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ABSTRACT

THE EFFECT OF ENGINEERING DESIGN-BASED SCIENCE
INSTRUCTION ON 6TH-GRADE STUDENTS' ASTRONOMY
UNDERSTANDING AND ENGINEER CAREER INTERESTS

Baspinar, Pmar
Master of Science, Science Education in Mathematics and Science Education
Supervisor : Prof. Dr. Jale Cakiroglu

December 2022, 183 pages

The aim of this study was to investigate the effects of engineering design-based
science education on 6th-grade students' understanding of astronomy concepts and
engineer career interests. The study was administered to 6th-grade students (N=37)
in a public school which is located in Kilis, Merkez. Using the convenient sampling
method, a school was determined among the public schools in the Merkez district
of Kilis, which was determined as the sample of the study. The study was operated
as a one group pre-test post-test experimental design, and engineering design-based
instruction which was prepared regarding 6th grade "Solar System and Eclipses”
unit objectives, was administered to all participants. In the study, using the
quantitative research method, the students' understanding of astronomy concepts
and engineer career interests were operated through the pre-test and post-test
application. Statistical analyzes were implemented in order to investigate the effect
of engineering design-based astronomy instruction on students' understanding of
astronomy concepts and engineer career interests. The results of the present study
showed that there is a significant mean difference between the pre-test and post-test
mean scores of students taught with engineering design-based instruction (EDBI)

with respect to students’ understanding of astronomy concepts. Moreover, there is a



significant mean difference between gained interest pre-test and post-test scores of
students taught with engineering design-based instruction (EDBI) with respect to
students’ engineer career interests.

Keywords: Engineering Design-based Science Education, Astronomy Education
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0z

MUHENDISLIK TASARIM TEMELLI FEN EGITIMININ 6. SINIF
OGRENCILERININ ASTRONOMi KAVRAMLARINI ANLAMALARINA
VE MUHENDISLIiK MESLEK ILGILERINE ETKIiSi

Bagpinar, Pmar
Yuksek Lisans, Fen Bilimleri Egitimi, Matematik ve Fen Bilimleri Egitimi
Tez Yoneticisi: Prof. Dr. Jale Cakiroglu

Aralik 2022, 183 sayfa

Bu calismanin amaci mihendislik tasarim temelli fen egitiminin 6. smif
ogrencilerinin astronomi kavramlarini anlamalarina ve mithendislik meslek ilgilerine
yonelik olan etkilerini incelemektir. Calisma Merkez, Kilis ilgesinde bulunan bir
devlet okulunda bulunan 6. smif 6grencilerine (N=37) uygulanmigtir. Uygun
ornekleme yontemi kullanilarak, ¢alismanin 6rneklemi olarak belirlenen Kilis ilinin
Merkez ilgesinde bulunan devlet okullari igerisinden bir okul belirlenmistir. Calisma
tek grup On test son test deneysel ¢alisma deseni olarak yonetilmistir ve biitiin
katilimcilara 6. simif “Giines Sistemi ve Tutulmalar” tinitesindeki kazanimlari iceren
mithendislik tasarim temelli 0gretimi uygulanmistir. Calismada nicel arastirma
yontemi kullanilarak, ontest ve sontest uygulamasi ile Ogrencilerin astronomi
kavramlarmi anlamalar1 ve miihendislik meslek ilgileri belirlenmistir. Kullanilan
mithendislik tasarim temelli astronomi G6gretiminin  6grencilerin  astronomi
kavramlarin1 anlamalarina ve mithendislik meslek ilgisine olan etkisini incelemek
amaci ile istatiksel analizler yapilmistir. Bu ¢alismanin sonucunda, mihendislik
tasarimma dayali fen ogretimi uygulanan ogrencilerin astronomi kavramlarini
anlamalarinda 6n test ve son test puan ortalamalar1 arasinda anlamli bir fark

oldugunu gostermistir. Ayrica, mithendislik tasarimina dayali fen 6gretim uygulanan

vii



ogrencilerin miithendislik kariyer ilgisi kazanimlarinda 6n test ve son test puanlarinin

ortalamalas1 arasinda anlamli bir fark bulunmustur.

Anahtar Kelimeler: Mihendislik Tabanli Fen Egitimi, Astronomi Egitimi
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The developing world brings improvements in the science and technology fields.
When we look at the last century, it is seen that the science and technology area has
developed more. This situation requires more people who can support from the basic
to advanced level of science. The 21st century needs more creative and innovative
employees. The countries should educate individuals, especially young children,
regarding 21st century needs in order to cope with developing science and
technology. The countries should give special importance to science education in
order to train people who can handle 21st century needs such as producing
information, technology literacy, and innovation (Marrero, Gunning & Williams,
2014). Science education is important for both individual and national aspects. When
looking at the individual aspect, science education provides people with a chance to
develop themselves. This situation affects national goals such as producing
technology, quality of education, and catching the need of the last century.
Developing science and technology directly affected countries’ points of view on
science education. Nearly the whole world needed to revise their current national
science education curriculum accordingly, developing technology, science, and their
needs (Percy, 1998). Current curricula commonly do not give attention to 21st-
century needs such as being science literate, critical thinking, or collaboration.
However, for instance, if the country wants to be able to produce technology, it
should aim individuals to be scientifically literate. In this line, science education
reforms were key points of gaining those innovative skills from a little age of

children. In other words, both developments and changes in science and technology



have revealed the importance of revision of education policies of countries;
therefore, most of the countries have revised their science education curricula
(Tabaru, 2017).

Turkish science curriculum also has been revised accordingly to the needs of present
situations. Science curriculum had new goals which were parallel to 21st century
needs, such as being scientifically literate, technology literate, and entrepreneurship.
The remarkable point of the 2018 science education curriculum was integrating
engineering education into the curriculum with objectives (MONE, 2018). When
looking at the objectives, the science curriculum not only focused on 21st century
needs but also aimed to gain students' engineering practices with the help of
engineering design process activities which were integrated into the curriculum. This
education curriculum emphasized the importance of interdisciplinary teaching of
Science and Engineering fields. However, giving the engineering field only within
objectives is missing part of the 2018 science curriculum because this is not
sufficient for integrating engineering into science education (Hacioglu, Yamak &
Kavak, 2016).

The engineering design-based science education has been proposed as a sufficient
integrated method of the engineering field into the science curriculum (Barnett,
Connolly, Jarvin, Marulcu & Rogers, 2008). This approach has taken place in
STEM-based instruction, which includes science, technology, engineering, and
mathematics disciplines. The approach aims to provide science classes with products
that will solve the situations they may encounter in real life. In addition, engineering
desing-based science education aims to provide students with a process that enables
them to think like engineers when finding solutions to real-life problems. The
engineering design process organizes this process and provides working like an
engineer while finding a solution to a problem (Daugherty, 2012). On the other hand,
engineering design-based science education improves students' 21st century skills
because to be able to complete the engineering design process successfully, students
should make brainstorming, think critically, and communicate (Ercan & Bozkurt,

2013). The engineering design-based science education is an effective method to



increase students' success in science lessons and to motivate them to science and

engineering disciplines (Hacioglu, Yamak & Kavak, 2016).

The engineering design process (EDP) is helpful for integrating engineering
discipline into K-12 education (Hynes, Portsmore, Dare, Milto, Rogers, & Hammer,
2011). EDP activities help the student think like an engineer, design a product and
then develop products in order to make the product more useful. The aspect of design
is one of the basic aspects of the engineering field. In other words, engineering
cannot be completed without the design process (Cunningham & Hester, 2007). The
EDP enables children to apply their theoretical science knowledge to daily life
context (Altan & Karahan, 2019).

EDP follows its own steps, which organize the design process. The steps of EDP
may vary from engineer to engineer (NRC, 2012). In other words, these steps are not
fixed with only one structure; on the contrary, they are flexible and reversible. The
organization of EDP steps has multiple forms that have both common and different
frames. The model of Tayal (2013) has eight steps which cover defining the problem,
background research, specifying possible solutions, choosing the best solutions,
developing solutions, building, and testing, and redesigning the prototype. The other
model of EDP is the model of Valuano, and Yerraballi (2014) has five steps
followed: analyzing the problem, designing, developing, and testing the solution, and
lastly, the deployment step. The last step of the model, which is different from most
of the other models, enables the solution to adapt to new requirements. According to
Mosborg et al. (2005), the model of EDP includes the following six steps: defining
the problem, data collection, finding possible solutions, analyzing and evaluating the
solution, choosing the solution, and building and communicating steps. Li, Huang,
Jiang, and Chang (2016) adapted EDP steps to elementary education. The model has
five following steps: defining the problem, developing possible solutions, choosing
the best solution, building a prototype, and testing. The researchers stated that this

model is useful for elementary classes.



Consequently, the researchers commonly framed these steps in the following; “the
definition of the problem”, “finding the possible solutions”, “analyzing and choosing
the best solution”, “building and testing the best solution or prototype”, and if
necessary, returning any previous step. The description of each step was presented
in Table 1.1.

Table 1.1 The Steps of the Engineering Design Process

Engineering Design Process Step  Description

The definition of the problem Students understand and define what the main
problem is and also analyze the problem.

Finding the possible solutions Students develop the solutions for the defined
problem by using engineering skills such as
brainstorming and synthesizing.

Analyzing and choosing the best Students analyze each possible solution according to

solution problem needs and then choose one solution that
matches best with those needs.

Building and testing the prototype  Students work to build a design that meets the
problem requirements. After building, students test
their solutions accordingly criteria of the process.
(Jiang & Chang, 2016)

These steps guide students through the process; also, they lead students to analyze
what the problem is and synthesize the information about the possible solutions for
the problem (Hynes, 2018).

1.1.1 Significance of Study

Although STEM education has been started to use all around the world, the
component of science (S) and technology (T) has been more popular than its other
components in many nations. STEM education is the basis of training citizens who
have greater technical, personal, and 21st-century skills, and engineering, which is

represented with the “E” letter in the STEM acronym, is the key point for growing



people who have 21st-century skills, critical thinking and innovative thinking
(Bybee, 2010; NRC, 2012). Many nations disregard the component of engineering
(E) by not taking place in engineering experiences in schools (English, Hudson, &
Dawes, 2013). However, according to National Research Council (2009b), nations
should train students as future engineers for elementary and middle schools. When
looking at Turkish Science Education, the component of “E” was first defined in the
Turkish science curriculum in 2017. The engineering field was integrated into the
Turkish science curriculum as “Science and Engineering Application” (MONE,
2017). In 2018, the curriculum was revised, and the unit of “Science and Engineering
Application” was removed from the curriculum. The application of engineering was
only given into objectives which were called “Science, Engineering and
Entrepreneurship” applications (MONE, 2018). It is seen that engineering activities
were integrated into the science curriculum; however, the objectives of these
applications are not well-defined. The present study aimed to investigate how to
integrate engineering design-based activities into science classes successfully. On
the other hand, despite high interest in integrating STEM disciplines into lessons,
there is not much research that covers how to integrate components of engineering
(E) into formal lessons in the best way (National Research Council [NRC], 2014).
The present study aimed to contribute to this gap in the literature by developing
engineering design-based activities which were covered dimensions of the

engineering design process.

The students do not choose engineering as a career choice because they have
inadequate perceptions and even inaccurate knowledge about the engineering
profession (Fralick, Keam, Thompson, & Lyons, 2009). Fralick et al. (2009) also
state that engineering-based instruction changes students’ perceptions in a positive
way. It is seen that engineering design-based instructions should be integrated into
the lessons in order to strengthen students’ perceptions about what engineering is;
therefore, their negative views about engineer career choices can be changed. To be
able to grow into well-trained engineers, students should meet with engineering from

ayoung age (NRC, 2009b). Although young ages have more potential for developing



engineering concepts, the studies which have the administration of engineering
design activities are generally carried out with older learners (English & King, 2015).
Therefore, the present study was carried out with young learners who were in 6th
grade and investigated the change in 6th-grade students' engineer career interest after
the implementation of engineering design-based instruction which covers two

engineering design process activities.

The present study integrated engineering design-based instruction into astronomy
topics. When astronomy education was reviewed, the countries have started to give
importance to astronomy education after developing space technologies, and
therefore they have tried to integrate astronomy education into their education
curricula (Percy, 1998). Many national science programs in countries do not have
separate astronomy lessons; in other words, the field of astronomy is either integrated
into the science curriculum as a unit or given as an elective course. In the same way,
the Turkish science education curriculum does not cover astronomy as a separate
mandatory or elective course, and the astronomy field is included in the science
curriculum as a unit. In the 2017 science curriculum, the units containing astronomy
subjects were put at the beginning of the curriculum in all grades (MONE, 2017).
The replacement of astronomy units from the end to the beginning of the curriculum
is one of the necessary aspects of the 2017 science curriculum (Ozcan, Oran & Arik,
2018). This situation shows that the importance given to astronomy issues by the
Turkish education system has increased. The nations have begun to pay attention to
astronomy education; however, students still have trouble grasping the topics that
cover astronomy and have many misconceptions (Adams & Slater, 2000). The
present study selected astronomy topics to improve students' understanding and see

how they would increase their understanding of astronomy topics.

In addition, Arslan and Koparan (2018) stated that astronomy education is a useful
topic for the implementation of STEM education at the elementary level. Acut and
Latonio (2021) claimed that engineering design-based science instruction increases
students' interests and academic performance in the space sciences. Thus, it is seen

that engineering design-based science instruction is important for both growing



prepared students for 21st century needs and supporting the academic performance
of students in the astronomy field. Engineering-based astronomy activities not only
help students gain skills in the engineering design process (analyzing, critical
thinking, brainstorming), but these activities also help the student improve their
understanding of objectives covering astronomy concepts (Voss & Dailey, 2012).
Although engineering design-based science instruction helps to improve
understanding levels of astronomy concepts, there are limited studies in this field. It
is seen that the studies on the development of engineering-based instruction
generally cover environment, electricity, and simple machines topics (Cunningham,
2009). Although it is known that engineering design-based education is suitable for
astronomy subjects and increases the understanding of astronomy concepts, the fact
that there are not many studies on this subject shows why the present study chose the
subject of engineering design-based astronomy education. The present study was
carried out to investigate the change in 6th-grade students understanding levels of
astronomy concepts after the implementation of engineering design-based

instruction.

Lastly, the studies covering examining students’ understanding of the solar system
were not much, and these studies state that learners find the solar system topic
difficult to understand. They not only have difficulties, but also the learners have
many misconceptions about solar system components (Adams & Slater, 2000). The
present study aims to contribute to facilitating the understanding of the solar system
by applying engineering design-based science education because the previous
research showed that engineering design-based science education improves students’
understanding of astronomy concepts. The present study focused on the solar system
topic to investigate the change in 6th-grade students understanding levels after the

implementation of engineering design-based instruction.
1.1.2 Research Questions of Study

1) What is the effect of engineering design-based instruction (EDBI) on 6th-grade

students understanding of astronomy concepts?



a) Is there a significant mean difference between the pre-test and post-test mean
scores of students taught with engineering design-based instruction (EDBI) with

respect to students’ understanding of astronomy concepts?

2) What is the effect of engineering design-based instruction (EDBI) on 6th-grade

students’ engineer career interests?

a) Is there a significant mean difference between gained interest pre-test and post-
test scores of students taught with engineering design-based instruction (EDBI) with

respect to students’ engineer career interests?
1.1.3 Purpose of the Study

The purpose of the present study is to investigate the effect of engineering design-
based instruction on 6th-grade students' understanding of astronomy concepts and
students’ engineer career interests. Students’ understandings of astronomy concepts
and their engineer career interests were determined before and after the
implementation of EDBI. The obtained quantitative data were analyzed by
conducting statistical analysis in order to examine the effect of engineering design-
based instruction on 6th-grade students’ understanding of astronomy concepts and
engineer career interests. In addition, direct quotations of students’ responses were

used in order to support the quantitative data of the present study.
The first null hypothesis of the present study:

e There is no significant mean difference between the pre-test and post-test
mean scores of students taught by engineering design-based instruction

(EDBI) with respect to students’ understanding of astronomy concepts.
The first hypothesis of the present study:

e There s asignificant mean difference between the pre-test and post-test mean
scores of students taught by engineering design-based instruction (EDBI)

with respect to students’ understanding of astronomy concepts.



STEM-based activities improve students’ academic performance in terms of
explaining and describing complex concepts about space science (Acut & Latonio,
2021). Therefore, it was expected to increase students’ understanding of astronomy

concepts after the implementation of engineering design-based instruction.
The second null hypothesis of the present study:

e There is no significant mean difference between gained interest pre-test and
post-test scores of students taught by engineering design-based instruction

(EDBI) concerning students’ engineer career interests.
The second hypothesis of the present study was:

e There is a significant mean difference between gained interest pre-test and
post-test scores of students taught by engineering design-based instruction

(EDBI) concerning students’ engineer career interests.
1.1.4 Definitions of Important Terms

STEM Education: The STEM term consists of four disciplines which are Science,

Technology, Engineering, and Mathematics fields and the approach appears in many
fields all around the world, such as industry, education, and innovation (Marrero,
Gunning & Williams, 2014). STEM Education aims to collaborate these four fields
with each other, not separately; therefore, the education approach mentioned an
interdisciplinary method. According to Bybee (2010), STEM education is the basis

of training citizens who have greater technical, personal, and 21st-century skills.

Engineering Design-based Science Education: Engineering design-based science

education represents the “E” letters of STEM Education. The approach aims to find
solutions to engineering problems which consist of daily life problems (Marulcu, &
Sungur, 2012). Skills and abilities such as 21st-century skills, critical thinking, and
innovative thinking can be developed thanks to the design process (Bybee, 2010).

Engineering Design Process: The design process has the necessary steps to find a

promising solution among many ideas that are about an engineering problem. The



steps include comparing alternative ideas, brainstorming, concluding, designing, and
revising the process if necessary (NRC, 2012). Additionally, the engineering design
process forces individuals' systematical thinking and creativity because there are
different solutions to find a solution to engineering problems (Guzey, Moore &
Morse 2016). The literature has many different definitions of the engineering design
process; however, the definitions generally have common approaches for each step.
Therefore, the design process includes the steps of the definition of the problem,
finding the possible solutions, analyzing possible solutions, and testing and revising
the selected solution (if necessary) (Aydin-Gunbatar, Tarkin-Celikkiran, Kutucu, &
Ekiz-Kiran, 2018).

Engineering Career Interest: It is expected to grow the job market of engineering in

the next decade. Despite of need for engineers in the market, there is a problem with
enrollment in engineering jobs (Dohm & Shniper, 2007). STEM activities are
mentioned as the best option for increasing students’ interest in engineering
professions because these hands-on activities, which are designed for the engineering
process, enable students to practice the engineering profession (Y1lmaz, Ren, Custer
& Coleman, 2009).
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CHAPTER 2

LITERATURE REVIEW

The literature review chapter reviews the literature regarding STEM education,
STEM education in Turkey, integration of engineering into the science curriculum
in Turkey, engineering design process, engineering design-based science education,
STEM-based astronomy education, and engineer career interest of middle students

are presented.
2.1. STEM Education

As technology evolves, the problems facing individuals today has become more
complex and sophisticated. The skills required to solve these problems in daily life
were also differentiating in this direction. It is said that every individual should have
21st century skills such as critical thinking, problem solving, creativity, cooperation
and communication in the context of universal literacy. (Akgiinduz et al., 2015;
Bybee, 2010; Wagner, 2008; Windschitl, 2009). Raising individuals with the
specified skills is possible with a modern and qualified curriculum and education
process (Kiiciikahmet, 1995; Varis, 1996). Science courses are also extremely
important in terms of acquiring the above-mentioned competencies that students

should have.

It becomes necessary to approach the events from different and multiple perspectives
and to use the knowledge in one field by transferring it to other fields in order to
overcome the problems that are difficult to produce solutions with the existing
information. Interdisciplinary integration is necessary in order to approach problems
from multiple perspectives. In this context, it is necessary to create curriculums by

integrating the right disciplines in order to fulfill the requirements of the age. Since
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the nature of the integration of Science, Technology, Mathematics, and Engineering
(STEM), which has become widespread in the field of integration in recent years,
eliminates the boundaries between disciplines, it can be stated that this integration is
compatible with the nature of teaching (Wang, 2012). STEM education aims to
enable students to find solutions to problems they will face in daily life, do
background research. (Beane, 1995; Childress, 1996). And also, STEM education
helps studens to transfer the acquired knowledge to different disciplines and find

possible solutions to problems (Capraro & Slough, 2008; Jacobs, 1989).

In the literature, STEM education is generally examined in terms of its applications,
development, and effectiveness, and it can be said that these studies are mainly
conducted on primary and middle school students (Brown, 2012; Johnson, 2012;
Locke, 2009; Stohlmann, Moore, McClelland, & Roehrig, 2011).

STEM education is seen more prominently in the science curriculum prepared by the
Ministry of National Education of Turkey in 2018. In the new curriculum of the
Ministry, which begins in 4th grade, is designed to help students make the connection
between engineering and science and understand interdisciplinary interaction. In this
curriculum, the engineering field of STEM education, represented as the letter (E),
was also integrated into the curriculum. The curriculum aims for students to
experience science and engineering practices in order to increase the scientific
research and technological development capacity, socio-economic development, and
competitiveness of Turkey. Within the applications of science, engineering, and
entrepreneurship in the curriculum, students are expected to define a daily problem
related to the topics covered in the units. It is desired that the problem is aimed at
improving the tools or designing objects, or systems in encountered in daily life. In
addition, the problems should be worked within the framework of criteria such as
material, time, and cost. (MONE, 2018).

2.2. Engineering Design-Based Science Education

In our modern world, innovations and new technologies emerge every day. With the

developing technology, it has become easier to access information. In the current
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period, education systems have been revised in order to raise individuals who can
use knowledge and produce solutions to problems as well as having knowledge.
Engineering is the process of creating products that produce solutions to problems
by using the findings of science, mathematics, and technology (Bozkurt, 2014).
Engineers create products to apply their knowledge, and while creating products,
they take advantage of the engineering design process. The engineering design
process is also defined as the thinking process in which mathematics and science can
be integrated into the engineering and technology disciplines of real-world problems
(Purzer, Moore, & Dringenberg, 2015).

Engineering design-based science education is a teaching approach that aims to
integrate the engineering design process into the science course. This method
includes designing products that may be the solutions to daily life problems.
However, the emphasized point is not only the product but also the stages such as
finding alternative solutions, deciding on the best solution, and testing the product
are also important (Wendell, 2008). Engineering design-based science education
represents the letter (E) of STEM education; therefore, it is also aimed to establish
interdisciplinary connections with other fields when designing the product. In
particular, the integration of science and engineering is the focus of this approach
because it does not aim to provide direct engineering education but to use the field
of engineering to gain scientific knowledge (Gencer, 2017; NRC, 2012). In other
words, engineering design-based science education expects students to find solutions
by applying their science knowledge to the design process (Cardella, Atman, Turns,
& Adams, 2008). EDBI enables students to work like an engineer by following the
engineering design steps; thus, students can see how an engineer goes through while
producing solutions to problems they may encounter in daily life (Bybee, 2010). In
addition, engineering design-based education helps students to improve their 21st
century skills such as critical thinking, brainstorming, communication. For instance,
during the finding possible solution and choosing the best solution steps, students do

brainstorm by using higher-order thinking skills such as analysis and synthesis
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(Wendell, 2008). Thus, it is suggested that engineering applications should be
integrated into curricula from pre-school (NRC, 2012; English & King, 2015).

2.2.1. Engineering Design Process

The Engineering Design Process includes the process with a start and end interval
followed for the solution of the problem that plays a role in the emergence of a need.
This process provides environments where problem solvers gain 21st-century skills
such as scientific concepts, insights into the field of engineering, communication,
generating new ideas, producing solutions to problems, critical thinking, and
disaggregating information (Schnittka, Bell & Richards, 2010). It enables
individuals who do not accept information as it is and question it to produce different
solutions in the face of events. The engineering design process has an important place
in solving problems because, with this process, individuals will have the opportunity
to realize their daily life problems and use the knowledge they have in order to find
solutions to these problems. The engineering design process is a way of integrating

engineering education into science classes (NAE, 2009).

According to Mentzer (2011), the engineering design process is divided into five
steps. These are; identifying the problem, creating solutions, analyzing and
visualizing data, testing/trying, concluding, and collaborating. In the literature, it is
seen that the engineering design process consists of different stages according to the
teaching levels. The engineering design process for primary school students is
identifying the problem, searching for possible solutions, choosing the most
appropriate solution, making the prototype, and testing the prototype (Bozkurt, 2014;
Ercan, 2014; Wendell et al., 2010; Yasak, 2017). The engineering design process for
high school students is defining the problem, researching the problem, developing
solutions, choosing the best solution, creating a prototype, testing and evaluating
solutions, presenting solutions, redesigning, and completing the decision (Hynes et
al., 2011). It is seen that the stages of the engineering design process increase as the
education level progresses. While the engineering design process consists of 5 stages

at the primary school level, it consists of 9 stages at the high school level. Although
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the engineering design process consists of different stages according to the education
levels, the problem situation, solution generation, and prototyping are handled at all
stages. In this direction, the steps of the engineering design process; identifying the
problem situation and proposing solutions, drawing the draft design, reviewing
possible solutions and choosing the best solution, and making and testing the
prototype. Engineering design steps are examined in detail in the following sections

according to Wendell's engineering design process (Wendell et al., 2010).
Step 1: Status of the Problem

The Engineering Design Process begins with the determination of the problem or
need situation. When the problem situation is the problems encountered in daily life,
it can draw the attention of the students to the subject and create a basis for
meaningful learning. As well as regional problems, global problems can also be
addressed in problem determination. In addition, possible situations can be
considered while determining the problem situation. In other words, when the
problems/needs that students do not encounter in daily life but may encounter in the
future are identified, students may be more willing to work on these problems. After
the problem is determined, a scenario can be prepared for the problem, and students
can be made a part of the problem in the fantasy world and explore the problems. By
presenting the problem situation by the teacher, students can be brainstormed about
the subject, and the development of their imagination and creativity can be
supported. In addition, the problem situation can also be used as scientific process
steps for students to explore. Exploring the problem situation by asking students to
make observations, research, and trips on the determined topic can enable students

to find easier solutions.
Step 2: Finding the Possible Solutions

Students may be asked to do research on solving similar problems before. Necessary
information is collected by making trips, observations, experiments, or resource
searches for the solution of the problem situation. Each possible solution is noted for

consideration.
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Step 3: Choosing the Best Solution

The information obtained as a result of the research can be analyzed by the students,
and the most suitable solution can be selected among the possible solutions. They
can do research about the solution they have determined and give the final form. At
this stage, factors such as cost, success, time, and functionality (fulfilling the task)
should be considered when choosing the most appropriate solution proposal because
the concept of most has no end. An increase in success is desirable, but an increase
in cost and time (production time) is not desirable in the engineering design process.
Also, it is necessary to pay attention to the criteria and limitations for success. In
studies where only one problem scenario is given, problem solving is easily
accessible (Soysal & Lagin-Simsek, 2021). However, in the case of criteria and
limitations, individuals can produce creative solutions to problems by thinking more
carefully. One of the important steps of the engineering design process is the drafting
of the design. Because in this process, students have the opportunity to work
interdisciplinary and have the opportunity to look at life from a wider perspective.
For example, they create their designs by incorporating mathematics course
calculation and measurement gains into the process. It also facilitates the creation of

drawings before the prototype is made, providing the desired criteria and limitations.
Step 4: Making the Prototype

At this stage, a prototype is created to show the most appropriate solution. Thus, it
is observed whether the solution gives the desired results or not. In this direction, it

can be foreseen what needs to be changed and improved.
Step 5: Testing the Prototype

The prototype is tested and re-evaluated to observe whether the prototype gives the
desired results. The necessary corrections are made, and the prototype is examined
to determine whether it fulfills its task. If it does not fulfill its duty, necessary
corrections are made. After the desired results are obtained, the prototype is made

ready.
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2.2.2. Research on Engineering Design-Based Science Education

Engineering design-based science education improves students' 21st century skills
and also high-order thinking skills such as analyzing, synthesis and evaluation. In
addition, students’ academic achievements, conceptual understandings, and interests
in science lessons increase when the engineering field is integrated into science
education (Wendell, 2008; Gencer, 2017; Guzey et al., 2016).

Ercan (2014) examined the use of engineering applications in science education. The
research was conducted to determine how engineering design-based science
activities affected the academic achievement, decision-making skills, opinions, and
competencies of seventh-grade students regarding "Force and Motion". There were
30 students in the study group. Three design-based science education modules were
implemented. Using mixed methods, the academic achievement test on force and
simple machines, the decision-making skill test, and the engineering discipline
information form developed within the scope of the research were used as
quantitative data. The qualitative data were collected using engineering design guide
documents, free student diaries, interview forms, field notes, and engineering
thoughts questionnaires. In the force and motion unit of the study, design-based
science education increased students' academic achievement, decision-making skills,
and engineering knowledge. Moreover, the study determined that students' ideas
about the feature of engineers should have developed after applications reflected
their engineering-specific qualities. After the applications, some students who hadn't

thought about engineering as a career began to consider it.

This article discusses the role STEM education plays in science education because
of its contribution to transferring theoretical concepts to students in practice, as noted
by Yildirnm and Altun (2014). The activities and lesson plans are presented on
"Energy Conversion and Renewable Energy". Students will organize the knowledge
and experiences they have gained through these and similar engineering design
process activities and lesson plans in a meaningful way in their daily lives. They will

do this by organizing them in a meaningful way with these and similar engineering

17



design process activities. It is stated that the students who receive engineering
design-based education also reach the targeted level of knowledge and understanding

level, without falling into misconceptions.

According to Marulcu and Sungur (2012), the study examined perceptions of pre-
service science teachers’ about engineers and engineering design as a method. Both
the open-ended and multiple-choice questions, as well as a freehand drawing about
engineering, are included on this scale. The study asked 44 pre-service teachers to
draw freehands about the importance of engineering and its features in order to
evaluate their cognitive structures. As a result of evaluating the preservice teachers'
answers, it was determined that they had a basic understanding of engineering.
However, this understanding was not enough to integrate the engineering process

into the teaching of science and technology concepts.

After giving general information about STEM education in their study, Yamak,
Bulut, and Dindar (2014) emphasized the scarcity of academic studies on this
subject in Turkey, and they wanted to investigate whether STEM education affected
students' science-related skills and attitudes toward science in fifth grade. The
importance of this study is emphasized. Twenty-five students attending an applied
science school opened within the scope of a project in Ankara participated in this
study, which used a single-group pre-test-post-test experimental design. A total of
three engineering design-based activities were used in the study. This study found
that STEM education improved the science process skills of fifth-grade students and
their attitudes toward science, similar to other studies. Those activities allow students
to create original products by creating mini designs. By obtaining a visible and useful
product, students realize that the information they learned is useful in real life, and

as a result, they desire to learn more.

Martinez-Ortis (2008) investigated the effects of applications including engineering
and mathematics activities on primary school students' understanding of engineering
and mathematics concepts and effects on technology awareness. Activities involving

the engineering design process had been applied to the students for 10 weeks. Before
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and after the application, the conceptual understanding instrument was applied to the
students. The posttest result showed that students had more positive perceptions
toward engineering career and technology after participating in engineering

education.

Wendell and Rogers (2013) investigated the effects of engineering design-based
science education on primary school students' conceptual understanding of science,
their attitudes toward field of science, and other STEM disciplines. The model of
pre-test post-test was used to obtain data, and it took two years in total. In the first
year, curriculum-based education was taught to the students, and in the second year,
engineering-based science education was applied. It was concluded that there was an
increase in the conceptual understanding of the students who received engineering-
based education And, there was no significant difference between attitudes of the

students to the science lesson.

Purzer et al. (2015) investigated the effect of engineering design-based science
education on conceptual understanding of high school students. Projects that
produced buildings on energy efficiency were carried out with high school students
(N=63). The notes and drawings that the students took during the design process
were collected with the software program. The study revealed that engineering
design-based science education has a positive effect on students' conceptual
understanding. Also, students who received engineering-based education made more

scientific explanations of the concepts.

Another study examined the effects of engineering applications including
engineering design processes on students' academic achievement in simple machines
topic. Students (N=26) firstly, made sketches and planned the construction steps.
While planning the construction process, they used visuals such as presentations and
tables. They made three-dimensional models (prototypes) and then tested these
models. As the last step, they presented their designs. The analysis of pre-test and
post-test results showed that engineering applications, including engineering design

processes, help increase the academic achievement of students (Rhot, 2001).

19



In a study conducted with 7th-grade students, the researchers searched the effects of
engineering design-based science education on conceptual understandings and
attitudes of students The content of engineering design-based education was
prepared by three science teachers. The prepared program consists of engineering
activities that enable the use of analysis and synthesis capabilities such as problem
situation, prototype design, design planning, and application. The conceptual
understanding and attitude scales were implemented to 7th-grade students (N=257)
as the pre-test and post-test. It has been shown that there was a significant increase
in academic achievements of students, their understandings on science concepts and
their attitudes toward STEM, after participating engineering-based science education
(Guzey, Moore, Harwell & Moreno, 2016).

2.2.3. Integration of Engineering Education in Turkish Science Education

While STEM studies are gaining momentum all around the World, it has been stated
that an arrangement should be made in the Turkish Science curriculum. The vision
of science and technology literacy, which started with the 2004 science and
technology curriculum and continued in the 2013 science curriculum, was aimed to
develop skills such as research-inquiry, problem-solving, critical thinking,

entrepreneurship, cooperation, and responsibility in students (MONE, 2013; 2015).

Ministry of National Education renewed the science curriculum in mid-2017 before
the start of the academic year. This program can be expressed as the 2017 Science
Curriculum (draft). While this curriculum was at the stage of being implemented as
a pilot in the 5th grade for the 2017-2018 academic year, the Board of Education and
Discipline revised the curriculum again at the end of 2017 in line with the opinions
of different institutions and individuals and published the 2018 science Course
Curriculum, which was updated in 2018. The Science process skills, Engineering,
and Design Skills are expressed in the same way within the scope of "skill" learning
area under the Basic Skills Title in both the 2017 and 2018 curricula. Unlike the 2017
curriculum, it is seen that the title of the 2018 science curriculum differs in the
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context of engineering integration, and the expression of practices of science,
engineering, and entrepreneurship in the curriculum is emphasized, and the
explanations given under this heading clearly differ. For example, by adding the
concept of "entrepreneurship™ directly to the title, the expectations from the students
were clarified within the framework of Science, Engineering, and Entrepreneurship
Applications in the curriculum, unlike the 2013 science curriculum. In the 2018
science curriculum, the title of these applications was differentiated, and the last unit,
"Applied Sciences”, was removed and replaced with “Engineering and
Entrepreneurship Applications” covering all grade levels and all units. While
students are expected to practice throughout the year, the practices became more
concrete with the end-of-year Science Festival. The “Engineering and
Entrepreneurship Applications” expected students to follow the engineering design
steps and design products with appropriate solutions to the problems. The
engineering design process consists of 7 steps as creating a question, designing a
product/invention, testing the product/invention, drawing conclusions, evaluating,
sharing, and rethinking the product according to the 2018 Science curriculum
(MONE, 2018). With the engineering design process, students create products with

the knowledge they have by being involved in the interdisciplinary thinking process.
2.3. Astronomy Education

Astronomy is a science that deals with the study of everything that lies beyond the
limits of the Earth's atmosphere (Mitton, 2008). The term astronomy is derived from
the ancient Greek words astron and nomos and means stellar law (Shu, 1982). The
origins of astronomy are based on the human desire to understand and control natural
phenomena. For prehistoric people, forecasting weather and celestial events is a
necessity for the continuation of life on the basis of needs such as agriculture and
trade (Kirbiyik, 2001). In this context, the main use of astronomy has been the
measurement of time. Movements, positions, and shapes of celestial bodies on the
celestial sphere are based on certain cycles. For example, if the sky is observed from
the northern hemisphere for several months, new constellations can be observed

rising from the east of the sky.
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Similarly, the formation of the moon concept is based on the change of the phases of
the Moon (Arny, 1998). In the 17th and 18th centuries, the main occupation of
astronomy was to produce practical solutions for position determination due to the
rapid development of navigation. Because sea voyages aimed at the development of
trade and the discovery of new regions have extended to the open seas and
determining which direction they are going has become the biggest problem for
seafarers. The effort to solve this problem enabled scientists such as Copernicus,
Tycho Brahe, Kepler, Galilei, and Newton to put forward the principles, theories,
and laws of planetary motions, and thus astronomy led to the formation of one of the
breaking points of science (Karttunen et al., 2017). Until this period, the focus of
astronomical observations was limited to the stars that could be observed on the
celestial sphere, and these stars were only found in the Milky Way galaxy. The first
important observations beyond this limit were made by Edwin Hubble in 1922-1923.
These observations of Hubble have radically changed our understanding of science

and the universe (Siegel, 2015).

It is necessary to evaluate astronomy researches, which dates back to almost as old
as the beginning of humanity, from a different perspective. Astronomy researchers
have taken the human's view of the universe from an Earth and human-centered
understanding to a heliocentric understanding, and from a heliocentric understanding
to the understanding that the universe has no center. The understanding that the
universe has no center has revealed how small and mundane a role man and the Earth

play in the universe (Karttunen et al., 2017).

The first educational research on astronomy took place many years ago, and the
topics of those studies were about how students or people understand astronomical
phenomena. The scholarly research was started by Piaget in early 1920 (Piaget,
1929). Jean Piaget wrote two books about young children’s ideas about astronomy
which are flat-Earth, the Sun- Earth relationship, and day-night events (Piaget, 1929,
1930). These books influenced future research in this field. The following studies
were examined with either local population or global (Wall, 1976, Lubben, 2009;
Adams & Slater, 2000). Those researchers reviewed astronomy education. Thanks
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to reviews, it is shown that young children have many erroneous thoughts about basic
astronomy. Lanciano (2009) revealed that not only culture but also mass media

affects children’s lack or wrong astronomical thoughts.

The researches and reviews showed that astronomy must be included in educational
curricula. Before integrating astronomy into the national curriculum, the researchers
asked this question “Why is astronomy not included in the curriculum?” (Percy,

2003). This research answered the question with seven reasons;

a) Astronomy is seen as irrelevant with popular concerns such as health,

environment,
b) Teachers have little or no knowledge about basic astronomy content,

c) Astronomical observations are generally at midnight, and also, tools are

expensive,

d) Astronomy is seen as only “Western” cultural concern and belongs to Western

societies,

e) There are differences between facts about astronomy and personal-cultural beliefs

about astronomy,

f) Undeveloped and poor countries cannot reach available resources because of a

lack of translation of resources,
g) Astronomy needs high technology.

Astronomy has played many important roles in the historical process, such as
facilitating human life, meeting human needs, and changing our understanding of the
universe. Percy (2006) stated that astronomy is about our cosmic origin and our place
in time and space. The origin and evolution of the Sun and Earth can be understood
by studying the origin and evolution of other stars and planets outside the solar
system. Most of the elements in the human body come from other stars. The sun is
just one of billions of stars in the Milky Way galaxy, and likewise, the Milky Way

galaxy is just one of billions of galaxies in the universe. It reveals a vast and very

23



beautiful universe, such as the beauty of the dark sky, the appearance of a comet or
solar eclipse, and the color image of a nebula or galaxy. All of these have an aesthetic
appeal Also, astronomy fosters curiosity, imagination, and exploration. The sky and
the universe enable young individuals to develop their imaginations (Percy, 2006).
Engaging in inspiring astronomy issues helps young people expand their world of
thought and accordingly develop a holistic worldview (International Astronomical
Union (IAU, 2012). On the other hand, astronomy is a dynamic science in itself that
supports the development of science, mathematics, and technology. The most
exciting science news today is mostly about astronomy. It is a tremendous tool for
encouraging students to take an interest in science and technology. Space travel and
life outside Earth are fascinating topics in their own right. These subjects can be
integrated with science and mathematics teaching and linked to engineering and
technology studies. Likewise, according to Percy (2006), astronomy offers an
integrative approach across disciplines. In this way, it supports the connections and
learning between different curricula. For example, many mathematical concepts are
used in the study of astronomy. Studying basic motions on the celestial sphere allows
students to use math-based positioning systems and timing tools. The history of
mathematics and astronomy are inextricably linked (Percy, 2006; Shu, 1982). This
integration allows students to become acquainted with exciting scientific research
(AU, 2012). In addition, astronomy can contribute significantly to the creation of
qualified manpower within the framework of 21st-century requirements (National
Research Council [NRC], 2001). In addition, astronomy provides application
possibilities for scientific methods, especially for observation (NRC, 2001; Percy,
2006). It also provides many examples of the use of simulation and modeling in
science. Astronomers try to understand the universe by comparing their observations
with the predictions of theories or models (Percy, 2006). For young people,
astronomy topics are an excellent and exciting start for the rational and logical
exploration of nature (IAU, 2012). Such basic and practical applications of
astronomy not only facilitate learning by questioning but also make learning

permanent (Gogls, 2010).
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In this context, astronomy has the features of having a dynamic structure that
supports the development of science, technology, engineering, and mathematics,
supporting feelings of curiosity, imagination, and discovery, including topics related
to our cosmic origin and our place in time and space. Also, it encourages interest in
science, technology, engineering, and mathematics, and enabling the use of scientific
methods and researching nature with rational and logical methods, and offering an
integrative approach between disciplines. Therefore, astronomy is an effective tool
for STEM education. In summary, by the nature of the subjects involved in
astronomy, it can be used as an effective tool for both STEM and engineering
education processes as it has the characteristics of arousing interest in STEM fields,
enabling applications that include the integration of science, technology, and
engineering on the basis of the history of science, the nature of science and scientific

methods, and supporting young individuals' career choices in STEM fields.
2.3.1 Research on Astronomy Education

The study explored how young learners construct solar and lunar models from their
drawings and how age and prior knowledge affect modeling and drawing. The study
was conducted with 247 young learners who visited the science museum over 4
weekends. The students were asked to model the solar and lunar eclipse events
through the drawing software. Two separate scales measuring knowledge content
and motivation were administered to the participants as pre-test and post-test. As a
result, it has been observed that prior knowledge increases with age, that is, older
children score higher and express what they know in the models they draw. It was
concluded that regardless of age, young learners reasonably drew desired natural
phenomena and created working models. When the results of the motivation scale
were analyzed, it was stated that the drawing software positively affected the

motivation of the children (Van Joolingen, Aukes, Gijlers, & Bollen, 2015).

Johns (2017) investigated the effect of students' participation in astronomy-focused
exploration and kinesthetic activities in an after-school program on their science self-

efficacy and interest in STEM. This study was carried out with 51 primary school
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students. The process consisted of structured hands-on activities consisting of a total
of five sessions, each lasting one week. The contents of these activities consisted of
activities that led students to observe, create models, predict results, and develop
explanations. The analysis of pre and post-test showed an increase in interests and
knowledge of students about STEM and space-related topics after they participated
the program.

Another study examined the impact of teaching practices in natural settings on
improving students’ understanding of astronomy concepts related to celestial motion.
The participants were interviewed before and after the astronomy training given in
the first year of the study, which was conducted along the two paths. In the second
year, the participants were interviewed before taking them to a planetarium. In the
interviews, the participants were asked to describe the movements of the earth,
moon, and sun using models. The sizes, definitions, and sequences of the models
used by the students were examined. The analysis of the study concluded that visual
simulations and psychomotor models improved students' conceptual understanding
of celestial motion. Also, after the planetarium visit, students tended to explain the
motion of the Earth, Moon, and Sun more scientifically (Plummer, Kocareli & Slagle
2014).

2.4. Engineer Career Interest

Today, especially developed countries such as the USA, China, and Germany
attempt to integrate engineering into their education policies to meet the STEM
workforce needs. In addition to their efforts for the development of engineer career
interests, educational policymakers also attach importance to the acquisition of
critical thinking, problem-solving, cooperation, creativity, and communication skills
that the 21st-century workforce requires (Partnership for 21st Century Skills, 2004).
Including engineering education in primary, secondary, and high school curricula
and gaining 21st-century skills are seen as indispensable goals (NRC, 2010;
Rynearson, Douglas, & Diefes-Dux, 2014). In this context, the recent changes in the

science curriculum in Turkey are noteworthy in order to develop interest of students
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in STEM content and their professions. The science curriculum updated in 2018 aims
to develop students’ career awareness and entrepreneurship skills related to science
and engineering (MONE, 2017; MONE, 2018b).

Engineering, as one of the components of STEM, is a profession that has the ability
and potential to change the quality of life of people in a positive or negative way.
Although our daily life is covered with all kinds of engineering products, it is stated
in the studies that students basically have problems to understand what engineers do
(Frehill, 1997). It is also important to determine the students' perceptions of
engineers and their views on the work they do. Because the tendency of students to
have a career related to the engineering profession is formed in line with these views
(Knight & Cunningham, 2004). In the studies conducted so far, it has been
determined that most students think of engineers as mechanics or they are busy with
the installation of something or mostly physical effort, and they see engineering as a
boring field that only attracts the attention of hard-working students (Powell, Dainty
& Bagilhole, 2012; Gibbons, Hirsch, Kimmel, Rockland & Bloom, 2004; Oware,
Capobianco & Diefes-Dux, 2007; Oware, 2008; Cunningham, Lachapelle &
Lindgren-Streicher, 2005). The study carried out by Unlii and Dékme (2017) found
that middle school students mostly drew male civil engineers. This can be interpreted
as students having incomplete and wrong information on this subject. In the research,
it is also found that students imagine engineer as a male profession because they
usually work in jobs that require more power (Cunningham, Lachapelle & Lindgren-
Streicher, 2005). It can be said that students’ perceptions of the engineering
profession affect their interest in engineer careers. The engineering design-based
science education improves students’ perceptions Of the engineering field
(Thompson & Lyons, 2008). The study was carried out with middle school students
who received engineering education in order to determine 6th grade students’
perceptions about engineering field. In the study conducted with a total of 88 (44 of
them control group; 44 of them experimental group) students and the design pre-test-
post-test model was conducted. The drawing and semi-structured interviews were

used to obtain data from the students. After the engineer design-based education, the
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experimental group made definitions about the nature of engineering, while the
control group students made lack ones about the engineering profession. The
research showed that engineering-based education improves students’ perceptions of
the engineering profession (Thompson & Lyons, 2008). Another study, an out-of-
school STEM study with 6882 university students, examined the impact of activities
on students' career choices in the STEM field. The result of the study showed that
students had positive effects on their career choices in these fields (Dabney et al.,
2012). In addition, the fact that engineering is a challenging profession outside the
home, that is, not an ideal profession for women, is one of the biggest obstacles for
women to not be interested in an engineer career (Nichols, Gilmer, Thompson &
Davis, 1998). This situation affects the interest of female students in the engineering
profession. When looking at research on engineer career interests of middle school
students, it is seen that engineer career interest is generally examined within STEM
career studies. These studies show that students' interest in STEM fields is an
important factor that determines their future career choices. Alsup (2015) concluded
that directing students to careers in STEM fields is essential for creativity,
advancement of discoveries, and economic growth. The aim of this research is to
develop Gottfredson's (1981) “Circumscription and Compromise Theory”. In this
theory, the role of gender in choosing a profession has been examined as one of the
factors that guide career preferences. Six STEM professionals were interviewed
about their profession, education, abilities, and the positive and negative aspects of
their careers. To help middle school students better understand STEM careers, the
interviews were turned into a 25-minute video. It was investigated whether the video
increased students' interest in STEM careers and whether gender was a factor. The
study involved six schools. Four of them have separate science lessons for seventh
and eighth graders, while two have a joint science lesson for seventh and eighth
graders. Schools with separate science lessons were classified as both control and
experimental groups, while schools with joint classes were classified only as
experimental. Both groups underwent a pre- and post-test. After the pre-test was

administered to the experimental group, a 25-minute video was viewed. Following
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the video, both groups took a post-test approximately seven days later. The video
was also shown to the control group after the post-test. ANCOVA was used to
analyze the obtained data. This process was completed in each school within the first
few weeks of the 2014-2015 school year, and the pre-test-intervention (video
watching)-post-test process took about four weeks. According to the findings of this
study, viewing the recorded video did not increase the view of STEM subjects or
interest in STEM careers. According to Wyss, Heulskamp, and Seibert (2012),
watching a video of STEM professionals increased students' interest in STEM
careers. Also, choosing a profession in the STEM field and continuing their
university education in this direction depends on STEM career interests (Astin &
Astin, 1992; Maltese & Tai, 2011). It is stated that students' interests, expectations,
and goals in STEM fields in their middle school years play an important role both in
their academic performance and in choosing a career in the future (Young, Young &
Ford, 2017; Tai, Liu, Maltese & Fan, 2006). Therefore, it is important for students
to determine their interest in science and engineering during their middle school

years.

As a result, it has been determined that the students have classical thoughts about
engineers and engineering. In order to change this and improve students' engineer
career interests, it would be useful to make applications related to engineering in
elementary school classrooms. And also, the engineering profession and diversity
can be shown to students by collaborating with schools, engineering faculties of
universities, or various institutions. By organizing science festivals or conferences
in schools, students can be introduced to engineers from middle school ages and

shared with them in the same environment.
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CHAPTER 3

METHODOLOGY

In the methodology chapter, the research design, research group, and instruments
which are administrated during data collection; and administration parts are

presented.

3.1 Design of the Study

The purpose of the study was to examine the effects of engineering design-based
science education on 6th-grade students’ understanding of astronomy concepts and
career interests in engineering. The one group experimental research design was
conducted. The quantitative research method was operated to obtain data for the
study. One group pre-test-post-test design was used because there was a lack of
participants for both the control and comparison groups. The independent variable
of the study is engineering design-based instruction, and the dependent variables of
the study are 6th-grade students’ understanding of astronomy concepts and students’

engineer career interests.

In the present study, the quantitative research method was operated to examine
participants’ understanding of astronomy concepts and career interest toward
engineering. The open-ended scale, which is “The Scale of 6th-grade Students
Understanding Level of Astronomy Concepts” (Akbas & Ekiz, 2005) (Appendix- B)
was analyzed for students’ understanding of astronomy concepts and “Science,
Technology, Engineering, and Mathematics Career Interest Survey (STEM-CIS)”
(Koyunlu Unlu, Dokme & Unlu, 2016) (Appendix-C) was analyzed for students’
engineer career interests. Before instrumentation, the necessary permissions were

received from the developers of the instruments (Appendix- K and Appendix- L).
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Students’ responses on the open-ended scale were also used in order to support the

collected quantitative data of the study.

In this study, engineering design-based science instruction activities about “The
Solar System and Eclipses” unit were implemented in 6th-grade science classroom.
These activities were suitably prepared with the 2018 science curriculum which was
published by the Ministry of National Education of Turkey. In the present study,
activities were prepared depending on engineering design-based science education.
Those engineering design-based activities are integrated into the “Solar System and
Eclipses” unit of the 6th-grade science curriculum (MONE, 2018) and were
implemented in 6th-grade science classrooms. There were three activities prepared,
which are “Meeting with Engineers”, “Design New World” and “Design
Spacecraft”. The quantitative part of the study evaluates the effects of three activities

on the participants.

The one-group pre-test-post-test design was used in the present study. The one group
pre-test-post-test design is not available for the randomization of the participant. This
technique is usable when non-large samples are present (Campbell & Stanley, 1963).
All participants were operated engineering design-based instruction. The effects of

engineering design-based instruction were evaluated by two different instruments.

3.2  Sample of the Study

In the present study, the target population was identified as all 6th-grade students in
public schools of Kilis while all 6th- grade students in a public school of Kilis,
Merkez district was an accessible population. The convenience sampling method
was chosen by the researcher. This technique was preferred because of the
accessibility aspect. Thanks to this technique, money, time, and effort were not
considered. A public middle school in Merkez, Kilis was selected accordingly
convenience sampling by the researcher in the 2021-2022 school year. The

availability of the school was suitable for the aim of both the researcher and the
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research. The administration of the school was informed about the research process.
After consultations with the school administration, necessary permissions were
received from the Governor’s Office of Kilis and the Provincial Directorate of

National Education (Appendix-A).

The convenience sampling method was used for the presented study. The selected
school had two different 6th-grade sections (6/A and 6/B) and 37 students (16 of
male and 19 of female) in total. According to the school administration, the students
were randomly registered to sections depending on their registration time. The
present study used one group pre-test-post-test design; therefore, both two sections
were formed as one group, which is the experimental group. There was no

comparison group because of the limited number of students in the school.

It was expected that the students have learned the curriculum-based “Solar System
and Eclipses” unit before the treatment. All participants were administered “Meeting
with Engineers”, “Design New World” and “Design Spacecraft” activities which
were developed parallel with the 2018 Turkish science curriculum objectives. Three
activities that were developed by the researcher were implemented in the

experimental group.

3.3 Data Collection

In this part, instruments which were used during the data collection and

administration procedure are presented.
3.3.1. Description of Instruments

The quantitative data collection technique was operated for the present study. Two
different instruments which are prepared for quantitative data collection research

were used.
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3.3.1.1. The Scale of 6th-grade Students Understanding Level of Astronomy

Concepts

The Scale of 6th-grade Students' Understanding Level of Astronomy Concepts was
developed by Akbas and Ekiz (2005) (Appendix-B). The instrument was piloted with
13 students before the first implementation by developers. The answer of participants
was evaluated by researchers. Thanks to the pilot study, the items which make
incoherency or are not understood by students were detected. Those questions are
changed with clearer and more understandable ones. The questionnaire covers 10
open-ended items, which are remember, understand and apply the levels of Bloom’s
taxonomy. The main aim of the scale is to detect the level of students’ understanding
of astronomy concepts. To be able to detect the level of understanding, the
developers asked students, for instance, “What do you think about the universe?” or
“What is the solar system?”. The items are divided into four main sections according
to which topic the question aims to detect. The sections cover the universe, solar
system, stars and planets, and orbit parts. Question numbers and related sections are

given in Table 3.1.

Table 3.1 Questions and Related Sections

Question Number Core

Universe
Universe
Solar System
Solar System
Solar System
Stars and Planets
Stars and Planets
Stars and Planets
Orbit
Orbit
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All of the open-ended questions are related to objectives of the 2018 Turkish Science
Curriculum for sixth grade; therefore, participants are familiar with the terms within

the questions, such as Sun, orbit, and the universe.

3.3.1.2. Science, Technology, Engineering, and Mathematics (STEM) Career
Interest Survey (STEM-CIS)

The Science, Technology, Engineering, and Mathematics Career Interest Survey
(STEM-CIS) scale was implemented to evaluate students’ engineer career interests
for the present study. The STEM-CIS scale was originally developed by Kier,
Blanchard, Osborne, and Albert (2013) and implemented to 1,061 middle school
students with a range of grades from six to eight by online ways. The whole scale
covers 44 items which are divided into 4 sub-dimensions which are; science,
technology, engineering, and mathematics. Each sub-dimension includes 11 items
which are in the type of a 5-point Likert scale. The answer options of the scale cover
“5= Totally Agree”, “4= Agree”, “3= Undecided”, “2= Disagree”, and “1= Totally
Disagree”. Cronbach's alpha values of science, technology, mathematics, and
engineering sub-dimensions were found to be 0.77, 0.89, 0.85, and 0.86, respectively
(Kier, Blanchard, Osborne, & Albert, 2013).

Koyunlu Unlu, Dokme and Unlu (2016) adapted STEM-CIS survey into Turkish as
“Fen, Teknoloji, Matematik ve Miihendislik Mesleklerine Yonelik Ilgi Olcegi”
(Appendix- C). The scale was translated into Turkish by three language experts by
using the retranslation technique. After translation, 12 native English experts from
the education field examined and gave feedback about the translation consensus.
Considering their (12 native English experts) feedback, three Turkish language
experts made important modifications. The pilot study of study firstly was
administered to 30 participants. After that, STEM-CIS survey was administered to
1,033 middle school students. The value of Cronbach's alpha of the adapted version
of STEM-CIS in Turkish was calculated as 0.93 for the scale. When looking at four

sub-dimensions of the scale, 0.86 for science, 0.88 for technology, 0.94 for
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engineering, and 0.90 for mathematics subdimensions were found. The Cronbach'’s
alpha values for the original form of study and the adapted one are shown in Table
3.2 below.

Table 3.2 Cronbach Alpha Values of STEM-CIS

Adapted into
Turkish Form of

Number of Items Original Form of Scale (Koyunlu The present
Scale (Kier et al., Unli et al., 2016) study
2013)

Overall Scale 44 - 0.93 0.79
Science 11 0.77 0.86 0.76
Technology 11 0.89 0.88 0.79
Engineering 11 0.86 0.94 0.82
Mathematics 11 0.85 0.90 0.80

According to Cronbach's alpha value of the adapted version and present study of
STEM-CIS, it is seen that overall and sub-dimension values are more than 0.70, and

the scale has a high level of reliability (Nunally, 1978).
3.3.2 Treatment

In the presented study, one group experimental pre-test-post-test design was
conducted. Also, quantitative research method was operated to examine participants’

understanding of astronomy concepts and career interest toward engineering.

The experimental research design process was operated with one group. All
participants were exposed to engineering design-based astronomy instruction. The
treatment process lasted 8 weeks and a total of 26 lesson hours. The instruction
process was carried out by the researcher; in other words, the engineering design-
based instruction (EDBI) was given by the researcher. The researcher had prior

knowledge about engineering design-based science education and prepared lesson
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plans for each class instruction according to this method. The EDBI covered the
“Solar System and Eclipses” unit for 6th-grade students. The two instruments, which
are The Scale of 6th-grade Students Understanding Level of Astronomy Concept and
Science, Technology, Engineering, and Mathematics Career Interest Survey, were
used as pre-test and post-test. These scales were administered to all participants both

before the instruction (as a pre-test) and at the end of the instruction (as a post-test).

The engineering design-based instruction was administered to participants for six
weeks. In the first week and the last week (eighth week of treatment), pre and post-
test were administered to the students by the researcher. There were two 6th-grade
sections which were 6/A and 6/B, and to be able to eliminate instruction differences,
these sections were put together while engineering design-based instruction was
implemented. Three lesson plans were prepared by the researcher before the
instruction; “Meeting with Engineers”, “Design the New World” and “Design a
Spacecraft”. While the first lesson plan aims to meet students with engineer careers,
engineers, and the engineering design process, the last two lesson plans were related
with “Solar System and Eclipses” unit concepts with the engineering design process.
These lesson plans were prepared regarding the objectives of the 2018 Science
Curriculum. On the other hand, all lesson plans aim to make students participate
actively by doing discussion, brainstorming, and questioning; in addition to active
participation, these lesson plans were prepared in order to increase students’ curiosity

about the topic.

“Design the New World” and “Design a Spacecraft” class instructions were based
on “engineering design-based” activities which included steps of the engineering
design process. These activities were prepared using the model of Wendell et al.
engineering design process including steps which are the definition of the problem,
finding the possible solutions, choosing the best solution, building the prototype,
testing the prototype, and, if necessary, returning any previous step. For the present
study, to be able to make a physical product, prototypes had to be used. These

activities made students build a prototype and then test this prototype. Activity sheets
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which were following the engineering design process were prepared by the
researcher in order to organize the flow of instruction. In other words, “Design the
New World” and “Design a Spacecraft” instructions had activity sheets that were
prepared according to engineering design process steps and based on their own
topics. The activity sheets, which were distributed to students, also aimed to make
students follow the steps easily and if they needed to go back to any previous step,
help them more quickly.

3.2.2.1. Verification of Independent Variable

The engineering design-based activities were prepared originally by the researcher;
however, while preparing of activities, the researcher took into consideration of
“STEM Analysis Criteria” which was developed by Aydin (2019). This rubric
analyzes the activities with regard to the basic structures of a STEM approach. The
researcher evaluated the activities of the present study according to “STEM Analysis
Criteria” with three options: Yes, Partially, No (Appendix-D). This rubric analysis
that the main problem of activity is whether suitable for daily life or not and is a clear
and interesting problem for students also asked. When looking at the two activities
of the present study, which are “Design the New World” and “Design a Spacecraft”,
both of them had scenarios about possible astronomical problems. These scenarios
were reviewed by a science educator to check them in terms of understandability for
middle school students and appropriateness for STEM problems. The following
criterion mentioned in the rubric evaluates how the activity includes four different
disciplines of the STEM approach. In this present study, the instructions were
prepared depending on the “Engineering Design Process” and, as mentioned
previously, the lesson plans were arranged in engineering design steps which started
with defining a problem and then the definition of the problem, finding the possible
solutions, analyzing and choosing the best solution, lastly, building and testing the
best solution. The main structures of activities were prepared regarding the
Engineering discipline of STEM. The next, third criterion of the rubric evaluates

being student-centered activity. In the present study, the researcher did not lead
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students’ choices. Students did their own research about problems in order to find
possible solutions, and then they chose their best solution with their group members.
In the building a prototype step, students were free to design their constructions and
choose materials according to their plans; therefore, both the activities “Design the
New World” and “Design a Spacecraft” were prepared as student-centered. The next
criterion mentioned on the rubric is how the activities reflect the characteristics of
three science instruction methods which are project or problem and inquiry-based
learning approaches. The present lesson plans started with defining a problem. After
defining and researching about the problem, student groups designed their
constructions according to their best solution. While making prototypes, choosing
materials, or deciding about design, they cooperated with each group member.
During the EDP instruction, these activities encouraged students to communicate
with their group members, do brainstorming with groups and decide along with
friends. Lastly, students presented their prototypes verbally to the whole participants.
Therefore, the activities included elements of project-based learning. The last
criterion of the rubric checks the students’ opportunity for redesign. The activity
sheets provided students to return any steps of the engineering design process if they
had any deficiencies in their physical designs. In addition, those asked students why
they needed to redesign and which step helped them to solve their faults on
prototypes. The evaluation criteria of the prototype include the criteria and
constraints placed at the end of both of the activity sheets; therefore, students had
opportunities to see what the evaluation criteria and constraints are. During the
preparation process for each step of the activity sheet, the researcher got feedback

from the advisor, who is a professor of science education.
3.3.2.2. Engineering Design-based Instruction (EDBI)

The present study administered “Engineering Design-based Instruction” to one
group. The two classes of the selected school were gathered as one group in order to
eliminate any instruction differences. Three engineering activities and two different

EDBI lesson plans were prepared by the researcher for the “Solar System and
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Eclipses” unit and then, had administered for 16 lesson hours. The first activity was
“Meeting with Engineers”, the second one was “Design the New World”, and the
last activity was “Design a Spacecraft”. In this part, the implementation of these
activities was explained in detail and sample photos of treatment were given in
Appendix-M . Also, the detailed schedule of instruction is shown in the Table 3.3

below.

(a) Meeting with Engineers: Before the instructions started, the two scales, which are
The Scale of 6th Grade Students Understanding Level of Astronomy Concepts and
Science, Technology, Engineering, and Mathematics Career Interest Survey, were
implemented to the group as a pre-test. In the second week of treatment, students
met with two different engineers who were computer engineers. The guest engineers
were selected; one of them was a woman, and the other one was a man in order to
eliminate the general opinion that “the profession of engineering should be selected
by man”. The researcher arranged an online meeting with these two computer
engineers during the first lesson of the second week. The researcher managed the
meeting according to the characteristics of the engineering profession, the
experiences of engineers, and the engineering design process. The students not only
met with engineers; they also realized how the engineers use the engineering design
process in their projects, thanks to examples of guests. After the online meeting with
guest engineers, the next lesson hour, the researcher started the class discussion about
the previous lesson. The second lesson started with the question of “Do you want to
be an engineer for your future career?” and then continued “Which type of
engineering have you heard?” to catch the students’ attention. The presentation about
“Nature of Engineering” and “Engineering Design Process” were presented by the
researcher on the smartboard of the classroom. This presentation was prepared with
notable visuals and fonts which were understandable for middle school students. The
researcher presented the engineering profession, types, and basic characteristics of
engineers. During the introduction of these topics, the researcher asked students,
“What does an engineer do?”, “Do you have any opinion about civil engineering?”

and “What are the features of the engineering profession?”. The second aspect of the
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presentation was the “Engineering Design Process,” which was presented as a
diagram to be able to visualize and realize the circle of process. After each step of
EDP was examined in detail with students, the researcher asked students to make the
connection with the guest engineers' mentioned experiences. The next aspect was the
explanation of characteristics of EDP such as “returnable steps”, “providing less
cost” and “saving time”. While explaining these features, the researcher first got the
opinions of students and then explained the feature. To be able to extend students’
understanding of EDP, the researcher presented a problem to the students, which was
about spacecraft. This activity was mentioned “Think Like an Engineer” in the
presentation. Thanks to “Think Like an Engineer” activity, students applied EDP
steps to an astronomy-based problem. The presentation ended with a question of “If
there were not any engineers, what would happen to the World?”. Therefore, class
discussion about the engineering profession and EDP was made during lesson hour

with the support of the presentation.

(b) Design the New World: For the next two lesson hours, engineering design-based
science instruction of “Solar System” had administered to participants according to
the “Design the New World Lesson Plan” (Appendix-E), which was prepared by the
researcher. The lesson started with obtaining students' prior knowledge, which they
learned in previous grades, about the solar system. The researcher used the
questioning method to gather students’ prior knowledge and; asked “What is the
name of our planet?”, “Does the Earth have any satellites?”” and “Do you know the
name of any planets in our solar system?”. After obtaining prior knowledge, students
were informed about the topic of the lesson with the help of a video presentation. In
addition, the researcher introduced students to the concepts of the solar system, such
as the Sun, the planets, orbits, and asteroids. The questioning method was
implemented to train students for the next lesson by asking the following questions;
“Does the Earth revolve around the Sun freely or a path?”, “What is this “path” called
by?”.
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The third week of the instruction started with the engineering design process activity,
which was mentioned as “Design a New World”. The presented activity was
prepared by the researcher according to the application of engineering design process
steps. In addition, “The Handbook of Engineers Team Activity Sheet” (Appendix-
F) was prepared in order that both students were able to follow the activity easily,
and the researcher managed the lesson more coordinated. At the beginning of the
lesson, students were divided into small groups (3-4 people each), which were
determined previously by the researcher. The activity sheets were distributed as one
to each group, and then it was stated that students were expected to act like engineers
during the activity. The activity started with the reading scenario loudly by the
researcher. While reading, the smartboard was used for projecting scenario on the
screen. After the scenario, the lesson continued with the steps of; 1) Describe a
problem, 2) Finding possible solutions, and 3) Choosing the best solution of EDP.
Students were expected to follow EDP steps while doing the activity; therefore,
before starting the activity, the researcher revised the steps of the engineering design

process by projecting them on the smartboard.

The engineering design process activity which was “Design a New World” started
with identifying the problem of a given scenario by groups. Students were expected
to find possible solutions by analyzing the same problems’ solutions or
brainstorming for possible new solutions after they identified the problem. During
finding possible solutions, students decided where humans could live in the solar
system to build a living space. The students integrated their knowledge about the
solar system’s planets, stars, asteroids, and satellites to find a living space. They
decided the properties of these celestial bodies, such as temperature (hot or cold),
terrestrial or Jovian planets, and physical features (having mountains, caves),
accordingly suitability for human needs. The materials for modeling were introduced
to the students; therefore, they took into consideration of which materials were given
to make the prototype while choosing the best solution. The student groups analyzed
their possible solutions, and then they researched the solutions’ advantages and

disadvantages by using computers and scientific magazines. In the light of research,
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brainstorming, and group discussion, the groups chose the best solution which met
the needs of the problem of the scenario. After completing the first three steps, which
are identifying the problem, finding possible solutions, and choosing the best
solution, students proceeded to the next step of EDP, which was building and testing
prototypes in the following two lesson hours of the third week. According to the
“Design a New World Lesson Plan”, it was expected to build a prototype regarding
the best solution, which was decided in the previous lesson of the third week. The
drafts of models were drawn by student groups with details such as mentioning of
used material and introducing the systems or parts of living spaces with a few words;
therefore, it was decided which materials to be used in accordance with the drawings
made. Then, each group built a prototype of the best solution they chose from the
previous step. In the first two lessons of the fourth week, the students tested their
models according to the criteria of activity, and in the next two lessons, they made
evaluations about both the process and product. The evaluation criteria rubric in the
activity sheet was used for evaluating each group’s prototype. After testing of model
process, the students were expected to answer conceptual questions, which were
mentioned “Project Evaluation” and “Self-Evaluation” parts. These parts included
questions which were about the design process, possible redesign ideas, and

engineering design process steps.

(c) Design a Spacecraft: In the fifth week of the treatment, “Design a Spacecraft
Lesson Plan” (Appendix- G), which was prepared based on engineering design-
based instruction, started to administer to the group by the researcher. As a previous
lesson plan, “Design a Spacecraft” activity also followed the engineering design
process steps, which were the definition of the problem, finding the possible
solutions, analyzing and choosing the best solution, and lastly, building and testing
the best solution. Two lesson hours, engineering design-based science instruction of
“Solar System” started to administrate participants accordingly “Design the
Spacecraft Lesson Plan” which was prepared by the researcher. Firstly, the prior
knowledge of students was obtained to prepare them for the Solar System topic. The

researcher used the questioning method to gather students’ prior knowledge and then
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asked questions about the solar system, such as “What is the order of the planets in
order of their distance from the sun?”, “What are the names of terrestrial planets?”’
and “What are the names of Jovian planets?”. After getting the answers from the
students, the researcher explained each question in detail. The simulation was used
to support the explanation of questions and to visualize solar system concepts. Lastly,

the researcher explained what the distance from the Sun affects planets’ properties.

When the engagement part was over, the “The Handbook of Engineer for Space
Mission” (Appendix-H) activity sheets were distributed to student groups which
were the same as the previous activity. The activity sheet was used to increase
cooperation between the researcher and students because it helped students follow
the EDP easily. In the sixth week of the treatment, the EDP activity, which was based
on designing a spacecraft, had administered by starting with three steps of EDP,
which were identifying a problem, finding possible solutions, and choosing the best
solution. Students were expected to act like an engineer during the activity and
complete each step with their groups which were the same as the previous activity.
The scenario which covered the solar system was introduced by the researcher loudly
in the classroom. When looking at the scenario, it is seen that it mentioned that a
failed space mission was done by an engineer team. Although the procedure of the
previous and this activity was the same, “Design a Spacecraft” activity led students
to choose which EDP step to start with according to their solution. After reading the
scenario, students connected their knowledge about the solar system with it in order
to find out the main problem in the scenario. The researcher emphasized the steps of
the engineering design process with the given figure on the activity sheet. Firstly, the
student groups described the problem of the given scenario by doing a group
discussion. After describing the problem, the activity led them to choose which step
of EDP was more suitable for their solution; therefore, the groups discussed with
their members to decide which step to start. During group discussion, the researcher
moved around the groups and did not give any opinion about the situation. Each
group presented why they chose “X” step of EDP to start with their reasons. The

group which decided to start at “finding possible solutions”; researched new
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solutions to the problem by using the Internet and scientific magazines and also,
analyzed existing solutions to connect with their problem needs. The group which
decided to start with “choosing the best solution”; analyzed the given possible
solutions in the scenario and then replaced the best solution with another one from
within the possible ones. In the next two lesson hours, all the groups continued the
activity by building a prototype step of EDP. The drafts of models were drawn by
student groups in detail, such as mentioning of used material and introducing parts
and components of spacecraft briefly; therefore, which materials to be used were
decided regarding their drawings. Lastly, the groups built their prototypes according
to their best solutions from the previous step. In the first two lessons of the seventh
week, the students tested their models depending on the criteria of the activity. The
evaluation criteria rubric which was presented in the activity sheet was used for
evaluating each group’s prototype. Also, one of the group members from each group
presented their models to the classroom briefly. In the next two lessons, the students
made evaluations about both the process and the product. It was expected to answer
conceptual questions which were mentioned “Project Evaluation” and “Self-
Evaluation™ parts. The evaluation parts included questions which were about the

process of activity, possible redesign ideas, and engineering design process steps.

Table 3.3 Administration Schedule for “Solar System and Eclipses” Unit

Week Date Topic/Objective  Administration/Duration Tool
Two different instruments e  The Scale of 6th
were administered as a pre- Grade Students
test to evaluate students’ Understanding Level of
understanding about Astronomy Concepts
1st 26.01.2022 Pre-test astronomy concepts and e Science,
week engineer career interests Technology,
Engineering, and
2 lesson hours Mathematics Career
Interest Survey (STEM-
CIS)
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2nd

week

02.02.2022

Engineering

Application*

“The Meeting with Two
Engineers” activity and
presentation, which
explain “Engineering
Profession” and
“Engineering Design
Process” were

administered

2 lesson hours

2nd

week

03.02.2022

F.6.1.1. Solar
System

EDBI based on objectives
of “F.6.1.1 Solar System
concepts” was

administered to the class

2 lesson hours

Design the New World
Lesson Plan

3rd

week

09.02.2022

F.6.1.1. Solar
System

1) Describe a problem, 2)
Finding possible solutions,
and 3) Choosing the best
solution of EDP steps on
the activity sheet were

administered

2 lesson hours

Design the New

World Lesson Plan

3rd

week

10.02.2022

F.6.1.1. Solar
System

4) Building the prototype;
planning prototype
activity, planning design
activity step of EDP was
administered

2 lesson hours

Design the New World
Lesson Plan
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4th

week

16.02.2022

F.6.1.1. Solar
System

5) Test the prototype step;
evaluation and presentation
of each group of EDP steps

were administered.

2 lesson hours

Design the New World

Lesson Plan

4th

week

17.02.2022

F.6.1.1. Solar
System

The project evaluation and
self-evaluation sections

were administered, and the
homework about EDP was

given

2 lesson hours

Design the New World
Lesson Plan

5th

week

23.02.2022

F.6.1.1. Solar
System

EDBI based on the topic of
“F.6.1.1 Solar System”
was administered to the

class

2 lesson hours

Design the Spacecraft
Lesson Plan

6th

week

02.03.2022

F.6.1.1. Solar
System

1) Describe a problem, 2)
Finding possible solutions,
and 3) Choosing the best
solution of EDP steps on
the activity sheet were

administered

2 lesson hours

Design the Spacecraft

Lesson Plan

6th

week

03.03.2022

F.6.1.1. Solar
System

4) Building the prototype;
planning prototype
activity, planning design
activity step of EDP was

administered

2 lesson hours

Design the Spacecraft
Lesson Plan
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7th 09.03.2022

week

F.6.1.1. Solar
System

5) Test the prototype step;
evaluation and presentation
of each group of EDP steps

were administered.

2 lesson hours

Design the Spacecraft

Lesson Plan

7th 10.03.2022

week

F.6.1.1. Solar
System

The assessment and self-
evaluation (1 and 2)

sections were administered

2 lesson hours

Design the Spacecraft
Lesson Plan

8th 15.03.2022

week

Post-test

Two different instruments
were administered as a
post-test to evaluate
students’ understanding
about astronomy concepts
and engineer career

interests

2 lesson hours

e The Scale of 6th
Grade Students
Understanding Level
of Astronomy
Concepts

e Science,
Technology,
Engineering, and
Mathematics Career
Interest Survey
(STEM-CIS)

*Engineering application is the term of the 2018 Science Education Curriculum,

which includes applications of any engineering design process activity in science

class.

3.4 Data Analysis

“The Scale of 6th- Grade Students Understanding Level of Astronomy Concepts”

and “Science, Technology, Engineering, and Mathematics Career Interest Survey

(STEM-CIS)” were used to collect quantitative data for the present study.
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3.4.1 Data Analysis of The Scale of 6th-Grade Students' Understanding Level of
Astronomy Concepts

The “The Scale of 6th-Grade Students Understanding Level of Astronomy Concepts”
scale was an open-ended questionnaire; therefore, the collected data were grouped
and analyzed by using a rubric that was developed by Akbas and Ekiz (2005).
According to developers, the understanding levels of students are categorized into 5
levels which were; sound understanding, partial understanding, no understanding,
specific misconceptions, and no response. The rubric is presented in Table 3.4 with

explanations.

Table 3.4 Categorization of Understanding Levels of Students in the Scale

Understanding Level Meaning

No response Blank and “I do not know”, “I do not remember”
responses

Specific Misconceptions lllogical, conflicting with scientific facts, and

alternative for scientific facts responses

No Understanding Repeating questions, irrelevant and no clear responses

Partial Understanding Including at least one of the components of the

scientific response, but not all of the components

Sound Understanding Including all of the components of the scientific

response

The interrater agreement method was used for the categorization of students'
responses according to the given scale. The researcher compared with own analysis
with another researcher who is both a master's student in science education and an

active science teacher.

In order to convert students’ responses on the given scale into quantitative data, the

researcher grouped understanding levels and assigned these groups a point scale.
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Table 3.5 Scale for Quantitative Analysis of Given Scale

Point Understanding Level

No response

0 Specific Misconceptions

No Understanding

1 Partial Understanding

2 Sound Understanding

The Table 3.5. presented that “No Response”, “Specific Misconceptions,” and “No
Understanding” Levels were grouped and assigned as “0 (zero)” point. “Partial
Understanding” was assigned as “1 (one)” point. Lastly, the understanding level of

“Sound Understanding” was assigned as “2 (two) points” on the scale.

Table 3.6. Normal Distribution of Data Gathered with Astronomy Understanding Scale

Sharpio Wilks
Group Statistic df P
Experimental (E) .966 37 .302
p > .05

According to the result of Table 3.6., the p value of gathered data (p= .302) was
bigger than the alpha value (.05). The sample size of the study was less than 50;
therefore, “Shapiro-Wilks” values were checked to see if there was a violation of
normal distribution. According to “Shapiro-Wilkstest, if the test value is bigger than
the alpha value (.05), the gathered data have a normal distribution. On the contrary,
if the test value is less than the alpha value (.05), the gathered data do not have a
normal distribution (Mertler & Vannatta, 2005). “The Scale of 6th-Grade Students
Understanding Level of Astronomy Concepts” was appropriate for using parametric
test since the gathered data is normally distributed. The paired sample t-test was used

for analyzing the given scale.
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3.4.2 Data Analysis of “Science, Technology, Engineering, and Mathematics
Career Interest Survey (STEM-CIS)”

The data which was collected from the STEM-CIS instrument were analyzed
according to the given procedure by developers of scale. The instrument was 5- point
Likert-type scale; therefore, descriptive statistics were collected by scoring all
subscales of it. The points of answer options of the scale assigned as “5 points =
Totally Agree”, “4 points = Agree”, “3 points = Undecided”, “2 points = Disagree”,
and “1 point = Totally Disagree”.

Table 3.7. Normal Distribution of STEM-CIS

Sharpio Wilks
Type Statistic df P
Data Gathered .964 37 .303
Gained Score .960 37 .168

p > .05%

In order to determine whether to use parametric or non-parametric analysis test for
“Science, Technology, Engineering, and Mathematics Career Interest Survey
(STEM-CIS)” the normal distribution of the obtained data was tested. The result of
the test showed that obtained data were normally distributed; it was appropriate to
use a parametric test (Table 3.8). The paired sample t-test was used for analyzing
data from STEM-CIS. In addition to paired sample t-test, non-parametric Wilcoxon
Signed Rank test was used for analyzing gained interest in STEM-CIS scales because
it recommended that if the sample size is less than 50, non-parametric test results

should also be considered (Boone & Boone, 2012).

Consequently, the presented study was conducted with one group experimental pre-
test-post-test design; therefore, “Paired Sample t-test” was preferred to analyze
obtained data from “The Scale of 6th-Grade Students Understanding Level of
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Astronomy Concepts” and Science, Technology, Engineering, and Mathematics

ginWilcoxon Signed Rank was used for analysis STEM-CIS.
3.5 Validity and Reliability

The validity and reliability of the instrument are the necessary points of the studies.
The consistency of data that were collected with instruments of study at all locations,
conditions, and time represents the reliability of the study. Additionally, validity is
the accurate inferences of the researcher according to the results of instruments,
instrumentation process, and group characteristics (Baldwin, 2018; Fraenkel,
Wallen, & Hyun, 2012). The validity and reliability of STEM-CIS were developed
before the presented study was conducted by the developers of instruments;
therefore, this instrument was considered as reliable for the measurement of variables
of research. For “The Scale of 6th-Grade Students Understanding Level of
Astronomy Concepts”, the researcher conducted an interrater agreement method
with another researcher on science education. Cohen’s Kappa statistics were
performed to find the degree of agreement between researchers. The value of Kappa
is interpreted ranges from zero to one, and the closer the value is to one, the higher
the agreement is interpreted (Landis & Koch, 1977). For the presented study, the
interrater reliability for the researchers was found to be Kappa = 0.64; therefore, the
agreement of the interrater was found as a “substantial agreement” degree. Thus,
both of the instruments were considered as reliable for the measurement of variables

of research.
3.5.1 Internal Validity

Internal validity is the degree of differences which are observed between the
dependent variable and the independent variable, not the other variables which are
uncontrolled (Fraenkel, Wallen, & Hyun, 2012). The present study was conducted
in one group pre-test-post-test experimental design; therefore, the internal validity

threats which have the possibility to affect the study are listed below.
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According to Frankel et al. (2012), researchers should pay attention to internal

validity in order to minimize these nine internal validity threats;

Subject characteristics: Participants' differences from each other such as age,

gender, and socioeconomic statutes. (1)

Mortality: Dropping out subject during the study progress because of some

reasons such as family relocation or diseases. (2)

Location: The different data collection locations may affect the results. (3)

Instrumentation: The threat is examined in three categories; data collector

bias, data collector characteristics, and instrument decay. (4)

Testing: Administered pre-tests may cause clues for participants and increase

their efforts for materials. (5)

History: The unexpected events may affect the responses of participants
during the study. (6)

Maturation: The responses and perceptions of participants may change

because of the passing of time. This change may affect the result of the study.

(7)

Statistical Regression: The extreme high or low scores on the pre-test may
come close to the mean score of the post-test depending on the change in

performance of participants, chance or measurement errors. (8)

Implementation: The experimental (or implementation group) group may be
treated in an advantageous way. The different behaviors, attentions, and

additional practices of the researcher may cause implementation threat. (9)

The present study was administered as one group experimental model; therefore,

there were not two different groups which were experimental and control groups.
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The one group of the study consisted of two classes of school, which were selected
by a convenient sampling model. Therefore, subject characteristics did not pose a
threat. The second one is mortality threat which is because of the loss of subjects
during progress. To minimize this threat, the researcher informed the participants
about the importance of participation in both pre- and post-tests; therefore, mortality
was not a significant threat for the present study. The participants of the present study
consisted of two different classes, which were 6/A and 6/B. These classes were put
together during the study in order to create the same environment. Therefore, the
location threat was minimized by the researcher. The fourth threat is instrumentation
which has three aspects; data collector bias, data collector characteristics, and
instrument decay. The instruments were administered by the same researcher without
any leading or directing during the instrumentation; therefore, data collector bias and
characteristics were not considered as a necessary threat. The responses of students
on an open-ended scale were evaluated by using an evaluation rubric to minimize
instrumentation decay. Additionally, the scores of each subject were evaluated at
different times for all instruments. Testing is another fifth threat for internal validity.
The time gap between pre- and post-test was eight weeks. Therefore, the time gap
minimized the threat of the administration of pre-test for the present study. The sixth
internal validity threat is history which affects participants’ responses because of
unplanned events, and maturation is the seventh threat which affects participants’
responses because of passing time. The gap between pre- and post-tests has been
planned by trying not to be long in order to avoid much more unexpected events and
maturation. The eighth internal validity is statistical regression. Statistical correction,
which excludes outliers from the analysis, was used to overcome this threat. The last
one is implementation. The implementer and researcher were the same person in the
present study because introducing EDBI to a traditional teacher in order to train
another implementer would spend much time. The researcher took care to act
objectively and took ethical rules into consideration during the implementation
process. However, since this situation may threaten internal validity, it is stated in

the limitation part. Also, the present study was conducted with only one group;
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therefore, there was only one implementation group. In order to minimize this threat,
the researcher tried to standardize conditions during the study and avoid helpful

threats which may cause any advantage to participants.

3.5.2 External Validity

External validity is the degree of generalizability of the results of the study to other
samples (Baldwin, 2018). In the presented study, the convenient sampling method
was used to select the sample. Therefore, the results of the research can be

generalized to the groups which have the same characteristics.

3.5.3 Reliability

The consistency of the data of the study, which were collected with instruments at
all locations, conditions, and time represents the reliability of the study (Baldwin,
2018). Interrater agreement reliability for “The Scale of 6th-Grade Students
Understanding Level of Astronomy Concepts” (Kappa = 0.64, substantial agreement
degree) and Cronbach Alpha value for STEM-CIS (a=0.79) were calculated for the

reliability of all instruments.

3.6 Limitations

1) The results of the research can be generalized only to the groups which have the
same characteristics because a convenient sampling method was used to select the

sample.

2) The present study design was one group experimental design because of the

limited sample size of the study.

3) There was no qualitative data, such as drawings or interviews with participants,

in order to extend and support the quantitative data of the study.

4) Limited sample size of the study may limit the generalization of the results.
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5) The implementer and the researcher were the same person, therefore, it may be a

threat to internal validity.
3.7 Assumptions

1) The same standard conditions were arranged for the implementation of

instruments.
2)The participants were randomly distributed into small groups.

3) All participants responded to the instruments seriously and honestly.
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CHAPTER 4

RESULT

In this chapter, the result of the data analysis of the study is presented. The first
section is descriptive results of “The Scale of 6th-grade Students Understanding
Level of Astronomy Concepts” questionnaire, and the second section is descriptive
results of the “Science, Technology, Engineering, and Mathematics Career Interest

Survey (STEM-CIS)” scale.

4.1  Descriptive Results for “The Scale of 6th-grade Students Understanding

Level of Astronomy Concepts” Questionnaire

The main problem about students' understanding level of astronomy concepts, null

hypothesis, alternate hypothesis, and the result are presented below sections.

41.1 Effect of Engineering Design-Based Astronomy Instruction on

Students’ Understanding of Astronomy Concepts

The sub-problem was generated to research the main problem of the presented study,

which is about the understanding of astronomy concepts. The sub-problem is;

e Isthere asignificant mean difference between the pre-test and post-test mean
scores of students taught with engineering design-based instruction (EDBI)
with respect to students’ understanding of astronomy concepts?

The null hypothesis for the sub-problem is;
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e There is no significant mean difference between the pre-test and post-test
mean scores of students taught with engineering design-based instruction
(EDBI) with respect to students’ understanding of astronomy concepts.

The alternate hypothesis for the sub-problem is;

e Thereis asignificant mean difference between the pre-test and post-test mean
scores of students taught with engineering design-based instruction (EDBI)
with respect to students’ understanding of astronomy concepts.

The descriptive statistics table of the experimental group of the presented study is

shown in Table 4.1.

Table 4.1. Descriptive Statistics of Experimental Group

GrOUp N .x_pre .x_post
Experimental (E) 37 4.63 8.67

When Table 4.1. was analyzed, the mean score of the pre-test was x=4.63, while the
mean score of post-test was x= 8.67. There is a mean difference between the pre-test
and post-test of the experimental group. It is seen that the mean scores of the

experimental group increased after the instruction.

The paired sample t-test was applied to check whether there was a significant
difference between the pre-test and post-test mean values. The analysis of the
average scores of the experimental group students' understanding of astronomy
concepts before and after the implementation of engineering design-based
instruction was compared with the paired sample t-test. The paired sample statistics

of understanding of astronomy concepts of students were presented in Table 4.2.

Table 4.2 Paired Sample Statistics of Astronomy Understanding

Scale Test N X SS
Astronomy Pre-test 37 4.63 2.643
Understanding Post-test 37 8,67 3.333
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The result of paired sample t-test analysis is shown in Table 4.3.

Table 4.3 Paired Samples Test of Astronomy Understanding

Scale Test N t D
Astronomy Pre-test 37
Understanding Post-test 37 +8.550 ,000

According to Table 4.3., it was seen that p value of the test is less than the test value
(p<.05). There was a significant mean difference between the experimental group
students' pre-test and post-test scores. Therefore, the null hypothesis was rejected.
The engineering design-based instruction increased the experimental group scores
on the scale. According to the results, it was observed that there was an increase in
the astronomy understanding scores of the students after the implementation of

engineering design-based science instruction.

All five concepts of the given scale (universe, solar system, stars and planets, orbit)
were analyzed in detail, and frequency distribution tables of both pre-test and post-
test values with the percentages were presented in the following tables. Previously,
"no understanding™, "specific misconception” and "no response” understanding
levels were gathered in one group; therefore, in the presented tables, the name of this
group is labeled as “no understanding level”. In addition to frequency distribution,
example responses given by students on pre-test and post-test were directly shown

in tables.
4.1.1.1 Universe Concept

The first and second question of “The Scale of 6th Grade Students Understanding
Level of Astronomy Concepts” questionnaire focused on the *“ universe” concept of
the astronomy field. The statistical analysis of the students’ understanding levels
before and after the implementation of engineering design-based instruction within
the scope of the universe concept was compared. The statistic of understanding of

the universe concept of students was presented in Table 4.4.
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Table 4.4. Frequency and Percentage Values for Universe Concept (Q1)

Question No understanding Partial Understanding  Sound Understanding

1 f % f % f %
pre 36 97.3 1 2.7 0 0
post 25 67.5 12 324 0 0

When looking at the “Q1” results in the table, it was seen that the majority of the
students (97.3%) held no understanding level, while the minority of students (2.7
%) held a partial understanding level according to the pre-test results of the
questionnaire. In other words, most of the students gave no answer, illogical or
irrelevant answers to the question. Only one student responded with at least one
correct component of the response before the implementation. According to the
results, none of the students answered “sound understanding” level, which includes
all correct components of the response, to the question. Regarding the students'
understanding of the concept of the universe in the first question after the post-test,
67,5 % of the students held no understanding level, while 32,4 % of students held a
partial understanding level. According to the post-test results of the questionnaire,
most of the students still had misconceptions or misunderstandings about the
universe concept after implementation. However, a couple of students developed at
least one component of the universe concept. Likewise, in the pre-test results, there
was no student who answered the 1st question on “sound understanding” level. The
example responses of students pre and post-implementation of the scale were
presented in Table 4.5. Thus, the statistical result of the first question presented that
there was an increase in the frequency of a partial understanding level of the student,
while the frequency of no understanding level of the student decreased after

engineering design-based instruction.
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Table 4.5. Example Responses of Students to Universe Concept (Q1)

Test type  No understanding Partial Understanding Sound Understanding

Pre
“The universe is our
environment. The “The Earth, the Sun, and
trees and animals the Moon are parts of the -
make up the Universe.” (B3K)
Universe.” (A6E)

Post
“The Earth where “The Solar System is part
humans are living on of the Universe.” -
is the Universe.” (A17K)
(A8E)

The frequency distribution and percentage of understanding levels of students on the

2nd question were presented in Table 4.6.

Table 4.6. Frequency and Percentage Values for Universe Concept (Q2)

Question  No understanding Partial Understanding ~ Sound Understanding

2 f % f % f %
pre 28 75.7 9 24.3 0 0
post 26 70.3 11 29.7 0 0

Table 4.6 shows that 75,7 % of students responded to Question 2 with a no
understanding level on the pre-test of the questionnaire. Students who held this level
randomly or completely wrongly ordered the sizes of the universe, stars, planets, and
satellites. About 24.3 % of the students held partial understanding level answers to
the 2nd question. It means these students could not order all components of the
question fully correctly; however, they made the correct comparison of at least two

of the given celestial bodies. According to pre-test results, most of the students gave
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an incorrect answer to the 2nd question while comparing the size of “the planet” and
“the star”. The post-test results presented the majority of students (70.3%) had no
understanding level, while minor of them (29.7 %) held a partial understanding level.
None of the students answered the question fully completely, which has the correct
order of given components of the question after implementation. The students
responded that the stars are celestial bodies that are smaller than satellites, and they
ordered the satellites in order to be larger. Thus, the statistical result of the second
question presented that there was an increase in the frequency of a partial
understanding level of the student while the frequency of no understanding level of

the student decreased after engineering design-based instruction.
4.1.1.2 Solar System Concept

The third, fourth, and fifth questions of “The Scale of 6th-grade Students
Understanding Level of Astronomy Concepts” questionnaire aim to measure
understanding of the Solar System concept. The statistical analysis of the students’
understanding levels after the implementation of engineering design-based
instruction was compared with before instruction. The statistics for the

understanding of the solar system concept of students were presented in Table 4.7.

Table 4.7. Frequency and Percentage Values for Solar System Concept (Q3)

Question No understanding Partial Understanding ~ Sound Understanding

3 f % f % f %
pre 30 81.1 6 16.2 1 2.7
post 14 37.8 17 45.9 6 16.2

According to Table 4.7, before the implementation of EDBI, 81.1% of the students
held no understanding level on question three. It means most of the students did not
explain the solar system and its components well. Students responded that the solar
system includes more than one star, which can be seen at night, or it covers all planets
in space. The other 16.2 % of students held a partial understanding level, and only

2.7 % of the total class held a sound understanding level before the implementation
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of EDBI. Students with a partial understanding level correctly knew the number of
stars and planets but left out other celestial objects such as satellites and asteroids.
The sound understanding level response had an answer that included all correct
components of the answer. This response not only included all the components of
the solar system but also covered the orbit concept and motions of the planets. When
looking at the results of 3rd question after implementation, 37.8 of the total class
held no understanding level, and most of the students (45.9 %) held a partial
understanding level. Seventeen of these students developed that there is only one star
in the solar system and eight planets are arranged around this star, while 14 students
had difficulty in grasping either the number of stars or the number of planets. Nearly
16.2 % of total students held sound understanding after implementation. In their
responses, these students stated the movements of the planets in the solar system in
a certain orbit around the Sun and all the celestial bodies of the solar system. The
example responses of students before and after the implementation of EDBI are
presented in Table 4.8. Thus, the statistical result of the third question presented that
there was an increase in the frequency of a partial understanding and sound level
student while the frequency of no understanding level student decreased after

engineering design-based instruction.

Table 4.8. Example Responses of Students to Solar System Concept (Q3)

Test type  No understanding Partial Understanding Sound Understanding
“The sky, stars, the “The Sun at the center, “The solar system
Pre Sun, the Moon, the and 8 planets and Pluto, consists of eight
Earth, and universe ~ and maybe meteorite are planets moving
are made up the made up Solar System.”  around the Sun, their
Solar System.” (A10E) satellites, and
(A2E) asteroids.”
(A12K)
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Post “All stars and all
planets in space

come together, and

they form the solar

system”

(A4E)

“The system in which
the Sun is at the center
“The solar system has the and 8 planets and their
Sun and eight planets satellites revolve
inside of it.” around the sun is
(A17K) called the solar

system...(cont’d)”

(B15K)

The frequency distribution and percentage of understanding levels of students on the

4th question were presented in Table 4.9.

Table 4.9. Frequency and Percentage Values for Solar System Concept (Q4)

Question No understanding Partial Understanding  Sound Understanding
4 f % f % f %
pre 35 94.6 2 5.4 0 0
post 23 62.2 12 32.4 2 5.4

When the result of frequency and percentage values before engineering design-based
instruction were analyzed, the majority of the students (94.6%) held no
understanding level on the fourth question, while the minority of students held a
partial understanding level. Most of the students at no understanding level did not
explain why the planets move around the Sun, or they gave blank the question and
responded as “I do not know”. At the partial understanding level, students defined
that the planets have a path; however, they did not define it as an orbit or orbital
movement. Before the implementation of EDBI, there were not any students (0%)
who held a sound understanding level that included all scientific components of the
answer. When looking at the post-test result of the scale, most of the class (62.2%)
held on no understanding level. These students generally responded to this question

that the Earth revolves around the Sun for the formation of daytime and nighttime
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and formation of one day. Also, many students gave blank. The partial understanding
level students was 32.4 %of the students. Likewise, in the pre-test responses, the
students who stated that the Earth has a revolution path around the Sun and it follows
this path periodically but did not specify this path as an orbit were at the partial
understanding level. The sound understanding students consisted of 5.4 % of the
sample. These students responded to all correct components of the question, in other
words, they described the revolution path of the Earth around the Sun, and also, they
mentioned this path as an orbit. The example responses of students before and after
the implementation of EDBI were presented in Table 4.10. Thus, the statistical result
of the fourth question presented that there was an increase in the frequency of a
partial understanding and sound level student while the frequency of no

understanding level student decreased after engineering design-based instruction.

Table 4.10. Example Responses of Students to Solar System Concept (Q4)

Test type  No understanding Partial Understanding Sound Understanding
“In order to “The Earth has a path
Pre formation of one around the Sun, and it has -
day.” to follow this path.”
(B6K) (B1E)
“When the Earth “The Earth has a “.... The Earth has an
Post revolves around the rotational path, and it orbit around the Sun

Sun, the night and always follows this path ~ and follows this orbit

day occur.” without stopping.” periodically.”
(B13K) (A9K) (AlE)

The frequency distribution and percentage of understanding levels of students on the

5th question were presented in Table 4.11.
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Table 4.11. Frequency and Percentage Values for Solar System Concept (Q5)

Question No understanding Partial Understanding  Sound Understanding

5 f % f % f %
pre 8 21.6 7 18.9 22 59.5
post 2 54 1 2.7 34 91.6

Table 4.11 shows that 21.6 % of students responded to question 5 with a no
understanding level on pre-test implementation. Students who held this level
randomly and completely wrongly ordered the planets according to their proximity
to the Sun (in order from closest to farthest). About 18.9 % of the students held partial
understanding level answers to the 5th question. It means these students cannot order
all planets fully correctly. However, they made the correct order at least six of them.
According to pre-test results, most of the students (59.5 %) held a sound
understanding level which has a totally correct order of planets from the Sun. The
post-test results presented that the majority of students (91.6%) held a sound
understanding level, which means most of the sample responded totally correct order
of planets from the Sun. About 5.4 % of students held no understanding level, which
has illogical random order of planets. The partial understanding level students
consisted of 2.7 % of the total students. Thus, the statistical result of the fifth question
presented that there was an increase in the frequency of sound understanding among
students. Also, the reason for the decrease in the percentage of both partial and no
understanding can be interpreted as that those students developed a totally correct

order of planets after engineering design-based instruction.
4.1.1.3 Stars and Planets Concepts

The sixth, seventh and eighth questions of “The Scale of 6th-grade Students
Understanding Level of Astronomy Concepts” questionnaire focused on the
understanding of stars and planets concepts. The statistical analysis of the students'

understanding levels of pre-implementation before engineering design-based
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instruction was compared with post-implementation of scale. The statistics of

understanding of stars and planets concepts of students were presented in Table 4.12.

Table 4.12. Frequency and Percentage Values for Stars and Planets Concepts (Q6)

Question No understanding Partial Understanding  Sound Understanding

6 f % f % f %
pre 21 56.8 16 43.2 0 0
post 17 45.9 17 45.9 3 8.1

According to Table 4.12, before the implementation of EDBI, 56.8% of the students
held no understanding level on question six. It means most of the students did not
explain the difference between stars and planets. These students either gave the
answer part blank or irrelevant answers. For instance, they only wrote one of the
features of any planets that they knew. The other 43.2 % of students held a partial
understanding level which contains at least one correct comparison between planets
and stars, while none of the students held a sound understanding level which contains
all correct comparisons of these given celestial bodies. It means there were no
students who could explain the difference between planets and stars before
engineering design-based instruction. When looking at the after implementation
results of the 6th question, no understanding level students were equal to partial
understanding level with a percentage of 45.9. No understanding level students
responded with illogical explanations such as that stars are much smaller than planets
and that stars cannot rotate around themselves. On the other hand, partial
understanding level students explained at least one correct comparison between
planets and stars. Most of the students responded that the most obvious difference
between stars and planets is that stars are natural sources of light, but planets are not.
About 8.1 % of students held sound understanding after implementation results. In
their responses, these students stated all components of the answer, which covers all
the comparisons parallel with the curriculum (three components are acceptable). The

example responses of students before and after the implementation of EDBI were
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presented in Table 4.13. Thus, the statistical result of the sixth question presented
that there was an increase in the frequency of a partial understanding and sound level
of the student while the frequency of no understanding level of students decreased

after engineering design-based instruction.

Table 4.13. Example Responses of Students to Stars and Planets Concepts (Q6)

Testtype  No understanding

Partial Understanding

Sound Understanding

Pre “Jupiter is the
biggest planet.”
(B11E)

“The stars are natural
light source while the
planets are not the light
source.”

(B2K)

“The planet rotates
Post on its own axis, but
stars are motionless.”

(BL4E)

“A planet may have a
satellite, but a star does
not have any satellite.”

(A5K)

“The stars are light
source, but planets are
not. They are hotter
and bigger than

planets.”
(A1E)

The frequency distribution and percentage of understanding levels of students on the

7th question were presented in Table 4.14.

Table 4.14. Frequency and Percentage Values for Stars and Planets Concepts (Q7)

Question No understanding Partial Understanding  Sound Understanding
7 f % f % f %
pre 29 78.4 7 18.9 1 2.7
post 13 35.1 21 56.7 3 8.1

According to Table 4.14, before the implementation of EDBI, 78.4 % of the students

held no understanding level on the seventh question. The student, at no
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understanding level, did not explain the difference between satellites and planets
correctly. Also, some students only thought of the moon when the word satellite was
mentioned, and they did not think that other planets could have satellites that have
different features. When looking at other statistics of pre-test results, 18.9 % of
students held a partial understanding level, and 2.7 % of participants held a sound
understanding level before treatment. Students with a partial understanding level
stated the movement of only one of the given celestial bodies. For instance, students
mentioned that the satellites revolve around the planets. However, they did not give
information about which celestial body the planets revolve around. On the other
hand, the sound understanding level response had an answer that included all these
two movements. These students stated that planets and moons revolve around
different celestial bodies and mentioned what these celestial bodies are. After
implementation, results of the 7th question show that 35.1 % of the students held no
understanding level, and most of the students (56.7 %) held a partial understanding
level. According to post-test results, it is seen that students developed their
understanding of the differences between planets and satellites. The minority of total
students (8.1%) held sound understanding levels. The example responses of students
before and after the implementation of EDBI were presented in Table 4.15. Thus, the
statistical result of the seventh question presented that there was an increase in the
frequency of a partial understanding and sound level of the student while the
frequency of no understanding level of the student decreased after engineering

design-based instruction.

Table 4.15. Example Responses of Students to Stars and Planets Concepts (Q7)

Test type  No understanding Partial Understanding  Sound Understanding
“The biggest difference
between them is that the

“The satellites are “The planets revolve  satellite revolves around

Pre white, but planets around the stars, for ~ the planet, and the planet
can be different example, the Earth and  does around a star. For

colors.” the Sun.” example, solar system.”
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(A13K) (ATK) (B15K)

“Planet: revolves around

“The satellites “A satellite revolves the star (like the Sun)
Post consist of asteroids,  around a planet; that is  Satellite revolves around
but planets are not.” the difference.” the planet (like Earth)”
(A18K) (B17K) (A15E)

The frequency distribution and percentage of understanding levels of students on the

8th question were presented in Table 4.16.

Table 4.16. Frequency and Percentage Values for Stars and Planets Concepts (Q8)

Question No understanding Partial Understanding ~ Sound Understanding

8 f % f % f %
pre 17 45.9 20 54.1 0 0
post 8 21.6 25 67.5 4 10.8

Table 4.16 shows that 45.9 % of total students responded to question eight with a no
understanding level on pre-test implementation. Most of these students who held this
level responded with illogical or irrelevant answers; however, there were some
students who responded as “I do not know” or only “No.”. According to the
responses of these students, it was seen that they considered that the stars they see at
night and the Sun they see during the daytime are different types of celestial bodies.
About 54.1 % of the students held a partial understanding level which includes at
least one reason why the Sun is a star. Most of these students stated that the Sun
shines like other stars; therefore, the Sun is a star. There were not any students (0 %)
who held a sound understanding level which has more than one reasonable
explanation. According to the presented post-test results, the majority of students
(67.5%) held a partial understanding level. Most of the partial understanding
students responded that the Sun is a source of heat source or Sun is a light source

like other stars; therefore, the Sun is a star. Nearly 21.6 % of students held no
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understanding level, which has illogical or one-word (yes or no) responses. After
engineering design-based instruction, students developed the explanation of
knowledge that the Sun is a star. About 10.8 % of students held a sound
understanding level that covered all reasonable explanations of the correct response.
The sound understanding level students responded that the Sun is both a source of
light and a source of heat. The example responses of students before and after the
implementation of EDBI are presented in Table 4.17. Thus, the statistical result of
the eighth question presented that there was an increase in the frequency of a partial
understanding and sound level of the student while the frequency of no
understanding level of the student decreased after engineering design-based

instruction.

Table 4.17. Example Responses of Students to Stars and Planets Concepts (Q8)

Test type  No understanding Partial Understanding Sound Understanding

“No. Because the “Yes. Because the Sun

stars are only seenat  sends its light to the Earth -

Pre night.” like other stars.”
(B16E) (B12E)
Post “No. Because the “Yes. The stars and the “Yes. All stars give

Sun is bigger than Sun are shining, and they  heat and light to their

stars.” are natural sources of surroundings. The Sun
(Al1E) light.” is the heat and light
(A7K) source of our Earth, so

the Sun is a star.”

(A16E)

4.1.1.4 Orbit Concept

The last two questions, numbers ninth and tenth of “The Scale of 6th-grade Students

Understanding Level of Astronomy Concepts” questionnaire, aimed at the
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understanding of the orbit concept. The statistical analysis of the students'
understanding levels before engineering design-based instruction results was
compared with post-test results of scale. The statistics of understanding of the orbit

concept of students were presented in Table 4.18.

Table 4.18. Frequency and Percentage Values for Orbit Concept (Q9)

Question No understanding Partial Understanding  Sound Understanding

9 f % f % f %
pre 21 56.8 15 40.5 1 2.7
post 10 27.0 23 62.1 4 10.8

According to Table 4.18, the majority of the students held no understanding level on
question nine before the engineering design-based instruction. These students
responded that they had no idea about the concept of orbit because their responses
generally covered either “I have no idea.” or they gave blank answers on pre-test
implementation. Less of the students wrote statements that expressed their opinions
on the ninth question of the scale. Students with a partial understanding level
responded to only one component of the definition of the orbit concept, consisting
of 40.5 % of the total students. These students tended to think in terms of the Earth
and made their definitions through the concept of the Earth before the instruction. In
other words, at a partial understanding level, students generally made explanations
as if only the Earth had an orbit, and they did not consider other celestial bodies'
orbits. The minority of the students held a sound understanding level (2.7 %) that
included a correct explanation of the concept of orbit. The sound understanding level
response covers all components of the correct scientific explanation. When looking
at the post-test result, students with a partial understanding level were the majority
of the class with % 40.5. These students were generally the ones who gave correct
but incomplete explanations about the concept of orbit. Students with a partial

understanding level had difficulty in grasping that celestial bodies other than planets
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may also have orbits because these students’ answers generally covered that only
planets have an orbit. About 27.0 % of the students held no understanding level on
question nine. Unlike the pre-test responses, the students made their own
explanations about the concept of orbit at this time; however, these explanations did
not contain any component of the correct definition of the orbit concept. Nearly 10.8
% of the students held a sound understanding level, and it is seen that there was an
increase in this level of students. These students explained the concept of orbit
completely correctly in accordance with their grade level. When looking at their
answers, they referred to the concept of orbit as the path of a celestial body revolving
around another celestial body. The example responses of students both before and
after the implementation of EDBI was presented in Table 4.19. Thus, the statistical
result of question nine presented that there was an increase in the frequency of a
partial understanding and sound level of the student while the frequency of no

understanding level of students decreased after engineering design-based instruction.

Table 4.19. Example Responses of Students to Orbit Concept (Q9)

Test type  No understanding Partial Understanding Sound Understanding
“It means around of “The path the Earth “The path is drawn by
the Earth in the revolves is called by the the body in space
Pre Space.” orbit.” around other celestial
(B7K) (B4K) body like a star.”
(B10OK)
“The Orbit is the path
“There is an orbit “The path where planets that a celestial body

between the Sunand  constantly travel through  makes around another

Post the Earth.” space, for example, the celestial body while it
(B6K) orbit of the Earth”. is revolving.”
(B18K) (A12K)
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The frequency distribution and percentage of understanding levels of students on the

10th question were presented in Table 4.20.

Table 4.20. Frequency and Percentage Values for Orbit Concept (Q10)

Question No understanding Partial Understanding  Sound Understanding

10 f % f % f %
pre 17 45.9 15 40.5 2 5.4
post 8 21.6 23 62.1 6 16.2

Table 4.20 presents that 45.9 % of the students held no understanding level before
the treatment. These students explained the question by giving irrelevant or illogical
examples; that's why they were categorized at no understanding level. Also, most of
the responses were not supported with explanations even though the direction of the
item says "explain™ the answer. Students with a partial understanding level gave at
least one correct example, and their explanation of the given situation consisted of
40.5 % of the total students. These students usually focused on the scenario of planets
colliding with each other according to responses of the pre-test. The least percentage
was sound understanding level of the student with a percentage of 5.4. The sound
understanding level response included at least two correct examples with their
explanations. Considering the students' grade level and the information given in the
curriculum (about orbit concept) , it was sufficient for the students to give two
examples for the sound understanding level. According to post-test results, the
majority of students (62.1%) held a partial understanding level. It is seen that there
was an increase in the percentage of this level of students after the engineering
design-based instruction. These students gave a logical example with their
explanation. No understanding level students consisted of 21.6 % of total students.
Likewise, in pre-test responses, these students gave open-ended, generalized, or
unreasonable examples to question ten. Despite there was an increase in the
percentage of sound understanding level, still a minority of students (16.2%) held

sound understanding level. These students tended to exemplify the situation given in

74



the question over more than one celestial body. The example responses of students
both before and after the implementation of EDBI was presented in Table 4.21. Thus,
the statistical result of question ten presented that there was an increase in the
frequency of a partial understanding and sound level of the student while the
frequency of no understanding level of the student decreased after engineering

design-based instruction.

Table 4.21. Example Responses of Students to Orbit Concept (Q10)

Test type  No understanding Partial Understanding Sound Understanding
“Maybe, all “I think the planets collide ~ “The moon hits the
Pre meteorites would fall  with each other. (cont’d)”  Earth first, and then
to the Earth.” the Earth hits the Sun,
(B9E) (B19K) it could even burn. |
think it would be like
this.”
(A16E)

“All the asteroids in

Post “There would be no “The Earth and its twin  the asteroid belt would
planets.” Venus would collide scatter into space.
(A4E) because their orbits are (cont’d) The planets
close together.” collide with those
(A10E) asteroids.”
(B15K)

4.2 Descriptive Results for “Science, Technology, Engineering, and

Mathematics Career Interest Survey (STEM-CIS)” Questionnaire

The main problem about the engineer career interest of students, null hypothesis,

alternate hypothesis, and the result are presented below sections.
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4.2.1 Effect of Engineering Design-Based Astronomy Instruction on

Students’ Engineer Career Interests

The sub-problem was generated to research the main problem of the presented study,

which is about engineer career interests. The sub-problem is;

e Is there a significant mean difference between gained interest pre-test and
post-test scores of students taught with engineering design-based instruction
(EDBI) with respect to students’ engineer career interests?

The null hypothesis for sub-problem is;

e There is no significant mean difference between gained interest pre-test and
post-test scores of students taught with engineering design-based instruction
(EDBI) with respect to students’ engineer career interests.

The alternate hypothesis for sub-problem is;

e There is a significant mean difference between gained interest pre-test and
post-test scores of students taught with engineering design-based instruction

(EDBI) with respect to students’ engineer career interests.

When the analysis of the Likert scale, it is claimed that both parametric and non-
parametric tests can be used (Turan, Aslan & Simsek, 2015). Boone and Boone
(2012) recommended that if the sample size is less than 50, non-parametric test
results should also be considered. The sample size of the present study is N=37 (less
than 50); therefore, the Wilcoxon Signed Rank test was conducted in order to
statistically analyze of STEM-CIS scale. The statistics table of the experimental
group as a result of the Wilcoxon Signed Rank test was presented in Table 4.22.
Table 4.22. The Statistics of Wilcoxon Signed Rank test for STEM-CIS

Total Rank of Interest

Wilcoxon Signed Ranks 595.00
z +5.056
Asymp. Sig. (2-tailed) .000
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According to table 4.22, the z value is -5.056 with a significance level (p) of p =.000.
The (p) value is less than .05; therefore, the result was significant. The null
hypothesis was rejected and there was a significant mean difference between gained
interest pre-test and post-test scores of students taught with engineering design-based

instruction (EDBI) with respect to students’ engineer career interests.

The sample was normally distributed according to the result of the Sharpio-Wilks
test. Therefore, parametric tests can be conducted in order to analyze the STEM-CIS
scale. In order to compare the means of the pre-test and post-test, paired sample t-
test was applied. The analysis of the average scores of the experimental group
students' engineer career interests before and after the implementation of engineering
design-based instruction was compared with the paired sample t-test. The result of
paired sample t-test shows if there was a significant difference between the pre-test
and post-test mean values of STEM-CIS. The paired sample statistics of the engineer

career interests of the students were presented in Table 4.23.

Table 4.23 Paired Sample Statistics of STEM-CIS

Scale Test N x SS
STEM- Pre-test 37 33.86 4.454
CIS Post-test 37 41.27 4.032

The result of paired sample t-test analysis is shown in Table 4.24.

Table 4.24 Paired Samples Test of STEM-CIS

Scale Test N t p
STEM- Pre-test 37
cIS Post-test 37 +9.647 000
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When Table 4.24 was analyzed, p value of the test was less than the test value
(p<.05). It means the difference between the mean values of the pre and post-test
was significant. Therefore, the null hypothesis was rejected and there was a
significant mean difference between gained interest pre-test and post-test scores of
students taught with engineering design-based instruction (EDBI) with respect to
students’ engineer career interests. According to the result, it was observed that there
was an increase in the students’ engineer career interests after the implementation of

engineering design-based science instruction.

The paired sample effect size statistic was presented in Table 4.25. The effect size
of the test was d=-1.586 regarding Cohen’s d value of paired sample t-test. It means
a large effect size according to Cohen (1988) criteria since the d value was bigger
than .8.

Table 4.25. Paired Samples Effect Sizes of STEM-CIS

Point Estimate
Cohen’s d +1.586
Hedges’ Correction +1.553

The pre and post-test results of the sub-dimension of “Engineering Part” were
analyzed in terms of frequency distribution and agreement percentage, that is, the
total percentage of “agree” and “totally agree” options for each of the ten items of
this part. Also, the mean scores of the pre-test and post-test were also presented. The
results for the engineering sub-dimension of STEM-CIS were presented in Table
4.26.

78



Table 4.26. Agreement Percentages for Items and Mean Value of Sub-Dimension of

Engineering
Frequency Percentage

Item pre post pre post
1. I am able to do well in activities that involve 27 34 72.9 91.9
engineering.
2. | am able to complete activities that involve 22 34 59.4 91.9
engineering.
3. I plan to use engineering in my future career. 17 25 45.9 67.5
4. 1 will work hard on activities at school that 19 29 51.3 78.3
involve engineering.
5. If I learn a lot about engineering, | will be 25 27 65.5 72.9
able to do lots of different types of careers.
6. My parents would like it if I chose an 20 26 54.0 70.2
engineer career.
7. 1 am interested in careers that involve 14 28 37.8 75.6
engineering.
8. | like activities that involve engineering. 16 31 43.2 83.7
9. I have a role model in an engineer career. 12 19 32.4 51.3
10. I would feel comfortable talking to people 12 33 32.4 89.1
who are engineers.
Mean Scores 33.46 41.27

Firstly, according to table 4.26., after engineering design-based instruction, the
percentage of agreement value increased for all items. The engineering part was not
included any reverse items that contain negative statements such as “I do not...” or
“I cannot...”. Therefore, the rise in percentages of agreement showed that students’
interest and motivation in engineering increased after engineering design-based
instruction. Secondly, when the table was analyzed, a slight change was observed in
item 5, while a considerable change was observed in item 10. The huge change in
item 10 showed that the engineering activity, which enabled students to meet the

engineers, increased the students' interest in talking with engineers. Lastly, it was
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seen an increase in the mean scores from the pre-test (Xpre=33.46) to the post-test
(Xpost=41.27) of students.

4.3 Summary of the Result

Firstly, according to the results, there was an increase in the astronomy
understanding scores of the students after the implementation of the engineering
design-based science instruction. When the universe, the solar system, the stars and

planets, and the orbit concepts were analyzed in detail;

a) The Universe Concept: The statistical result presented that there was an increase
in the frequency of a partial understanding level of the student while the frequency
of no understanding level of the student decreased after the engineering design-based
instruction. Inadequate and illogical conceptions about the universe concept of

students also decreased after EDBI.

b) The Solar System Concept: The statistical result presented that there was an
increase in the frequency of a partial understanding and sound level of students;
therefore, students developed an understanding of components of the solar system
after engineering design-based instruction. Also, the frequency of no understanding

level of students decreased after the engineering design-based instruction.

c) The Stars and Planets Concepts: The statistical result presented that there was an
increase in the frequency of a partial understanding and sound level of students after
engineering design-based instruction. The students differentiated planets from other
celestial bodies (stars and satellites) in a more reasonable manner. The frequency of
no understanding level of students decreased after engineering design-based

instruction.

d) The Orbit Concept: The statistical result presented that there was an increase in
the frequency of a partial understanding level of the student while the frequency of

no understanding level of the student decreased after the engineering design-based
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instruction. The students developed an understanding of the components of the orbit

concept after the implementation of EDBI.

Secondly, There was a significant mean difference between gained interest pre-test
and post-test scores of students taught with engineering design-based instruction
with respect to students’ engineer career interests. In other words, it was observed
that there was an increase in the students’ engineer career interests after the
implementation of engineering design-based science instruction. When the
engineering sub-dimension was analyzed in detail, the percentage of agreement
value increased for all items after engineering design-based instruction. Therefore,

students’ interest and motivation in engineering increased after EDBI.
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CHAPTER 5

DISCUSSIONS, CONCLUSIONS, IMPLICATIONS, AND
RECOMMENDATIONS

In this chapter, the main results of the presented study are concluded. In addition,
the results are discussed in light of the literature. Implications and

recommendations are also given at the end of the chapter.
5.1. Discussions

The purpose of the present study is to investigate the effect of engineering design-
based instruction on 6th-grade students' understanding of astronomy concepts and
students’ engineer career interests. Students’ understandings of astronomy concepts
and their engineer career interests were identified before and after the
implementation of EDBI. “The Scale of 6th-Grade Students Understanding Level of
Astronomy Concepts” and “Science, Technology, Engineering, and Mathematics
Career Interest Survey” were applied to the experimental group before and after the
application. The obtained data were analyzed by conducting statistical analysis in
order to examine the effect of engineering design-based instruction on 6th-grade
students’ understanding of astronomy concepts and engineer career interests. In the

discussion part, the results of the present study were discussed.
5.1.1. The Understanding of Astronomy Concepts

In this part, the effects of engineering design-based instruction on the understanding
of astronomy concepts of students were discussed according to the findings of the

present study.

The main research question of the present study was:

83



1) What is the effect of engineering design-based instruction (EDBI) on 6th-grade
students understanding of astronomy concepts?

The open-ended scale, which is “The Scale of 6th-grade Students Understanding
Level of Astronomy Concepts” (Akbas & Ekiz, 2005) was conducted to investigate
the effects of engineering design-based science instruction on students’
understanding of astronomy concepts. According to the result of the present study,
the mean scores of students after receiving engineering design-based instruction
were higher than before treatment. Also, the mean difference between the
experimental group students' pre-test and post-test scores was significant. The pre-
test results of the students may represent the knowledge they learned from the
traditional curriculum-based astronomy education. The findings of the present study
showed that students have many misconceptions in the pretest. In addition, they
made irrelevant answers and explanations to the open-ended questions given in the
scale. The findings of the post-test showed that the responses given by the students
became more meaningful after the EDBI. Not only logical explanations but also
students' understanding of concepts had improved. This may show that engineering
design-based science education may be more effective than traditional teaching
methods in students’ understanding of astronomy concepts. However, since the
control group was not used in the study, this comparison can only be made by
evaluating the difference between the pre-test and post-test results. When looking at
the present study, students were taught by instruction covering the engineering
design process activities based on astronomy topics. These students designed
prototypes in order to find a solution given astronomy problems using the
engineering design process steps. This experience might enhance students’
understanding of astronomy after treatment. In this line, the study conducted by
Wendell and Rougers (2013) showed similar results with the present study, and it
was concluded that engineering education increased the average scores of the
students in the science course. Likewise, the use of activities involving engineering
design process steps in the science class was effective in increasing the success of
the students in the science lesson (Yildirim & Altun, 2015). Another study taught
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middle school students a series of activities that followed the engineering design
steps for 3 weeks. It has been revealed that there was an increase in the understanding
of students who were exposed to engineering design-based science education
(Guzey, Moore, Harwell & Moreno, 2016). A study integrating engineering
education with the aerospace and space field has shown that this field was a suitable
subject for engineering design-based education, and also, students developed
appropriate solutions to the problem by using the engineering design process
(English, Hudson & Dawes, 2013). Similarly, in the present study, students were
given problems related to astronomy and asked to design solutions to the problem.
While the students were searching for solutions to the given problems, they followed
the engineering design steps by working like an engineer. As a result of the study, it
was seen that the students improved their understanding of concepts such as orbit,
planet, and satellite. Based on this, it can be concluded that engineering-based
science education can be used as an appropriate method for teaching astronomy
subjects. On the contrary to the present study, it was stated that engineering
education made a significant difference in the success of only students with a high
level of achievement (Doppelt, Mehalik, Schunn, Silk & Krysinski, 2008). The
reason why these studies do not support each other may be due to the different types
of measurement tools. Unlike the present study, the standardized knowledge test was
used in this study for data collection. The researchers of mentioned study stated that
knowledge tests might not accurately measure the success of students because when
the designs of the students were examined qualitatively, it was seen that although the
students with a low level of achievement test scores were lower than high level, their
designed products can be suitable for the problem as the other high level of

achievement students.

The results of the present study indicated that the students supported their answers
with more scientific explanations after the implementation of engineering design-
based education. For instance, on the item of "Is the sun a star? Why?”, in the pre-
test, students explained that the sun is a star because it is bright, while in the post-

test they explained that the sun is a source of heat, and light. While explaining the
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difference between the planet and the satellite, the pre-test results generally only
included examples of "the Earth™ and "the Moon", while the students explained the
difference between the planet and the satellite through the movements they made,
after receiving engineering design-based instruction. The "finding possible
solutions™ step of the engineering design process steps may have led the students to
investigate most concepts more deeply because, in the pre-test, the students
explained the concept of satellites through “the Moon", while they mentioned the
satellites of other planets in the post-test. In the same way, the study conducted by
Purzer, Goldstein, Adams, Xie, and Nourian (2015) stated that engineering design-
based education positively affects students' understanding of science lessons and, at
the same time, helps to develop more meaningful science learning. The study also
mentioned that the students have made more scientific explanations thanks to design-
based activities. In addition, it is revealed that engineering design-based education
developed conceptual understandings of students in science topics as it improved
skills of students such as decision-making, critical thinking (Fan & Yu, 2015). In
another study, Guzey et al. (2019) aimed to measure how much participation time in
an engineering design-based science education affects the development of
knowledge. It was concluded that students who attended engineering education
continuously for three years gained larger knowledge than students who attended
only one year. The results indicated that the engineering activities were important in
developing the knowledge of the students. Another study conducted with high school
students covered three units with lesson plans that included engineering design steps
(Fortus, Dershimer, Krajcik, Marx & Mamlok-Naoman, 2004). The research
indicated that design-based activities were effective in structuring scientific
knowledge and that these designs form “a bridge” for science learning. Likewise
mentioned study, the result of the present study after receiving engineering design
process activities, students made more scientific explanations and gave more
scientific answers in their responses. Similarly, with these studies, the present study
consisted of activities that followed engineering design process steps, and it was

found that students' understanding of astronomy improved after the implementation
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of these activities. The engineering design process activities may have directed
students to make analyzes to identify problems. As a result of the analysis, the
students did research about the concepts that they thought they did not fully
understand so that the students could have developed the scientific background of
the concepts. In addition, students compared many concepts with each other in the
step of finding a possible solution. For example, while investigating which celestial
body they can build living space, they compared stars, satellites, and planets in terms
of features such as atmosphere, landforms, and temperature. Thus, students may have
developed a scientific understanding of many astronomy concepts thanks to the
engineering design process. Moreover, English and King (2015) emphasized that
each step of the engineering design process, especially the redesign step, played an
important role in the development of disciplinary knowledge. Likewise, the
presented study also focused on the redesign step of EDP and asked all the working
groups “what they would change if they wanted to make changes in their models”
and made them to explain. Therefore, the students may have a chance to think about
the mistakes they made, and the opportunity for correcting them. To sum up, in light
of these studies, it can be said that the engineering design steps had positive effects

on both the success and understanding of the students in the science course.

When looking at astronomy topics, in particular, Adams and Slatter (2000) showed
that students had difficulties in understanding the solar system and its components,
and also they have many misconceptions. Although the result of the pre-test of the
present study showed similar findings, post-test results showed that the frequency of
students explaining all correct components of responses increased while the number
of students having misconceptions and illogical responses decreased, in the solar
system concept. Students stated that before EDBI, there are many stars in the solar
system and the biggest of them is the sun. When looking at the post-test responses,
the students stated that there is only one star in the solar system and its name is the
Sun. These findings may show that the use of engineering design-based education
will be efficient when teaching the solar system topic. The other studies conducted

with 6th-grade students and measuring the level of students' understanding of

87



astronomy concepts indicated that students had difficulties in understanding the
concepts of orbit and universe concepts in particular and that they had
misconceptions about these concepts (Akbas & Ekiz, 2005; Kegeci, 2012). The pre-
test results of the present study were in the same line in terms of the results showing
that students had misconceptions, especially about orbits. However, when looking at
the post-test results of the study, it is seen that the student's understanding of the orbit
concept has improved because the frequency of students holding the no
understanding level has decreased after EDBI. The reason why students developed
an understanding of the orbit concept and overcame misconceptions may be due to
the engineering design-based instruction they received because one of the problems
given to the students was related to the concept of "orbit". The students did a lot of
research, group discussions, and brainstorming about the concept of orbit while
trying to define a given problem and finding possible solutions. In this way, students
may have developed their conceptual understanding of the concept of orbit. To sum
up, the study showed that the understanding of the students in astronomy topics
increased after engineering design-based instruction. The students developed an
understanding of astronomy concepts such as the universe, solar system, planets,
stars, and orbit and made more logical and scientific explanations. This may be due
to the fact that engineering design-based education was suitable for teaching
astronomy subjects; it made students think at a higher level, such as decision-making
and critical thinking and therefore caused more meaningful learning (Fan & Yu,
2015; Purzer et al., 2015; Arslan & Koparan, 2018). Therefore, the present study
may be concluded that the astronomy-based activities with the engineering design
process had a positive effect on the development of students’ understanding of

astronomy topics.
5.1.2. The Engineer Career Interest

In this part, the effect of engineering design-based instruction on students’ engineer

career interests was discussed according to the findings of the present study.

The main research question of the research was:
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2) What is the effect of engineering design-based instruction (EDBI) on 6th-grade

students’ engineer career interests?

The 5-Likert type scale, which is the Science, Technology, Engineering, and
Mathematics Career Interest Survey (adapted Turkish version) (Kier et al., 2013;
Koyunlu-Unlu et al., 2016) was implemented to evaluate the effects of engineering
design-based science instruction on students’ engineer career interests for the present
study. The findings showed that there was a mean difference between students' pre-
test and post-test scores, and also, the mean difference in scores was significant. The
results showed that there was an increase in the students’ engineer career interests

after the implementation of engineering design-based science instruction.

In the same vein, a study conducted with elementary level students stated that the
number of students who want to be an engineer in their future careers increased after
receiving engineering education because engineering education developed an
awareness of the profession in these students (Katehi, 2009). The engineering
design-based instruction changes students’ perceptions of engineering in a positive
way because students do not know exactly what the engineering profession is, before
receiving EDBI (Fralick et al., 2009; NAE & NRC, 2014). The students' interest in
engineer careers increased after receiving EDBI. The engineering design process
may help the students see what steps an engineer follows while working, and
therefore makes them experience working like an engineer therefore, the students
could be more interested in the engineer career after working like a real engineer.
Another study showed that middle and high school students interested in engineering
activities and other STEM fields would like to choose professions in these fields as
future career options (Popa & Ciascai, 2017). Likewise, in the research in which the
field of engineering was integrated into the science course, 4th grade students
indicated that they could choose engineering as a profession in the future in their
views on the process (Acar, 2018). Similar results were obtained in the present study,
and students' interest in choosing the engineer career increased after the engineering

design process activities. According to the post-test results, the number of students
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who agreed that they took engineers as role models and liked to work like an engineer
increased. Thus, it can be said that the introduction of the engineering profession and
the opportunity to work like an engineer during EDBI may have supported students
and increased their interest in the engineer career. However, another study stated
that even though students stated that they were interested in the engineering
profession, they did not know exactly what engineers do (Barger & Boyette, 2015).
The present study aimed to reduce the encounter with the mentioned situation, and
therefore students were met with two real-life engineers. They had a chance to direct
communication opportunities with these engineers and observed what they did and
what steps they followed when finding solutions to problems as engineers. Also, in
the post-test administered after this meeting, an increase was seen in the number of
students who agreed to enjoy talking with engineers. In addition, at the end of
engineering design-based instruction, when the responses of students given to the
“Would you prefer to be an engineer in the future career?" question were examined,
it was seen that the students generally answered "yes" and that there was aerospace
engineering in the fields they wanted to choose. For this reason, it can be concluded
that engineering-based science education including astronomy subjects may be

effective in increasing students' interest in engineer careers.
5.2 Conclusions

Engineering has an important place in the developing world, therefore, engineering
education should be integrated into science lessons from primary school in order to
raise more skilled individuals (Banks-Hunt et al., 2016; Casey, 2012). Engineering
design-based science education that includes engineering design process activities is
the way the engineering field is added to the science curriculum. These engineering
design process activities increase students' achievements in science lessons (Fortus
et al., 2004), and students develop more scientific understandings and overcome
misconceptions about science concepts (Purzer et al., 2015; English & King, 2015).
In the same vein, the result of the present study showed that students’ understanding

of astronomy concepts improved positively after receiving engineering design-based
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instruction based on astronomy topics because the mean of students’ scores on the
post-test was higher than pre-test mean scores. Also, the difference between the mean
score of the pre and post-test was significant. In addition to gained scores, students
developed a more scientific understanding of the concepts of the universe, solar
system, stars, planets, and orbits after EDBI. According to the results of the present
study, while the frequency of students who responded to logical and scientific
answers increased, the frequency of students who could not explain their answers
and responded to illogical answers decreased in the post-test. In order for students to
overcome misconceptions and develop concepts, engineering design process
activities should be given to them as much as possible (Guzey et al., 2019). Thus, it
may be concluded that engineering design-based science education improved

students’ understanding of astronomy concepts.

The engineering job market is expected to grow over the next decade; although there
is a need for engineers all around the World, there are problems in enrollment in
engineering jobs (Dohm & Shniper, 2007). Students do not prefer choosing
engineering as a career choice because they generally have inadequate perceptions
and even wrong information about the engineering profession (Fralick et al., 2009).
Engineering design-based instruction is a way of increasing students’ interest in
engineer careers by experiencing the engineering design process because, in order to
grow well-trained engineers, it is necessary to meet students to engineering from the
elementary school level (NRC, 2009b). In the same way, the present study showed
that there was an increase in the students’ engineer career interests after the
implementation of engineering design-based science instruction. According to the
results, there was a significant mean difference between gained interest pre-test and
post-test scores of students taught with engineering design-based instruction with
respect to students’ engineer career interests. The students talked with two engineers
who were actively working; therefore, students could observe what the engineers do
in work life. This communication may have caused the students to observe the
engineering profession more concretely and also may have increased students’

engineer career interests. Lastly, engineering education affected students' engineer
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career interests; therefore, if it is aimed to increase the engineering profession
interest of middle school students, engineering-based education should be integrated
into the science curriculum (Jagacinski, Lebol, Linden, & Shell, 1985; Banks-Hunt,
Adams, Ganter, & Bohorquez, 2016).

5.3. Implications and Recommendations for Further Studies

The first significant difference of the present study was an increase in the astronomy
understanding of students after receiving engineering design-based instruction.
Therefore, it was seen that EDBI positively affected students' development of
understanding in terms of astronomy concepts. The second significant difference was
found in students’ engineer career interests after receiving engineering design-based

instruction.

The implications determined by considering the findings, and results of the research

process are presented below:

e Engineering design-based instruction may be integrated into the science
curriculum with more explicit objectives, and even activities involving the
engineering design process may be included in the textbooks.

e Activities such as inviting engineers to the class as speakers or creating a
collaborative working environment with students and engineers can be
encouraged.

e Engineering design-based education is one of the new approaches in science
education. With in-service training, hands-on engineering design-based
training may be given to experienced teachers, and sample lesson plans may
be shared with them.

e Handbooks covering sample engineering design process activities, visuals,
and engineering design-based education lesson plans can be prepared and

distributed to in-service teachers by the Ministry of Education.
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The recommendations for future researches determined by considering the

limitations, findings, and results of the research process are presented below:

e The two engineering-based education lesson plans were used in the present
study. The number of engineering design activities may be increased for
further research.

e Inthis study, quantitative data analysis was performed. Qualitative data tools
such as drawing pictures or interviews may be conducted with students in
order to see students' opinions for future research.

e The level of understanding of astronomy subjects may also be measured at
the 5th and 7th-grade levels; therefore, the effect of engineering design-based
education on the understanding of more astronomy concepts can be
measured. The lesson plans should be prepared depending on the objectives
in the curriculum.

e Inorder to generalize the results better, a larger sample size is more suitable
for quantitative studies. It may be more appropriate to increase the sample
size of the study so that future studies make better generalizations of the

results.
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APPENDIX-B

6. SINIF OGRENCILERININ ASTRONOMi KAVRAMLARINI
KAVRAMA OLCEGI

Soru-1: Evren denince aklinga ne gelivor? Agiklaymer.

Soru-2 aEvren b-Yildez c-Geregen d-1 vdu

Yukanda verilenleri biiviikien kigige dofru saralay ne.

Soru-3: Giines Sistemi ne demektir? A giklayvinz

Soru-4: Giines Sistemi icindeki gezegenler nicin giinesin gevresinde dinerler? Agklayine.

Soru-5: Giines Sistemimizd e kag geregen vardor? Sirasiyla varne.

Soru-6: Yidiz ile grzegen arasnda ne Grk vardar?

Soru-T7: Gezegen ve Uydu arasnda ne farklar vardor?

Soru-8: Giines bir vildiz madar? Nigin?

Soru-10: Yiaringeler ol marsa ne olurdu? Ak layme.
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APPENDIX-C

“FEN, TEKNOLOJi, MATEMATIK VE MUHENDISLIiK

MESLEKLERINE YONELIK iLGi OLCEGI

v
(=]
Onermeler Elele|B|E
SE[E| 2| &%
s 2| 5| E|2
EE|l € E|E | v
Fw| 2 | 2| 2 | I
1, Fen dersinden iyi not alabilirim,
2, Fen adevierimi tamamlayabilirim, | |
3. Gelecekte fenle ilgili bir meslede sahip almak isterim,
4, Fen dersine diger derslere gére daha cok calisirim,
5. Fen derslerindeki basarimin, gelecek meslek hayatimda bana
fayda saglayacaging inaniyorutn, | |
6. Fen alaninda bir meslek secmemi ailem de ister, | |
7. Fen alanindaki mesleklere ilgi duyuyorum,
B. Fen dersini severim,
9. Fen alaninda galigan birini mesleki agidan drnek alirim,
10. Fen alaminda galisan insanlarla sohbet etmeyi seviyarum,
“Biyalog, doktor, eczocilik, hemgirelik vb. fen alanndoki mesleklere drnek olarak verilebilie,
MATEMATIK BOLUMU
s
=]
Onermeler E| E| ¢ 5 )
S EC - =1 g =
eS| 8| 5| E|5
HEIRIEH
HEEEE

1. Matematik dersinden iyi not alabilirim,

2. Matematik gdevierimi tamamlayabilirim,

3. Gelecekte matematikle ilgili bir mesledge sahip ol mak
isterim,

4, Matematik dersine diger derslere gire cok calisirim,

5. Matematik derslerindeki basarimin gelecek meslek
hayatimda bana fayda sadlayacagina i namyorum,

6. Matematik alaminda bir meslek secmemi ailem de ister, | |
7. Matematik alanindaki mesleklere ilgi duyuyorum,

B, Matematik dersini severim,

9. Matematik alaninda galisan birini mesleki agidan drnek alirim,

10, Matematik alaminda galigan insanlarla sehbet etmeyi
Seviyerum,
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* Muhasebeci, bankaci, matematik Gretmenliji vb. matematik alonndoki mesleklere Grnek olarak verilebilic.




Enermeler

Katilyorum
Katilmoyo rum
Hig Katilmryorum

Kararsizim

Tomamen
Katilyorum

1. Teknele )i kullanimi gerekticen etkinliklerde bagari Iy mdir,
2. Teknelojideki yenilikleri kolaylikla 8§renebilirim,
3, Meslek hayatimda yeni teknele jiler yakindan takip etmey|

o gli iy rum.
4. Derslerimde bana faydasi ¢laca§ina inand i m yeni

teknolo|iler| 6§renmek isterim,
5. Teknelojiyle lgili gek gey édrenirgem pek gok i§ imkanmla

karglagabilirim.

&. Teknolo|i alaninda bir meslek segmemi ailem de ister.

7. Sinif igi caligmalarimizda teknole]i kullarmayi seviyorum,
8. Teknole|l alenindaki mesleklere |19l duyuye rum.

9. Teknele)i alarinda galigan birl/birilerin mesleki agidan érnek

alirim,

10. Teknelo)i alaminda galigan insanlarla schbet etmey|

| S v yorum.
*Bilglnayar pregramedui, bilglayar yazden: ve denanen le dglli meslebler, bilglsayor tebmispeniil, elekirik-dlekironik

tebnisyeniil v, telmolo)l alonmdakl meslebdere dmel olarak verilebilir.

MUHENDISLIK BOLOMU
Cinermeler c E E
=1 =
EEE TEAE
83| 3 5 3%
1. Mihendislik becerisi gerektiren et kinliklerde b hyimdir,

2. Muhendislik becerisi gerektiren et kinlikleri tamam layabilirim,

3, Meslek hayatimda mihendislik becerilerin kullanmay

4, Derslerimde muhendislik becerisi gerektiven etkinliklere

katiima konusunda gok igtek liyimdic,
5. Muhendislikle ilgili gok gey ogrenirsem pek gok i imkaniyla
kar g ilagabilirim,

6. Muhendislik alaninda bir meslek segmemi ailem de ister,
7. Mihendislik alanindaki mes leklere |9l duywyorsm.

8, Mihendislik becerisi gerelkticren ef kinlikler seviyerum,
9. Mihendisleri mesleki acdan srnek airim,

10. Mihendislerle sohbet etmeyi seviyorum,
* Makina mihendisi, ingoat mihendisl, pevee mihendithdi, elekirid mihendiohl, Wimya mihendisigi v,
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APPENDIX-D

STEM ANALYSIS CRITERIA

The Activity

Yes Partially No

. Does the activity include a daily life prolem? If yes;
« s itaninteresting problem for the students?
o s it familiar and understandable for the students?

. Does the activity include integration of one or more than one
disciplines of STEM? If yes;

¢ Does itinclude engineering design homework?

¢ Does it make connection with mathematics concepts?

+ s itappropriate for technology use?

P AR

e

. Is the activity student-centered? If yes;

o  Daoes it give an opportunity to the students about making
their own searches?

¢ Daoes it enable the students to present scientific questions
when the students design?

o Does it avoid direction (choosing materials, design
process etc.) when the students design?

L

L

. Does the activity have the characteristics of project, problem

and ingquiry-based leaming approaches? If ves;

¢  Daoes it provide an opportunity to the students to study on
a problem or project?

o Does it provide an opportunity to the students to
hypothesize and to design a project or process based on
their hypothesis?

¢ Does it allow the students for creanvity, thinking and
inquiry skill, cooperative learning, designing and
innovation?

¢ Do the students present their designs (a project or
process) by verbally or a poster?

. Does the activity provide an opportunity to the students to
work in small groups and group communication?

. Does the acuvity provide an opportunity to the students to

redesipgn their designs?

¢ Does it ask the students what and why they change in
redesign step?
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7. Does the activity provide an opportunity to evaluate the
design based on criteria (cost, time, availability of materials
ete. )7 I yes;

o Does it present a rubric to evaluate the design in
intergroup?

¢ Did the criteria in the rubric be presented to the students
at the beginning of the activity?
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APPENDIX-E

“YASAM ALANI TASARIMI” DERS PLANI

Ders Fen Bilimleri

Sinif Diizeyi 6. Smf

Unite/ Konu F.6.1. Giines Sistemi ve Tutulmalar / F.6.1.1. Giines Sistemi

Sdre: 8 ders saati

Kazanimlar:

F.6.1.1.1. Giines sistemindeki gezegenleri birbirleri ile karsilastirir.
F.6.1.1.2. Diinya’nin, Giines etrafinda belirli bir yériingede dolandigini belirtir.

F.6.1.1.3 Giines sistemindeki yildizin, asteroit, uydu ve gezegenlerin 6zelliklerini

karsilastirir.

F.6.1.1.4 Muhendislik tasarim basamaklarini takip ederek, giines sistemi ile ilgili bir

probleme yonelik model hazirlar.

On Bilgiler:

1) Diinya’nin Fiziksel Ozellikleri (F.3.1.1. Diinya 'nin Sekli ve Yapisi)

2) Diinya’nin Yoriingesi (F.4.1.2. Diinya 'mizin Hareketleri)

3) Giines Sisteminin Yildizi'nin Ozellikleri (F.5.1.1. Giines’in Yapisi ve
Ozellikleri)

4) Diinya’nin Dogal uydusu olan Ay’in Ozellikleri (F.5.1.2. Ay’'in Yapisi ve
Ozellikleri)
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Materyaller:

“Miihendis Takimi Defteri” Aktivite Kagidi: Dagitilan Aktivite Kagidiin
temel amaci Ogrencilerin siireci kolay takip etmeleri saglamak ve
tasarimlarini, sorulara verdikleri cevaplar1 yazili bir sekilde tutmalarimi
saglamaktir. Problem senaryosu, miihendislik tasarim basamaklari, ¢izim
icin noktalr boliim aktivite kagidinin i¢inde yer almaktadir. Ayni zamanda
problem senaryosu, miithendislik tasarim basamaklari, 6z degerlendirme ile
alakali sorular1 da kapsar.

Bilimsel Dergiler: Ogrencilerin “Olas1 ¢dziimleri arastirma” ve “En iyi
¢Oziimili bulma” basamaklarinda aragtirma yapabilmeleri amaciyla astronomi
ile alakal1 6grencilerin seviyelerine ve okul ortamina uygun bilimsel dergiler
materyal olarak sunulur.

Uriin  Tasariminda Kullanilacak ~Malzemeler: Miihendislik tasarim
basamaklarinin son adimi olan “Model Uretme ve Test Etme” basamaginda
ogrencilerden fiziksel bir {iriin olusturmalar1 beklenir. Bu iirlinii tasarlamak

icin bir malzeme listesi belirlenmistir.

Teknolojik Materyaller:

Akilly  Tahta: “Mihendis Takimi Defteri” Aktivite Kagidi’nm1 ekrana
yansitabilmek amactyla akilli tahta kullanilir. Ogrenciler etkinlik sirasinda
hangi basamakta olduklarini akilli tahta sayesinde takip edebilirler.

Bilgisayar: Ogrencilerin “Olas1 ¢dziimleri arastirma” ve “En iyi ¢oziimii
bulma” basamaklarinda aragtirma yapabilmeleri amaciyla internete bagl bir
bilgisayar kullanilir. Bilgisayar kullanimi amag¢ disina ¢ikilmamasi igin

gbzetim altinda olmalidir.
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e Video: Giines sisteminin ve gezegenlerin genel 6zelliklerini anlatan bir video

kullanilir. (https://www.youtube.com/watch?v=rGGZnh8W700)

Ogretim Yontem ve Teknikleri: Mithendislik Tasarim Temelli Fen Egitimi

OGRETIM SURECI
Giris:

Ogretmen derse girer ve dgrencileri selamlar. Ardindan soru-cevap yontemini
kullanarak 6n bilgilerini hatirlamalarini saglar. “Yasadigimiz gezegenin adi nedir?”,
“Gezegenimizin uydusu var mudir?” veya “Diinya’nin etrafinda dolandigi gok
cisminin adi nedir?” gibi sorular sorarak ogrencilerin ge¢cmis yillarda 6grendikleri
kavramlarmn hatirlanmasini saglar. Ogretmen bu sorulara ek olarak “Gezegen nedir?
Bildiginiz gezegenler hangileri?” sorusunu sorarak Ogrencilerin gezegenler
hakkindaki bildiklerini diisiinme firsat1 verir. Cevaplar alindiktan sonra, 6gretmen
ogrencilere Giines Sisteminin genel 6zelliklerini anlatan bir video izletir. Video
ogrencilerin konuya dikkatlerini ¢ekmek amacli kullanilir sadece bilgi vermek
amaciyla kullanmak yeterli degildir. Bu nedenle 6gretmen sordugu sorulardan yola
cikarak kisa bilgiler verir. Ornegin; “Giines Sistemi bir yildiz (Giines), 8 gezegen,
bu gezegenlerin uydular1 ve asteroitlerden olusur”, “Uydular, gezegenlerin etrafinda
belirli bir yoriingede dolanir” “Her gezegenin Giines etrafinda dolandigi belirli bir
yoriingesi vardir” benzeri bilgiler verilir (F.6.1.1.2. ). Giines Sistemi gezegenlerinin
sicaklik, Giines’e yakinlik, uydusu olup olmamasi gibi temel 6zelliklerinin Uizerinden
gegilir. Eger gerekli goriiliirse 6. Sinif Fen Bilimleri MEB kitab1 bu asamada

kullanilir;

Giines: Giines Sistemi’nin merkezinde yer alan yildizdir. Glines sisteminin

1s1 ve 151k kaynagidir.

Karasal Gezegenler: Giines Sisteminin ilk dort gezegenine verilen isimdir.

Yapilar tag ve kayalardan olusur.
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Gazsal Gezegenler: Giines Sisteminin son dort gezegenine verilen isimdir.

Yapilar1 gazlardan olusur.

Merkur: Gilines’e en yakin ve en kiigiik gezegendir. Uydusu ve halkasi

yoktur. En sicak ikinci gezegendir.

Venus: Giines’e en yakin ikinci gezegendir. Yiizey sicakligi en fazla olan

gezegendir. Boyut olarak Diinya’ya ¢ok benzer. Uydusu ve halkas1 yoktur.

Dlnya: Giines’e en yakin tigiincii gezegendir. Giines sisteminde iizerinde
yasam oldugu bilinen tek gezegendir. Ay adi verilen 1 adet dogal uydusu

vardir ancak halkas1 yoktur.

Mars: Kizil gezegen olarak bilinir, Giines’e en yakin dordiincii gezegendir.
Yiiksek daglar ve kayalar1 vardir. Iki adet dogal uydusu vardir ve halkasi
yoktur.

Jupiter: Giines’e en yakin besinci gezegendir ve gazlardan olusur. Ayni
zamanda Giines Sisteminin en bliyiik gezegenidir. 79 adet dogal uydusu ve

halkas1 vardir.

Saturn: Giines’e en yakin altinci gezegendir ve gazlardan olusur. Belirgin

bir halkas1 vardir. 82 adet dogal uydusu bulunur.

Uranus: Gilines’e en yakin yedinci gezegendir. Giines Sisteminin en soguk
gezegenidir. Belirgin olmasa da halkasi bulunur. 27 adet dogal uydusu vardir.

Doénme yonii diger gezegenlerin aksine, yuvarlanan bir varil gibidir.

Neptln: Giines’e en yakin sekizinci gezegendir. Giines sisteminin en

sondaki gezegenidir. 14 adet dogal uydusu ve halkasi bulunur.

Asteroit kusagi: Biiyiik kaya ve metal parcalar asteroit kusagini olusturur.

Mars ile Jiipiter gezegenleri arasinda yer alir (MEB Sevgi Yayinlari).
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Ogrencileri problem senaryosuna hazirlamak i¢in “Diinya’nin, Giines etrafinda
belirli bir yoriingede dolandigi” ve “Giines’e yakin gezegenlerin yiizey
sicakliklarinin arttigini, uzak gezegenlerin ise yiizey sicakliklarmin azaldigi”
bilgilerinin {izerinden ge¢ilmesi ve Giines Sistemi elemanlarinin 6zelliklerinin
birbirileri ile karsilatilmas1 6nemlidir (F.6.1.1.1. ve F.6.1.1.3). Ogretmen soru- cevap
yontemini kullanarak 6grencilerin anlama diizeylerini degerlendirir. Eger gerek
varsa kavramlar1 tekrar anlatmalidir. Soru-cevap yontemi ile degerlendirme

yapildiktan sonra “Giris” boliimii sonlandirilir.
Gelistirme:

Giris boliimiiniin ardindan, “Miihendislik Tasarim Temelli” ders islenmeye baglanir.
Bu siirecte 6gretmen, “Miihendislik Tasarim Basamaklari”n1 kullanarak bir proje
yapmalar1 gerektigi konusunda 6grencileri bilgilendirir (F.6.1.1.4 ). Bu sirec¢ kiglk
gruplar halinde yapilacagi i¢in 6gretmen sinifi heterojen 3-4 kisilik gruplara ayirir
(Gruplandirma planlanan dersten 6nce de yapilabilir). “Miihendis Takim1 Defteri”
aktivite kagidi her gruba bir tane olacak sekilde dagitilir. Dersin islenisi ana hatlar

ile asagida verilen “Miihendislik Tasarim Basamaklari”n1 takip eder:

1) Problem tespiti,

2) Probleme yonelik olas1 ¢6ziimleri arastirma,
3) Eniyi ¢oziimi bulma, ve

4) Modeli tasarlama ve test etme

5) Herhangi bir adima geri donme (eger gerekirse)

Ogretmen aktivite kagidin1 dagitir ve senaryoyu okur;

“2253 yilinda yasayan bir miihendis oldugunuzu disinin. Canlilara ev sahipligi
yapan ve yasamimizi siirdiirdigiimiiz Diinya, biz canlilar i¢in artik yasanabilecek
bir c¢evreye sahip degil ¢iinkii Diinya’nin yoriingesi son yillarda Giines’e

yakinlagmaya basladi. Bu durum sonucunda sicaklik gittikge artti ve kurakligi da
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beraberinde getirdi. Su kaynaklar: gittikce tiilkenmeye basladr. Bu nedenle verimli
bitkiler yetisemiyor, insanlar ve diger canlilar yasamlarin saghkl siirdiirememekte.
Bir takim bilim insanlart bu duruma c¢oziimler ziretmeye calisirken, diger bilim
insanlart Uzayda Diinyadan bagka bir yerde yasayp yasayamayacagumiz tizerinde
calismalar yapiyor. Bilim insanlari uzayda baska yerlerde yasam arwyor ¢iinkii
Diinya 'min yoriingesi Giines’e yaklasmaya devam edebilecek gibi goriindyor.
Uzayda yasam kurulup kurulmayacag: konusunda c¢aligmalar yiriten bilim
insanlari siz miihendisleri de takimlarinda ¢alismaya davet ediyorlar. Caligmalara
onceliklere dogru bir yer secip (gezegen- yildiz, uydu vb.) oranin ozelliklerinin canlt
yasamin stirdiirmeye uygun olup olmadigiyla baslanacak. Ardindan se¢ilen bolgede
yasam kurmak i¢in bir site insa edilecek. Bu sitenin oncelikli olarak yziz insan ile
birlikte bir yillik deneme siiresi gergeklestirilecek. Eger ¢alismalar olumlu sonuglar
verirse insan kapasitesi yillar i¢inde artirilacak. Sizi miihendis olarak takimlarina
davet eden bilim insanlari, Diinya disinda kurulacak bu yeni diizen igin sizlerden
fikir alyp, kurulacak yeni yasam alanmi hakkinda bir érnek model olusturmalarina

’

yardimci olmanizi istiyorlar.’

Senaryo okunduktan sonra 6grenciler 6ncelikle takim defterlerinde bulunan problem
tespitine yonelik sorular1 grupea tartisip yanitlarlar. Ogretmen bu aktivite kagidmin
hangi boliimiinii yapiyorlarsa, o boliimii akilli tahtada yansitarak c¢ikabilecek
karmagalar1 onler. Verilen sorularin yanitlandirilmasmin ardindan O6grenciler
problem tespiti yaparak, senaryoda verilen problemi belirlemeye c¢alisirlar.
Ogretmen bu asamada dgrencilere artik birer mithendis olduklarini ve bundan sonra
birer miithendis gibi diisiinlip probleme ona gore ¢oziimler iiretmeleri gerektigini
vurgular. Problemi tespit ettikten sonra, birer miihendis olarak probleme uygun
cozlimler aragtirirlar. Bu sirada 6grenciler dergilerden ve bilgisayardan yararlanarak
aragtirma yapabilir. Ogrencilerden “Diinya’dan giden 100 insanin yasamini devam
ettirebilecegi sitenin kurulabilecegi Giines Sisteminde bir yer” bulmalar1 beklenir.
Probleme uygun ¢éziimler arasindan, 6grenciler grupca tartisarak en uygun ¢éziimii
bulurlar. Bu asamada Ogretmen gruplara herhangi bir yardimda bulunmaz.

Ogrencilerden aktivite kagidinda bulunan sorulara yanit vermeleri gerekir.
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Gruplardan belirledikleri en iyi ¢oziime goére tasarim yapmalari beklenir ve bu
tasarimlar1 yapmalari i¢in kullanacaklar1 malzemeleri aktivite kagidindan incelerler.

Ogrencilerin modelleri asagida verilen sartlar1 saglamahdir:

1) Modelin kendi basina ayakta durabilmesi gereklidir.
2) Modelin pargalarinin diismemesi, devrilmemesi egilmemesi gereklidir.
3) En az 3 malzeme kullanilmalidir.
4) Modeliniz 20 cm x 20 cm boyutlarinin altinda olmamalidir.
Malzeme listesinden “temel malzemeler” biitiin gruplara dagitilir ve gruplardan

“diger malzemeler” grubundan 4 adet malzeme se¢meleri beklenir.

e Ogrencilerden yasam alami kurulabilecek bir gdk cismi se¢meleri ve
tasarimlari ile de o gok cismine yiiz insanin yasayabilecegi bir site kurmalari
beklenir. Ornegin; sectikleri gok cismi Giines’e yakin sicak bir gezegense,
kuracaklar1 yasam alaninda sicakligi insanlarin yasayabilecegi derecelere

indirmeyi planladiklari sistemler bulunmalidir.

Ogrenciler modellemeye baslamadan 6nce aktivite kagidinda verilen noktali alana
yapacaklart modelin taslagini ¢izerler ve kullanacaklari malzemeleri eslestirirler.
Biitiin gruplar taslak ¢izmeyi bitirince, 6gretmen modelleme yapmalari i¢in gruplara
belirlenen malzemeleri dagitir. Modelleme icin yaklasik 50-60 dakika bir sure
verilebilir. Bu siirede 6gretmen maket bicagi, sicak silikon gibi aletleri 6grencilere
kullandirmamali, kendi yardim etmelidir. Ancak modellemenin diger asamalarinda
Ogretmen yalnizca rehberlik eder, tasarim konusunda oOgrencilere yardimda

bulunmaz.

Siire bitince biitiin modeller 6gretmen masasinda toplanir. Numaralandirilmis

gruplarin ilkinden baslanarak modeller 6gretmen tarafindan test edilir. Gruptan bir
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kisi tahtaya gelerek modellerini en fazla 4 dakika icinde diger gruplara sunar, bu
esnada hangi miihendislerin gorev aldigini da belirtir. Sunumun ardindan 6gretmen
o grubun modelini belirlenen kriterler dogrultusunda test eder ve sonuglarini aktivite

kagidinin belirlenen boliimiine (Gorsel 1) not alirlar.

Puan Kriter Bizim puarmiz

Evet : 5 puan
Hayir: O puan

En a2 45 saniye ayakta durabiliyor.

Evet : 5 puan

Hauir: 0 puan Pargalar dilgmiiyor, egilmiyor.

Evet : 5 puan g
P ) En az 3 malzeme kullanilmis

Hayir: O puan

Ewvet : Dpuan Temel malzemelerden 4'ten fazla
Hayir: 5 puan kullamimis.

Evet : 5 puan 20 em x 20 em boyutlanndan kig Gk
Hayir: O puan dedil.

Gorsel 1

Belirlenen kriterler dogrultusunda modelin kendi basina 6lgiilen 45 saniye boyunca
ayakta durabiliyor olmasi gerekiyor, devrilen modeller “0” puan {iizerinden
degerlendirilir. Ikinci olarak, modelin her par¢asinin dik durabilmesi, ters
cevrildiginde diismeyip egilmemesi gerekiyor. Bunun sebebi “Yasam alan1 kurulan
sitede her sistemin hayati onem tasidig1 bir sistemin ¢okmesi sonucunda yasamin
durabilecegi olarak aciklanir”. Pargalar1 diisen modeller “0” puan {iizerinden
degerlendirilir. Malzeme kriterine uymayan gruplar “0” puan iizerinden
degerlendirilir. En son olarak model boyutu verilen 6l¢iiden kiiciik ise “0” puan
iizerinden degerlendirilir. Bunun nedeni ise “100 kisinin yasayabilecegi bir alan 100
kisiye uygun olmalidir. Daha kiigiik alanlar sosyal ve fiziksel sikintilar yaratacagi
icin yeterli bir yasam alani olusturamaz” olarak yapilir. Biitiin kriterleri saglayan bir

model “5+5+5+5+5 = 25 Puan” alir.
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Sonug:

Miihendislik Tasarim Temelli ders anlatiminin ardindan, “Sonug¢” boliimiine gegilir.
Bu boliimde o6grenciler “Degerlendirme ve Oz- Degerlendirme” yaparlar.
Degerlendirme boliimleri “Miihendis Tasarim Defteri”nde bulunur ve grupga
yanitlanacak 4 sorudan olusur. Degerlendirme bdliimlerinin amaci 6grencilere
ogrendikleri kavramlar1 ve tasarimlarindaki hatalart tespit ederek nasil
diizeltebilecekleri sorgulatmaktir. Ayni zamanda 6grencilerin “Miihendislik Tasarim
Basamak”larina ne kadar uyum sagladiklar1 ve 6nemini ne kadar kavradiklar1 da 6z-
degerlendirme boliimiinde o&lgiilmeyi hedefler. Ogretmen bu asamada gruplar
arasinda dolagarak 6grencilerin “evet- hayir” gibi kisa cevaplar vermelerini engeller
ve yonergede (sorularin yoOnergesinde) belirtildigi gibi cevaplarmin nedenlerini

aciklamalarini saglar.

DEGERLENDIRME

“Miihendislik Tasarim Basamaklari™n1 ve “Miihendislik Mesleginin Ozellikleri ni
derinlestirmek amaciyla bireysel ddev verilir. Odev bir sorunu ¢ézmeye yonelik
verilen hikaye tamamlama degerlendirmesidir. Ogrencilere ders sonunda dagitilir ve

bir sonraki derste toplanacag belirtilir.
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APPENDIX- F

“YASAM ALANI MUHENDIS TAKIMI AKTIiVITE KAGIDI”

MUHENDIS
TAK\M\
DEFTERI

TAKIM NUMARASI [ J

MUHENDISLER
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/

PROBLEM NEDIR?

-H-H-. ‘-\_/f
e, |
|

2253 ylnda yasayan bir mihendis oldufunuzu disinin. Canhlara ev
sahipligi yapan ve yasamimizi sirdlirdigimdz Didnya, biz canlilar icin artk
yasanabilecek bir ¢cevreye sahip dedil cinkid Dinya’nin yoringesi son
yillarda Gines'es yakinlasmaya basladi. Bu durum sonucunda sicaklk
gittikge artty ve kuraklign da beraberinde getirdi. Su kaynaklan gittikce
tikenmeye baslad. Bu nedenle verimli bitkiler yetisemiyor, insanlar ve
diger canllar yasamlanm saghikh sirdirememekte. Bir talkim bilim insanlarn
bu duruma cozimler dretmeye calisirken, dider bilim insanlan Uzayda
Dinyadan baska bir yerde yasayip yasagamayacadimiz izerinde calismalar
yapiyor. Bilim insanlan uzayda baska yerlerde yasam anyor glnki
Dinga'min ydringesi Glineg'es yaklasmaya devam edebilecek gibi
gorinidyor. Uzayda yasam kurulup kurulmayacafn konusunda calismalar
yirdten bilim insanlar siz mihendisleri de talomlarinda calismaya davet
ediyorlar. Calismalara onceliklere dogru bir yer secip (gezegen- uilde,
uydu vb) oranin Gzeliklerinin cank yasamini sirdirmeye uygun olup
olmadifpyla baslanacak. Ardindan secilen bolgede yasam kurmak icin bir
site insa edilecek. Bu sitenin dncelikli olarak yiz insan ile birlikte bir yilik
deneme siresi gergeldestirilecek Eder calismalar olumlu sonuclar verirse
insan kapasitesi yillar icinde artinlacak. Sizi mihendis olarak talamlarina
davet eden biim insanlar, Dinya dminda kurulacak bu yeni dizen kin
sizlerden fikir alip, kurulacak yeni yasam alari haklkinda bir Grnek model
olugturmalarna yardimci olmanz istiyoriar.

Yaringe de§isimin sonuclan neler olmusg tur?

Yoriunge dedisimden dolawy neden Dinya'da yagam zorlagmigtir?

1 Saufa
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MUHENDISLik
TASARIM SURECi

Bir onceki sayfada wverilen senaryoya gore sizden beklenen gorewi
tamamlamiz bekleniyor. Bu sirecte bir mihendis olarak caligacagriz icin
‘Mihendislik Tasarm Sireci” basamaklarm takip etmeniz gerekmektedir.

Asafpda wverilen basamaklar mihendislik tasarim basamaklarm
gostermektedir. Her asamay tamamladiktan sonra, yaninda werilen
kutucuklara “x” le isaretleme yapmaniz gerekiyor.

MUHENDISLIK
TASARIM BASAMAKLARI

! Probleme Yanelik Cazim
! Onerileri Aragtema )

_I Problemea En Uyggun
', Gozimii Belrleme

R—./ '-,.I

2 Saufa
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PROBLEM NEDIR?

1 Verilen senaryodaki problemi kendi cimlelerinizle tanimlayiniz.

2. Dunya'rin yoriingesinin dedismesinin sonuclan neler olmustur?

3. Yoringe dedisimden dolay neden Diinya'da yasam zorlasmistir?

3 Sayfa
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02UMLER NELER OLABILiR?

Grup¢a buldujunuz olasi ¢ozim Gnerilerini agafidaki bogluga yazne. En az O ¢ozim bulmarz
bekleniyor. Yeni yagam alarurun neresi olacafire, nasil bir yagam alare kurulacafire mutlaka
belirtiniz

1. GBziim Onerisi:

2. Gozim Onerisi:

3. Gézim Onerist

1. Buldufjunuz goaim onerilerinden bir tanesini segip kutucufa yazirz. Verilen bogluja neden
bu Gneriyi sectidinizi nedenler e birlkte yazirez.

L g

4. Seyfa
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2 Tasanma gegmeden once buldujuruz ¢ozim Snerisini dederlendirmeniz bekleniyor. Coeim
oneriniz agafida verilen fadelerden en az U¢ tanesini icermelidr. Problem goziminizde olan
ifadelerin yanina *X igareti koyunuz.

Yagam kurulacak boige (gezegen, yldz vb) Yagam alarundaki cansiz varbklar (toprak, kum vb )
“agam danrun slsbleced nsan kapasitesi insanlar icin oksijen kaynadnnne oldufu

Wagam dannda bulunacak insan o gndakd Yagam alarunmn fiziksel Gzelideri

canl gegitleri

3. Efer segtijiniz ¢ozim yontemi br onceki onclildeki [ 2. ) sartlardan en az G¢ tanesini
sajlamsyorsa, goeliminizld gozden gegirip yeniden agadda verilen bogluja yazimz. | Sartlan
safdlyorsa bu b&limi bog birakabiirsiniz)

onemLit

+ Sectifiniz gozum yontemine gore bir sorraki basamaklarda tasarm yapmanz ve o tasarmi
modele donigtirmeniz bekleniyor. Ancak mihendis talomi olarak bazi gartlan saflamaniz

gerekiyor.

* Modelinizin asadidaki sartlan saglamas: gerekmektedir. Modeliniz dederlendirilirken
bu gartlan saglayp saglamamasi gbz 6niinde bulundurulacaktir:

1) Modelin kendi bagina ayakta durabilmesi gereldidir.
2) Modelin pargalarinin digmemesi, devrimemesi egimemesi gereklidir.
3) En az 3 malzeme kullaruimalidr.

4) Modeliniz 20 cm x 20 cm boyutlarinn altinda olmamalidir.

5 Sayfs
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MODEL PLANLAMA

Yasam alareran modellemesi yapmaya baslamanz gerekiyor. Bunun igin Gnce tasarim
planlamaruz lazim Bu agamada size kullanabilecediniz malzemelerin listesi agafida sralanmigtir.
Mihendisik meslejinde “ekonomik” olmann onemini gbz dninde bulundurarak, modelleme
yapmaniz bekleniyor. Bu agamada bazi kurallar var:

1) Sectiginiz her malzemeyi kullanmaniz gerekiyor, bu nedenle segtiginiz her malzemenin bir
kullanim amac olmas gerekiyor.

2) Her malzemeden en fazla bir adet kullanabilirsiniz.
3) Temel malzemeler dignda en fazla dort malzeme kullanabilirsiniz.

4) Malzeme listesini olugturup tesim aldéktan sonra sadece bir degigim hakboruz vardir.

mALZEME LISTESE:

Temel Malzemeler: Diger Malzemeler:
Eligi Kaguch ( 2°li set)

Bant Fon kartonu (27 set)

S Yapigtirsc Poget (2 tane)

Kiigiik Makas Asetat Kagud (2 tane)

1 Adet Mukawvva Top pamuk ([ Sadet)

2 Adet Fon kartonu Kagit Pegete [ 3 tane)

Silikon® ip (1 metre)

Maket Bigag® Seffaf Dosya ( 2 tane)

Kapiik Strafor A4 kadit ( 3 tane)
-Kendi malzemem

* Not:Yarunda ( * ) igareti bulunan malzemeler sadece ogretmen taraflndm..l’gardlmgh kullarlabiir.
Bireysel olarak kullaralamaz

| Sectiginiz Malzemeler :

Temel Malzemeler: Dijer Malzemeler:

a9

4)

6. Sayfa
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TASARiIMiI PLANLAMA

Asadpda verilen noktal alana sectiginiz bolgede kuracagniz yasam alanm ¢cizmeniz bekleniyor.
Dinya'dan yola g¢kacak 100 insann yagayabilecedi, senaryoda wverilen probleme wygun
buldujunuz ¢ozimi giziniz. Tasanmnz bir sonraki azamada modelleyeceginizi goz aninde
bulundurarak bir tasksk ¢izim cdusturmane gerekmektedir.

ARNT

* Mot Tt Cizmlerinizi kursun kalemle yaspmane, degdistirmek istediginie yerleri silmenizi
kolbylastiracaktr.

* Mot 2: Ciaminiz modelin sajlamas: gereken sartlar knosmina uygun olmakdir. Modelin saglamas
gershen sartlar 4. sayfada bulabdirsiniz

7. Sayfa
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MODEL TASARIM- TEST ETME

Simdi mihendis talorm olarak tasanmrua model halne getirmeniz gerekiyor. Modelinizi
olusturmak icin takm halinde 5 briligi yspmane gerekmektedir chnkl sireniz ksith. Model
sureci 40 dakikadr. Ardndan modelinizi test etmeniz gerekiyor.

Test etme: Asaguda belirtilen kriterlere gSre modelinizi test etmeniz gerekiyor, bu
asamayi Sgretmeninizle birlikte kaydetmeniz gerekiyor.

—

e Kriter Bizim puanime
| Evet:5puan N e
Hayr: 0 puan A2 47 sarmye sgaela dur T

Ewvet : 5 puan

Hayr: 0 puan Parcalar diugmiagor, edilmigor.

Evet : 5 puan
En az 3 makems hullanilimis

Hayr: 0 puan

I
Evet : Dpuan Temsl malzemelerden 4'ten fazla
Hayr: 5 puan kullandmes.
Evet : 5 puan 20 cm x 20 an boyut Bnndan kagik
Hayr: 0 puan degil.

- SimDi sunum 2AMANI

Bitin gruplar modellerini diger gruplann ninde sunacakdar. Her talomin modellerini
anlatarak sunmalan icin 4 dakika sireleri var!

B Sauyfa
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DEGERLENDIRME

Asad ¥

1) Yasam yerini segerken nelere dikkat ettiniz? Uzay ve evren Unitesinde 6grendiginiz gezegen,
asteroit. yldiz. wydu gibi kavramlardan nasil yararlandirz?

2) Proje sirecinde "YORUNGE" kavram hakkinda arastrma yaptinez mi? Yaptigne aragtrmalar
size nasil katkda bulundu? ¥Yoninge hakkinda neler 6grendiginizi yazmiz.

3) Modellemesini bitirdiginiz calismada, daha iyi bir sonug elde etmek icin veya gelistirmek icin
hangi kornular haklinda (gezegen, yldiz. yoringe., evren wvb. ) degisklikler yapmahksnz?
Nedenleri ile yaziruz.

4) Sectiginiz yasam yerinin yoringes degigirse, yaptiiwz model hala ise yanyor olur mu? Yoksa
yeni gozlumler mi bulmak gerekir? Nedenini agiklaynez.

9. Saufa
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02-DEGERLENDIRME

Asadidaki s orulan mihendis arkadaglannizla birlikte cevaplaymz

1) Tasardamig oldufunuz model ile verilen probleme sizce uygun ¢oziml bulabildiniz mi?
Agiklagpnez.

2) Sureg boyunca "Mihendislik Tasarm Basamaklan®r kullandinie mi? Size nasil yardimi oldu?
Mihendislik Tasarm Basamalari olmasayd modeliniz probleme uygun bir ¢ozim olabiir miydi?
Agiklagpnez.

3) Diger mihendis talamlar ile bire bir bernzer modeller mi yaptiruz ya da yaptigruz modeller
birbirinden farkh mi oldu? Sizce mihendisik tasarimlarinda tek tip modeller mi olmal yoksa
gozumler birbrinden farkl olabilir mi?

4) Problem ¢ozUmiinde gelistirmeniz gereken parcalar veya degigtirmeniz gereken malzemeler
var mi? Nedenleri ile birlikte agklayinz.

0. Seyfa
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ODEV

Mihendis Ayge harim, egi Mihendis Mehmet bey ve kedileri Boncuk aym evde
yagamaktadirlar. Ayse harim ve Mehmet bey hafta ici her gln galigmaktalar. Baz:
haftasonlar ig seyshatleri igin bagka gehirlere gidiyorlar. Bu suregte kedileri Boncuk
ise evde yalriz kalmaktadr. Eve geldikleri sirada bazi ginler Boncuk'un suyunun-
yeminin bittigini gérince bunun Szellikle de haftasonlan onlar evde yokken bir
problem haline gelebilecedini diginiyorlar. iki mihendis olarak bu problemi
gézlemlemeye baghyorlar ve kedilerini ag-susuz birakmamak igin ne gibi bir model
uretebilecekleri Uzerine fikir geligtirmeye caligyorilar, ...

* Verilen parcann devamn ‘Mihendislik Tasanm Basamaklari®re ve Bir Mihendis Ne
Ozellklere Sahip Olmab? konularn diglnerek tamamlsyinez. (Unutmayn. hikeyenin somnunda
kediler Boncuk'un problemi Gzerine bir tasacum filri olugturmus olmalsicez!)

140



APPENDIX- G

“UZAY ARACI TASARIMI” DERS PLANI

Ders Fen Bilimleri
Sinif Diizeyi 6. Smf

Unite/ Konu F.6.1. Giines Sistemi ve Tutulmalar / F.6.1.1. Giines Sistemi

Sdre: 8 ders saati

Kazanimlar:

F.6.1.1.1. Giines sistemindeki gezegenleri birbirleri ile karsilastirir.
F.6.1.1.2. Giines sistemindeki gezegenleri, Giines’e yakinliklarina gore siralar.

F.6.1.1.3 Giines sistemindeki gezegenleri Ozelliklerine gore karasal gezegenler ve

gazsal gezegenler olarak siniflandirir.

F.6.1.1.4 Miihendislik tasarim basamaklarini takip ederek, giines sistemi ile ilgili bir

probleme yonelik model hazirlar.

On Bilgiler:

5) Diinya’nin Fiziksel Ozellikleri (F.3.1.1. Diinya ‘nin Sekli ve Yapust)

6) Diinya’nin Yoriingesi (F.4.1.2. Diinya 'mizin Hareketleri)

7) Giines Sisteminin Yildizi'nin Ozellikleri (F.5.1.1. Giines’in Yapisi ve
Ozellikleri)

8) Diinya’nin Dogal uydusu olan Ay’in Ozellikleri (F.5.1.2. Ay’'in Yapisi ve
Ozellikleri)
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Materyaller:

“Uzay Gorevi Miihendis Takimi Defteri” Aktivite Kagidi: Dagitilan Aktivite
Kagidinin temel amaci 6grencilerin siireci kolay takip etmeleri saglamak ve
tasarimlarini, sorulara verdikleri cevaplar1 yazili bir sekilde tutmalarimi
saglamaktir. Problem senaryosu, miihendislik tasarim basamaklari, ¢izim
icin noktal1 boliim aktivite kagidinin i¢inde yer almaktadir. Ayni1 zamanda
problem senaryosu, miithendislik tasarim basamaklari, 6z degerlendirme ile
alakali sorular1 da kapsar.

Bilimsel Dergiler: Ogrencilerin “Olas1 ¢dziimleri arastirma” ve “En iyi
¢Oziimii bulma” basamaklarinda arastirma yapabilmeleri amaciyla astronomi
ile alakal1 6grencilerin seviyelerine ve okul ortamina uygun bilimsel dergiler
materyal olarak sunulur.

Uriin  Tasariminda Kullanilacak ~Malzemeler: Miihendislik tasarim
basamaklarinin son adimi olan “Model Uretme ve Test Etme” basamaginda
ogrencilerden fiziksel bir {iriin olusturmalar1 beklenir. Bu iirlinii tasarlamak

icin bir malzeme listesi belirlenmistir.

Teknolojik Materyaller:

Akilli Tahta: “Uzay Gorevi Miihendis Takimi Defteri” Aktivite Kagidi’m
ekrana yansitabilmek amaciyla akilli tahta kullamlir. Ogrenciler etkinlik
sirasinda hangi basamakta olduklarini akilli tahta sayesinde takip edebilirler.
Bilgisayar: Ogrencilerin “Olas1 ¢dziimleri arastirma” ve “En iyi ¢Oziimii
bulma” basamaklarinda aragtirma yapabilmeleri amaciyla internete bagl bir
bilgisayar kullanilir. Bilgisayar kullanimi amag¢ disina ¢ikilmamasi i¢in
gbzetim altinda olmalidir.

Simiilasyon: “Solar System Scope” adli simiilasyon, gezegenlerin Giines’e

olan uzakliklarini kesfetmeleri i¢in girig kisminda kullanilir.
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Ogretim Yontem ve Teknikleri: Mithendislik Tasarim Temelli Fen Egitimi

OGRETIM SURECI
Giris:

Ogretmen derse girer ve dgrencileri selamlar. Ardindan soru-cevap yontemini
kullanarak “Giines Sistemi” hakkinda Ggrencilerin 6n bilgilerini hatirlamalarini
saglar. Bunun i¢in hangi gezegende yasadigimiz sorusu ile baglayip, diger
gezegenlere gecis yapar. Gezegenlerin hangi sistemin i¢inde yer aldigini sorarak,
“Giines Sistemi” yanitina ulagsmay1 hedefler. On bilgiler hatirlandiktan sonra
ogretmen Giines sistemi hakkinda bilgiler verir. Ogretmen “Solar System Scope”
adli simiilasyonu kullanarak gezegenlerin birbirlerine gore konumlarini, Giines
sisteminin yapisini (Giines’in ortada, gezegenlerin ¢evresinde belirli bir yoriingede
oldugu), gezegenlerin Giines’e yakinliklarina gore siralamalarmi 6grencilerin
incelemesine firsat verir (F.6.1.1.1.). Simiilasyon 6grencilerin Giines Sistemini, ii¢
boyutlu sekilde diisiinebilmelerine ve ayn1 zamanda gezegenlerin birbirlerine gore
konumlarin1  gorsellestirebilmesine yardimci olmayr hedefler ( F.6.1.1.2.).
Simiilasyon tek basina kazanimlar1 kavratmak i¢in yeterli degildir, bu nedenle
ogretmen sordugu sorulardan yola ¢ikarak kisa bilgiler verir. “Karasal gezegenler
hangileridir, 6zellikleri nelerdir?”, “Gazsal gezegenlere 6rnek hangi gezegenleri
verebiliriz?”, sorularak, alman cevaplarin ardindan, 6gretmen cevaplar1 agiklar
(F.6.1.1.3). Eger gerekli goriiliirse 6. Sinif Fen Bilimleri MEB kitab1 bu asamada

kullanilir. Ogretmen kisaca gezegenlerin 6zelliklerini agiklar;

Karasal Gezegenler: Giines Sisteminin ilk dort gezegenine verilen isimdir.

Yapilari tag ve kayalardan olusur.

Gazsal Gezegenler: Giines Sisteminin son dort gezegenine verilen isimdir.

Yapilar1 gazlardan olusur.

Merkir: Gilines’e en yakin ve en kiiglik gezegendir. Uydusu ve halkasi

yoktur. En sicak ikinci gezegendir.
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Venus: Giines’e en yakin ikinci gezegendir. Yiizey sicakligi en fazla olan

gezegendir. Boyut olarak Diinya’ya ¢ok benzer. Uydusu ve halkasi yoktur.

Dunya: Giines’e en yakin liglincli gezegendir. Glines sisteminde lizerinde
yasam oldugu bilinen tek gezegendir. Ay ad1 verilen 1 adet dogal uydusu

vardir ancak halkas1 yoktur.

Mars: Kizil gezegen olarak bilinir, Giines’e en yakin dordiincii gezegendir.
Yiiksek daglar ve kayalar1 vardir. iki adet dogal uydusu vardir ve halkasi

yoktur.

Jupiter: Gilines’e en yakin besinci gezegendir ve gazlardan olusur. Ayni
zamanda Giines Sisteminin en biiyiik gezegenidir. 79 adet dogal uydusu ve

halkas1 vardir.

Saturn: Giines’e en yakin altinci gezegendir ve gazlardan olusur. Belirgin

bir halkas1 vardir. 82 adet dogal uydusu bulunur.

Uranus: Gilines’e en yakin yedinci gezegendir. Gilines Sisteminin en soguk
gezegenidir. Belirgin olmasa da halkas1 bulunur. 27 adet dogal uydusu vardir.

Donme yonii diger gezegenlerin aksine, yuvarlanan bir varil gibidir.

Neptln: Giines’e en yakin sekizinci gezegendir. Giines sisteminin en

sondaki gezegenidir. 14 adet dogal uydusu ve halkasi bulunur.

Ogrencileri problem senaryosuna hazirlamak i¢in dgretmen karasal bir gezegenin

nasil fiziki 6zelliklere sahip oldugunu sorar. Alinan cevaplarin ardindan 6gretmen

karasal gezegenlerin ¢ogunlukla kati yapilardan yani; taslardan, kayalardan ve

daglardan olustugunu anlatir. Taslarin ve kayalarin kiiciik olabilecegi gibi, biiyiik ve

sert de olabilecegini sOyler. Ardindan ayni1 soruyu gazsal gezegenler i¢in de tekrarlar

ve gazsal bir gezegenin nasil fiziki 6zelliklere sahip oldugunu sorar. Ogrencilerin

verdigi cevaplardan sonra Ogretmen gazsal gezegenlerin yapisinin c¢ogunlukla

hidrojen, helyum gibi gaz maddelerden olustugunu anlatir. Gezegenlerdeki
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gazlardan dolay1 sert riizgarlarin ve firtinalarin ortaya ¢ikabildigini sdyler. Biitiin
gazsal gezegenlerin halkalarmin oldugunu ancak ¢iplak gozle goriilen en net ve
belirgin halkaya sahip olan gezegenin Satiirn oldugundan bahseder. Halkalarin ise
tas, kaya, buz ve toz gibi maddelerin bir araya gelerek olustugundan kisaca bahseder.
Ogretmen soru- cevap yontemini kullanarak oOgrencilerin anlama diizeylerini
degerlendirir. Eger gerek varsa kavramlari tekrar anlatmalidir. Soru-cevap yontemi

ile degerlendirme yapildiktan sonra “Giris” boltimii sonlandirilir.
Gelistirme:

Giris boliimiiniin ardindan, “Miihendislik Tasarim Temelli” ders islenmeye baslanir.
Bu siirecte 6gretmen, “Miihendislik Tasarim Basamaklari”ni kullanarak bir proje
yapmalar1 gerektigi konusunda 6grencileri bilgilendirir (F.6.1.1.4 ). Bu sure¢ kiguk
gruplar halinde yapilacagi i¢in Ogretmen smifi 3-4 kisilik gruplara ayirir
(Gruplandirma planlanan dersten 6nce de yapilabilir). “Uzay Goérevi Mihendis
Takimi Defteri” aktivite kagidi her gruba bir tane olacak sekilde dagitilir. Dersin
islenisi ana hatlar1 ile asagida verilen “Miihendislik Tasarim Basamaklari”n1 takip

eder:

6) Problem tespiti,

7) Probleme yonelik olas1 ¢6ziimleri arastirma,
8) Eniyi ¢oziimi bulma, ve

9) Modeli tasarlama ve test etme

10) Herhangi bir adima geri donme (eger gerekirse)

Ogretmen aktivite kagidin1 dagitir ve senaryoyu okur;

“Uzay arastirmalart yapan bilim insanlart hiz kesmeden ¢alismalarina devam
ediyor. Simdi sira Giines Sistemi gezegenlerini kesfetmekte. Bilim insanlart Giines
sisteminde bulunan i¢ gezegenlerden toprak ornegi alip igcinde hangi mineraller,

elementler oldugunu incelemek ve Diinyamizda bulunan toprak ornekleri ile
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kiyaslamak istiyor. Toprak orneklerine ek olarak, Giines Sisteminde bulunan dis
gezegenlerden de atmosferinde bulunan gazlardan ornek alip incelemek ve
iceriginin neler oldugunu kesfetmek istiyorlar. Boylece Diinya atmosferinde bulunan
gazlar ile Giines Sisteminde bulunan baska bir gezegeni olusturan veya atmosferinde
bulunan gazlarin ¢esitlerini kiyaslama sanst bulacaklar. Peki bunun igin
miihendislerden nasil yardim istiyorlar? Bilim insanlari miihendislerden, bir uzay
araci tasarlamalarini ve bu uzay aracinin once bir i¢ gezegene giderek toprak ornegi
almasini ardindan da bir dis gezegene giderek gaz ornegi almasint ve son olarak

Diinya'ya inis yapmaswni bekliyorlar.

Bunun i¢in bir miihendis takimi ile ¢alismaya basladilar. Bu miihendis takimi
"Miihendislik Tasarim Basamaklari"ni takip ederek bilim insanlarinin problemine
coziim bulup, tasarim yapip sonrasinda da tasarimlarim iirettiler. Denemelerin
ardindan gegen sene uzay aracwni firlattilar. Ancak uzay araci bir i¢ gezegen olan
Mars'a inig yaptiktan sonra toprak ornegi alamadi. Ciinkii aracin toprak delici
aletleri Mars'in yiizeyini delip 6rnek alacak kadar giiclii degildi ve kirildi. Uzay
aract ilk gorevini tamamlayamadi ve ikinci gorev igin bir dis gezegen olan Jiipiter'e
dogru yola ¢ikti. Ancak yine bir sorun vardi. Uzay aract daha Jiipiter'e varamadan
yakit miktart azaldigina dair uyari verdi ve sonucunda Diinya'yva acil inis yapti. Yani
ilk gorev basarisiz oldu. Simdi bilim insanlar: sizin miihendis takiminizi bu
calismaya davet ediyorlar. Elinizde eski takimin ¢alisma raporlart ve tasarimlar
bulunuyor. Calismaya "Miihendislik Tasarim Basamaklari"ndan dogru buldugunuz

noktadan baglayabilirsiniz.

Haydi baslayalim!”

Senaryo okunduktan sonra, gruplar aktivite kagidinda verilen senaryoyu anlamaya
yonelik sorular1 cevaplayip ardindan, “Miihendis Takim1 Raporlari”n1 inceler ve bir
onceki miihendis takiminin nerede hatalari/eksikleri oldugunu tespit etmeye
calisirlar. Raporlar incelenmeye baslamadan once Ogretmen, onceki miihendis

takiminin “Miihendislik Tasarim Basamaklari”ni takip ederek calistiklarini ve bu
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basamaklardaki caligmalarin raporlandigini vurgular. Aktivite kagidinda verilen
mithendislik tasarim basamaklarin1 6gretmen tekrar eder. Raporlar okunduktan
sonra, gruplar dnceki miihendis takiminin neden basarisiz olduguna dair sorulari
cevaplandirip, “Haygi Goreve” etkinligini yapar. Ogretmen bu esnada aktivite
kagidinin hangi sayfasi yapiliyorsa kolaylik saglamak amaciyla o sayfayr akill
tahtadan yansitir. Gruplar etkinlik sirasinda hangi miihendislik tasarim
basamagindan baslayacaklarini tartisir ve belirlerler. Ogretmen basamak se¢imi
sirasinda  gruplar1 yonlendirmez ve bir fikir belirtmez. Gruplar tartisarak
belirledikleri basamaktan ilerlerler. Ogretmenin her grubun hangi basamaktan
basladigini not almast, ilerleyen siirecte ¢ikabilecek karmasalar1 &nler. Ogretmen bu
asamada Ogrencilere artik birer miihendis olduklarmi ve bundan sonra birer
mithendis gibi diistiniip ¢ozumler Ureteceklerini vurgular. Miihendislik Tasarim

Basamaklarina gore 6grenciler;

1. Problem tespiti: Bu asamadan baglayacak gruplar, 6nceki miithendis
takimimin problem tespitini hatali bulmus ve kendileri yeniden
problem tespiti yaparak, senaryoda verilen problemi belirlemeye
caligirlar.

2. Probleme yonelik olasi ¢oziimleri arastirma: Bu asamadan baslayacak

gruplar, onceki miihendis takimmin irettikleri olasi ¢dziimleri
eksik/hatali bulmustur bu nedenle kendileri birer muhendis gibi
diisiiniip probleme ona gore ¢ozliimler iiretmeye baslar. Bu sirada
ogrenciler dergilerden ve bilgisayardan yararlanarak arastirma
yapabilir.

3. En_iyi ¢6ziimi bulma: Bu asamadan baslayacak gruplar, onceki

mithendis takimimin olast ¢dziimlerinin bazilarin1 dogru bulmus
ancak o c¢oziimler arasindan segtikleri en 1iyi c¢oziimii yanlis
bulmuslardir. Bu nedenle 6nceki miithendis takimimin sundugu ¢6zim
Onerileri tartisarak, baska birini daha uygun bulmuslardir. Bu sirada
ogrenciler dergilerden ve bilgisayardan yararlanarak arastirma

yapabilir.
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4. Modeli tasarlama ve test etme: Bu asamadan baslayacak gruplar,

onceki miihendis takiminin modellerini tasarlarken hatali/eksik

calistigini diisiinerek; onceki miithendis takiminin segtigi en iyi ¢6ziim

uzerinden modeli yeniden tasarlarlar veya revize ederler.
Ogrencilerden “Bir i¢ gezegene giderek toprak o&rnegi alacak ardindan bir dis
gezegene giderek gaz Ornegi alarak Diinya’ya saglam inis yapabilecek bir uzay
arac1” tasarlamalar1 bekleniyor. Baslanmasi gereken dogru bir adim olmadigi,
ogrencilerin tartigarak nedenleri 1ile belirledikleri herhangi bir adimdan
baslayabileceklerini 6gretmen unutmamalidir. Ogretmen dgrencilere muhendislik
tasarim basaklarmin her zaman i¢in kesin baglanmasi gereken bir ilk basamaginin
olmadigmi, kendilerinin yaptig1r gibi belirlenen bir adimdan baglanarak siirecin

devam ettirilebilecegini vurgular.

Gruplardan belirledikleri veya 6nceki miithendis takiminin belirledigi en iyi ¢6ziime
gbre tasarim yapmalar1 beklenir ve bu tasarimlari yapmalart i¢in kullanacaklari
malzemeleri aktivite kagidindan incelerler. Dersin sonunda biitiin gruplarin
probleme gore iirettikleri bir modeli olusur. Ogrencilerin modelleri asagida verilen

sartlar1 saglamalidir:

5) Modelin kendi basina ayakta durabilmesi gereklidir.
6) Modelin pargalarinin diismemesi, devrilmemesi egilmemesi gereklidir.
7) En az 3 malzeme kullanilmalidir.
8) Modelinizin kendine ait bir ad1 olmalidir.
Malzeme listesinden “temel malzemeler” biitiin gruplara dagitilir ve gruplardan

“diger malzemeler” grubundan 4 adet malzeme se¢meleri beklenir.

e Ogrencilerden toprak drnegi alinabilecek bir i¢ gezegen ve gaz 6rnegi
almabilecek bir dis gezegen belirlemeleri beklenir. Tasarlayacaklari

uzay aracinin toprak ve gaz 6rnegi i¢in ekipman ve/ya kisimlara sahip
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olmasi1 gerekir. Ayni zamanda Diinya’ya ornekleri geri getirebilecek

kadar siirede yakit kapasitesi olmalidir.

Ogrenciler modellemeye baslamadan énce aktivite kagidinda verilen noktal1 alana
yapacaklart modelin taslagini ¢izerler ve kullanacaklari malzemeleri eslestirirler.
Biitiin gruplar taslak ¢izmeyi bitirince, 6gretmen modelleme yapmalari i¢in gruplara
belirlenen malzemeleri dagitir. Modelleme i¢in yaklagik 50-60 dakika bir sure
verilebilir. Bu siirede 6gretmen maket bigagi, sicak silikon gibi aletleri 6grencilere
kullandirmamali, kendi yardim etmelidir. Ancak modellemenin diger asamalarinda
ogretmen yalnizca rehberlik eder, tasarim konusunda oOgrencilere yardimda

bulunmaz.

Siire bitince biitin modeller 6gretmen masasinda toplanir. Numaralandirilmig
gruplarim ilkinden baslanarak modeller 6gretmen tarafindan test edilir. Gruptan bir
kisi tahtaya gelerek modellerini en fazla 4 dakika iginde diger gruplara sunar, bu
esnada hangi miithendislerin gorev aldigini da belirtir. Sunumun ardindan 6gretmen
o grubun modelini belirlenen kriterler dogrultusunda test eder ve sonuglarini aktivite

kagidinin belirlenen boliimiine (Gorsel 1) not alirlar.
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Puan Kriter Bizim puamimiz

Evet: 5

Ve puan Verilen sire iginde proje tamamland.
Hayir: O puan
Evet : 5 puan Model kendi basina ayakta durabiliyor
Hayir: O puan ve devrilmiyor.
Evet:5

Ve puan Hawa tlpleri tamamlandi ve dismlyor.
Hayir: O puan
Evet : 5 puan o

Delici alet tamamlandi ve dismyor.

Hayir: O puan
Evet: 5

Ve puan Malzeme sinirlari asilmamis.
Hayir: O puan

Gorsel 2

Belirlenen kriterler dogrultusunda modelin verilen siire icinde tamamlanmis olmasi
gerekiyor, eksik-bitirilmemis projeler “0” puan iizerinden degerlendirilir. ikinci
olarak model masaya veya siraya konuldugu zaman kendi bagina ayakta durabilmeli
ve devrilmemelidir. Bunun nedenini géreve gidecek bir uzay aracinin gezegene inis
yaptiktan sonra ayakta duramayip devrilmesi sonucunda gorevin basarisiz olacagi
olarak sOylenir. Kendi basina duramayan modeller “0” puan {iizerinden
degerlendirilir. Dis gezegenden gaz Ornegi alacak hava tiiplerinin modele bagl ve
diismiiyor olmasi gerekir. Pargasi diisen modeller “0” puan tizerinden degerlendirilir.
I¢ gezegenden toprak drnegi alacak delici aletlerin modele bagli ve diismiiyor olmasi
gerekir. Pargasi disen modeller “0” puan {iizerinden degerlendirilir. Bu iki
degerlendirme kriterinde de neden olarak uzay aracinin temel iki gorevi oldugu
(toprak ve gaz 6rnegi almak), bu gorevleri yerine getirebilmesi i¢in iki par¢anin da
uzay aracindan diismeden yolculuk edebiliyor olmasi gerektigi verilir. Son kriter
olarak, malzeme smirlarinin asilmamis olmasi gerekiyor, asilan projeler “0”

iizerinden degerlendirilir. Bir mithendisin 6zelligi olarak ekonomik olmas1 gerektigi,
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saglayan bir model “5+5+5+5+5 = 25 Puan” alir.

Sonug:

Miihendislik Tasarim Temelli ders anlatiminin ardindan, “Sonug” bdliimiine gegilir.
Bu bélimde o6grenciler “Degerlendirme ve Oz- Degerlendirme” yaparlar.
Degerlendirme boliimleri “Uzay Goérevi Miithendis Tasarim Defteri”’nde bulunur ve

grupga yanitlanacak 4 sorudan olusur.

Bu boliimde 6grencilerden miihendislik tasarim siireci boyunca hangi segimleri
neden yaptiklarini  agiklamalari  beklenir. Ornegin, devralman projenin
tamamlanabilmesi igin segtikleri miihendislik tasarim basamagina nasil karar
verdiklerini agiklamalar1 istenir. Ayni zamanda &grencilerin bir mihendis olarak
calismay1 nasil bulduklari, “Miihendislik Tasarim Basamak™larina ne kadar uyum
sagladiklar1 ve 6nemini ne kadar kavradiklart da 6z-degerlendirme bdliimiinde
ol¢iilmeyi hedefler. Ogretmen bu asamada gruplar arasinda dolasarak dgrencilerin
“evet- hayir” gibi kisa cevaplar vermelerini engeller ve yonergede (sorularin

yonergesinde) belirtildigi gibi cevaplarinin nedenlerini agiklamalarini saglar.
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APPENDIX-H

“UZAY ARACI TASARLAMA- UZAY GOREVi AKTIVITE KAGIDI”
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Problem Nedir?

Uzay arastirmalan yapan bilim insanlan hiz kesmeden galsmalanna devam ediyor.
Simdi sira Gunes Sistemi gezegenlerini kesfetmekte. Bilim insanlan Gunes
sisteminde bulunan i¢ gezegenlerden toprak &medi alip iginde hangi mineraller,
elementler oldujunu incelemek ve Dinyamizda bulunan toprak &mekleri ile
kiyaslamak istiyor. Toprak émeklerine ek olarak, Gines Sisteminde bulunan dis
gezegenlerden de otmosferinde bulunon gozlordon Gmek obp incelemek ve
igeriinin neler oldufjunu kesfetmek istiorlar. Bbylece Dinya atmosterinde
bulunan gazlar ile Giines Sisteminde bulunan bagka bir gezegeni olugturan veya
atmosferinde bulunan gazlann gesitlerini kiyosloma sans: bulacaoklar. Peki bunun
igin mithendislerden nasil yardim istiyorlar? Bilim insanlan mithendislerden, bir uzay
araci tasarlamalanm ve bu uzay aracinin énce bir i¢ gezegene giderek toprak
omegi almasim ardindon do bir dis gezegene giderek gaz émegi almasim ve son
olarak Diinya'ya inis yapmasim beldiyorlar.

Bunun igin bir mihendis talimi ile galgmaya basladilar. Bu mihendis takimi
"Miihendislik Tasonm Bosomaklon®™m taokip ederek bilim insanlanmin problemine
gozim bulup, tosanm yapip sonrosinda do tosonmlanm drettiler. Denemelerin
ardindan gegen sene uzay aracim firlathlar. Ancak uzay arac bir ig gezegen olan
Mars'a inis yaptiktan sonra toprak émedi alamadi. Ginki aracin  toprak delici
aletleri Mars'in yiizeyini delip dmek alocak kadar giigli deqildi ve lonldi. Uzay arac
ilk gérevini tamamlayamadi ve ikinci gérev igin bir dis gezegen clan lipiter'e
dogru yola gikh. Ancak yine bir sorun vardi. Uzay araci daha Japiter'e varamadan
yakit miktan ozaldwjina dair uyan verdi ve sonucunda Dinya'ya acil inis yoph. Yani
ilk gérev bagansiz oldu. Simdi bilim insanlan sizin mihendis takiminz bu galgmaya
davet ediyordar. Elinizde eski takimin galsma raporlan ve tasanmlan bulunuyor.
Galsmayo "Mihendislik Tasanm Basomaoklon"ndan dogru bulduunuz noktadan
baslayabilirsiniz.

Haydi baglayalim!
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Problem Nedir?

l. Calgman yiriten ilk takimda sizee hangi mihendislerler gérev almistir? Neden?

2. llk mihendis takimi neden gezegen olarak Mars ve Jupiter'i segmis olabilir?

3. llk mihendis takiminin gézimindeki /modelindeki hatalar veya eksikler nelerdir?

2-

3

4. Sizce bu galsmaya en bastan mi baslanip yeniden mi tasanm yapilmah? Yokso

ayni tasanm lzerinde gelistirimeler mi yopilmal? Neden?
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Mahendislik Tasarim Basamaklar:

* Bu sirecte bir mihendis olarak cahgacagmiz igin "Mihendislik Tasarim Sireci” basamaklarin

takip etmeniz gerekmektedir.

* Asagida verilen basamaklar mihendislik tasarm basamaklarini gostermektedir. Her agsamay

tamamladiktan sonra, yaninda verilen kutucuklara "x" ile isaretleme yapmaniz gerekiyor.

wx .,. . .‘. semeseseane - \\J

Test Etme ve Geligtirme | Skigifoobantoo : S N m
. ; | Probleme YVonelik Coztm |
~ | Onerileri Aragtirma '

m Probleme En Uygun _“
' Cozumu Belirleme '

C o i ’
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Mahendis Takim Raporlar

Rapor-1-

= Caligma basamadj 1:
PROBIFM TANIMIAMA : Bugiin ilk olarak problem tamimi yaptik. Bilim insanlarinin bize
verdidi bilgiler dofrultusunda problemi bitin takim olarak ¢ozimledik.

Problem : Gines sisteminde bir i¢ gezegene qidip toprak Srnedi alacak ayni zamanda
oradan bir drg gezegene giderek gaz Ornefji alacak bir vzay arac tasarlamak. Uzay
aracinin hem toprak Ornedi alabilecek ekipmam olmali hem de gqaz Grnedi alacak
ekipmani olmali.

* Caligma basamaij 2:
iK ¢OZ{M OMFRILERI ARASTIRMA: Bu hafta mihendis takimi olarak

olasi gozumler wzerine beyin Firtinasi yaptik ve iki ¢5zim Onmerisi belirledik. Her
anerimize Gncelikle hangi i - diy gezegenleri segecefimize karar wererek bagladik.
Ardindan da vzay aracimin hangi Szelliklere sahip olmasi gerektigini yazarak tamamladik.

(Oziim Geerisi 1: Uzay araci oncelikle Gineg sistemindeki, 2. gezegen olan Veniis'e
gidip oradan bir toprak Srnedi alacak. Ardindan Satirn’e qidip atmosferinden Srnek
alacak. Bu iki gezegen birbiri ile uzak olabilir. Ancak , Diinya bu iki gezegen arasinda
yer aldii igin eder uzay araci Venis'te bir sikinti yagarsa, Dinya'ya inig yapabilir.
Boylece Diinya'da problemler ¢dziilip uzay araci geri Satiirne yollanabilir.

Uzay aracimin tasariminda sicakliktan erimeyecek malzemeler kullamlmali, ayni zamanda
Satirn'in riizqarlarina dayanikl sert malzemeler de olmali. Toprak oreedi almak igin
bilyuk matkaplar kullaniimali. baz Grnedi igin de buyik balonlar kullamimali.

(oziim Onerisi 2: Uray araci Oncelikle Giines sistemindeki, 4. gezegen olan Mars'a
gidip oradan bir toprak ornedi alacak. Ardindan Jupiter'e qidip atmosferinden Groek
alacak. Bu iki gezegen birbiri ile art arda oldugu igin vzay araci yakit agisindan daha
tasarruflu olacak. Aymi gekilde Jipiter'de dijer dig gezegenlere kiyasla Diinya'ya daha
yakin olduju igin yine yakit Gcreti daha ekonomik olacaktir.

Uzay aracinin tasarminda sofjuktan donmayacak malzemeler kullanilmali, ayni zamanda
Jupiter gezegeninin sert rizgarlan olduju igin riizgarlara dayamkl sert malzemeler de
olmali. Toprak dmegi almak igin diyik matkaplar kullanilmal. Gaz Sroedi igin de
bilyuk balonlar kullamimali.
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Mahendis T akimi Qaporlan

Rapor -1 - devami
= [alyma basamad 3 :

OZ0M0 BELIRLEME: Bir Gnceki hafta belirledijimiz 2 ozim
Gnerisinden en wyguav olan 2. ¢dzim Gnerisi dzerinde galiymaya karar verdik. En az bir
kag 3y galgmalanmz sirecektir dige dgindyoruz.

Segtiginiz Saeri: (ozim Onerisi 2

(Ozim Gnerisi 2 hem zaman agisindan hem de maddi (parasal durum) agidan daha
tasarruflu olacaklir. Dinya, Mars ve Jupiterin art arda sial olmasi vzay aracinin
gorev siresini vzun tutmayacaktir. Ayni zamanda mesafenin yakin olmasi daha az yakit
kullammi gerektirecedi igin maddi olarak da projemiz daha tasarruflu olacaktir

Yukaridaki gizimde gorildugu gibi uzay araci Dinya'dan yola gikip Mars'a gidecek (1)
oradaki gorevini tamamladiklan sonra ise Jupiter'e gidecektir (2). Iki gorevini de
tamamladiktan sonra Dunya'ya doni§ yapacaktir

Uzay araci Ozellikleric

1-Erimeyecek/donnayacak malzemeler: Hem Mars hem de Jupiter, (-) * C'ler civarinda
sicaklifa sahip oldufu igin vzay aracinin malzemeleri sofjuktan donmayacak Gzellikte
olmalidir. Delici aletler ise sirtunme sonucunda erimeyecek malzemelerden segilecektir
2-Toprak Ornefji: Toprak Omedi almak igin biyuk bir matkap gqibi delici alet
Lasarlanacaktir

5- baz Greedi: Hava balonlar uzay aracinin igine yerlegtirilip, Jupiter'e varildi§inda
kapaklar agilip  doldurulacakbir Balonlar  patlamamasi, yirtimamas igin  metal
malzemelerden Urelilmelidir
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Mahendis Takim Raporlar

Rapor 2

» Caligma basamafj 4 :
MODEL TASARIML: Iki ay siren galigmalar sonvcunda artik g&zimimiz hazir ve yol
haritamz belli oldu. §imdi sira tasanm yapip bu tasanmi modelleme agamasina geldi
Tasarimmiz hem dodru malzemeleri icermeli, hem de wygun maliyetli de olmali. Yapacaimiz
model ayni zamanda amacimiza da vygua bir tasanm olmali

* Tasanm 1: s Tasanm 2:

o=

ON TARAF TASARIMI

YAN TARAF TASARIMI

oraedi igin delici alet, gaz Grmedi igin hava baloau wzay aracmm iginde yer alacaktir
Zamam geldifinde ise aragtan otomatik qikip gdrevierini gergeklegtireceklerdir. Tasanimlan
agafida verilmigtir

DELICI MATKAP TASARIMI HAVA TUPLERI-BALOMLARI

L
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Mahendis T akimi Raporlar

Rapor 3
» Caligma basamady 3 :
- : Uzum bir tasanm sirecinden sonra artik luiullulegu

baglayacafiz. Bu agamada tasarladifmiz modeli iig boyutly (3D) hale getirecediz. Uzun bir
sireg yemiden bizi bekliyor. Ancak kagit dstindeki galigmamizin g boyutly gergek bir

PB-UZYZ7 ADLI UZAY ARACI

Aylar siiren gabigmalanmzin sonucunda modelimiz de tamamlandi. Takimimiza destek olarak
bagka alanlardan da mihendis arkadaglanmiz model yapma sirecinde bize destek oldular.
Uzay aracmiza takim olarak “PB-UZY?7" ismini verdik. PB-UZY27 wzay aracimi gimdi

testlere sokmaya baglayacaju.

ﬁ
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Mahendis Takimi Raporlar

Rapor 4

* (aligma basamai 6 : Uzay gorevine baglamadan, vzay aracimi Dinya'da baui testlere
sokaca§iz. Bu testlerden baganili olursa gelecek aylarda, wzay aracimiz serivenine
baglayacak.

TEST 1: Delici alet saflamlik testi

Uzay aracimizin matkaplarini bog bir arazide denemeye aldik. Bizim gittigimiz arazideki
topraklar: delebildi. Bu nedenle yeniden bagka bir araziye goturip deneme yapmadik

TEST 2: Hava balonlan saflamlik testi

Uzay aracmizin hava balonlanni doldurmak igin ruzgarh bir gunde deneme yaptik
Jupiter'in rizgarl olduunu biliyoruz. Bu nedenle Ozellikle rizgarli bir gun segtik ki
tuplerimiz yeterince sajlam mi bunu gorelim. Balonlarmiz da testi gecli, ve herhangi
bir yirtilma veya delinme olmadi. Bu nedenle bagka bir deneme yapmadik

TEST 3: Uzay araci ugug testi

Uzay aracimizin yerden dofru bir kalkrg yapabildigini onaylamak igin, uguy testi
yapuik. Uzay aracmzz dofru bir gekilde havalaniyor ve yere yumugak inig yapabiliyor

Yaptjimiz 3 testin bagarili oldvjunu gordik ve onayladik. Bu nedenle artik vzay aracimizi
gorevine baglamak Uzere Giney Sistemine yollayabilece§iz. [abigmalanimuz bir yili agkin
siiredir devam edigordu, ancak bugiin itibari ile Irtlulglllzl diiglndyoruz.
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Problem T espiti

Gorev neden basarisiz olmus olabilir?

IIE muhendis takhiminin P8 UZ‘I’?? adli uzay aracs Muq'lun arnak nlamum:?. rak-! b-lhg:
|q|nde ]upuler'delu gérevine b-uﬂu}lum-um.ﬁl-r .ﬁ?ugudu verilen sorulan takim

ailgdaﬁlnnn:glu birlikta ¢g\-aplur|n|z

1- flk mihendis takiminin problem tespitinde sizee hata var mi? Neden?

2- flk mihendis takiminin probleme sunduklar g¢ézim &nerileri, proeblem igin
uygun mu? Sizee defru Sneriyi mi segmigler? Agiklayin.

3. fIk mihondis takiminin tasarimi: ve modelinde sksikler var miT Delici alet ve

hava balenlan géziime uygun tasanimlar mi? Agiklayin.

4- flk miihendis takimi test ajamasinda yeterince test yapmiglar mi? Eger delici
alet testi igin daha farkli denemeler yapsalards, sikintilar nceden giderilabilir
miydi? Agiklayn.
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Haydi Géreve! 3

Bir &nceki mihendis takiminin neden bogansiz oldugunu géz &ninde bulundurarak,

u;uglduh sorulan takim urhudu§|ur|nlf_lu cevaplayimiz

1- Calismalarimiza bagslamadan Snce Giines Sistemi gezegenlerini hatirlayalim.
Hangilerinin ig gezegen, hangilerinin dis gezegen olduklarini ve gezegen
isimlerini verilen bogluklara yaxin.

wnee e GEZEGEMNLER wnnnneenne GEZEGEMNLER

2- Takim elarak "Miihendislik Tasarim Basamak®larindan, hangisinden

baslamaya karar verdiniz? Nedenini agiklayn.

Baglamaya karar verdifimiz basamak ... ginko;

3- Taluomimiz hangi miihendislerden oclusuyer? Takimimizda calijabilecegini
diigiindligiintiz milhendisleri yuvarlak igine alin.

Makine Miihendisi

Ingaat Miihendisi Jeoloji Miihendisi

Elektrik ve Elektronik

Harita Miihendisi Miihendisi

Bilgisayar Miihendisi

Uzay ve Ugak Miihendisi

-
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Problem T anmlama

Bir onceki mihendis tokiminin problem tanimlama agamaosindan itibaren eksik bir yol
|z|g-d|g|m du$undunuz Bu nedenle qul:$mu|unm:u “"Miahendislik Tasanm
Bosomak®lannin 1. adimi clon "Problem Tamimlama™ agamasindon boglomak istediniz.

$|md| preblemi yeniden tanimlama raman!

1- ilk sayfada verilen (1. sayfa) problem senaryosunu yeniden okuyun. Ardindan
problemin ne oldufunu, bilim insanlarimin sizden ne yardim istedijini kendi

climlelerinizle tanimlayin.

Problem Yonelik Cézamleri
Arastirma

Mihendis takiminizla olasi ¢ozimleri uru$l-rmu|:;m-; En oz iki tane ¢dzim &nerisini
verilen bogluklara yoziniz. G8ziim Bnerileriniz; gezegen tercihleri ve nedenleri,

toprak ve gaz drneklerini nasil alacagimiz bilgilerini igermelidir.

1. Oneri:

2.0neri:

-
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Probleme En Uygun
Géziami Belirleme

1- GCaziim Snerilerinden, preblemin géziimiine en uygun elanimi nedenleri ile
birlikte agafida verilen boglufa yazimiz.

2- Tasarima ge¢meden &nce buldufunuz géziim @nerisini deferlendirmeniz
bakleniyor. Cézim &neriniz ajafida verilen ifadelerden en ax dé&rt tanesini
igermalidir. Preblem géziimiiniizde clan ifadelerin yanina “X" isareti keyunuz

l¢ Gezegenin hangisi oldufu Goz érnedi alacak aracin szellikleri
Dis Gezegenin hangisi aldufu Yakittan nowul tasarruf edileceqi
Toprak 6rneQi olacak aracin Gzellikleri Uzay aracimin fiziksel Szellikleri

3. Efer segtifiniz géziim yéntemi bir Snceki Snciildeki | 2. | jartlardan en az dért
tanesini safleamiyorsa, ¢oziimiinlizii gézden gegirip yeniden agofida werilen
bojlufe yaziniz. [ jartlar safliyersa bu bélimi be§ birakabilirsiniz.)
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. Model Planlama

* Lizay amocimzn modellemesini yopmaya boglomonz gerekiyor. Bunun igin dnce tasanms  planlamani
lazm. Bu agomoda size l.u||uru:||:|||eceg|nlr malzemelerin listesi chqd-u saralanmeg trr.  Mihendislik
mnﬂnglndn “ekonomik™ clmann Snemini giz dninde bulundurarak, modelleme yopmanz bekleniyor. Bu
agomada baz kurallar vor

1} Segtifiniz her malzemeyi kullonmaniz gerekiyor, bu denle sectifjiniz her malzemenin bir

3) Temel malremeler diginda en fazla dért malzeme kullanabilirsiniz.

4] Malzeme listesini olugturup teslim aldiktan sonra sadece bir deigim hakkiniz vardr.

MALZEME LISTESE
Temel Malzemeler: Diger Malzemeler:

Bant Renkdi A4 kadit ( 271 set)
S Yapigtino Aliminyum folye (30 cm)
Kibgids Makas Plastik Kagik (3 tans)
1Adet kagit rulo Plastik Catal (3 tane)
1Adet Fon kartonu Kadt Pecete (3 tane)
Silikon® ip(1metre)
Maket Bigade™ A4 kagrt (1 tane)

-Kendi malzemem 1
-Kendi malzemem 2

* Mot: Yannda [ * ) gareti bulunan malremeler sadece Ggretmen tarafindan fyardimnda kullonidabilic.
Bireysel olarak kullondomaz.

Sectiginiz Malzemeler :

Temel Malkkemeler: Diger Malzemeler:
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Tasarm Planlama

Agofuda werilen nottall alona uroy orocinzin tasanming gizmen bekleniyor Dianya'dan yola gikan bu uzay
arocing  venben senoryoya gore uygun buldugn.-nu: GOzlmd giziniz Tosormeruzn bir soneoki ug.urnul:lu
rm:u:luilnrni:egnmn gaz onunde bulunduronok bir toslok gizim nlnq.h.-m'mn:; gnrnl:mcl:'hﬂd-r

= Maodelinizin a§ofidaki 5artlan seflamas: gerekmektedir. Meodeliniz degerlendirilirken
bu gartlan sojlayip soflomamas: géz sniinde bulundurulacakhr:

1) Medelin kendi bagina ayakta durabilmesi gereklidir.
2] Modelin pnrgulqumn dl.qmqmasll devrimemes: -gllmm-sl gural:lldlr_
3) En az 5 malzeme kullanidmakdir

4) Modelinizin kendine ait bir adi olmalidir.

1 Mot : Cizimlerinizi kursun kalemle yopmanaz, d!ﬂ:snrmai: r:.lﬂdg':m: yerleri silmenizi kolaylas hrocakt
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Model Tasarim- Test Etme

Fimdi mihendis talimi olawrak tasanmmne model haline getirmeniz gerekiyor. Modebnizi
olugturmak icin takm halinde i birli yspmane gerekmektedir qunkl sbreniz kisth Model
sireci 40 dakikadir. Ardindan modelinizi test etmeniz gerekiyor.

Test etme:  Agafpda belirtilen kriterlere gdre modelinizi test etmeniz gerekiyor, bu
agammyi ogretmeninizie birlikte kaydetmeniz gerekiyor,

Verilen plre i irnde proje Lsmem ke

Model kendi bagina sgakta durabilygor
v devrilmingor.

Hava tupleri tamamland ve digmiagor.

Debci alet tamamland ve dugmaagor,

Malzeme sinrlan agdmameg.

Bitln gruplar modelerini dijer gruplarn énlinde sunacakdar. Her takomin modellerini
anlatarak sunmalan igin 4 dakika sireleri var|
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]
Degerlendirme

Asadpdaki sorulan milhendis arkadaglaninizla birlikte cevaplayimiz

Nigveds gezegenleri secerken nelere dikkat ettiniz? Anlatne.

2) Delici alet ve hava balonlanmn tasarlarken bir mihendis olarak neleri dikkate aldmnz? Rciklagpn

3) Modellemesni bitirdiginiz calismada, daha iyi bir sonug elde etmek icin veya gelistirmek icin
hangi kornuar hakknda degiskbkler yapmahsrez? Nedenleri de yazinz.

4) Diger mihendis talimindan devraldiqiuz projede hangi Mihendiskk Tasarim Basamagindan
baglayacaginza namil karar verdiniz? Agiklayn.
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A . ]
Oz-Degerlendirme

Bsa i L i slannizla birfikte cevaplayimiz

1) Tasarlame oldujuuz model ile verien probleme sizee wygun gozimi bulabildiniz mi?
Ag klawpruz

2} a) Sureg boyunca Tdhendislk Tasarm Basamaklari"ni kullandiruz me? Size nasil yardime oldu?
Mahendislik Tasanm Basamalar olmasayd modeliniz probleme wygun bir ¢oeim olabilr miydi?
P kdanpruz.

b) Mihendislik Tasarm Basamaklanndan en ok zorlandiginez hangi basamakti? Neden?

3) Problem goziminde geligtrmeniz gereken parcalar veya dejistrmeniz gereken malzemeler
var mi? Nedenleri ile brlikte apklayne.

4) a) Etkinlikler boyunca mihendis olarak caksmaktan hogladne mi? Neden?

jb) Etkinlikler boyunca mihendis olarak calsmaktan zordandine kismlar oldu mu? Neden?

| .
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f)z-Decjerlendirme
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APPENDIX- 1

PROTOTYPES OF LIVING SPACE OF STUDENTS
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APPENDIX-J

PROTOTYPES OF SPACECRAFTS OF STUDENTS

Sy e -!!- o
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APPENDIX- K

PERMISSION FOR USE OF THE SCALE OF 6TH GRADE STUDENTS
UNDERSTANDING LEVEL OF ASTRONOMY CONCEPTS

[> Re: Tez Galismasi igin Olgek lzni hk. kimden YAVUZ AKBAS EK-5

<> | Metin (1 KB) & =4
Pinar Hanim Merhaba,

Calismamiz: aragtirmaniz igin kullanmanizda bir sakinca yoktur.

Kolay gelsin.
Iyi ¢alismalar.

27 Eyl 2021 Pzt 20:36 tarihinde <pinar.baspinar@metu.cdu.tr> sunu yazdi:

Hocam merhaba,

Ben Orta Dogu Teknik Universitesi - Fen Bilimleri Ogretimi programi
yiiksek lisans Ogrencisi Pinar Bagpinar. 2021-2022 efitim yilinda tez
calismas: donemindeyim. Tez ¢alismasinda konum, “Miihendislik tabanl
astronomi dgretiminin/etkinliklerinin 6. simuf 6grencilerinin

kavramsal anlamalarina etkisi” iizerine. Sizin 2005 yilinda yayinlanan
“Tlkdgretim 6. Siuf Oprencilerinin Astronomi ile lgili Kavramlari
Anlama Diizeyi ve Kavram Yanilgilan™ vayimimzda gelistirdigfiniz
olgegi efer izniniz olursa, atif vererek calismamda kullanmak istiyorum.

Saygilarimla,

Pinar Bagpinar
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APPENDIX- L

PERMISSION FOR USE OF SCIENCE, TECHNOLOGY, ENGINEERING,
AND MATHEMATICS CAREER INTEREST SURVEY (STEM-CIS)

> Re: Tez Galigmas: Oigek lzni hk, kimden  lbilge Dokme EK-4 06-12-2021 (28:16:55 +03) €

Metin (3KB) 3 1=
Olcedi kullanabilirsin
iPhone’umdan génderildi
pinar.baspinar@metu.edu.tr sunlary yazdi (6 Ara 2821 22:26):
[Alinty Metni Sakla
Hocam merhaba,

Oncelikle sizi tekrar rahatsiz ettigim icin Gziir dilerim. Sizden 11 Ekim tarihinde "Fen, Teknoloji, Matematik ve Mihendislik Mesleklerine
Yonelik ILgi ﬁlcegi" at1f ile arastirmamda kullanmak lzere izin almigtim. Gegmis mailleri de asagida ilettim. Su anda izin verdidinize dair
bir maili bolime dilekge ile iletmem gerekiyor. Ancak ben bana attiginiz maili bulamiyorum bu benim hatam sanirim hi¢ bir sekilde de
bulamadim. Bunun icin tekrar yazmak istedim, tekrar izin icin mail yazabilirseniz cok sevinirim. Sizi rahatsiz ettigim icin tekrar ozir
dilerim.

Saygilarimla,

Pinar Bagpinar

---— Pinar Baspinar <e262183@metu.edu.tr> tarafindan yonlendirilen ileti --——-
Tarih: Mon, 11 Oct 2021 21:45:02 +@300
Kimden: Pinar Baspinar <e2@21B83@metu.edu.tr=

Konu: Fwd: Tez Calismasi Olcek Izni hk

Kime: ilbilgedokme@gazi.edu.tr

Hocam merhaba,
Ben Orta Dogu Teknik Universitesi - Fen Bilimleri Ogretimi programy yiksek lisans d@rencisi Pinar Baspinar. 2021-2822 ejitim yilinda tez

calismasl donemindeyim., Uygulamali bir calisma yapacagim igin etik izin sdrecine girebilmem igin dncelikle dlgek iznini almam gerekiyor
0lumlu veya olumsuz donls yapabilirseniz cok sevinirim. Bir dnceki mailimi Size agagida iletiyorum.
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APPENDIX-M

SAMPLE PHOTOS OF TREATMENT
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