullanma sorunu
02 G3 2 1 Materyal kullanma sorunu
G4 3 Materyal kullanma sorunu
o1 G1 3 Materyal kullanma sorunu
7 G2 3 Materyal kullanma sorunu
02 G3 3 Materyal kullanma sorunu
G4 3 Materyal kullanma sorunu
o1 G1 3 Materyal kullanma sorunu
8 G2 3 Materyal kullanma sorunu
02 G3 3 Materyal kullanma sorunu
G4 3 Materyal kullanma sorunu
Toplam &grenci sayisi 41 7

Gorisme formunun besinci sorusu “Tasarimi tekrar tasarlamaniz gerekirse degisiklik yapar miydiniz? Neden?”
sorusudur. Bu soruya 6grencilerin verdikleri yanitlar asagidaki tablo 9’da sunulmustur.

Tablo 9.

Tasarimin yenilenmesi ile ilgili gériisler

Okul Sinif Grup E\:cet Hafylr Nedenleri
G1 2 Materyal Degisikligi
01
s G2 3 -
G3 3 Tasarim Degisikligi
02
G4 3 Tasarim ve Materyal Degisikligi
o1 G1 1 2 Tasarim Degisikligi
6 G2 3 Tasarim ve Materyal Degisikligi
G3 1 2 Tasarim Degisikligi
02
G4 2 1 Materyal Degisikligi
Gl 2 1 Materyal Degisikligi
01
7 G2 2 1 Materyal Degisikligi
G3 3 -
02 v . v
G4 3 Materyal Degisikligi
G1 Gorsel Degisiklik
01 8 v . v
G2 Materyal Degisikligi
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02 G3 3 Materyal Degisikligi, Gorsel Degisiklik
G4 2 1 Gorsel Degisiklik
Toplam 6grenci sayisi: 33 15

Tablo 9 incelendiginde 33 06grencinin bu soruya evet cevabi verdigi ve en ¢ok materyal degistirmek
istediklerini belirttikleri goriilmektedir. Bes ve altinci siniflarin materyalle beraber tasarim degisikligi de istedikleri
gorilurken, daha iyi tasarim yapma becerisi gdstermis olan yedi ve sekizinci sinif farkl materyal kullanma ve daha
estetik tasarim yapmayi istedikleri goriilmektedir.

Tartisma ve Oneriler

Cok sayda arastirmaci muhendislik tasarim sirecinin lise 6grencilerine Ulniversiteye baslamadan 6nce
gosterilmesi gerektigi konusunda hemfikirdir (Carr & Strobel, 2011; Denson, 2011). Bu egitimlerin mihendis gibi
distinme becerisi, elestirel disiinme becerisi ve bilgi kazandirdigini vurgulanmaktadir (Carr & Strobel, 2011,
Hynes, 2012). Ancak, bazi egitimciler, 6grencilerin tasarim calismalarina lise seviyesinden 6nce katilmalari
gerektigini savunmaktadir (Hynes, 2012). Bu baglamda, standart 6gretime mihendislik tasarim ilkelerinin dahil
edilmesi ile yasa uygun olarak muhendislik tasarim uygulamalari 4.sinif gibi erken sinif diizeylerinde
baslayabilmektedir (Sneider, 2011).

Bu ¢alismada giincel fen mufredatina dayali olarak ortaokul 6grencilerine miihendislik tasarim sireci
uygulanmistir. Veriler gozlem ve goriisme formlarindan elde edilmistir. Gézlemden elde edilen sonuglar, ortaokul
Ogrencileri arasinda en ylksek puanlarin sekizinci sinif 6grencilerine ait oldugunu géstermistir. Altinci ve yedinci
sinif 6grencilerinin puanlarinin benzer oldugu ancak besinci sinif 6grencilerinin en disiik puani aldigi gérilmustir.
Bu sonuglar miihendislik tasariminin alti, yedi ve sekizinci siniflarda 6gretilmesi gerektigini gostermektedir.

Muhendislik tasarim siirecglerinin ortadgretim programlarina dahil edilmesi Fen Bilimleri programinda (MEB,
2018) da o6nerilen probleme dayali, yaparak yasayarak ve sorgulamaya dayal etkinliklerin gerceklestirilmesini
saglamaktadir (Carr ve Strobel, 2011). Bu 6gretim modelleri 6grencilerin problem ¢6zme, karar verme, takim
calismasi ve elestirel disinme becerilerinin gelistirmesini saglar ve ayni zamanda 21. Yizyil becerileri olarak
kabul edilen mihendis gibi diisiinme ve 6z denetim becerilerini edinmelerin (Denson, 2011; Dym, et al., 2009).
Ayrica, miihendislik tasarim etkinlikleri 6grencilerin fen ve matematik icerigini anlaml bir sekilde uygulamalarina
yardimci olur (Chae, Purze & Cardolla, 2010; Car & Strobel, 2011).

Muhendislik tasarim faaliyetleri boyunca, 6grenciler problemleri tanimlar, ¢éziimler Uretir, bir tasarimin
¢o6zlimiine karar verir, tasarimi gizer, trln( tasarlar, tasarimla ilgili verileri elde eder ve daha sonra Urlinlerini
tekrar test eder ve yeniden tasarlarlar. Gzlem sonuglari, sadece besinci sinif 6grencilerinin tasarimlari gizmek ve
tasarimla ilgili verileri elde etmekte zorluk gektigini ancak diger siniflardaki 6grencilerin bunlari kolaylikla
yapabildiklerini gostermektedir. Ancak, King ve English (2016) optik muhendislik gorevi verilen besinci sinif
Ogrencilerinin  mihendislik gorevini basariyla tamamlayabildiklerini tespit edilmislerdir. Bu g¢alismada
arastirmacilar taslak ¢izim agsamasinin dnemini vurgulamis ve 6grencilerin, ¢izimlerini tamamlamalari igin tesvik
edilmeleri gerektigini belirtmislerdir. Zhou ve arkadaslari da (2017) calismalarinda, uygulamali mihendislik
tasarim etkinliklerinin taslak ¢izim olusturmada Ogrencilerin 6z-yeterlikleri Uzerindeki potansiyel etkisini
vurgulamislar ve ortaokul 6grencileri igin oyuncak tasarim aktivitelerini gercek diinya problemleriyle birlikte
kullanmiglardir. Mevcut ¢alismada, besinci siniflar icin gézlem formundan elde edilen sonuglar géz 6ninde
bulunduruldugunda, tasarim siirecini uygulamak icin bu yas diizeyine yonelik daha uygun tasarim faaliyetleri
Onerilebilir.

Arastirmacilar, mihendislik tasarim slirecinin dnemli bir bileseninin tasarim oldugunu soylemektedirler
(Davis, et al., 2000). Bu calismada genel olarak, tasarim olusturma ve degerlendirme asamalarinin tiim gruplar
tarafindan basarili bir sekilde gerceklestirilebildigi gozlemlenmistir. Benzer sekilde, gériismelerden elde edilen
bulgular, tim 0Ogrencilerin tasarim asamasini gerceklestirebildigini gostermistir. Bircok 6grenci tasarimlarini
begendiklerini ve bekledikleri gibi gerceklestirdiklerini ifade ederken, az sayida 6grenci dusindikleri gibi
gerceklestiremediklerini belirtmislerdir. Ancak, arastirmacilarin gozlemleri sekizinci siniftakiler harig, tim
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ogrencilerin yeniden tasarlama asamasinda zorluk yasadigini gostermistir. Buna karsilik, gériisme sonuglari,
ogrencilerin tasarimlari tekrar tekrar olusturdugunu ve farkli materyaller kullanarak bazi degisiklikler yaptiklarini
ortaya koymustur. Alti ve yedinci sinif 6grencileri, iyi tasarimlar yaptiklarini ve estetik agidan giizel Grinler
olusturduklarini belirtmislerdir. Bu sonuglar, arastirmacilarin ve 6grencilerin beklentilerinin yeniden tasarlama
adimlarinda farkl oldugunu gostermektedir. Arastirmacilar tasarim siirecini, tasarimda diizenleme saglamak igin,
tekrarli bir sureg olarak tanimlar. Bu slregte, 6grenciler Urlinl gelistirmek igin slirekli olarak denemeler yaparlar
(Davis, et al., 2000; Gaskins, et al., 2015) ve miihendislik tasarim siirecinin 6zelliklerini anlar ve tanimlarlar (Zhou,
et al., 2017). Yinelemenin 6nemini gostermek icin, Zhou ve arkadaslari (2017) uygulamali oyuncak tasarim
etkinliklerini uygulamis ve ortaokul 6grencilerinin 6z yeterliklerinin yineleme ve prototip yapma sonucunda
arttigini bulmuslardir. Looijenga ve arkadaslari da (2015) ¢ocuklarin oyun davranislari Uzerine bir g¢alisma
yuruterek yinelemenin gocuklarin dogal 6grenme tarzlarina uygun oldugunu vurgulamiglardir.

Bu calismada, ogrenciler, problemi tanimlama, arastirma yapma, tasarlama, planlama ve gelistirme
asamalarinin daha az farkinda olduklarini ifade etmiglerdir. Gézlem sonuglari ayni zamanda besinci sinif
ogrencilerinin tasarimla ilgili verileri elde etmede de zorlandiklarini ortaya koymustur. En az farkinda olduklari
tasarim adimlarina ragmen, 6grencilerin cogu tasarim siirecinde amaglarina ulastiklarini ifade etmislerdir. Yine,
fikirleri degerlendirmek veya materyalleri segmek ve kullanmak ile ilgili herhangi bir sorun yasamadiklarini
soylemislerdir. Bun karsilik, olusturduklari tasarimin problemi ¢ézme agisindan uygun olmadigini belirtenlerin
birkagi, materyalleri dogru kullanma konusunda problem yasadiklarini belirtmislerdir. Sonug olarak, gruplarin
toplam puanlari, tiim 6grencilerin fikir olusturmada zorluk gektiklerini, ancak bir ¢6ziim bulduktan sonra bunlari
degerlendirme ve olusturma konusunda higbir problem yasamadiklarini goéstermistir. Yapilan g¢alismalar da,
ogrencilerin tasarim uygulamalarinda deneyim kazandiklari takdirde tasarim siirecinin 6nemli yonlerini
anlayabildiklerini vurgulamaktadir (English, et al., 2012; Mentzar, et al., 2015; Zhou, et al., 2017).

Bu galismanin, fen egitiminde mihendislik tasarim etkinliklerini hazirlarken 6gretmenlerin dikkate almasi
gereken faktorleri belirlemeye yonelik etkileri vardir. Bu ¢alismanin sonuglari, 6grencilerin mithendislik tasarim
sirecindeki performansini etkileyen en 6nemli faktorlerden birinin 6grencilerin sinif seviyeleri oldugunu
gostermistir. Ornegin, alt siniflarda yer alan grenciler problemi tanimlama, veri elde etme, tasarimi gizme,
materyalleri kullanma ve yeniden tasarlama asamalarinda guglik g¢ekmislerdir. Buna karsilik, 6grencilerin
miihendislik tasarim slrecinin uygulanmasi ile ilgili olumlu gorislere sahip olduklari tespit edilmistir. Bu ¢alisma,
ogrencilerin becerilerini gelistirmek icin, ortaokul 6grencilerinin tasarim programlariyla ilgili daha fazla calismaya
katilmalari gerektigini 6nermektedir. Bu nedenle Denson'un (2011) 6nerdigi gibi, arastirmacilar 6grencilerin
yasina ve becerilerine uygun miihendislik tasarim standartlarini gelistirmek icin isbirligi yapmalidir.

Bu calisma, tasarim etkinlikleri ortaokul fen mifredatinin 6grenme kazanimlarina uygun olarak olusturuldugu
icin fen bilimleri 6gretmenleri agisindan da dnemlidir. Bu tir etkinlikler fen derslerinde kullaniimak {izere dikkate
alinabilir. Mihendislik tasarim sireglerinin programa basarih bir sekilde dahil edilmesi, fen bilimleri
O6gretmenlerinin bilgi, beceri ve davranislari da 6nemli faktorlerdir (Dux, 2015). Bu baglamda, 6gretmen
yetistirme programlarinin mihendislik tasarim uygulamalarini dikkate alacak sekilde gézden gegirilmesi ve
o6gretmen adaylarina ve 6gretmenlere yonelik yeni arastirmalarin planlanmasi 6nerilmektedir.
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