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ABSTRACT

The aim of this study is to examine the effect of instructional design applications prepared in
accordance with the Science, Technology, Engineering and Mathematics (STEM) approach based
on the 5E model in the subject of “Electrical Energy” unit “Electrical Energy Conversion” on the
academic achievement and scientific process skills of 7th grade students. The research was
carried out with a mixed research design. In the quantitative dimension of the study, quasi-
experimental design with pretest-posttest control group was used. In teaching the subject of
“Conversion of Electric Energy” to the experimental group, the lesson plans prepared according
to the STEM approach based on the 5E learning model, and the control group was taught with
the methods and plans foreseen by the current curriculum. As a data collection tool; before and
after the application, “Achievement Test on Conversion of Electrical Energy” (ATCEE), “Scientific
Process Skills Test (SPST)” and semi-structured “Student Opinion Form for STEM Applications”
were applied to both groups. According to the results obtained from the research; It was
determined that there is a statistically significant difference in favor of the experimental group
between the ATCEE and SPST post-test scores of the groups whose pre-test scores are
equivalent. The calculated Cohen's d value expresses the large effect size. According to the
qualitative data obtained from the experimental group students, the students stated that their
interest in the lesson increased, they learned with pleasure and they wanted STEM applications
to be included in other lessons. As a result, it was determined that the instructional design
applications prepared according to the STEM approach based on the 5E model were more
effective in increasing the academic achievement of students and improving their scientific
process skills compared to the teaching method envisaged by the current program.
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INTRODUCTION

Until a few centuries ago, the power and development indicator of countries was the agricultural lands, but this
situation has changed as countries that have or can reach underground resources with the industrial
revolution. Industrialization has started with the increase in human needs day by day. With the industrial
revolution, the use of steam powered machines increased, and mass production started with the invention of
electricity. Economic competition between countries has gradually increased and this situation has brought
technology production. In 1957, Soviet Russia’s launching Sputnik, the first artificial satellite, and successfully
orbiting it, led it to a leading role in space science and technology. After this event, in 1958, the United States
of America (USA) established the national aviation and space agency under the name of NASA (National
Aeronautics and Space Administration) responsible for space research. Kennedy, who served as the President
of America during the establishment of NASA, emphasized that America should be ahead of other countries in
the fields of science, technology, engineering and mathematics. With these developments, STEM (Science,
Technology, Engineering and Mathematics) education has emerged (Demirci Giler, 2017; Yildirim, 2016). There
are two main reasons for the emergence of STEM education in the USA. The first of these; The decrease in the
interest of US students in science, technology, mathematics and engineering fields is; The USA does not want to
stay behind other countries in terms of science and technology in the international platform (Yildirm & Tark,

2018).

STEM education; it is an educational approach that aims to enable students to identify problems with an
interdisciplinary approach at all levels from pre-school to higher education by integrating the disciplines of
Science, Technology, Engineering and Mathematics, and to produce practical and applicable solutions to these
problems (Gonzalez & Kuenzi, 2012). STEM education encourages inquiry-based learning by revealing the
curiosity that students have. The aim of STEM education is to train creative leaders with 21st century skills
(P21, 2015). STEM education; aims to improve the creativity and productivity skills of students, use the
information they have learned and transform them into an original product, thus contributing to the scientific,
technological and economic development of countries (Bybee, 2010; Daugherty, 2009; Gonzalez & Kuenzi,
2012). Learning by doing-living-experiencing is essential in STEM education, students gain skills to work both

individually and in groups (Corlu et al., 2012).

The 5E teaching model, which was developed by Roger Bybee and consists of five stages, is one of the most
useful forms of constructivist theory applied in the teaching process (Keser, 2003). Each E in Model 5E
represents a stage. These stages are; engagement, exploration, Explaination, Elaboration and Evaluate (Bybee,
1989; Carin & Bass, 2005). The 5E model is the most useful teaching model suitable for the experimental

activities of the Science course (Cepni, Akdeniz & Keser, 2000).

Within the scope of STEM education, it is considered an important move to use and integrate the 5E learning

model in order to help students reveal their engineering design processes, to structure STEM disciplines in a
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way that they can relate to each other and to transfer the knowledge they have learned to problems in daily

life. For this purpose, the 5E learning model is one of the best methods to apply STEM education (Selvi and

Yildirim, 2018). The stages of integration of the 5E learning model into STEM education are indicated in Table 1
(Yildirim, 2018);

Table 1. Stages of Integration of 5E Learning Model to STEM Education

The entrance to the class is made with various activities such as posters, posters and

Engagement Stage . . . .
gag g videos that will attract the attention and attention of the student.

It is the stage where students question the concepts and relationships that they
Exploration Stage were curious about in the previous stage. At this stage; the teacher encourages and
guides the student to research.

It is the stage where the student makes sense of the questions he / she creates in
his mind. At this stage, students are taught information about the subject. In the

Explanation Stage . . e
previous step, the questions he created in his mind are answered.

Establishes a relationship between the information obtained by the students as a
result of their research and observations at the exploratory stage and the laws and
theories they have learned at the explanation stage. They try to find solutions for
similar problems by synthesizing information. Relationships are established with
other STEM disciplines at the stage where STEM integration is achieved and the
subjects of these disciplines are taught to students.

Elaboration Stage

In addition to the process and product evaluation, it is checked whether the

Evaluate Stage .
g students learned the subject or not.

In the 21st century we are in, science and technology are changing rapidly. It is important that we are able to
train our students, who will shape the future, in order to Turkey develop by capturing this change and compete
with modern civilizations. The main purpose of education and training activities in schools is to provide
students with skills that will prepare them for life and the business world. Science education has an important
role in the acquisition of these skills through the educational process. Science education; enable students to
think scientifically, critically and innovatively, to be information, communication and technology literate, to
solve complex problems and to work in harmony with others; In summary, it aims to train them to be equipped

with 21st century skills (MoNE, 2017).

The investigative nature of science encourages science and scientific thinking. Scientists in their research to
reach information and create scientific knowledge; It focuses on thinking, analyzing and reflection skills (Bagci
Kilig et al., 2008). Our education system aims to enable students to recognize and define the problems they
encounter in the environment they live in, and to develop solutions to these problems. These competencies
can be taught to students by gaining scientific process skills (Aktamis & Ergin, 2007). In order to create scientific
thinking and to produce scientific knowledge, it is very important to equip all students with scientific process
skills in a quality manner (Bagci Kilig, 2002). STEM education, in which students can actively participate in
developing their scientific process skills, provides a learning environment and enables students to find solutions

to real-life problems by bringing together different disciplines, plays an important role. It is thought that
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students will be able to acquire the scientific process skills they need to discover and develop their own

abilities through STEM education (Akin, 2019).

In the literature, it has been observed in different studies conducted with STEM applications that students
increase their success and improve their skills (Ceylan, 2014; Cotabish et al., 2013; Guzey et al., 2014; Han et
al.,, 2014; Hansen & Gonzalez, 2014; Irkigatal, 2016; Kog, 2017; Kurt & Park, 2011; Olivarez, 2012; Salman
Parlakay, 2017; Strong, 2013; Wosu, 2013; Yasak, 2017; Yildirnm & Altun, 2015; Yildirirm & Selvi, 2017) . Strong
(2013) stated that one of the most important dimensions of STEM education is the development of students’
scientific process skills. Cotabish et al. (2013) stated in his study that STEM education enables the development
of scientific process skills. In his research, Tabar (2018) examined the studies on STEM in Turkey and identified
“success” and “scientific process skills” as under-studied variables. Only a small part of the research on teacher
development in the literature has been linked to student achievement as an output (Wilson, 2011). In this
context, in this study, in which the contributions of STEM applications based on 5E model in the Science course
will be investigated, activities were created by aiming to integrate the fields of Science, Technology,
Engineering and Mathematics while dealing with the subject of “Transformation of Electrical Energy” of the
unit of “Electrical Energy”. It is thought that students will learn the concepts related to the subject better,
increase their success and improve their scientific process skills by using the skills of problem solving,
productivity, responsibility and design by making use of 4 different disciplines of STEM fields and associating
the subject of “Electrical Energy” with the events of daily life. The effect of STEM applications based on the 5E
model on “Electrical Energy” on the academic achievement of 7th grade students and their scientific process
skills was investigated. In addition, students’ opinions about STEM applications performed to support
guantitative data were also taken. It is thought that the research will be a resource for educators, academicians

and teachers in this field.

METHOD

In this study, quantitative and qualitative data were collected together as it was desired to reveal all aspects of
STEM applications based on the 5E learning model carried out in the teaching of the subject of “Transformation
of Electrical Energy” and to strengthen the research results. In this context, this research was carried out with a
mixed research design. The combination of quantitative and qualitative approaches reveals the researched
situation in various aspects by providing a more holistic understanding of the solution of research problems
compared to using both approaches alone (Creswell, 2006; Davies, 2000). In this study, explanatory sequential
design model, which is one of the mixed research design models, was used. In this design model, quantitative
data are collected first and then quantitative data are supported with the collected qualitative data (Cresswell,

2006).

In the quantitative dimension of the research; a quasi-experimental design with pretest-posttest control group

among quantitative analysis methods was used. In the research; a secondary school located in the city center
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of Mersin Provincial Directorate of National Education, two equal branches from 7th grade branches were
matched as academic achievement and one of them was randomly determined as the experimental group. In
teaching the subject of “Conversion of Electrical Energy”, the lesson plan prepared according to STEM
applications was taught to the experimental group, and the lesson was taught with the method and plan

stipulated by the 2017 Science lesson curriculum for the control group.

In the qualitative dimension of the research; a semi-structured “Student Opinion Form for STEM Applications”
was applied to the experimental group students in order to determine their views on STEM applications in

teaching the subject of “Transformation of Electrical Energy”. The experimental model of the research is shown

in Table 2.
Table 2. Experimental Model of the Research
Groups Pre-test Application Post-test
e Achievement Test
. T S .
Experimental Ac.hlev.e.ment est . STEM Applications based e Scientific Process Skills
e Scientific Process Skills . Test
group on 5E learning model .
Test e Student Opinion Form for
STEM Applications
Control Group e Achievement Test . e Achievement Test
T . Suitable Lesson plan of T .
e Scientific Process Skills . . e Scientific Process Skills
2017 Science Curriculum
Test Test

Sample of Study

The research group consists of seventh grade students studying at a secondary school in Mersin in the spring
semester of the 2017-2018 academic year. The sample of the study consists of 2 randomly selected branches.
Convenient sampling method; It is the method of selecting paired units (branches) that are accessible and easy
to apply due to the existing limitations (BUyukoztlrk et al., 2016). After these two branches selected by
appropriate sampling, 25 students in the control group and 25 students in the experimental group were

randomly determined. 26 of these students are female and 24 are male students.

Data Collection Tools

The data collection tools of this research; “Achievement Test on Conversion of Electrical Energy (ATCEE)”,

“Scientific Process Skills Test (SPST)” and “Student Opinion Form for STEM Applications”.

Achievement Test on Conversion of Electrical Energy (ATCEE)

In the study, in order to measure the academic achievement of the students before and after the application,
the ATCEE was developed by the researchers. The validity and reliability studies of this test were conducted in
the spring term of 2016-2017. The scope of the academic achievement test developed is limited to the

achievements in the learning areas of “Transformation of Electrical Energy” included in the “Electrical Energy”
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unit in the middle school 7th grade 2017 Science course curriculum. Objectives and achievements regarding the
subject of Conversion of Electric Energy were taken from the Science course curriculum (MoNE, 2017). The use
of charts in the preparation of academic achievement tests is important in terms of representing the unit.
(Yildinm, 2016). The acquisitions of the prepared questions are classified according to Bloom Taxonomy and

are shown in Table 3.

Table 3. Indication Table of ATCEE Acquisitions

Lesson Acquisitions Cognitive Domain Steps Question No

A.8.7.3.1. It gives examples of applications
where electrical energy is transformed into Conception
heat, light and motion energy.

2,5,4,6,7,8,10,11, 12,
13, 16, 19, 20, 30

A.8.7.3.2. Designs a model based on the
conversion of electrical energy into heat, light Application 1,3,9,6 21, 23,26
or motion energy.

A.8.7.3.3. Explain how electrical energy is

. Conception 14, 15, 17, 18, 22, 24, 25, 29
produced in power plants.
A.8.7.3.4. It generates ideas about the
advantages and disadvantages of power Synthesis 28,32,33,34,35
plants.
A.8.7.3.5. Discusses the importance of the
conscious and economical use of electrical Evaluate 27,37,38,41,42,43
energy for family and country economy.
A.8.7.3.6. It takes care to use electricity Application 31, 36, 39, 40, 44

economically in homes.

The researcher prepared a total of 44 multiple-choice questions, including at least 5 questions about each
acquisition, in order to ensure content validity, including the acquisitions in the learning areas of
“Transformation of Electric Energy”. Distracting options for multiple choice questions; it was created by
scanning the literature and identifying the misconceptions of the students on their exam papers in the last
academic year. During the process of creating test items, they were discussed with the science teachers
according to the assessment and evaluation criteria. The test-item was examined by 2 Turkish teachers in order
to determine its compatibility with spelling rules and grammar rules and necessary corrections were made. In
order to ensure the content and structure validity of the test items, the opinion of an expert academician was

taken and necessary corrections were made.

In order to be able to calculate the validity and reliability of the test, ATCEE was administered to 217 8th grade
students in two different secondary schools with almost the same qualifications in the district of Antakya in
Hatay province. As a result of the analysis made on the 44-question achievement test, the test was finally
reduced to 24 items. The average item discrimination is 0.46; the average item difficulty was calculated as 0.57
and the KR-20 value as 0.89. It can be said that the scale developed in this direction is of medium difficulty and

has high discrimination power and reliability (Tekindal, 2009).
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Scientific Process Skill Test (SPST) for secondary school students

The test, originally developed by Smith and Welliver (1994) and adapted to Turkish by Aktas (2016), aimed to
measure the scientific process skill levels of secondary school 6th, 7th and 8th grade students. The KR-20
reliability coefficient of the Scientific Process Skill Test (SPST), which consists of 50 multiple-choice items, was

found to be 0.93 by Aktas (2016). Thus, it can be said that this scale is quite reliable and valid.
Student opinion form for STEM applications

In order to complement and support the quantitative data obtained in the study, a semi-structured “Student
Opinion Form for STEM Applications”, consisting of four open-ended questions, was prepared by the
researchers. The extent to which the assessment tool represents the opinions of middle school 7th grade
students on STEM applications was determined by consulting an expert's opinion, the content and appearance
validity were also checked, and the final form of the form was formed after the necessary arrangements were
made. The "Student Opinion Form on STEM Applications" was administered to the experimental group
students after the activities. The questions on the “Student Opinion Form for STEM Applications” are listed

below;

1. Did STEM applications help you understand the topic of “Transformation of Electrical Energy?” Explain your
thoughts on this subject in detail.

2. How did the STEM applications integrated into the subject of “Transformation of Electrical Energy” affect the
interest and desire for the Science course? Explain your thoughts on this subject.

3. Would you like STEM applications to be included in other courses? Explain your thoughts on this subject in
detail.

4. What are the positive and negative aspects of STEM applications? Explain your thoughts on this subject in

detail.

The Application Process of the Study

The application process of the research took 6 weeks. The lessons were carried out by the researcher with the
control group, teaching based on the current Science textbook, and with the experimental group, with the
STEM approach based teaching based on the 5E model. Since group work will be done while the lesson is being
taught with the activities, the desks and the classroom suitable for group work were arranged before the

application.

First week; ATCEE and SPST pre-tests were applied to the experimental and control groups. Paying attention to
the students’ level of success in the past semester, heterogeneous within themselves and homogeneous
between groups, four groups were formed and duties and responsibilities were given. The students were

informed about the STEM applications lesson plan to be followed in the teaching of the subject and the
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learning-teaching environment was organized. Discussion was made on the lesson plan prepared on the basis
of STEM applications. STEM activities were introduced with a sample plan. It was explained to the students that
they would work with a group worksheet and do individual research according to the information-based life
problem on the worksheet. Later, it was stated that each group would fill in the group worksheets and make

their designs in line with the individual researches.

Second, third, fourth and fifth week; The integrated STEM lesson plan and the lesson plan prepared in
accordance with the program envisaged by the current program were applied to the experimental and control
groups. 2 different STEM activities planned for the experimental group (Implementation of the Efficiency from
Wind to Electricity and Implementation of the Power Plants Investment Plan Activity) were completed within
the framework of the plan. During the application, textbooks, smart board applications, EBA platform and
various websites were used. In addition, the students continued their individual research outside the school,
made informal learning from their families and friends and shared their experiences at school. The students

presented their products to their classmates and the product was evaluated.

Sixth week; ATCEE and SPST post-test applications were made to the experimental and control groups. The
“Student Opinions Form for STEM Applications” was applied to the experimental group students and the

application was completed in this way.
Data Analysis Techniques

The quantitative data obtained in the study were analyzed using the SPSS 22 statistical program. Shapiro-Wilk
test (Shapiro & Wilk, 1965) can be used in determining whether a data group has a normal distribution or not,
if the number of data is less than 35. In this study, Shapiro-Wilk Test results and skewness-kurtosis values were
examined in order to determine whether the data obtained from ATCEE and SPST are suitable for normal

distribution (Table 4).

Table 4. ATCEE and SPST Normality Results

N Kurtosis Skewness Statistics df p
Experiment pre ATCEE 25 -.909 -.040 .962 25 452
Experiment post ATCEE 25 -.409 -.547 961 25 441
Control pre ATCEE 25 -.536 ,216 .943 25 .170
Control post ATCEE 25 -.707 -.401 .946 25 .200
Experiment pre SPST 25 -.687 -,168 937 25 123
Experiment post SPST 25 -.946 -.209 .929 25 .081
Control pre SPST 25 -1.083 .279 .957 25 .360
Control post SPST 25 -1.188 134 .951 25 .264

According to the results obtained from Table 4, it was determined that the data collected for ATCEE and SPST
scales showed normal distribution, and parametric tests were applied in the analysis of the data obtained from

the experimental and control groups (Shapiro & Wilk, 1965). In order to get the students’ views about STEM
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applications, the "Student Opinion Form on STEM Applications" was applied to the experimental group
students as a post-test and analyzed by the researcher. Content analysis was performed in the analysis of the
qualitative data obtained from the students' answers. Content analysis; It is a method that aims to simplify
texts in large volumes consisting of many words by sieving them in a systematic way and as a result, aiming to
predict (Stemler, 2001). The analysis of qualitative data was carried out by the researchers separately. A 90%
reliability was achieved by using Miles and Huberman's formula (Reliability = consensus / consensus +

dissidence) (Miles & Huberman, 1994).
FINDINGS (RESULTS)

Since the ATCEE scores showed normal distribution, the independent groups’ t-test, which is a parametric test,
was used to compare the pretest academic achievement scores of the experimental and control group
students. Independent groups’ t-test analysis results to determine whether there is a difference between

ATCEE pre-test scores are given in Table 5.

Table 5. Independent Groups t-test Analysis Result of Pre-test Scores of ATCEE

Groups N X sd df t p
Pre Test Experiment 25 3.52 1.56 48 1.56 0.13
Control 25 2.84 1.52

The maximum score for ATCEE is 24.

When Table 5 is examined, it is seen that there is no statistically significant difference between the ATCEE pre-
tests of the experimental and control groups. (t = 1.56; p> 0.05). According to these results, since there is no
statistically significant difference between the ATCEE pre-tests of the students in the experimental and control
groups, it can be assumed that the students' prior knowledge on “Conversion of Electrical Energy” is at a similar

level before starting the research.

Then, in order to see whether the teaching method applied to the experimental and control groups was
effective in terms of academic achievement, the ATCEE pre-test and post-test scores of the experimental and
control groups were examined using the correlated sample t-test technique. The findings obtained are given in

Table 6.

Table 6. Correlated Sample t-test Analysis Results of ATCEE Pre and Post Test Scores of Experimental and
Control Groups

Groups Tests N X sd df t p
Experiment ATCEE pre test 25 3.52 1.56 24 -174.44 .00*
P ATCEE post test 25 21.76 1.69
ATCEE pre test 25 2.84 1.52 24 -22.1 .00*
Control
ATCEE post test 25 17.28 4.69
*p<.05
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According to the related sample t-test results, it is seen that there is a statistically significant difference
between the experimental group ATCEE pre-test and post-test scores (p<.05, Table 6). This difference is in favor
of the posttest averages. Therefore, it can be said that STEM applications contribute positively to the academic
achievement of students. When the related sample t-test results of ATCEE pre-test and post-test scores of the
control group are examined, it is seen that there is a significant difference (p<.05). It can be said that the
method envisaged by the current program applied to the control group contributed positively to the academic

achievement of the students.

It is normal for a significant difference to occur between the pre-test and post-test ATCEE in the experimental
group and the control group. Because, before the research, a pre-test was applied to the experimental and
control groups about a subject they generally did not know. After the research, both groups were taught, albeit
with different teaching practices, and the students learned the subject. At this point, the important thing is to
determine which of the differentiation detected in the experimental and control group students is more

effective.

At the end of the research, in order to determine which method is more effective in terms of academic
achievement, independent groups’ t-test analysis was performed on the ATCEE posttest scores of the

experimental and control groups. The findings obtained are given in Table 7.

Table 7. Independent Groups t-test Analysis Result of Post-Test Scores of ATCEE

Groups N X sd df t p Effect size
Post Test Experiment 25 2176 169 48 449  .00* 1.27
Control 25 17.28 1.68

*p<.05

When Table 7 is examined, it is seen that the mean ATCEE post-test of the students in the experimental group
is 21.76 and the standard deviation is 1.69. It was determined that the mean of the students in the control
group in the post-test was 17.28 and the standard deviation was 1.68. As a result of the calculations, t value
was found to be 4.49. Since p <0.05, it is seen that there is a statistically significant difference between the
ATCEE post-test scores of the experimental and control group students, this difference is in favor of the

experimental group.

The effect size is an indicator of the practical significance of the data obtained as a result of the research (Ozsoy
& Ozsoy, 2013). The effect size explains the difference between the effects of the methods applied in the
experimental and control groups. Cohen's d value was calculated for the ATCEE post-test scores of the
experimental and control group students and was found to be 1.27 (Cohen, 1988). This value expresses the

large effect size of the STEM lesson plan applied to the experimental group.
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In order to determine whether there is a difference between the SPST pre-test scores of the students in the
experimental and control groups, an independent groups’ t-test analysis was performed on the SPST pre-test

scores, and the findings are shown in Table 8.

Table 8. Independent Groups t-test Analysis Result for SPST Pre-test Scores

Groups N X sd df T p
Pre Test Experiment 25 16.4 5.51 48 .756 .621
Control 25 15.2 5.72

The maximum score for “SPST” is 50.

When the scores obtained from the “Scientific Process Skills” test of the students in the classes in which the
current program envisaged by the current program of the Middle School 7th grade Science course are
examined, it is seen that there is no statistically significant difference between the SPST pre-tests of the
experimental and control groups. (t = 0.756; p>.05). According to these results, it can be assumed that the SPST
results of the students in the experimental and control groups before starting the research are at the same

level.

In order to see whether the teaching method applied to the experimental and control groups was effective in
terms of scientific process skills, the SPST pre-test and post-test scores of the experimental and control groups
were analyzed using the correlated sample t-test technique. The SPST pre-test and post-test scores of the

experimental and control groups, the associated sample t-test technique results are given in Table 9.

Table 9. Correlated Sample t-test Analysis Results of Experimental and Control Groups’ SPST Pre and Post Test

Scores
Groups Tests N X sd df T p
Experiment SPST pre test 25 16.40 5.50 24 28.05 -.00*

P SPST post test 25 23.52 4.62

SPST pre test 25 15.20 5.71 24 -4.30 .00*
Control

SPST post test 25 16.24 6.43

*p<.05

According to the related sample t-test results, it is seen that there is a statistically significant difference
between the experimental group SPST pre-test and post-test scores (p <.05). This difference is in favor of the
posttest averages. Therefore, it can be said that STEM applications improve students' scientific process skills.
When the related sample t-test results of SPST pre-test and post-test scores of the control group are examined,
it is seen that there is a significant difference (p <.05). It can be said that the method envisaged by the current

program applied to the control group improves the scientific process skills.

The reason for detecting a statistically significant difference between the experimental and control group SPST

pre-test and post-test scores may be the subject of “Conversion of Electric Energy” that was taught. Both in the
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experimental group in which STEM applications were carried out and in the control group where the method
stipulated by the current program was applied; It can be thought that the activities carried out for the teaching
of the subject improve the psychomotor and cognitive abilities of the students. SPST posttest scores were
examined to determine which method was more effective in developing scientific process skills. Independent

groups’ t-test analysis was performed for the SPST post-test scores, and the findings are given in Table 10.

Table 10. Independent Groups t-test Analysis Results for SPST Post-Test Scores

Groups N X sd df t p Effect size
Posttest ~ Experiment 25 2352  4.63 48 459 .00* 1.29
Control 25 16.24 6.44

*p<.05

When the SPST posttest analysis results in Table 10 were examined, it was seen that there was a statistically
significant difference between the averages of the posttest scores obtained (t = 24.59; p <0.05). This difference
is in favor of the experimental group. It can be said that the students in the experimental group in which STEM
applications were applied developed more scientific process skills than the students in the control group.
Cohen's d value was calculated for the SPST post-test scores of the experimental and control group students
and was found as 1.29. This value expresses the large effect size of the STEM lesson plan applied to the

experimental group.

Findings Regarding Interview Questions

The "Student Opinions Form for STEM Applications" consisting of four open-ended questions was applied to
the students. In the interview form, the question of “STEM applications; did it help you understand the subject

of Transformation of Electrical Energy?” are shown the frequency and percentage values in Table 11.

Table 11. Frequency Values of Students' Answers to the First Open-ended Question

Category Opinion f
STEM applications helped me understand the topic of “Transformation of 18
Electrical Energy”.
| did a lot of research, and as | did, | learned new and interesting 3
information
STEM applications have helped me a lot to understand the topic of 4
They who “Transformation of Electrical Energy”.
answered as "Yes" Doing research with STEM applications helped me understand the subject. 3
STEM applications have helped me a bit to understand the topic of 3
“Transformation of Electrical Energy”.
Showing something in a practical way was more effective than telling. 2
I learned the subject of “Transformation of Electrical Energy” with pleasure. 1
Th h
eyw c,’, . No, it didn't. 2
answered as "No
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92% of the students answered “yes” to the first question. 72% of the students answered “It helped me
understand”, 16% said “It helped me understand a lot”, 12% “helped me understand a little”, 12% said “doing
research helped me understand the subject”. 32% of the students stated that “they do research and learn new
and interesting information as they do”. 8% of the students stated that “showing something in a practical way
was more effective than telling”, 4% stated that “they learned the subject with pleasure”. 8% of the students

answered “no”.

The second question of the student views form on STEM applications, "How did the STEM applications
integrated into the subject of Conversion of Electrical Energy affect the interest and desire for the Science

course?" are shown the frequency and percentage values in Table 12.

Table 12. The Frequency Values of Students for the Answers to the Second Open-ended Question

Category Opinion f

STEM Applications integrated into the subject of “Transformation of
Electrical Energy” increased my interest and enthusiasm for the Science 10
course.
The STEM Applications integrated into the subject of “Transformation of
Electrical Energy” positively affected my interest and enthusiasm for the 6
Science course.

Positive affect That was so fun. 4
It drew my attention. 4
I would like it more if it was tricky. 2
It helped me love the lesson. 2
| gave importance to the lesson with more effort. 1
It completely changed my perspective. 1

It didn't affect my interest and enthusiasm, because | already liked science
classes.

Note: Since a student can express more than one opinion, the total number of statements is more than the number of
students participating in the research.

Not to affect 3

While 88% of the students answered “yes” to the second question, 12% answered “No, it did not affect my
interest and desire, because | already liked the Science course”. 40% of the students stated that “STEM
applications increase their interest and desire for the Science course”, 24% of them “STEM applications
positively affect their interest and desire in the Science course”. 16% of the students stated that “they find
STEM applications fun”, 16% of them “attracted their attention”. 8% of the students stated “it helped me to
love the lesson”, 4% “I gave importance to the lesson by trying harder”, and 4% stated that “they completely
changed their perspective”. 8% of the students answered “l would like it more if it was challenging”. Based on
these answers, it has been shown that students’ efforts towards reaching information in inquiry-based teaching

increase their interest in the course.
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The third question of the feedback form was “Would you like STEM applications to be included in other

lessons?” are shown the frequency and percentage values in Table 13.

To the third question, 92% of the students answered “yes” and 8% “no”. 20% of the students stated that “STEM
applications arouse curiosity and increase the interest in other lessons”, 16% stated that “STEM applications
make the lesson fun”. 12% of the students stated that “STEM applications will understand other lessons more
easily”, 8% “are related to other courses”, 8% “will increase friendship solidarity”, 4% “STEM applications are
both imagination and designing” stated that their increased their ability. 4% of the students replied, “If STEM

applications are implemented in other courses, we can now love a lesson we do not like”.

Table 13. The Frequency Values of the Answers Given by the Students to the Third Open-ended Question

Category Opinion f
| wish STEM applications were included in other courses. 23
| think that STEM applications will arouse curiosity and increase interest in other 5
courses.
They who STEM applications make the lesson fun. 4
anS\lll\;ere"d as We understand the lesson more easily. 3
es
| think STEM applications are related to other courses. 2
Friend solidarity increases. 2
STEM applications increase both the imagination and the ability to design. 1
If STEM applications are applied in other lessons, we can now love a lesson we 1
do not like.
They who
answered as No, no need. 2
IINOII

Note: Since a student can express more than one opinion, the total number of statements is more than the number of

students participating in the research.

The fourth question of the opinion form, "What are the positive and negative aspects of STEM applications?"

are shown the frequency and percentage values in Table 14.

When asked about the positive and negative aspects of STEM applications, 28% of the students stated that
they do not think there is a negative aspect. 36% of the students “STEM applications helped me to understand
the lesson better”, 32% “makes the lesson interesting and intriguing”, 24% “the lesson is more enjoyable”, 16%
“STEM applications enable us to work as a team” and 12% of them answered “it enabled us to put our hand
skills into practice”. 16% of the students stated “designing a model”, 16% “discussing ideas as a group”, 8%
“doing individual research” as positive aspects of STEM applications. 40% of the students stated that “STEM
applications are time consuming”, 8% of them “are detailed and challenging”, 8% of them stated that they find
it “complex and difficult to understand” as the negative side of STEM applications. According to the data
obtained, while students evaluated collaborative work, learning by discussing, researching and questioning,

design practices positively, they negatively evaluated the lack of time during the implementation process. It
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was observed that students who expressed their STEM applications as “detailed, challenging”, “complex,

difficult to understand” were incomplete during the research review process.

Table 14. The Frequency Results of Students' Answers to the Fourth Open-ended Question

Category Opinion

STEM applications helped me understand the lesson better.
It makes the lesson interesting and engaging.
I don't think STEM applications have a negative side.
The lesson is more fun and enjoyable.
STEM applications enable us to work as a team.
Design a model

Positive aspects . .
Discussing ideas as a group
It enabled us to put our handcraft into practice.
Conducting individual research
It has increased my self-confidence.

My course grades have improved.

R R RN WD DM DO 0O O~

It makes a positive contribution to our country.

[y
o

Time consuming

N

Negative aspects Elaborate, challenging

Complex, hard to understand 2
Note: Since a student can express more than one opinion, the total number of statements is more than the number of

students participating in the research.

CONCLUSION and DISCUSSION

This section includes the results obtained from the findings of the research. In this study, the STEM applications
used in teaching the subject of "Electrical Energy" unit "Electric Energy Transformation" in the middle school
7th grade Science course and the students in the classes where the instruction specified in the current program
were examined the scores is of “Achievement Test on Conversion of Electrical Energy (ATCEE)” and “Scientific

Process Skills Test (SPST)”. In addition, students' opinions about STEM applications were received.

The findings obtained as a result of the study show that the students in the experimental group in which STEM
applications were applied had higher academic success scores compared to the students in the control group in
which the teaching method envisaged by the current program was applied. This result shows that teaching with
STEM applications based on 5E teaching model increases the academic success of students more than the
teaching method envisaged by the current program. When the literature was examined, it was seen that
different studies conducted with the 5E teaching model were effective in increasing the academic success of
students in the Science course (Hun, 2017; Oztiirk Geren & Dékme, 2015). For example, Hun (2017) found in his
research that the 5E learning method used the problem-based learning method in the deepening phase of the

teaching of the 7th grade Science course and improved the academic success of the students positively.
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Although the activities performed here are not exactly similar to our research, the use of problem-based

teaching method with the 5E teaching model and the results obtained support this research.

On the other hand, there are many studies in the literature investigating the effects of STEM applications
carried out with different subjects and activities at different education levels on academic achievement.
Although some of these studies are studies in which STEM applications have no effect on increasing the
academic success of students (Dumanoglu, 2018; Guzey et al., 2016; Judson, 2014; Nagag, 2018; Oner &
Capraro, 2016; Sarican, 2017), most of the studies generally examined show that STEM applications have an
effect on increasing the academic success of students. This study, which concludes that STEM applications
increase students’ success, is supported by the results of similar studies in the literature (Aygen, 2018;
Barcelona, 2014; Becker & Park, 2011; et al., 2014; Bilekyigit, 2018; Ceylan, 2014; Cevik, 2018; Cho & Lee, 2013;
Cotabish et al., 2013; Dedetiirk, 2018; Doganay, 2018; Doppelt et al., 2008; Erglin & Balgin, 2019; Gazibeyoglu,
2018; Giilen, 2016; Han et al., 2014; Hansen & Gonzalez, 2014; Hill, 2002; Irkicatal, 2016; ince et al., 2018;
Judson & Sawada, 2000; Karci, 2018; Olivarez, 2012; Onsekizoglu, 2018; Toma & Greca, 2018; Yasak, 2017,
Yildirim & Altun, 2015; Yildirim & Selvi, 2017).

In the literature, there are also studies using the STEM approach with the 5E learning model. Dogan (2019)
processed the 7th grade Electric Energy unit with STEM activities in his research. In her research, she prepared
STEM activities in accordance with the 5E teaching model. Dogan (2019) found in his research that STEM
applications integrated with the 5E model increased the academic success of students with a large effect size.
The results obtained support this research. Deveci Bozkurt (2019) taught the 6th grade Science lesson “Matter
and Heat” with STEM-based activities organized according to the 5E learning model. The data obtained as a
result of the research show that the activities performed increased the academic success of the students in the
sample group compared to the pre-implementation. This research supports our research in order to show that

STEM education is effective in increasing success.

In addition, according to the research findings, although both the teaching applied to the experimental and
control groups increase the academic success of the students; the calculated large effect size indicates that
STEM applications are more effective in improving students’ academic success. According to Becker and Park

(2011), studies involving four STEM disciplines have a large effect size.

Although both the teaching applied to the experimental and control groups improve students’ scientific process
skills; the calculated large effect size shows that STEM applications are more effective in developing students'
scientific process skills. When the literature was examined, it was seen that different studies conducted with
the 5E teaching model were effective in improving students' scientific process skills (Aydin Ceran, 2018; Biyikli,
2013; Oztiirk et al, 2015). Biyikh (2013) organized the activities of the units “Let’s Solve Our Body’s Riddle, Get
to Know the Matter, Force and Motion” within the scope of the 4th grade Science and Technology course,

according to the 5E teaching method, by bringing scientific process skills to the forefront. In the research, the
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control group pre-test-post-test experimental design was used. The research that lasted for a semester shows
that the teaching arranged according to the 5E learning model in the Science and Technology course is more
effective than the current curriculum in developing scientific process skills. Although the activities carried out in
this research do not exactly coincide with this research, the development of students' scientific process skills by
the 5E teaching model supports this research. Aydin Ceran (2018) investigated the effects of teaching practices
designed according to the 5E Model supported with life-based contexts on scientific process skills in the unit of
“Force and Energy” of the 7th grade Science course. It found a significant difference in favor of the
experimental group in terms of scientific process skills. The research in question supports this research in that it
includes real life problems and the applied 5E teaching model improves the scientific process skills of the
students. Ayverdi (2018) applied the instructional design created by integrating the STEM approach with the 5E
model to 41 BILSEM students studying in the 7th and 8th grade. The quantitative and qualitative findings
obtained as a result of the research revealed that it is effective in developing students' scientific process skills.
Although the sample group is different in that it consists of gifted students, the results support this research.
Strong (2013) stated that teaching with the engineering design approach significantly improves the science
process skills of primary school students. The results support our research. In addition, there are studies in the
literature that show that studies conducted with different STEM activities are effective in improving scientific
process skills (Akgay, 2018; Bektas & Eroglu, 2016; Cotabish et al., 2013; Duygu, 2018; Gokbayrak & Mixan,
2017b; Kog, 2017; Park & Yoo, 2013; Sullivan, 2008; Tastan Akdag & Giines, 2017; Yamak et al., 2014).

Dogan (2019), who studied the 7th grade Science course Electrical Energy unit with STEM activities in
accordance with the 5E teaching model, applied the Scientific Process Skills Test to the experiment and control
groups after the teaching activities. As a result of the findings obtained in the study, it was observed that there
was no statistically significant difference between the pre-test and post-tests of the experimental group, and
that there was no statistically significant difference between the pre-test and post-tests of the control group.
This indicates that the STEM activities integrated with the 5E model carried out in the study are not effective in
developing scientific process skills. The results of this research overlap with other studies, except for Dogan
(2019). The reason for this differentiation may be that the measurement tools are different or the activities

performed are different.

According to the results obtained from the student opinions form, it can be inferred that students generally
have positive views about STEM applications. In parallel with the findings of the research, there are many
studies reporting positive opinions about STEM applications (Becker & Park, 2011; Bektas & Eroglu, 2016;
Bilekyigit, 2018; Bozkurt Altan et al., 2016; Ceylan, 2014; Doganay, 2018; Ercan, 2014; Gazibeyoglu, 2018;
Gokbayrak & Mixan, 2017a; Giilen, 2016; Lou et al., 2011; Nagag, 2018; Onsekizoglu, 2018; Ozcakir Stimen &
Calisici, 2016; Pekbay, 2017; Salman Parlakay, 2017; Tarkin Celikkiran & Aydin Glinbatar, 2017; Tastan Akdag &
Glines, 2017; Thananuwong, 2015; Yasak, 2017).
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It can be said that STEM applications help students to understand the subject in that they are based on
research and inquiry and they enable application. The findings are parallel with similar studies in the literature.
Karahan et al. (2014) investigated the thoughts of students regarding out-of-school activities prepared in
accordance with STEM education. Within the scope of the study, students stated that STEM applications made
it easier for them to understand the concepts related to the subject. Thananuwong (2015) obtained similar
results in his research where he examined the views of middle school students about STEM-based activities.
Thananuwong (2015) stated that activities prepared on the basis of STEM help students to understand

scientific concepts more easily. The mentioned studies support this research.

There are similar studies in the literature that support the research findings. In the study conducted by Kegeci
et al. (2017) in order to determine the opinions of the participants by revealing the effect of STEM education
activities on 5th grade students’ coding learning, it was stated that students enjoyed STEM activities. According
to the study conducted by Ozgelik and Akgiindiiz (2017), it was determined that the design process of STEM
activities applied to students was enjoyable and their motivation increased when they produced successful
products. In the study conducted by Bozkurt Altan et al. (2016), pre-service teachers stated that they found the

STEM applications applied at university level enjoyable.

Based on the findings, it can be said that students find STEM applications to be included in other lessons as
they find it fun and they think it will increase interest in the lesson. In parallel with the research findings,
Onsekizoglu (2018) conducted research in the direction of integrated STEM education to students in his
research. The students of the research group expressed their opinions about STEM and that they wanted to
apply it in other courses. In their research, Bektas and Eroglu (2016) examined the opinions of Science teachers
on STEM-based lesson activities, and stated that STEM and STEM-based activities enable students to have
productive / enjoyable time and to be successful in other areas. Giilen (2016) STEM activities; He stated that it
made the students love the subject, they found it fun and made them understand the subject better, students

got to know each other better and socialization increased during these activities.

Regarding the negative aspects of STEM applications, most of the students stated that STEM applications are
time consuming, and 8% of them stated that STEM applications are detailed - challenging and complex -
difficult to understand. Similar studies in the literature support the research findings. Baran, Canbazoglu Bilici,
and Mesutoglu (2015) investigated students' thoughts on STEM activities. They expressed the disruptions in the
research processes and lack of time. Ozgakir Siimen and Calisici (2016) investigated the opinions of classroom
teacher candidates about STEM applications and stated that the difficulty and time-consuming implementation
of the activities in crowded classes were disadvantageous. Cetin and Balta (2017) aimed to introduce STEM
activities to pre-service science teachers and to determine the opinions of pre-service teachers about STEM
materials. Pre-service teachers stated that preparing STEM materials regarding the negative aspects of STEM
activities is difficult, time consuming and not suitable for students' level. Tastan Akdag and Giines (2017) stated
that the limitation of the STEM implementation process with the course hours is the biggest problem.
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As a result, it was determined that the Science course, which is taught with the STEM approach integrated with
the 5E teaching model, significantly increased the academic success and scientific process skills of the students,

and the experimental group students generally expressed a positive opinion about the application.
RECOMMENDATIONS

As societies develop throughout history, new needs arise. Education services are developing to meet these
needs. This is a process that is as old as human history, constantly developing and renewing itself. In today's
age of information and technology, we know that the environment in which the next generation will live will be
very different from the world we live in. Due to the rapid change in science and technology, teachers and
students should be able to adapt to changing environmental conditions at any time and education services
should be renewed by taking into account the needs of the future. The economies and development of the
world countries have become dependent on the progress in science and technology. For this reason, increasing
the number of active students in STEM disciplines and increasing the number of graduate students choosing a
STEM related profession is important for the economic welfare of every state and nation. Encouraging young
people to choose a profession in STEM-related disciplines is important in meeting the needs of humanity both
globally and nationally (National Academy of Sciences, National Academy of Engineering, Institute of Medicine,
2006). In this respect, it is recommended to use the STEM approach in other units or subjects available in the
Science course. STEM applications can be supported by out-of-school activities as well as within the school. In
this study, STEM activities are based on 5E teaching model. It can be used with different teaching approaches
based on the student. In addition, the students wanted STEM applications to be applied in other lessons. STEM
can be used in other courses to increase the academic success of students. Students are more successful in
their active courses. Science classes can be created where students can use different disciplines together.
Teachers can be given courses and in-service training so that they can successfully use STEM in lessons.

Activities that can improve the engineering skills of teachers and students can be added to textbooks.
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5E MODELI iLE TEMELLENDIRILMiS STEM YAKLASIMININ AKADEMIiK BASARI VE
BiLIMSEL SUREC BECERISINE ETKiSi: ELEKTRIK ENERJiSININ DONUSUMU?

oz

Bu arastirmanin amaci, Fen bilimleri dersi “Elektrik Enerjisi” Unitesi “Elektrik Enerjisinin
DonlslimU” konusunda 5E modeli ile temellendirilmis Bilim, Teknoloji, Mihendislik ve Matematik
(STEM) yaklasimina gore hazirlanan 6gretim tasarimi uygulamalarinin 7. sinif 6grencilerinin
akademik basarilarina ve bilimsel sireg¢ becerilerine etkisinin incelenmesidir. Arastirma karma
arastirma deseni ile gergeklestirilmistir. Arastirmanin nicel boyutunda 6n-test son-test kontrol
gruplu yari deneysel desen kullanilmistir. Deney grubuna “Elektrik Enerjisinin DOonlsimid”
konusunun Ogretilmesinde 5E 6grenme modeline temellendirilmis STEM vyaklasimina gore
hazirlanan ders planlariyla, kontrol grubuna ise mevcut 6gretim programinin 6ngérdugi yontem
ve planlarla ders islenmistir. Veri toplama araci olarak; her iki gruba uygulama 6ncesi ve sonrasi
“Elektrik Enerjisinin DonlsimU Basari Testi” (EDBT), “Bilimsel Siire¢ Becerileri Testi (BSBT)” ve
deney grubu dgrencilerine yari yapilandiriimis “STEM Uygulamalarina Yénelik Ogrenci Gorisleri
Formu” uygulanmistir. Arastirmadan elde edilen sonuglara gére; on-test puanlari denk olan
gruplarin EDBT ve BSBT son test puanlari arasinda deney grubu lehine istatistiksel olarak anlamli
bir fark oldugu tespit edilmistir. Hesaplanan Cohen’s d degeri biiylk (large) etki blylkligini
ifade etmektedir. Deney grubu 6grencilerinden elde edilen nitel verilere gore 6grenciler, derse
karsi ilgilerinin arttigini, zevk alarak 6grendiklerini ve STEM uygulamalarinin diger derslerde yer
almasini istediklerini belirtmislerdir. Sonug¢ olarak, 5E modeli ile temellendirilmis STEM
yaklasimina gore hazirlanan 6gretim tasarimi uygulamalarinin mevcut programin 6ngordugi
ogretim yontemine gore Ogrencilerin akademik basarilarini arttirmada ve bilimsel sireg
becerilerini gelistirmede daha etkili oldugu belirlenmistir.

Anahtar Kelimeler: STEM, 5E, akademik basari, bilimsel stireg becerileri.

2 Bu arastirma ilk yazarin Yiiksek Lisans tezinden tiretilmistir.
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GiRiS

GunUmuzden birkag yuzyill 6ncesine kadar (lkelerin giici ve gelismislik gostergesi tarim topraklarina sahip
olmasiyken, bu durum sanayi devrimi ile yer alti kaynaklarina sahip ya da ulasabilen ulkeler olarak degismistir.
insan ihtiyaclarinin giinden giine degiserek artmasiyla beraber endiistrilesme baslamistir. Sanayi devrimi ile
birlikte, buhar giicii ile calisan makinelerin kullanimi artmis, elektrigin icadi ile seri tretime gecilmistir. Ulkeler
arasi ekonomik rekabet giderek artmis ve bu durum teknoloji Gretimini de beraberinde getirmistir. 1957 yilinda
Sovyet Rusya’nin ilk yapay uydu olan Sputnik’i uzaya firlatmasi ve basariyla yoériingeye yerlestirmesi uzay bilimi
ve teknolojisinde lider bir rol kazanmasina yol agmistir. Bu olaydan sonra 1958 yilinda Amerika Birlesik
Devletleri (ABD) uzay arastirmalarindan sorumlu NASA (National Aeronautics and Space Administration) adi ile
ulusal havacilik ve uzay dairesini kurmustur. NASA’nin kurulusu sirasinda Amerika baskani olarak gorev yapan
Kennedy, Amerika’nin bilim, teknoloji, mihendislik ve matematik alanlarinda diger Ulkelerden daha 6nde
olmasi gerektigini vurgulamistir. Bu gelismeler ile birlikte STEM Bilim (Science), Teknoloji (Technology),
Muhendislik (Engineering) ve Matematik (Mathematics) egitimi ortaya ¢ikmistir (Demirci Guler, 2017; Yildirim,
2016). ABD de STEM egitiminin ortaya ¢ikmasinin iki temel sebebi vardir. Bunlardan ilki; ABD’li 6grencilerin
bilim, teknoloji, matematik ve mihendislik alanlarina yénelik ilgilerinin azalmasi, digeri ise; ABD’nin uluslararasi

platformda bilim ve teknoloji acisindan diger (lkelerin gerisinde kalmak istememesidir (Yildirim ve Tirk, 2018).

STEM egitimi; Bilim, Teknoloji, Muhendislik ve Matematik disiplinlerinin butlnlestirilerek okul dncesinden
yuksekogrenime kadar her kademede disiplinler arasi yaklasimla 6grencilerin problemleri tespit etmesini, bu
problemlere pratik ve uygulanabilir ¢oziimler Gretmesini amaglayan bir egitim yaklasimidir (Gonzalez ve Kuenzi,
2012). STEM egitimi 6grencilerde var olan merak duygularini ortaya ¢ikararak arastirma ve sorgulamaya dayall
o0grenmeyi tesvik etmektedir. STEM egitiminde amag 21. ylizyil becerilerine sahip yaratici liderler yetistirmektir
(P21, 2015). STEM egitimi; 6grencilerin yaraticilik ve Uretkenlik becerilerini gelistirerek 6grendikleri bilgileri
kullanmasi ve orijinal bir Griine donistirmelerini hedeflemekte, bu sayede 06grenciler Glkelerin bilimsel,
teknolojik ve ekonomik gelisimine katki saglamaktadir (Bybee, 2010; Daugherty, 2009; Gonzalez ve Kuenzi,
2012). STEM egitiminde yaparak-yasayarak-deneyimleyerek 6grenme esastir, 6grenciler, hem bireysel hem de

grupla birlikte ¢alisma becerileri kazanmaktadir (Corlu vd., 2012).

Roger Bybee tarafindan gelistirilen ve bes asamadan olusan 5E 6gretim modeli, yapilandirmaci kuramin 6gretim
strecinde uygulanan en kullanisli formlarindan birisidir (Keser, 2003). 5E Modeli’'ndeki her bir E, bir asamay
ifade eder. Bu asamalar; Giris-Katilim (Engage), Kesif (Explore), Aciklama (Explain), Genisletme-Derinlestirme
(Elaborate) ve Degerlendirme (Evaluate)’dir (Bybee, 1989; Carin ve Bass, 2005). 5E modeli Fen Bilimleri dersi

deneysel etkinliklerine uygun, en kullanisli 6gretim modelidir (Cepni, Akdeniz ve Keser, 2000).

STEM egitimi kapsaminda; 6grencilerin mihendislik tasarim sireclerini ortaya koymalarina katki saglayarak,
STEM disiplinlerini birbirleri ile iliskilendirebilecek bicimde yapilandirmak ve 6grenmis olduklari bilgileri glinliik

hayatta yer alan problemlere transfer edebilmelerini saglamak icin 5E 6grenme modelini kullanmak ve
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entegrasyonunu saglamak dnemli bir hareket olarak disinilmektedir. Bu amagla STEM egitimini en iyi sekilde
uygulanabilecegi yontemlerin basinda 5E 6grenme modeli gelmektedir (Selvi ve Yildirnm, 2018). 5E 6grenme

modelinin STEM egitimine entegrasyon asamalari Tablo 1’de belirtilmistir (Yildirim, 2018);

Tablo 1. 5E Ogrenme Modelinin STEM Egitimine Entegrasyon Asamalari

Ogrencinin ilgisini ve dikkatini cekecek, afis, poster, video gibi cesitli

Giris (Engagement) Asamasi etkinliklerle derse giris yapilir.

Ogrencilerin bir dnceki asamada konu ile ilgili merak ettigi kavramlari ve
Kesif (Exploration) Asamasi iliskileri sorguladigi asamadir. Bu asamada; 6gretmen 6grenciyi arastirmaya
tesvik eder ve yonlendirir.

Ogrencinin zihninde olusturdugu sorular anlamlandirdigi asamadir. Bu
Agiklama (Explanation) asamada ogrencilere konu ile ilgili bilgiler 6gretilir. Bir 6nceki basamakta
Asamasi zihninde olusturdugu sorular cevaplandirihr.

Ogrencilerin  kesfetme basamaginda yaptiklari arastirma ve goézlemler
sonucunda elde ettikleri bilgiler ile agiklama basamaginda 6grenmis olduklari
Derinlestirme (Elaboration)  yasa ve teoriler arasinda iliski kurar. Bilgileri sentezleyerek benzer problemler
Asamasi icin ¢c6zUm Uretmeye calisirlar. STEM entegrasyonunun saglandigl asamadir
diger STEM disiplinleriyle iliski kurulur ve 6grencilere bu disiplinlere ait
konular 6gretilir.

Degerlendirme (Evaluate) Sire¢ ve Urin degerlendirmesinin yaninda 6grencilerin konuyu 6grenip
Asamasil o6grenemediklerine bakilr.

icinde bulundugumuz 21. yizyilda bilim ve teknoloji biyiik bir hizla degismektedir. Ulkemizin bu degisimi
yakalayarak gelismesi ve cagdas uygarliklarla yarisabilmesi adina gelecege yon verecek olan 6grencilerimizi
donanimli olarak yetistirebilmemiz énem arz etmektedir. Okullarda verilen egitim ve 6gretim faaliyetlerindeki
temel amag 6grencileri hayata ve is diinyasina hazirlayacak becerileri kazandirmaktir. Egitim sireci ile bu
becerilerin kazanilmasinda fen egitiminin dnemli bir roli vardir. Fen egitimi; 6grencilerin bilimsel, elestirel ve
inovatif distinmelerini, bilgi, iletisim ve teknoloji okuryazari olmalarini, karmasik sorunlari ¢ézebilmelerini ve
baskalariyla uyum icinde galisabilmelerini; 6zetle 21. yiizyil becerileriyle donanimli olarak yetismelerini amaglar

(MEB, 2017).

Bilimin arastirici dogasi, bilim yapmaya ve bilimsel disiinmeye tesvik etmektedir. Bilim insanlari bilgiye
ulasmak, bilimsel bilgiyi olusturmak icin arastirmalarinda; disiinme, irdeleme ve yansitma becerileri izerinde
durmaktadir (Bagci Kilig, Haymana ve Bozyillmaz, 2008). Egitim sistemimiz 6grencilerin, yasadigl cevrede
karsilastiklari problemleri fark etmeleri, tanimlayabilmeleri ve bu problemlere ¢6zim o6nerileri gelistirme
becerilerini sahip olmalarini amaglar. Bu yeterlilikler 6grencilere bilimsel siire¢ becerilerini kazanmasiyla
ogretilebilir (Aktamis ve Ergin, 2007). Bilimsel dislinceyi olusturabilmek ve bilimsel bilgiyi Gretebilmek adina
bilimsel silire¢ becerilerinin tim 6grencilere kaliteli bir sekilde kazandirmak ¢ok énemlidir (Bagci Kilig, 2002).
Ogrencilerin bilimsel siirec becerilerini gelistirebilmeleri icin aktif katilim gdsterebilecekleri, dgrenme ortami
saglayan ve farkh disiplinlerin bir araya gelmesi ile 6grencilerin gercek hayat problemlerine ¢6ziim bulmalarini

saglayan STEM egitimi 6nemli bir rol oynamaktadir. Ogrencilerin, kendi yeteneklerini kesfetmek ve bu
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yeteneklerini gelistirmek icin ihtiya¢ duyduklar bilimsel slre¢ becerilerine STEM egitimi sayesinde sahip

olabilecekleri diisiintilmektedir (Akin, 2019).

Alan yazinda STEM uygulamalari ile gergeklestirilen farkl arastirmalarda 6grencilerin basarilarini arttirdigi ve
becerilerini gelistirdigi gozlemlenmistir (Ceylan, 2014; Cotabish vd., 2013; Guzey vd., 2014; Han vd., 2014;
Hansen ve Gonzalez, 2014; Irkigatal, 2016; Kog, 2017; Kurt ve Park, 2011; Olivarez, 2012; Salman Parlakay,
2017; Strong, 2013; Wosu, 2013; Yasak, 2017; Yildirim ve Altun, 2015; Yildirim ve Selvi, 2017). Strong (2013)
STEM egitiminin en dnemli boyutlarindan birisini 6§rencilerin bilimsel siireg becerilerini gelistirmesi olarak ifade
etmistir. Cotabish vd. (2013) yaptigl arastirmada STEM egitiminin bilimsel slire¢ becerilerinin gelismesini
sagladigini belirtmistir. Tabar (2018) yaptigi arastirmada tlkemizde STEM ile ilgili yapilan arastirmalari incelemis
ve “basar” ve “bilimsel siire¢ becerileri”ni az incelenen degiskenler olarak tespit etmistir. Alan yazinda
ogretmen gelisimi lizerinde yapilan arastirmalarin ¢ok az bir kismi gikti olarak 6grenci basarisina baglanmistir
(Wilson, 2011). Bu baglamda Fen Bilimleri dersinde 5E modeli ile temellendirilmis STEM uygulamalarinin
ogrencilere katkilarinin arastirilacagi bu arastirmada “Elektrik Enerjisi” Unitesinin “Elektrik Enerjisinin
Donlisgimi” konusunu islerken Bilim, Teknoloji, Mihendislik ve Matematik alanlarini butinlestirmeyi
hedefleyerek etkinlikler olusturulmustur. Ogrencilerin STEM alanlarinin 4 ayri disiplininden yararlanarak
“Elektrik Enerjisi” konusunun giinlik yasamdaki olaylarla iliskilendirerek problem ¢6zme, tretkenlik, sorumluluk
ve tasarim becerilerini kullanarak, konu ile ilgili kavramlarin daha iyi 6grenilecegi, basarilarini arttiracag ve
bilimsel sire¢ becerilerinin gelisecegi dusinilmektedir. “Elektrik Enerjisi” konusunda 5E modeli ile
temellendirilmis STEM uygulamalarinin 7. sinif 6grencilerinin Fen bilimleri dersi akademik basarilarina ve
bilimsel siureg¢ becerilerine etkisi arastirilmistir. Ayrica nicel verileri destelemek igin gerceklestirilen STEM
uygulamalarina yonelik 6grenci gorisleri de alinmistir. Arastirmanin bu alanda egitimcilere, akademisyenlere ve

ogretmenlere kaynaklik edecegi disliniilmektedir.
YONTEM

Bu arastirmada, “Elektrik Enerjisinin DonlUsimi” konusunun 6gretiminde gergeklestirilen 5E 6grenme modeli
ile temellendirilmis STEM uygulamalarini tim boyutlari ile ortaya koymak ve arastirma sonuglarini
glclendirmek istendiginden nicel ve nitel veriler bir arada toplanmistir. Bu baglamda bu arastirma karma
arastirma deseni ile gergeklestirilmistir. Nicel ve nitel yaklagsimlarin bir arada kullanilmasi her iki yaklagimin tek
basina kullanilmasina kiyasla arastirma problemlerinin ¢éziimiine iliskin daha butlincll bir anlayis saglayarak
arastirilan durumu cesitli yonleriyle ortaya cikarir (Creswell, 2006; Davies, 2000). Bu arastirmada karma
arastirma tasarim modellerinden biri olan sirali agiklayici tasarim modeli kullaniimistir. Bu tasarim modelinde ilk
once nicel veriler toplanmaktadir, ardindan toplanan nitel veriler ile nicel veriler desteklenmektedir (Cresswell,

2006).

Arastirmanin nicel boyutunda; nicel analiz yontemlerinden 6n-test son-test kontrol gruplu yari deneysel desen

kullanilmistir. Arastirmada; Mersin il Milli Egitim Midurltgiine bagh il merkezinde yer alan bir ortaokulda 7.
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sinif subelerinden akademik basari olarak es iki sube eslestirilmis ve segkisiz olarak bir tanesi deney grubu
olarak belirlenmistir. “Elektrik Enerjisinin DOonlsimi” konusunun ogretilmesinde deney grubuna STEM
uygulamalarina gore hazirlanan ders plani, kontrol grubuna ise 2017 Fen Bilimleri dersi 6gretim programinin

Ongordugi yontem ve plan ile ders islenmistir.

Arastirmanin nitel boyutunda; deney grubu o6grencilerine “Elektrik Enerjisinin Dénlsim{” konusunun
ogretiminde gergeklestirilen STEM uygulamalari hakkindaki gorislerini belirlemek amaciyla, yari yapilandiriimis
“STEM Uygulamalarina Yénelik Ogrenci Gérisleri Formu” uygulanmistir. Arastirmanin deneysel modeli Tablo

2’de gosterilmistir.

Tablo 2. Arastirmanin Deneysel Modeli

Gruplar On-test Uygulama Son-test
e Basari Testi
e Bilimsel Siireg Becerileri

e Basari Testi 5E 6grenme modeliile Testi
Deney Grubu e Bilimsel Sureg Becerileri ~ temellendirilmis STEM
. e STEM Uygulamalarina
Testi Uygulamalari L e
Yonelik Ogrenci Gorlsleri
Formu
Kontrol Grubu e Bagari Testi 2017 Fen Bilimleri Dersi e Basari Testi
e Bilimsel Slireg Becerileri Ogretim Programina e Bilimsel Siire¢ Becerileri
Testi Uygun Ders Plani Testi

Arastirma Grubu

Arastirma grubu 2017-2018 egitim 6gretim yili bahar doneminde Mersin ilindeki bir ortaokulda 6grenim géren
yedinci sinif 6grencilerden olusmaktadir. Arastirmanin o6rneklemi rastgele secilmis 2 subeden meydana
gelmektedir. Uygun 6rnekleme yontemi; var olan sinirhiliklar nedeniyle ulasilabilir ve kolay uygulama yapilabilir
eslestirilmis birimlerden (sube) segilmesi yontemidir (Blyilkoztiurk, Cakmak Kilig, Akgiin ve Demirel, 2016).
Uygun ornekleme yoluyla secilmis bu iki subeden daha sonra kontrol grubu 25 6grenci, deney grubu 25 6grenci

olmak lizere rastgele belirlenmistir. Bu 6grencilerin 26’s1 kiz, 24’ erkek 6grencilerden olusmaktadir.

Veri Toplama Araglari

Bu arastirmanin veri toplama araglari; “Elektrik Enerjisinin Donlisim{ Basari Testi (EDBT)”, “Bilimsel Sureg

Becerileri Testi (BSBT)” ve “STEM Uygulamalarina Yénelik Ogrenci Goriisleri Formu”dur.

Elektrik Enerjisinin Déniisiimii Basari Testi (EDBT)

Arastirmada 6grencilerin uygulama oOncesi ve uygulama sonrasinda Fen bilimleri dersi akademik basarilarini
o6lgcmek amaciyla arastirmacilar tarafindan EDBT basari testi gelistirilmistir. Bu testin gecerlik ve glvenirlik
arastirmalari 2016-2017 bahar doneminde gergeklestirilmistir. Gelistirilen akademik basari testinin kapsami

ortaokul 7. sinif 2017 Fen bilimleri dersi 6gretim programinda yer alan “Elektrik Enerjisi” Unitesi icerisinde yer
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alan “Elektrik Enerjisinin DOnusimi” ©grenme alanlarindaki kazanimlarla sinirhdir. Elektrik Enerjisinin
Donlslimi konusuna iliskin hedef ve kazanimlar Fen Bilimleri dersi 6gretim programindan (MEB, 2017)
alinmistir. Akademik basari testlerinin hazirlanmasinda belirtke tablolarinin kullanilmasi Uniteyi temsil
edebilmesi agisindan 6énem arz etmektedir. (Yildinm, 2016). Hazirlanan sorular ait kazanimlar Bloom

Taksonomisine gore siniflandiriimis ve Tablo 3’de gosterilmistir.

Tablo 3. EDBT Kazanimlari Belirtke Tablosu

Kazanimlar Bilissel Alan Basamaklari Soru No

F.8.7.3.1. Elektrik enerjisinin s, 15tk ve
hareket enerjisine dontstigl uygulamalara Kavrama
ornekler verir.

2,5,4,6,7,8,10,11, 12,
13, 16, 19, 20, 30

F.8.7.3.2. Elektrik enerjisinin 1s1, 1stk veya
hareket enerjisine dontsimi temel alan bir Uygulama 1,3,9,6 21, 23,26
model tasarlar.

F.8.7.3.3. Glg¢ santrallerinde  elektrik

o i e Kavrama 14, 15, 17, 18, 22, 24, 25, 29
enerjisinin nasil Uretildigini agiklar.

F.8.7.3.4. Gug¢ santrallerinin avantaj ve

dezavantajlari konusunda fikirler tretir. Sentez 28, 32,33, 34,35

F.8.7.3.5. Elektrik enerjisinin bilingli ve
tasarruflu  kullanilmasinin  aile  ve ulke Degerlendirme 27,37,38,41,42,43
ekonomisi bakimindan 6nemini tartisir.

F.8.7.3.6. Evlerde elektrigi  tasarruflu

kullanmaya 6zen gosterir. Uygulama 31, 36,39, 40, 44

“Elektrik Enerjisinin Donlisimi” 6grenme alanlarindaki kazanimlari iceren, kapsam gecerliligini saglamak amaci
ile her kazanimla ilgili en az 5 soru olmak Uzere toplamda 44 c¢oktan se¢cmeli soru arastirmaci tarafindan
hazirlamistir. Coktan segmeli sorularin geldirici segenekleri; literatiir taramasi yapilarak ve gegtigimiz 6grenim
yilinda 6grencilerin sinav kagitlarinda bulanan kavram yanilgilari tespit edilerek olusturulmustur. Test maddeleri
olusturulma siirecinde 6lgme-degerlendirme kriterlerine gore Fen bilimleri 6gretmenleri ile tartisiimistir. Test-
madde yazim kurallarina ve dil bilgisi kurallarina uygunlugunun belirlenmesi amaciyla 2 Tirkgce 6gretmeni
tarafindan incelenmis ve gerekli diizeltmeler yapiimistir. Test maddelerinin kapsam ve yapi gegerligini saglamak

icin alaninda uzman bir akademisyenin goértsa alinmis ve gerekli diizeltmeler yapilmistir.

Testin gecerlik ve guivenirlik hesaplarinin yapilabilmesi igin Elektrik Enerjisinin DénlisimU Basari Testi (EDBT)
testi Hatay ili Antakya ilgcesinde hemen hemen ayni niteliklere sahip iki farkli ortaokulda 8. sinifa devam eden
217 6grenciye uygulanarak testin pilot uygulamasi yapilmistir. 44 soruluk basari testine yapilan analizler sonucu
test son olarak 24 maddeye indirgenmistir. Ortalama madde ayirt ediciligi 0,46; ortalama madde gucligu 0,57
ve KR-20 degeri 0,89 olarak hesaplanmistir. Bu dogrultuda gelistirilen 6lgegin orta gligliikte ve ayirt edicilik

glclinin ve guvenirliginin yiksek oldugu soylenilebilir (Tekindal, 2009).
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Ortaokul égrencileri igin Bilimsel Siire¢ Beceri Testi (BSBT)

Orjinali Smith ve Welliver (1994) tarafindan gelistirilen ve Tirkce'ye adapte edilmesi Aktas (2016) tarafindan
yapilan test ile ortaokul 6, 7 ve 8. sinif 6grencilerinin bilimsel slre¢ beceri duzeylerinin 6lgulmesini
amagclanmistir. Aktas (2016) tarafindan Tlrkge’ye adapte edilen 50 ¢oktan se¢meli maddeden olusan Bilimsel
Siireg¢ Beceri Testi (BSBT)'nin KR-20 givenirlik katsayisi 0,93 olarak bulunmustur. Boylece bu dlgegin oldukca

glvenilir ve gecerli oldugu soylenebilir.
STEM uygulamalarina yénelik 6grenci gériisleri formu

Arastirmada elde edilen nicel verileri tamamlamak ve desteklemek amaciyla arastirmacilar tarafindan tamami
acik uclu dért sorudan olusan yari yapilandirilmis “STEM Uygulamalarina Yénelik Ogrenci Gérisleri Formu”
hazirlanmistir. Olgme aracinin ortaokul 7. sinif égrencilerinin STEM uygulamalarina yénelik gérislerini ne
derecede temsil ettigi uzman goristiine basvurularak belirlenmis, icerik ve gorlinls gecerliligine de bakilmis
gerekli dizenlemeler yapildiktan sonra formun son hali olusturulmustur. “STEM Uygulamalarina Yonelik
Ogrenci Gorisleri Formu” deney grubu égrencilerine etkinliklerden sonra uygulanmistir. “STEM Uygulamalarina

Yénelik Ogrenci Goriisleri Formu”na ait sorular asagida siralanmistir;

1. STEM uygulamalari; “Elektrik Enerjisinin Donlisimi” konusunu anlamana yardimci oldu mu? Bu konudaki
disincelerinizi ayrintilariyla agiklayiniz.

2. “Elektrik Enerjisinin DonlUsiimU” konusuna entegre edilmis STEM uygulamalari Fen Bilimleri dersine ilgi ve
istegini nasil etkiledi? Bu konudaki dislincelerinizi agiklayarak yaziniz.

3. STEM uygulamalarinin diger derslerde yer almasini ister miydin? Bu konudaki diistincelerinizi ayrintilariyla
aciklayiniz.

4. STEM uygulamalarinin olumlu ve olumsuz yoénleri nelerdir? Bu konudaki distincelerinizi ayrintilariyla

aciklayiniz.
Arastirmanin Uygulama Siireci

Arastirmanin uygulama siireci 6 hafta slirmistir. Dersler, kontrol grubuyla mevcut Fen Bilimleri ders kitabina
dayali 6gretim ile deney grubuyla ise 5E modeli ile temellendirilmis STEM yaklasimina dayal Ogretim ile
arastirmaci tarafindan gerceklestirilmistir. Etkinlikler ile ders islenirken grup calismasi yapilacag icin uygulama

oncesinde grup ¢alismasina uygun siralarin ve sinifin diizenlenmesi gergeklestirilmistir.

Birinci hafta; deney ve kontrol gruplarina EDBT ve BSBT &n-test uygulamalari yapilmistir. Ogrencilerin gecmis
doénem basari durumlarina gore kendi icinde heterojen, gruplar arasinda ise homojen olmasina dikkat edilerek
dért grup olusturmus, gérev ve sorumluluklar verilmistir. Ogrenciler konunun 6gretiminde izlenilecek olan
STEM uygulamalari ders plani hakkinda bilgilendirmis ve 6grenme-6gretme ortami duzenlenmistir. STEM

uygulamalari temelinde hazirlanan ders plani lizerinde tartisma yapilmistir. Ornek bir planla STEM etkinlikleri
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tanitilmistir. Ogrencilere grup calisma kagidi ile calisacaklarini, calisma kagidinda yer alan bilgi temelli hayat
problemine gore bireysel olarak arastirma yapacaklari agiklanmistir. Daha sonra her grubun, bireysel yapilan

arastirmalar dogrultusunda grup c¢alisma kagitlarini dolduracagi ve tasarimlarini yapacagi ifade edilmistir.

ikinci, Giglincli, dérdiincii ve besinci hafta; entegre edilmis STEM ders plani ve mevcut programin én gérdigi
programa uygun hazirlanan ders plani deney ve kontrol grubuna uygulanmistir. Deney grubu igin planlanan 2
farkh STEM etkinligi (Riizgar’dan Elektrige Etkinliginin Uygulanmasi ve Gig Santralleri Yatirim Plani Etkinliginin
Uygulanmasi) plan gergevesinde tamamlanmistir. Uygulama esnasinda ders kitabi, akilli tahta uygulamalari, EBA
platformu ve c¢esitli internet sitelerinden yararlaniimistir. Ayrica Ogrenciler okul disinda da bireysel
arastirmalarina devam etmis, ailelerinden, arkadas cevrelerinden informal 6grenimlerini gerceklestirmis ve
deneyimlerini okulda paylasmislardir. Ogrenciler ortaya koyduklari Griinlerini sinifta arkadaslarina sunumunu

yapmis ve Urlin degerlendirmesi yapilmistir.

Altinci hafta; deney ve kontrol gruplarina EDBT ve BSBT son-test uygulamalari yapilmistir. Deney grubu
dgrencilerine “STEM Uygulamalarina Yonelik Ogrenci Gériisleri Formu” uygulanmis ve uygulama bu sekilde

tamamlanmistir.
Veri Analiz Teknikleri

Arastirmada elde edilen nicel veriler SPSS 22 istatistik programi kullanilarak analiz edilmistir. Bir veri grubunun
normal bir dagihm gosterip gostermediginin belirlenmesinde, veri sayisinin 35’den kiiglik olmasi durumunda
Shapiro-Wilk testi (Shapiro ve Wilk, 1965) kullanilabilmektedir. Bu arastirmada EDBT ve BSBT'den elde edilen
verilerin normal dagilima uygun olup olmadigini belirlemek amaciyla, Shapiro-Wilk Test sonuglarina ve ¢arpiklik-

basiklik degerlerine bakilmistir (Tablo 4).

Tablo 4. EDBT Ve BSBT Normalite Sonuglari

N Basikhk Carpikhk istatistik sd P
Deney 6n EDBT 25 -.909 -.040 .962 25 .452
Deney son EDBT 25 -.409 -.547 .961 25 441
Kontrol 6n EDBT 25 -.536 .216 .943 25 .170
Kontrol son EDBT 25 -.707 -.401 .946 25 .200
Deney 6n BSBT 25 -.687 -.168 .937 25 123
Deney son BSBT 25 -.946 -.209 .929 25 .081
Kontrol 6n BSBT 25 -1.083 279 .957 25 .360
Kontrol son BSBT 25 -1.188 134 .951 25 .264

Tablo 4’ten elde edilen sonuglara gére EDBT ve BSBT olcekleri icin toplanan verilerin normal dagilm gosterdigi
tespit edilmis, deney ve kontrol gruplarindan elde edilen verilerin analizinde parametrik testler uygulanmistir.
STEM uygulamalarina yonelik 6grencilerin gorislerini almak igin arastirmaci tarafindan “STEM Uygulamalarina
Yénelik Ogrenci Goriisleri Formu” deney grubu &grencilerine son-test olarak uygulanmis ve analiz edilmistir.

Ogrencilerin yanitlarindan elde edilen nitel verilerin analizinde icerik analizi yapilmistir (Yildinm ve Simsek,
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2006). icerik analizi; birgok kelimeden olusan biiyiik hacimdeki metinlerin sistematik bir yolla elenerek
sadelestirilmesini saglayan ve sonug olarak tahmin edebilmeyi hedefleyen bir yontemdir (Stemler, 2001). Nitel
verilerin analizi arastirmacilar tarafindan ayri ayri gergeklestirilmistir. Miles ve Huberman’in formilu
(Glvenirlik=goris birligi/gorus birligi+gorus ayrihig) kullanilarak % 91’lik bir glivenirlik saglanmistir (Miles ve
Huberman, 1994).

BULGULAR

EDBT puanlari normal dagilim gosterdigi icin deney ve kontrol grubu 6grencilerin 6n-test akademik basari
puanlarini karsilastirmak icin parametrik bir test olan bagimsiz gruplar t-testi kullanilmistir. EDBT On-test
puanlari arasinda fark olup olmadigini belirlemek icin yapilan bagimsiz gruplar t-testi analizi sonuclari Tablo

5.de belirtilmistir.

Tablo 5. EDBT’nin On-test Puanlarina ait Bagimsiz Gruplar t-testi Analizi Sonucu

Gruplar N X Ss sd t p
On Test Deney 25 3.52 1.56 48 1.56 0.13
Kontrol 25 2.84 1.52

EDBT igcin maksimum puan 24°diir.

Tablo 5 incelendiginde deney ve kontrol grubunun EDBT 0On testleri arasinda istatistiksel olarak anlamli bir
farkin olmadigi goriilmektedir. (t= 1.56; p>0.05). Bu sonugclara gore, deney ve kontrol grubundaki 6grencilerin
EDBT on testleri arasinda istatistiksel olarak anlamli bir fark olmadigindan, 6grencilerin arastirmaya baslamadan

once “Elektrik Enerjisinin Donilslimi” konusunda 6n bilgilerinin benzer seviyede oldugu varsayilabilir.

Ardindan deney ve kontrol grubuna uygulanan 6gretim yonteminin akademik basari anlaminda etkili olup
olmadigini gérmek amaciyla deney ve kontrol gruplarinin EDBT 6n test ve son test puanlari iliskili 6rneklem t-

testi teknigi kullanilarak incelenmistir. Elde edilen bulgular Tablo 6’da verilmistir.

Tablo 6. Deney ve Kontrol Gruplarinin EDBT On ve Son Test Puanlarinin iliskili Orneklem t-testi Analiz Sonuclari

Gruplar Testler N X ss sd t p
Dene EDBT 6n test 25 3.52 1.56 24 -174.44  .00%*
¥ EDBT son test 25 21.76 1.69
EDBT 6n test 25 2.84 1.52 24 -22.1 .00*
Kontrol
EDBT son test 25 17.28 4.69

*p<.05

iliskili 6rneklem t-testi sonuclarina gére deney grubu EDBT 6n test ve son test puanlari arasinda istatistiksel
olarak anlamli bir farkin oldugu gorilmektedir (p<.05, Tablo 6). Bu fark son test ortalamalari lehinedir.
Dolayisiyla STEM uygulamalarinin 6grencilerin akademik basarilarina pozitif yonde katki sagladigi séylenebilir.

Kontrol grubu EDBT 6n test ve son test puanlarinin iliskili 6rneklem t-testi sonuglarina bakildiginda anlamli bir
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farkin oldugu gorulmektedir (p<.05). Kontrol grubuna uygulanan mevcut programin 6ngordigi yontemin

ogrencilerin akademik basarilarina pozitif yonde katki sagladigi sdylenilebilir.

Deney grubu ve kontrol grubunda 6n test ve son test EDBT arasinda anlamli bir farkligin olusmasi normal bir
durumdur. Clinkii arastirma 6ncesinde deney ve kontrol gruplarina genel olarak bilmedikleri bir konu hakkinda
on test uygulanmistir. Arastirma sonrasinda farkli 6gretim uygulamalariyla da olsa her iki grupta da 6gretim
gerceklestirilmistir ve 6grenciler konuyu 6grenmislerdir. Bu noktada 6nemli olan deney ve kontrol grubu

ogrencilerinde tespit edilen farklilagsmanin hangisinin daha etkili oldugunu belirlemektir.

YirGtllen arastirma sonucunda akademik basari bakimindan hangi yontemin daha etkili oldugunu belirlemek
amaclyla deney ve kontrol gruplarinin EDBT son test puanlarina bagimsiz gruplar t-testi analizi yapiimistir. Elde

edilen bulgular Tablo 7’de belirtilmistir.

Tablo 7. EDBT’nin Son-test Puanlarina ait Bagimsiz Gruplar t-testi Analizi Sonucu

Gruplar N X ss Sd t p Etki blyukligi
Son Test Deney 25 21.76 1.69 48 4.49 .00* 1.27
Kontrol 25 17.28 1.68

*p<.05

Tablo 7 incelendiginde deney grubunda yer alan 6grencilerin EDBT son test ortalamalarinin 21,76 ve standart
sapmasinin 1,69 oldugu gorilmektedir. Kontrol grubunda yer alan 6grencilerin ise son testteki ortalamalarinin
17,28 ve standart sapmasinin 1,68 oldugu saptanmistir. Hesaplamalar sonucu t degeri 4,49 bulunmustur.
p<0,05 oldugu igin, deney ve kontrol grubu 6grencilerinin EDBT son test puanlari arasinda istatistiksel olarak

anlaml bir fark oldugu goriilmektedir, bu fark deney grubu lehinedir.

Etki bayUklGgh arastirma sonucunda elde edilen verilerin pratikteki anlamhliginin bir gostergesi niteligindedir
(Ozsoy ve Ozsoy, 2013). Etki biylikliigl, deney ve kontrol gruplarinda uygulanan yéntemlerin etkisi arasindaki
farkin ne diizeyde oldugunu agiklar. Deney ve kontrol grubu 6grencilerinin EDBT son test puanlari igin Cohen’s d
degeri hesaplanmis ve 1,27 olarak bulunmustur (Cohen, 1988). Bu deger deney grubuna uygulanan STEM ders

planinin biyik (large) etki bayuaklGgina ifade etmektedir.

Deney ve kontrol grubu 6grencilerin BSBT 6n test puanlari arasinda fark olup olmadigini belirlemek igin BSBT 6n

test puanlarina bagimsiz gruplar t-testi analizi yapilmis, bulgular Tablo 8'de belirtilmistir.

Tablo 8. BSBT On Test Puanlarina ait Bagimsiz Gruplar t-testi Analizi Sonucu

Gruplar N X ss sd t p
On Test Deney 25 16.4 5.51 48 .756 .621
Kontrol 25 15.2 5.72

“BSBT” igin maksimum puan 50°dir.

Ortaokul 7. sinif Fen Bilimleri dersi mevcut programin 6ngordiigu sistemin uygulandigi siniflardaki 6grencilerin
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“Bilimsel Siire¢ Becerileri” testinden aldiklari puanlar incelendiginde deney ve kontrol grubunun BSBT 6n
testleri arasinda istatistiksel olarak anlamli bir farkin olmadigi gérilmektedir. (t= 0.756; p>0.05). Bu sonuglara
gore, deney ve kontrol grubundaki 6grencilerin arastirmaya baglamadan 6nce BSBT sonuglarinin ayni seviyede

oldugu varsayilabilir.

Deney ve kontrol grubuna uygulanan 6gretim yonteminin bilimsel slire¢ becerileri anlaminda etkili olup
olmadigini gérmek amaciyla deney ve kontrol gruplarinin BSBT 6n test ve son test puanlari iliskili 6rneklem t-
testi teknigi kullanilarak incelenmistir. Deney ve kontrol gruplarinin BSBT 6n test ve son test puanlari iligkili

orneklem t-testi teknigi sonuglari Tablo 9.’da verilmistir.

Tablo 9. Deney ve Kontrol Gruplarinin BSBT On ve Son Test Puanlarinin iliskili Orneklem t-testi Analiz Sonuclari

Gruplar Testler N X ss sd t p
Dene BSBT 6n test 25 16.40 5.50 24 28.05 -.00*
¥ BSBT son test 25 23.52 4.62
BSBT 6n test 25 15.20 5.71 24 -4.30 .00*
Kontrol
BSBT son test 25 16.24 6.43
*p<.05

iliskili 8rneklem t-testi sonuclarina gére deney grubu BSBT 6n test ve son test puanlari arasinda istatistiksel
olarak anlamli bir farkin oldugu gorilmektedir (p<,05). Bu fark son test ortalamalari lehinedir. Dolayisiyla STEM
uygulamalarinin 6grencilerin bilimsel siire¢ becerilerini gelistirdigi soylenebilir. Kontrol grubu BSBT 6n test ve
son test puanlarinin iliskili drneklem t-testi sonuglarina bakildiginda da anlamli bir farkin oldugu gorilmektedir
(p<.05). Kontrol grubuna uygulanan mevcut programin 6ngordigii yontemin bilimsel slire¢ becerilerini

gelistirdigi soylenilebilir.

Deney ve kontrol grubu BSBT On test ve son-test puanlari arasinda istatistiksel olarak anlamli bir fark tespit
edilmesinin nedeni 6gretimi gerceklestirilen “Elektrik Enerjisinin Dontsimi” konusu olabilir. Hem STEM
uygulamalarinin gergeklestirildigi deney grubunda hem de mevcut programin 6ngérdigii yontemin uygulandig
kontrol grubunda; konunun Ogretimine dair gergeklestirilen etkinliklerin 6grencilerin psikomotor ve bilissel
yeteneklerini gelistirdigi dusindlebilir. Bilimsel sire¢ becerilerini gelistirmede hangi yontemin daha etkili
oldugunu belirlemek igin BSBT sontest puanlari incelenmistir. BSBT son test puanlarina bagimsiz gruplar t-testi

analizi yapilmis, bulgular Tablo 10’da belirtilmistir.

Tablo 10. BSBT Son Test Puanlarina ait Bagimsiz Gruplar t-testi Analizi Sonuglari

Gruplar N X ss Sd t p Etki blyakloga
Sontest Deney 25 23.52 4.63 48 4.59 .000* 1.29
Kontrol 25 16.24 6.44

*p<.05

Tablo 10 yer alan BSBT son test analiz sonuglarina bakildiginda elde edilen son test puanlari ortalamalari
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arasinda istatistiksel olarak anlamli bir farkin oldugu goérilmustir (t=24.59; p<0.05). Bu fark deney grubu
lehinedir. STEM uygulamalarinin uygulandigi deney grubundaki 6grencilerin kontrol grubundaki 6grencilerine
gore bilimsel siire¢ becerilerinin daha fazla gelistigi sdylenebilir. Deney ve kontrol grubu 6grencilerinin BSBT son
test puanlari igin Cohen’s d degeri hesaplanmis ve 1.29 olarak bulunmustur. Bu deger ise deney grubuna

uygulanan STEM ders planinin buyik (large) etki buyukligini ifade etmektedir.
Goriisme Sorularina iliskin Bulgular

Ogrencilere dért tane acik uclu sorudan olusan “STEM Uygulamalarina Yénelik Ogrenci Goériisleri Formu”
uygulanmistir. Gorlisme formunda yer alan, “STEM uygulamalari; Elektrik Enerjisinin Donlisimi konusunu
anlamana yardimci oldu mu?” sorusuna ait frekans ve ylzde degerleri hesaplanmis ve Tablo 11'de

gosterilmistir.

Tablo 11. Ogrencilerin Birinci Agik Uglu Soruya Verdikleri Yanitlara ait Frekans Degerleri

Kategori Gorus f
STEM uygulamalar “Elektrik Enerjisinin Donlisim{i” konusunu anlamama 18
yardimci oldu.

Pek ¢ok arastirma yaptim, yaptikca yeni ve ilgi ¢ekici bilgiler 6grendim. 8
STEM uygulamalari “Elektrik Enerjisinin D&nlisim{i” konusunu anlamama 4
k Idu.
“Evet” olarak cevap gok yardimer oldu

verenler STEM uygulamalari ile arastirma yapmak konuyu kavramama yardimci oldu. 3
STEM uygulamalari “Elektrik Enerjisinin Donlsim{i” konusunu anlamama 3
biraz yardimci oldu.

Bir seyi uygulamali bir sekilde géstermek anlatmaktan daha etkili oldu. 2
“Elektrik Enerjisinin DonlstiimU” konusunu zevk alarak 6grendim. 1
Hayir” olarak Hayir, olmadi. 2

cevap verenler

ilk soruya 6grencilerin % 92’si “evet” cevabi vermistir. Ogrencilerin % 72’si “anlamama yardimci oldu”, % 16'si
ise “anlamama g¢ok yardimci oldu”, % 12’si “anlamama biraz yardimci oldu”, % 12’si “arastirma yapmak konuyu
kavramama yardimci oldu” cevabini vermistir. Ogrencilerin % 32’si “arastirma yaptigini, yaptikca yeni ve ilgi
cekici bilgiler dgrendigini” ifade etmistir. Ogrencilerin % 8’i “bir seyi uygulamali bir sekilde gdstermek
anlatmaktan daha etkili oldu”, % 4’ii “konuyu zevk alarak dgrendigini” ifade etmistir. Ogrencilerin % 8'i “hayir”

cevabini vermistir.

STEM uygulamalarina yonelik 6grenci gorlsleri formunun ikinci sorusu olan “Elektrik Enerjisinin Donlsimi
konusuna entegre edilmis STEM uygulamalari Fen Bilimleri dersine ilgi ve istegini nasil etkiledi?” sorusuna dair

frekans ve yiizde degerleri Tablo 12’'de gosterilmistir.
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Tablo 12. Ogrencilerin ikinci Acik Uglu Soruya Verdikleri Yanitlara ait Frekans Degerleri

Kategori Goris f

“Elektrik Enerjisinin DOonlslim{” konusuna entegre edilmis STEM Uygulamalari Fen

Bilimleri dersine ilgi ve istegimi arttirdi. 10
“Elektrik Enerjisinin Dontisim{” konusuna entegre edilmis STEM Uygulamalari Fen 6
Bilimleri dersine ilgi ve istegimi olumlu etkiledi.
Cok eglenceliydi. 4
Etki etme ilgimi cekti. 4
Ugrastirici olsaydi daha ¢ok hosuma giderdi. 2
Dersi sevmeme yardimci oldu. 2
Daha ¢ok ¢abalayarak derse 6nem verdim. 1
Bakis agimi tamamen degistirdi. 1
Etki etmeme ilgi ve istegimi etkilemedi, ¢linkii ben zaten fen bilimleri dersini seviyordum. 3

Not: Bir égrenci birden fazla gériis belirtebildigi icin toplam ifade sayisi arastirmaya katilan égrencilerin sayisindan fazladir.

ikinci soruya 6grencilerin % 88'i “evet” cevabi verirken, % 12’si “hayir ilgi ve istegimi etkilemedi, ¢linkii ben
zaten Fen bilimleri dersini seviyordum” yanitini vermislerdir. Ogrencilerin % 40”1 “STEM uygulamalarinin Fen
Bilimleri dersine ilgi ve istegini artirdigini”, % 24’G “STEM uygulamalarinin Fen Bilimleri dersine ilgi ve istegini
olumlu etkiledigini” ifade etmistir. Ogrencilerin % 16’s1 “STEM uygulamalarini eglenceli buldugunu”, % 16’si
“ilgisini ¢cektigini” ifade etmistir. Ogrencilerin % 8'i “dersi sevmeme yardimci oldu”, % 4’ii “daha cok ¢abalayarak
derse 6nem verdim”, % 4’ ise “bakis acisini tamamen degistirdigini” ifade etmistir. Ogrencilerin % 8’i
“ugrastirici olsaydi daha c¢ok hosuma giderdi” cevabini vermistir. Bu yanitlardan yola ¢ikarak 6grencilerin
arastirmaya ve sorgulamaya dayali 6gretimde bilgiye ulasma yolunda g¢aba harcamasi derse karsi ilgisini

arttirdigi géstermistir.

Gorusleri formunun Gglinch sorusu olan “STEM uygulamalarinin diger derslerde yer almasini ister miydin?”

sorusuna dair frekans ve ylizde degerleri Tablo 13’de gosterilmistir.

Uglincli soruya &grencilerin % 92’si “evet”, % 8'i “hayir” cevabini vermistir. Ogrencilerin % 20’si “STEM
uygulamalarinin diger derslerde de merak uyandirip ilgiyi arttirdigini”, % 16’s1 “STEM uygulamalarinin dersi
eglenceli hale getirdigini” ifade etmistir. Ogrencilerin % 12’si “STEM uygulamalari ile diger dersleri daha kolay
anlayacaginl”, % 8’i “diger derslerle ilgili oldugunu”, % 8’i “arkadas dayanismasini arttiracagini”, % 4’ “STEM
uygulamalari hem hayal giiciinii hem de tasarlama yetenegini arttirdigini” ifade etmistir. Ogrencilerin % 4’u

“STEM uygulamalari diger derslerde de uygulanirsa sevmedigimiz bir dersi artik sevebiliriz” yanitini vermistir.
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Tablo 13. Ogrencilerin Ugiincii Agik Uglu Soruya Verdikleri Yanitlara ait Frekans Degerleri

Kategori Goris f
STEM uygulamalarinin diger derslerde yer almasini isterdim. 23
STEM uygulamalarinin diger derslerde de merak uyandirip ilgiyi arttiracagini 5
distniyorum.
STEM uygulamalari dersi eglenceli hale getiriyor. 4
Evet” olarak cevap Dersi daha kolay anlariz. 3
verenler
STEM uygulamalarinin diger derslerle ilgili oldugunu distiniiyorum. 2
Arkadas dayanigmasi artar. 2
STEM uygulamalari hem hayal giiclinii hem de tasarlama yetenegini 1
arttiryor.
STEM uygulamalari diger derslerde de uygulanirsa sevmedigimiz bir dersi 1
artik sevebiliriz.
Hayir” olarak cevap Hayir, gerek yok. )

verenler
Not: Bir égrenci birden fazla goriis belirtebildigi icin toplam ifade sayisi arastirmaya katilan égrencilerin sayisindan fazladir.

Gorugleri formunun dordiinci sorusu olan “STEM uygulamalarinin olumlu ve olumsuz yoénleri nelerdir?”

sorusuna dair frekans ve ylzde degerleri Tablo 14’de gosterilmistir.

STEM uygulamalarinin olumlu ve olumsuz yonleri nelerdir sorusuna ogrencilerin % 28’i “olumsuz yoni
oldugunu disiinmedigini” ifade etmistir. Ogrencilerin % 36’s1 “STEM uygulamalari dersi daha iyi anlamama
yardimci oldu”, % 32’si “dersi ilgi ¢ekici ve merak uyandirici hale getiriyor”, % 24’G “ders daha eglenceli, zevkli
geciyor”, % 16’s1 “STEM uygulamalari takim olarak calismamizi sagliyor”, % 12’si “el becerimizi pratige
dékmemizi sagladi” cevabini vermistir. Ogrencilerin % 16’s1 “model tasarlamayr”, % 16’si “grupga fikirleri
tartismayl”, % 8’i “bireysel arastirma yapmay!” STEM uygulamalarinin olumlu yéni olarak ifade etmistir.
Ogrencilerin % 40’1 “STEM uygulamalarinin zaman alici oldugunu”, % 8’i “ayrintili ve ugrastirici oldugunu”, % 8'i
“karmasik ve anlamasi gi¢” buldugunu STEM uygulamalarinin olumsuz yoni olarak ifade etmistir. Elde edilen
verilere gore 6grenciler isbirlikli olarak galismayi, tartisma yaparak, arastirip sorgulayarak 6grenmeyi, tasarim
uygulamalarini olumlu olarak degerlendirirken uygulama siirecinde zamanin yetmemesini olumsuz olarak
degerlendirmistir. STEM uygulamalarini “ayrintih, ugrastiric’”, “karmasik, anlamasi gilic” olarak ifade eden

Ogrencilerin arastirma inceleme siirecinde eksik kaldiklari g6zlemlenmistir.
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Tablo 14. Ogrencilerin Dérdiincii Agik Uglu Soruya Verdikleri Yanitlara ait Frekans Sonuglari

Kategori Gorus f
STEM uygulamalari dersi daha iyi anlamama yardimci oldu. 9
Dersi ilgi cekici ve merak uyandirici hale getiriyor. 8
STEM uygulamalarinin olumsuz yéni oldugunu diisinmuiyorum. 7
. . Ders daha eglenceli, zevkli geciyor. 6
Olumlu yénleri .
STEM uygulamalari takim olarak ¢alismamizi sagliyor. 4
Model tasarlamak 4
Grupga fikirleri tartismak 4
El becerimizi pratige dokmemizi sagladi. 3
Bireysel arastirma yapmak 2
Kendime olan glivenimi arttirdi. 1
Ders notlarim yikseldi. 1
Ulkemize olumlu katki saglar. 1
Zaman alici 10
Olumsuz yonleri Ayrintili, ugrastirici 2
Karmasik, anlamasi gli¢ 2

Not: Bir égrenci birden fazla goriis belirtebildigi icin toplam ifade sayisi arastirmaya katilan égrencilerin sayisindan fazladir.

SONUC ve TARTISMA

Bu boéliimde arastirmanin bulgularindan elde edilen sonuglara yer verilmistir. Bu arastirmada ortaokul 7. sinif
Fen bilimleri dersi “Elektrik enerijisi” Ginitesi “Elektrik Enerjisinin Donlisimi” konusunun 6gretiminde kullanilan
STEM uygulamalarinin ve mevcut programda belirtilen 6gretimin uygulandigi siniflardaki 6grencilerin “Elektrik
Enerjisinin Donlsimi{ Basari Testi (EDBT)” ve “Bilimsel Siuire¢ Becerileri Testi (BSBT)” o6lgeklerinden aldiklari

puanlar incelenmistir. Ayrica, STEM uygulamalari hakkinda 6grencilerin gorisleri alinmistir.

Arastirma sonucunda elde edilen bulgular STEM uygulamalarinin yapildigi deney grubundaki 6grencilerin
mevcut programin 6ngdrdiugi 6gretim yonteminin uygulandigi kontrol grubundaki 6grencilerine gére akademik
basari puanlarinin daha yiiksek oldugu gorilmektedir. Bu sonug, 5E 6gretim modeli ile temellendirilmis STEM
uygulamalari ile yapilan 6gretimin 6grencilerin akademik basarilarini mevcut programin 6ngordigl 6gretim
yontemine kiyasla daha fazla arttirdigini géstermektedir. Alan yazin incelendiginde 5E 6gretim modeli ile
ylratalen farkli arastirmalarin 6grencilerin Fen Bilimleri dersi akademik basarilarini arttirmada etkili oldugu
gorilmistir (Hun, 2017; Oztirk Geren ve Dékme, 2015). Ornegin, Hun (2017) 7. sinif Fen Bilimleri dersinin
O0gretiminde 5E 6grenme yonteminin derinlestirme asamasinda probleme dayali 6grenme yontemi kullanarak
dersleri isledigi arastirmasinda oOgrencilerin akademik basarisini olumlu yénde gelistirdigini tespit etmistir.
Burada, gerceklestirilen etkinlikler bu arastirmamiz ile birebir benzerlik gostermese de, 5E 6gretim modeli ile
birlikte probleme dayali 6gretim yontemi kullaniimasi ve elde edilen ¢iktilar bu arastirmayi destekler

niteliktedir.

Diger yandan alan yazinda farkli 6gretim seviyelerinde farkhi konu ve etkinliklerle yiritilen STEM
uygulamalarinin akademik basari Uzerine etkilerinin arastirildigi bircok arastirma bulunmaktadir. Bu
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arastirmalardan bazilari STEM uygulamalarinin 6grencilerin akademik basarisini artirmaya yonelik etkisinin
bulunmadig arastirmalar olsa da (Dumanoglu, 2018; Guzey vd., 2016; Judson, 2014; Nagag, 2018; Oner ve
Capraro, 2016; Sarican, 2017); genel olarak incelenen arastirmalarin ¢ogunlugu STEM uygulamalarinin
ogrencilerin akademik basarisini artirmaya yonelik etkisinin oldugu gostermektedir. STEM uygulamalarindan
elde edilen sonuglar literatirdeki benzer arastirmalarin sonuglariyla desteklenmektedir. (Aygen, 2018;
Barcelona, 2014; Becker ve Park, 2011; Bicer vd., 2014; Bilekyigit, 2018; Ceylan, 2014; Cevik, 2018; Cho ve Lee,
2013; Cotabish vd., 2013; Dedetiirk, 2018; Doganay, 2018; Doppelt vd., 2008; Ergin ve Balgin, 2019;
Gazibeyoglu, 2018; Giilen, 2016; Han vd., 2014; Hansen ve Gonzalez, 2014; Hill, 2002; Irkigatal, 2016; ince vd.,
2018; Judson ve Sawada, 2000; Karci, 2018; Olivarez, 2012; Onsekizoglu, 2018; Toma ve Greca, 2018; Yasak,
2017; Yildinnm ve Altun, 2015; Yildirim ve Selvi, 2017).

Alan yazinda 5E 6grenme modeli ile birlikte STEM yaklagiminin kullanildigi arastirmalar da bulunmaktadir.
Dogan (2019) yaptigl arastirmasinda 7. sinif Elektrik Enerjisi Gnitesini STEM etkinlikleri ile islemistir.
Arastirmasinda STEM etkinliklerini 5E 6gretim modeline uygun olarak hazirlamistir. Dogan (2019)
gerceklestirdigi arastirmasinda 5E modeli ile butlnlestirilmis STEM uygulamalarinin 6grencilerin akademik
basarisini buytk etki buyakluga ile artirdigini tespit etmistir. Elde edilen sonuglar bu arastirmayi destekler
niteliktedir. Deveci Bozkurt (2019) 5E 6grenme modeline gore diizenlenmis STEM yaklasimina dayali
etkinliklerle 6. sinif Fen Bilimleri dersi “Madde ve Isi” konusunun Ogretimini gerceklestirmistir. Arastirma
sonucunda elde edilen veriler, gergeklestirilen etkinliklerin 6rneklem grubundaki 6grencilerin akademik
basarilarini uygulama oncesine kiyasla artirdigini gostermektedir. Bu arastirma STEM egitiminin basariyi

artirmada etkili oldugunu goéstermesi adina arastirmamizi desteklemektedir.

Ayrica arastirma bulgularina gore deney ve kontrol gruplarina uygulanan 6gretimin her ikisi de 6grencilerin
akademik basarilarini arttirsa da; hesaplanan bulylk etki byukligt STEM uygulamalarinin 6grencilerin
akademik basarilarini gelistirmede daha fazla etkili oldugunu ifade etmektedir. Becker ve Park (2011)’a gore

dort STEM disiplinini de iceren arastirmalar biiylk etki buyikligine sahiptir.

Deney ve kontrol gruplarina uygulanan 6gretimin her ikisi de 6grencilerin bilimsel siire¢ becerilerini gelistirse
de; hesaplanan blyik etki baylklGgi STEM uygulamalarinin 6grencilerin bilimsel stireg¢ becerilerini gelistirmede
daha fazla etkili oldugunu gostermektedir. Alan yazin incelendiginde 5E 6gretim modeli ile yirutilen farkl
arastirmalarin 6grencilerin bilimsel slire¢ becerilerini gelistirmede etkili oldugu gorulmustur (Aydin Ceran, 2018;
Biyikli, 2013; Oztiirk vd., 2015). Biyikli (2013) 4. sinif Fen ve Teknoloji dersi kapsaminda “Viicudumuzun
Bilmecesini Cozelim, Maddeyi Taniyalim, Kuvvet ve Hareket” tniteleri etkinliklerini bilimsel stire¢ becerilerini 6n
plana ¢ikararak 5E 6gretim yontemine gore diizenlemistir. Arastirmada kontrol gruplu 6n test-son test deneysel
desen kullanmistir. Bir donem boyunca siiren arastirmada Fen ve Teknoloji dersinde 5E 6grenme modeline gore
dizenlenmis 06gretimin bilimsel silire¢ becerilerinin gelistirmede mevcut uygulanan programin egitim
durumlarindan daha etkili oldugunu gostermektedir. Bu arastirmada gergeklestirilen etkinlikler bu arastirma ile
birebir ortlismese de, 5E 6gretim modelinin 6grencilerin bilimsel slire¢ becerilerini gelistirmesi bu arastirmayi
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destekler niteliktedir. Aydin Ceran (2018) 7. sinif Fen Bilimleri dersi “Kuvvet ve Enerji” tnitesinde yasam temelli
baglamlarla desteklenmis 5E Modeline gére tasarlanan 6gretim uygulamalarinin bilimsel siire¢ becerilerine olan
etkilerini arastirmistir. Bilimsel streg becerileri bakimindan deney grubu lehine anlamli bir fark tespit etmistir.
S6z konusu arastirma gercek hayat problemleri icermesi ve uygulanan 5E 6gretim modelinin 6grencilerin
bilimsel slire¢ becerilerini gelistirmesi bakimindan bu arastirmayi destekler niteliktedir. Ayverdi (2018) STEM
yaklasiminin 5E modeline entegre edilmesi ile olusturulan 6gretim tasariminin 7 ve 8. sinifta 6grenim géren 41
BILSEM &grencisine uygulamistir. Arastirma sonucunda elde edilen nicel ve nitel bulgular dgrencilerin bilimsel
siireg becerilerini gelistirmede etkili oldugunu ortaya koymustur. Orneklem grubu 6zel yetenekli 6grencilerden
olusmasi yoniyle farkl olsa da sonugclar bu arastirmayi desteklemektedir. Strong (2013) mihendislik tasarim
yaklasimi ile yapilan 6gretimin ilkégretim 6grencilerinin bilim slreg becerilerinin 6nemli 6lglide gelistirdigini
belirtmistir. Sonuglar arastirmamizi destekler niteliktedir. Ayrica alan yazinda farkli STEM etkinlikleriyle
gerceklestirilen arastirmalarin bilimsel siire¢ becerilerini gelistirmede etkili oldugu gésteren arastirmalarda yer
almaktadir (Akcay, 2018; Bektas ve Eroglu, 2016; Cotabish vd., 2013; Duygu, 2018; Gokbayrak ve Karisan,
2017b; Kog, 2017; Park ve Yoo, 2013; Sullivan, 2008; Tastan Akdag ve Glines, 2017; Yamak vd., 2014).

7.sinif Fen Bilimleri dersi Elektrik Enerjisi Unitesini 5E 6gretim modeline uygun STEM etkinlikleri ile isleyen
Dogan (2019) o6gretim etkinlikleri sonrasi deney ve kontrol gruplarina Bilimsel Sire¢ Becerileri Testi
uygulamistir. Arastirmada elde edilen bulgular sonucunda deney grubunun 6n test ve son testleri arasinda
istatistiksel olarak anlaml bir farkliligin olmadigi, kontrol grubunun 6n test ve son testleri arasinda da
istatistiksel olarak anlamh bir farkhhgin olmadig gézlemlenmistir. Bu durum arastirmada gerceklestirilen 5E
modeli ile bitunlestirilmis STEM etkinliklerinin bilimsel streg¢ becerilerini gelistirmede etkili olmadigini ifade
etmektedir. Bu arastirmanin sonuglari Dogan (2019)’un arastirmasi disinda diger arastirmalarla 6rtismektedir.

Bu farkhlasmanin sebebi ise 6lcme araglarinin farkli olmasi ya da yapilan etkinliklerin farkh olmasi olabilir.

Ogrenci gorisleri formundan elde edilen sonuclara gére dgrencilerin STEM uygulamalari hakkinda genel olarak
olumlu gorislere sahip oldugu c¢ikarimi yapilabilir. Arastirma bulgularina paralel olarak STEM uygulamalari
hakkinda olumlu goérus bildiren birgok arastirma mevcuttur (Becker ve Park, 2011; Bektas ve Eroglu, 2016;
Bilekyigit, 2018; Bozkurt Altan vd., 2016; Ceylan, 2014; Doganay, 2018; Ercan, 2014; Gazibeyoglu, 2018;
Gokbayrak ve Karisan, 2017a; Giilen, 2016; Lou vd., 2011; Nagag, 2018; Onsekizoglu, 2018; Ozcakir Siimen ve
Calisici, 2016; Pekbay, 2017; Salman Parlakay, 2017; Tarkin Celikkiran ve Aydin Giinbatar, 2017; Tastan Akdag
ve Glines, 2017; Thananuwong, 2015; Yasak, 2017).

STEM uygulamalarinin, arastirma sorgulamaya dayali olusu ve uygulama yapmaya olanak saglamasi yoniinden
ogrencilerin konuyu anlamasina yardimci oldugunu séylenilebilir. Bulgular literatlirdeki benzer arastirmalarla
paralellik gostermektedir. Karahan vd. (2014), STEM egitimine uygun hazirlanan okul disi etkinlikler ile ilgi
o6grencilerin disiincelerini arastirmislardir. Yiratllen arastirma kapsaminda 6grenciler STEM uygulamalarinin
konu ile ilgili kavramlari daha kolay anlamalarini sagladigini belirtmislerdir. Thananuwong (2015)'da STEM
temelinde hazirlanmis etkinlikler hakkinda ortaokul 6grencilerinin goruslerini inceledigi arastirmasinda benzer
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sonuglar elde etmistir. Thananuwong (2015) STEM temelinde hazirlanmis etkinliklerin 6grencilerin bilimsel
kavramlari daha kolay anlayabilmelerine yardimci oldugunu ifade etmistir. S6z edilen arastirmalar bu

arastirmayi destekler niteliktedir.

Arastirma bulgularini destekleyen literatirde benzer arastirmalar da yer almaktadir. Kegeci vd. (2017)
tarafindan STEM egitimi etkinliklerinin 5. Sinif 6grencilerin kodlama 6grenimine etkisini ortaya gikararak
katilimcilarin goruslerini belirlenmesi amaciyla yapilan arastirmasinda 6grencilerin STEM etkinliklerinden keyif
aldiklari belirtilmistir. Ozcelik ve Akgiindliz (2017) yaptigi arastirmaya gore ogrenciler uygulanan STEM
etkinliklerin tasarim sirecinin zevkli oldugunu ve basarili Grlinler ortaya koyduklarinda motivasyonlarinin
arttigini tespit edilmistir. Bozkurt Altan vd. (2016) ylrattGga arastirmada Universite diizeyinde uygulanan STEM

uygulamalarini 6gretmen adaylari ders sirecini eglenceli bulduklarini ifade etmislerdir.

Elde edilen bulgulardan yola ¢ikilarak 6grencilerin eglenceli bulduklari ve derse ilgiyi arttiracagini distindikleri
icin STEM Uygulamalarini diger derslerde de yer almasini istedikleri séylenilebilir. Arastirma bulgularina paralel
olarak Onsekizoglu (2018) yaptigl arastirmasinda 6grencilere bitlnlesik STEM egitimi dogrultusunda
arastirmalar yapmustir. Arastirma grubu 6grencileri STEM ile ilgili, baska derslerde de uygulamayi istedikleri
hakkinda goriis bildirmislerdir. Bektas ve Eroglu (2016) Fen Bilimleri 6gretmenlerinin STEM temelli ders
etkinlikleri hakkindaki goruslerini inceledigi arastirmasinda, STEM ve STEM temelli etkinliklerin 6grencilerin
verimli /keyifli vakit gegirmelerini sagladigini ve baska alanlarda da basarili olmalarini sagladigini ifade etmistir.
Gllen (2016) STEM etkinliklerinin; 6grencilerin konuyu sevmesini sagladigi, eglenceli bulduklari ve konuyu daha
iyi anlamalarini sagladigi, bu etkinlikler sirasinda 6grencilerin birbirini daha iyi tanidigi ve sosyallesmenin

arttirdigini belirtmistir.

STEM uygulamalarinin olumsuz yonlerine iliskin 6grencilerin ¢cogu STEM uygulamalarinin zaman alici oldugunu,
% 8'lik bir kismi ise STEM uygulamalarini ayrintili—ugrastirici ve karmasik-anlamasi gi¢ olarak ifade etmistir.
Literatlirdeki benzer arastirmalar arastirma bulgularini destekler niteliktedir. Baran, Canbazoglu Bilici ve
Mesutoglu (2015) 6grencilerin STEM etkinliklerine yonelik dustincelerini arastirdigi calismada; 6grencilerin
karsilastiklari sorunlari; isbirligi ile arastirma sireglerindeki aksakliklar ve zaman yetersizligi olarak ifade
etmislerdir. Ozcakir Siimen ve Calisict (2016) STEM uygulamalari hakkinda sinif &gretmeni adaylarinin
gorislerini arastirdigl arastirmasinda sinif 6gretmeni adaylari etkinliklerin kalabalik siniflarda uygulanmasinin
zorlugu ve zaman almasini dezavantaj olarak ifade belirtmislerdir. Cetin ve Balta (2017) fen bilgisi 6gretmen
adaylarina STEM aktivitelerini tanitmayl ve o6gretmen adaylarinin STEM materyalleri ile ilgili gorislerini
belirlemeyi amaclamistir. Ogretmen adaylari STEM aktivitelerinin olumsuz ydlerine iliskin STEM materyalleri
hazirlamanin zor, zaman alici ve 6grencilerin seviyesine uygun olmadigl yoninde goris bildirmislerdir. Tastan
Akdag ve Gines (2017) STEM uygulama siirecinin ders saatleri ile kisitli kalmasini yasanan en biyik olumsuzluk

olarak belirtmistir.
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Sonug olarak, 5E 6gretim modeli ile bditinlestirilmis STEM yaklasimi ile islenen Fen Bilimleri dersinin
ogrencilerin akademik basarisini ve bilimsel siire¢ becerilerini anlamli olarak artirdigi tespit edilmis, deney

grubu 6grencileri uygulama hakkinda genellikle olumlu gorus bildirmislerdir.
ONERILER

Tarih boyunca toplumlar biyidikge ortaya yeni ihtiyaglar cikmistir. Bu ihtiyaglari karsilayabilmek icin de egitim
hizmetleri gelismistir. Bu durum insanlik tarihi kadar eski olup sirekli gelisen ve kendini yenileyen bir sirectir.
Bilgi ve teknoloji ¢agl olan glinimuzde biliyoruz ki, gelecek neslin yasayacagl ortam, bizim yasadigimiz
diinyadan ¢ok farkl olacaktir. Bilim ve teknolojinin ¢ok hizli degismesinden dolayi, 6gretmenler ve 6grenciler
her an degisen ortam kosullarina uyum saglayabilmeli ve gelecegin ihtiyaglari géz 6ninde bulundurularak
egitim hizmetleri yenilenmelidir. Diinya Ulkelerinin ekonomileri ve gelismislikleri, bilim ve teknoloji alanlarinda
yasanan ilerlemelere bagimli hale gelmistir. Bu sebeple STEM disiplinlerinde etkin 6grenci sayisinin arttiriimasi
ve STEM ile ilgili meslek seciminde bulunan mezun 6grenci sayisinin artmasi her devlet ve ulusun ekonomik
refahi icin 6nemlidir. Gengleri STEM ile ilgili disiplinlerde meslek se¢cmeye tesvik etmek, insanligin hem kiiresel
hem de ulusal alandaki ihtiyaglarini karsilamak agisindan 6nem arz etmektedir (National Academy of Sciences,
National Academy of Engineering, Institute of Medicine, 2006). Bu bakimdan STEM yaklasiminin Fen Bilimleri
dersinde mevcut olan diger tinite veya konularda da kullanilmasi énerilmektedir. STEM uygulamalari okul icinde
yapilmasinin yani sira, okul disi faaliyetlerle de desteklenebilir. Bu arastirmada STEM etkinlikleri 5E 6gretim
modeli ile temellendirilmistir. Ogrenciyi temel alan farkl dgretim yaklasimlari ile birlikte kullanilabilir. Ayrica
dgrenciler STEM uygulamalarini diger derslerde de uygulanmasini istemislerdir. Ogrencilerin akademik
basarilarinin artisi adina diger derslerde de STEM kullanilabilir. Ogrenciler aktif olduklari derslerde daha basarili
olmaktadirlar. Ogrencilerin farkh disiplinleri bir arada kullanabilecekleri bilim siniflari olusturulabilir. Derslerde
basarili bir sekilde STEM’i kullanabilmeleri icin 6gretmenlere kurslar ve hizmet ici egitimler verilebilir.

Ogretmenlerin ve dgrencilerin mithendislik becerisini gelistirebilecek etkinlikler ders kitaplarina eklenebilir.
ETIK

Bu makalede dergi yazim kurallarina, yayin ilkelerine, arastirma ve yayin etigi kurallarina, dergi etik kurallarina

uyulmustur. Makale ile ilgili dogabilecek her tiirli ihlallerde sorumluluk yazara aittir.
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