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Article Info Abstract
DOI: 10.14527/pegegog.2018.018 This research aims to idgn.tify to whe.ut extent thg Science Ln.esson D.raft Curriculum

(SLDC) prepared by the Ministry of National Education (MoNE) in 2017 is influenced by
Article History: the STEM education. The research utilized document analysis method, and content
Received 04 June 2017 and descriptive analysis methods were used during data analysis. Upon analyzing the
Revised 07 December 2017 findings related to the level of influence of the student characteristics aiming to be
Accepted 09 February 2017 trained by STEM education in the 7th and 8th grade on SLDC, frequency values have
Online 25 April 2018 been determined as; creativity/productivity is 24, entrepreneurship is 8,

researcher/questioner is 42, collaboration is 7, explorer is 29, drawing inference is 14,
Keywords: communication is 10, innovative thinking is 19 and problem solving is 24. When
Science, findings regarding the influence level of the characteristics of the STEM education on
Draft Curriculum, the SLDC have been analyzed, being application oriented is 61, integrating different
STEM, disciplines is 9, product design is 55 and scientific research is 31. Considering the
STEM Education. distribution of STEM disciplines for the 7" grade SLDC acquisitions, the highest

correlation among the 7" grade acquisitions was achieved with 28 acquisitions by
Article Type: Science-Engineering; the fields of Science and Engineering with 33 acquisitions in the
Research paper 8th grade. As a result; STEM is reflected to the 7th and 8th grade SLCD acquisitions at a

significant level when examined in the context of the features of STEM and student
characteristics intended to be trained by STEM training.
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Fen Bilimleri Dersi Taslak Ogretim Programina (FBTOP) hangi oranda yansitildigini
Makale Ge¢misi: tespit etmeyi amaglamaktadir. Arastirmada yontem olarak dokiiman analizi yontemi;
Gelig 04 Haziran 2017 verilerin analizinde ise igerik ve betimsel analiz yontemleri kullanilmistir. Arastirma
Dlzeltme 07 Aralik 2017 bulgularina gore, FeTeMM egitimiyle yetistirilmesi amaglanan 6grenci 6zelliklerinin 7.
Kabul 09 Subat 201 ve 8. sinif FBTOP’e hangi oranda vyansitildigina iliskin bulgular incelendiginde;
Cevrimici 25 Nisan 2018 yaraticilik/tretkenlik 24, girisimcilik 8, arastiran/sorgulayan 42, is birligi 7, kesif
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Anahtar Kelimeler: problem ¢ézme 24 frekans degerleri tespit edilmistir. FeTeMM egitimi 6zelliklerinin
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Taslak Ogretim Programi, olmasi 61, farkl disiplinleri bltlnlestirmesi 97, irlin tasarimi 55, bilimsel arastirma 31
STEM, frekans degerleri tespit edilmistir. FeTeMM disiplinlerinin 7. ve 8. sinif FBTOP
STEM Egitimi. kazanimlarina yénelik dagihimi incelendiginde, 7.sinif kazanimlari arasinda en fazla

iliskilendirmenin 28 kazanimla Fen-Muhendislik; 8.sinif kazanimlari arasinda en fazla
Makale Tiirti: iliskilendirmenin 33 kazanimla Fen-Mihendislik alanlari arasinda dagilim gosterdigi
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Introduction

STEM is an abbreviation of Science, Technology, Engineering and Mathematics in English language
(Breiner, Harkness, Johnson, & Koehler, 2012; Eroglu & Bektas, 2016; Sanders, 2009). STEM s
articulated as FeTeMM (Fen, Teknoloji, MUhendislik and Matematik) in Turkish (Corlu & Aydin, 2016;
Oner & Capraro, 2016; Yamak, Bulut & Diindar 2014). STEM is an interdisciplinary approach based on a
combination of related disciplines (Yalgin, Kilig, & Atatay, 2016; Yildirim & Altun, 2014). STEM education
is an educational approach involving interdisciplinary teaching of science, technology, engineering and
mathematics, and covering the whole period from pre-school through higher education. STEM
education has critical importance especially starting at the primary school level (Akglindiiz et al. 2015a;
Basham & Marino, 2013; Bybee, 2011; Lamb, Akmal, & Petrie, 2015). What exactly the abbreviation of
STEM stands for and different experts (Becker & Park, 2011; Bray, 2010; Eroglu & Bektas, 2016; Hsu, Lin
& Yang, 2017; Kelley & Knowles, 2016; Wang, 2012) express the uncertainty about its use.

Looking at the historical development of STEM and its implementation in different countries,
according to Brown et al. (2011), the emergence of STEM is due to concerns arising from the lack of the
number of future competitive professionals in business, career, economics and education fields.
Although STEM first appeared in the United States (US) in 1990, its worldwide recognition increased
only after 2005. The STEM education has gained more importance in Europe especially after 2007 and it
was put into practice in many European countries in a short time (Akglindiz et al. 2015a; Sanders,
2009). Many countries that aim to advance in technology and innovation in the world include STEM in
their education systems. STEM education is currently being implemented at all levels of education in
leading countries such as the United States, European Union countries, Japan, Korea, Germany and
China (MEB STEM Education Report, 2016).

According to Bray (2010), STEM disciplines have long been the focus of attention of the U.S. officials
and those are the disciplines that will lead the United States to leadership in science, mathematics and
engineering assessments. Therefore, STEM education has become a national priority in the United
States. According to Yildirim and Altun (2014), many STEM centres have been established for STEM
education in the US, and almost all of the prestigious universities have STEM centres. Also, according to
Clark and Andrews (2010), the addition of engineering from STEM disciplines to the school curriculum is
on the agenda of the U.K. According to Trilling and Fadel (2009), different forms of STEM disciplines are
used throughout the developed countries in the 21st century.

When we look at the characteristics of STEM education it is seen that the features of integration of
different disciplines (Becker & Park, 2011; Brown et al. 2011; Corlu, 2012; Gonzalez & Kuenzi, 2012; Hsu
et al. 2017; Kelley & Knowles, 2016; Kennedy & Odell, 2014; Oner & Capraro, 2016; Yalgin et al. 2016),
product design (Gonzalez & Kuenzi, 2012; Gulhan & S$ahin, 2016; Marulcu & Sungur, 2012; National
Research Council [NRC], 2009; Sahin et al. 2014; Trilling & Fadel, 2009), and scientific research (Bybee,
2011; Kelley & Knowles, 2016; MoNE STEM Education Report, 2016; NRC, 2011; Trilling & Fadel, 2009;
Yalgin et al. 2016) are among the frequently emphasized concepts.

According to Corlu (2012), STEM education involves a set of knowledge, skills and beliefs created by
students and teachers in collaboration at the intersection of multiple STEM subjects. STEM is a set of
disciplines that shape the intellectual development of students during the period from pre-school
through high school years and help students to make conscious decisions about their future career
choices. According to Gonzalez and Kuenzi (2012), STEM education brings the competitive individual
into the forefront. According to Baran et al. (2015), STEM education focuses on unique learning and
production activities that focus on skills such as research, design, problem-solving, teamwork, and
effective communication, rather than learning the science, technology, mathematics and engineering
subjects separately.

When research on the STEM education is examined, it can be observed that the importance of
integrated teaching of the related fields in relation to each other in response to the separate teaching of
the fields of Science, Mathematics, Technology and Engineering is emphasized (Bray, 2010; Brown et al.
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2011; Gonzalez & Kuenzi, 2012; Kelley & Knowles, 2016). STEM education is very important in terms of
enabling the theoretical knowledge to be transformed into practice and product. In the studies carried
out in the institutions for STEM in the U.S., although the studies in Science, Mathematics, Engineering
and Technology are carried out under different units, it is observed that the studies in these disciplines
are integrated with each other. In STEM implementations, it is not necessary to integrate all four fields
every time. Depending on the situation, only two fields could be related to each other. However,
although the interdisciplinary teaching of science, mathematics, technology and engineering fields is
aimed in STEM education, it is possible to say that the main emphasis is mainly on technology and
engineering fields (Akglindlz et al. 2015a; Haciémeroglu & Bulut, 2016; Yamak et al. 2014; Yildirim &
Altun, 2014).

Given the characteristics of the students who are aimed to be trained by STEM education, some of
the student characteristics seem to have come to the forefront. These characteristics can be listed as
creativity/productivity (Baran et al. 2016; Bybee, 2011; NRC, 2009, 2011; Wang, 2012), entrepreneurship
(Akginduz et al. 2015b; MEB STEM Education Report, 2016; Wagner, 2008), enquiry/questioning
(Basham and Morino, 2013; Bybee, 2011; NRC, 2009; Stohlmann and Roehrig, 2012), cooperation (Corlu,
2012; Kennedy & Odell, 2014; NRC, 2009, 2011; Sahin et al. 2014; Trilling & Fadel, 2009), exploration
(Kennedy & Odell, 2014), drawing inferences (NRC, 2009), communication skills (Basham and Morino,
2013; Kennedy & Odell, 2014; Trilling & Fadel, 2009), innovative thinking (Gonzales & Kuenzi, 2012; Hsu
et al. 2017; Sahin et al. 2014), and problem solving (Corlu, 2012; Kennedy & Odell, 2014; Kelley &
Knowles, 2016; Trilling & Fadel, 2009).

According to Bybee (2011), especially in science and engineering fields of STEM education, students’
research, cooperation, and innovation skills are quite important as well as creativity, effective
communication and problem-solving skills. According to Wang (2012), it is important for students to
have effective problem-solving skills and to be able to use creativity and imagination while solving
problems so that STEM practice can be effectively implemented. According to Stohlmann and Roehrig
(2012), among the expected characteristics of students in STEM education; learning to learn, being able
to work in partnership with other peers, questioning rather than accepting every information as
presented to them, and problem-solving skills are at the forefront.

Different reasons are presented for the necessity of STEM education. For example, STEM education
is seen as important for increasing the competitiveness of a country in the global economy (Breiner et
al. 2012; NRC, 2011). According to Wang et al. (2011), in order to remain competitive in a country whose
global economy is growing, it is necessary for students to increase their achievements in STEM
disciplines. In STEM education, the necessity of learning in a specific logical framework is also
emphasized rather than learning the subjects or disciplines irrelevantly from each other. STEM
education emphasizes the necessity of an education in which doing more practices are featured (Bray,
2010; NRC, 2009).

STEM education has become a necessity for all the countries and the importance attached to it has
been increasing worldwide (Marulcu & Sungur, 2012; Sanders, 2009). STEM education is widely used in
almost all developed countries such as USA, European Union countries, China and Russia (Akglindiz et
al. 2015b; Bray, 2010; Clark & Andrews, 2010; MEB STEM Education Report, 2016; NRC, 2009; Yildirim &
Altun, 2015). In order to effectively implement STEM education in the USA, STEM centers were
established at schools and universities where design and innovation activities were conducted, and
STEM lesson plan workshops were established. FeTeMM education in China, which takes science
education as a basic condition of education development and attaches importance to science education,
is widely applied in recent years (MEB STEM Education Report, 2016). Likewise, according to
Smolentseva (2015), various initiatives are available in Russia's education system in order to disseminate
STEM education. STEM training has been taking place in strategic plans from the European Union
countries in Norway and England since 2002, in Holland since 2004, in France and Malta since 2011, and
significant studies have been conducted on STEM education (MEB STEM Education Report, 2016).
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As for Turkey, different expert opinions can be mentioned regarding the necessity of STEM
education (Akglindiz et al. 2015b; Altan, Yamak & Kirikkaya, 2016; Corlu, 2012, 2013; Corlu, 2015; Corlu,
Capraro & Capraro, 2014; Yalgin et al. 2016; Yildirim & Altun, 2014). STEM in Turkey has just begun to be
noticed and considerable improvements have been made in STEM (Yildirim & Altun, 2014). There are
reports prepared by the Turkish Industrialists and Businessmen's Association (TUSIAD) in 2014 for the
education of STEM in Turkey and by the Ministry of National Education (MEB) in 2016 and the project
realized by Istanbul Aydin University. Despite the initiatives and projects undertaken in recent years,
national and international examinations and reports show that the students' level in science and
mathematics is well below the required level, making STEM education a necessity. However, the studies
on STEM education are inadequate (Akgiindliz et al. 2015b; Altan et al. 2016; Bektas & Eroglu, 2016;
Marulcu & Sungur, 2012; MEB STEM Education Report, 2016).

There are some difficulties in implementing STEM education in Turkey. The first one is that it is not
possible to realize STEM education with the existing curricula. The training of teachers in accordance
with STEM education, provision of necessary materials and reduction of the number of achievements
are seen as other problems (Bektas & Eroglu, 2016; Yalgin et al. 2016; Yamak et al. 2014).

The Science Lesson Draft Curriculum (SLDC), which was examined within the scope of this research,
was prepared by the Ministry of National Education in 2017, published on the website of the Ministry,
and presented to the opinions and proposals of stakeholders and the public. The SLDC is composed of
15 sections and aims to enable the students to have equal opportunities to compete both domestically
and internationally. The data in the SLDC was taken from the findings and suggestions obtained from the
study results of different institutions from the countries that have succeeded in education on the world
scale and from Turkey. The data given in the national and international exam results are also expressed
as other sources utilized in the development of the SLDC (http://mufredat.meb.gov.tr/Programlar.aspx).

In regard to the STEM education, the study of Eroglu and Bektas (2016) on the views of STEM-trained
science teachers about the STEM-based course activities, the study of Gulhan and Sahin (2016) on the
impact of the integration of science, technology, engineering, mathematics (STEM) on the 5th grade
students' perceptions and attitudes of these fields and the study of Corlu (2012) called "A pathway to
STEM education: Investigating pre-service mathematics and science teachers at Turkish universities in
terms of their understanding of mathematics used in Science" can be mentioned.

It is thought that pursuing innovations, adapting to ongoing developments and continually revising
the curricula in accordance with innovations are necessary in order for a country to develop and reach
the desired level, not a choice. In this context, it is important to examine at what level the STEM
education is reflected in the SLDC presented in 2017. Unal et al. (2004) emphasize the development of
new programs in the light of acquired data while expressing the importance of curricula in improving the
quality of science education. In this context, this study is also important in terms of providing data to the
science curriculum presented as a draft. The findings of this study seem to be important in determining
the extent of the STEM education applied in the SLDC and showing the deficiencies in the way that the
STEM disciplines are applied in SLDC. The outputs of this study are also important in terms of the extent
to which the integration of STEM disciplines has been achieved in the achievements of the SLDC, and in
terms of its contribution to the program development work presented as a draft and will be presented
in the future as a science project.

The main purpose of this study is to reveal to what extent the SLDC developed by MoNE in 2017 was
affected by the STEM education. Accordingly, the following research questions were asked:

1) Within the context of STEM education and student characteristics intended to be trained by STEM
education, at what level the SLDC were affected by STEM?

2) How is the distribution of STEM disciplines for 7th-grade SLDC achievements?
3) How is the distribution of STEM disciplines for 8th-grade SLDC achievements?
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Method

The research model, the collection of data, and the analysis of data are included in this part of the
study.

Research Design

In the study, document review method among the qualitative research methods was used.
Document review is a research method for analyzing written sources containing information about the
concepts being explored (Cepni, 2007) and it is used to make valid and reliable inferences using texts
(Krippendorff, 2004). According to Yildirim and Simsek (2013), who state that textbooks and curricula
can be used as data sources in an educational research, there are 5 stages of document review; reaching
documents, checking authenticity, understanding documents, analyzing data and interpreting them.
Within the scope of this research, first of all, the SLDC was acquired from the Ministry's website and the
data was transferred to the computer in the form of a pdf file in its original form. In the following stage,
the achievements determined in the SLDC were analyzed in details and tried to be understood. The
distribution of the STEM disciplines towards the achievements in the SLDC was analyzed through the
evaluation form created by the researchers and used within the scope of the research. The same
process was followed in the examination of the features of the STEM education and the statements in
the SLDC regarding how to train students with STEM education.

Data Collection

The SLDC prepared by the Ministry of National Education was acquired from the Ministry's website
and the data was obtained from the relevant website. In the website, the chapters on how the draft
curriculum was prepared, how the data were obtained while the curriculum was being prepared, how
the evidence was provided and why the program was being renewed were examined. In addition, 7th
and 8th-grade achievements transferred to the computer in pdf format from the related website, tabled
and then examined within the STEM context.

Data Analysis

Two different analysis methods were used in the analysis of the data. Content analysis method was
used in the section where the general structure of the 7th and 8th grade SLDC was examined. The main
purpose of the content analysis is to reach themes and concepts by using the data and build
relationships that can explain the collected data. In this context, it is important to conceptualize the data
first and to make a logical explanation by reaching the themes (categories) (Yildirim & Simsek, 2013).
Prior to the analysis of the data, the relevant literature was reviewed and STEM-related articles, reports
and books were examined. At the end of the process, the themes of student characteristics aimed to be
trained by STEM education and STEM education characteristics were reached and sub-themes were
determined according to this main theme. Secondly, a descriptive analysis method was used to
determine how the STEM disciplines were distributed within the framework of the 7th and 8th grade
achievements of the SLDC. Descriptive analysis is summarized and interpreted according to pre-
determined themes (Yildirim & Simsek, 2013). Within the scope of this research, STEM disciplines are
used as theme; Science, Technology, Mathematics, and Engineering fields are used as sub-themes. As
the theme and sub-themes are determined in advance, descriptive analysis method is preferred. In the
following stage, the SLDC was obtained from the webpage of the ministry and the achievements for 7th
and 8th grades were tabulated in Excel.

The achievements were placed on the horizontal part of the table and the STEM disciplines on the
vertical part. The intersections of STEM disciplines and the achievements in the SLDC are coded. The
achievements are given in the form of sample achievements since it is not possible to include all of the
78 achievements for the 7th grades and 70 achievements for 8th grades within the scope of the study.
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In addition, all of the achievements are presented in the Annex-1 and Annex-2 files. The total number of
achievements and percentages for the distribution of the STEM disciplines (Science-Engineering,
Science-Technology, Science-Mathematics-Engineering, etc.) to the achievements in the SLDC are given.
For example, the achievement of "It explains the relationship between technology and space research"
has been coded at the intersection of science discipline and technology discipline because, in the
achievement, it is thought that the aim was for students to make a connection between science and
technology. Another achievement is, "it presents a simple telescope model by preparing it." The student
is asked to prepare a telescope model using technology and engineering disciplines. Therefore, this
achievement is coded at the intersection of Science-Technology-Engineering disciplines. Another sample
achievement encoded to the mathematics-engineering-science relation is expressed as "The program
clarifies that the work done in the physical sense is related to the force applied and the distance
covered." In order to be able to do something related to the work-force-distance covered, the student
should use mathematics discipline and it is thought that the student should have knowledge of physics,
which is a branch of engineering; therefore, the achievement is coded at the intersection point of the
achievements of mathematics engineering science.

It is seen that some of the achievements in the SLDC are not covered by any of the STEM disciplines.
For example, the achievement of "It explains the physical and mental changes that occur in the
transition from childhood to adolescence" is seen between Science and Psychology, so this achievement
has only been regarded as a Science achievement. Two different researchers did coding independently,
and a third academician was present in the course of the study to be consulted. There were differences
in 18 achievements in the coding made by the researchers. During the coding process, there have been
some different views on the classification of some of the achievements. The explanation for these
achievements to be coded under which STEM disciplines has been put forward by coding experts in
details and the coding was decided by majority of votes including the vote of the academician as well. As
a result of the calculation using the formula —{[number of agreements / (number of agreements +
number of disagreements)] x 100}- proposed by Miles and Huberman (1994) for the consistency of
coding, the agreement rate between the two encoders for 7th and 8th grade SLDC achievements is
calculated as 88.00 percent. The reliability of the study is established in this way. The existence of more
than one researcher in the research, the concurrence of the study, the comparison of the coding and the
fact that the research is based on the obtained data rather than the opinions of the researchers are all
related to the reliability of the research (Atici, 2010). The detailed and in-depth data collection through
interviews, reporting of data, direct citation and working of multiple researchers in the coding process
are all related to the validity of the research (Yildirim & Simsek, 2013). Within the scope of this research,
it has been attempted to validate the study by giving sample achievement statements related to the 7th
and 8th grade SLDC.

Findings

In this part of the research, the findings related to the research problem are presented in tabular
form.

Findings Related to the First Sub-problem

The first sub problem of the study was designed as "Within the context of STEM education and
student characteristics intended to be trained by STEM education, at what level the SLDC were affected
by STEM?". The findings related to the STEM education themes, sub-themes, frequencies and
percentages that show the level of the effect of STEM education and student characteristics intended to
be trained by STEM education on the SLDC are presented in Table 1.
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Table 1.
The Effect of STEM Education and Student Characteristics Intended to be Trained by STEM Education to
7th and 8th Grade SLDC.

STEM Themes Sub-themes f %
€3S Creativity/productivity 24 13.50
§ % ‘:‘;3 Entrepreneurship 8 4.50
qﬁ_ a3 Enquirer/questioner 42 23.70
° g ; Cooperation 7 4.00
g % o Explorer 29 16.30
£ E b Draw an inference 14 8.00
25 Communication skills 10 5.60
. Innovative Thinking 19 10.70
Problem solving 24 13.50

E 'S § QEJ Practice oriented 61 25.00
5 ‘§ % Q@ Integration of different disciplines 97 39.60
29 = Product design 55 22.70

- Scientific research 31 12.70

When the effect of the student characteristics aimed at STEM education on the SLDC is examined,
following frequency values are determined; creativity/productivity 24 (13.50%), entrepreneurship 8
(4.50%), enquirer/questioner 42 (23.70%), cooperation 7 (4.00%), explorer 29 (16.30%), drawing an
inference 14 (8.00%), communication skills 10 (5.60%), innovative thinking 19 (10.70%) and problem
solving 24 (13.50%). Within the context of the effect of the characteristics of STEM education on the
SLDC, following frequency values are determined; practice-oriented 61 (25.00%), integration of different
disciplines 97 (39.60%), product design 55 (22.70%) and scientific research 31 (12.70%).

Findings Related to the Second Sub-problem

The second sub problem of the study was designed as "How is the distribution of STEM disciplines
for 7th-grade SLDC achievements?". The information related to the 7th grade SLDC sample
achievement, STEM disciplines, the number of overall achievements and percentages regarding the
distribution of the STEM disciplines for the 7th grade SLDC achievements are presented in Table 2.

When all of the data partly given in Table 2 is evaluated, on the distribution of STEM disciplines for
7th-grade SLDC achievements, it is found that 17 (21.80%) achievements are related to Science-
Technology, 28 (35.90%) achievements to Science-Engineering; 9 (11.50%) achievements to Science-
Mathematics-Engineering, 10 (12.80%) achievements Science-Technology-Engineering and 3 (3.90%)
achievements to Science-Mathematics-Engineering-Technology. It was also found that 11 (14.10%)
achievements were associated only with Science discipline. When the distribution of the STEM
disciplines for the 7th grade SLDC achievements is examined in general, it was determined that the
highest level of distribution belonged to the disciplines of Science-Engineering among others with 28
(35.90%) achievements. Since it is not possible to include all of the achievements in the article, the full
list is presented as Annex 1.

Findings Related to the Third Sub-problem

The third sub problem of the study was designed as "How is the distribution of STEM disciplines for
8th-grade SLDC achievements?". The information related to the 8th grade SLDC sample achievement,
STEM disciplines, the number of overall achievements and percentages regarding the distribution of the
STEM disciplines for the 8th grade SLDC achievements are presented in Table 3.
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Table 2.
SLDC Sample Achievements for 7th-grade, STEM Disciplines, Number of Overall Achievements and
Overall Percentage.

(%]
(]
£
3
(&}
2
a
P 2
w C
z .
2 £
2 g 9
R 56 5
g o5 ° < o
s 2 ¢ 883 =
< c = c g 5 o
: T g w»w g 5¢ 2
Sample achievement statements s &2 5 8 z8 3
It explains space technology. X X 17 21.80
It explains the relationship between technology and space X X
research.
It defines a problem from daily life. X X 28  35.90
It produces possible solutions for the problem and compares X X
them to select the appropriate one within the criteria.
It helps to pay attention to the waste control in the immediate X 11 14.10
vicinity.
It describes the physical and mental changes that occur in the X
transition from childhood to adolescence.
It explains the effect of friction force on kinetic energy with X X X 9 11.50
examples.
It relates the voltage across the terminals of a circuit element X X X
to the current flowing through it.
It makes predictions about what future energy engineering X X X 10 12.80
practices might be.
It designs an original lighting tool. X X X
It designs an imaging device using mirrors or lenses. X X X X 3 3.90

Experimentally observes the light refraction by using thinand X X X X
thick edge lenses.

When all of the data partly given in Table 3 is evaluated, on the relationship of the 8th-grade SLDC
achievements and STEM education, it is found that 4 (5.80%) achievements are related to Science-
Technology, 33 (47.20%) achievements to Science-Engineering; 5 (7.10%) achievements to Science-
Mathematics-Engineering, 11 (15.70%) achievements Science-Technology-Engineering and 3 (4.20%)
achievements to Science-Mathematics-Engineering-Technology. It was also found that 14 (20.00%)
achievements are associated only with Science discipline. Since it is not possible to include all of the
achievements in the article, the full list is presented as Annex 2.

Discussion, Conclusion and Implications

The aim of the research is to find out at what level the 7th and 8th grade SLDC drafted by the
Ministry of National Education in 2017 is affected by STEM. In accordance with this purpose; the
description part of the SLDC is examined in the context of STEM education and the student
characteristics aimed at STEM, and the achievements part is examined in the context of the distribution
of STEM disciplines for the achievements in the SLDC.

446



Fahrettin KORKMAZ — Pegem Egitim ve Ogretim Dergisi, 8(3), 2018, 439-468

Table 3.
SLDC Sample Achievements for 8th-grade, STEM Disciplines, Number of Overall Achievements and
Overall Percentage.
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Sample achievement statements s &2 5 8 z8 3
It gives examples of practices of pressure characteristics of X X 4 5.80
solid, liquid and gas in daily life and technology.
It explains the concept of electrification with examples of X X
natural phenomena and practices in technology.
It defines a problem from daily life. X 33 47.20
It produces possible solutions for the problem and compares X X
them to select the appropriate one within the criteria.
It discusses the results of consanguineous marriages. X 14 20.00
It helps to pay attention to use electricity economically at X
homes.
It solves problems related to single character backcrosses and X X X 5 7.10
comments on the results.
It makes inferences by using the pH values of the acidity and X X X
basicity of the substances.
It relates genetic engineering and biotechnology. X X X 11 15.70
It designs an original lighting tool. X X X
It designs a model based on the conversion of electricenergy X X X X 3 4.20
to thermal, Luminous or motion energy.
It explains how electricity is generated in power plants. X X X X

When the relationship between STEM and SLDC is examined in the context of student characteristics
aimed at STEM education, it is found that the enquirer/questioner characteristic has the highest
frequency value with 42 (23.70%) among creativity/productivity,  entrepreneurship,
enquirer/questioner, cooperation, explorer, draw an inference, communication skills, innovative
thinking and problem solving. It is important for students to obtain research by conducting research and
questioning the information they have received during the research process in STEM education. STEM is
at the intersection of other characteristics such as creativity / productivity, collaborative working,
problem solving skills, which are among the student characteristics that are aimed/questioned with
STEM education. For the individual to be creative and productive requires a research inquiry process in
order to be able to discover. However, student characteristics such as entrepreneurship and
cooperation have been found to be quite low in SLCD compared to other student characteristics; it is
considered to be important to increase these properties. Wang's (2012) study on science teacher's
perceptions of STEM practices stated that the most important features that students have to be able to
integrate the STEM education was independent thinking, problem solving, creativity, open mindedness
and effective use of imagination. The importance of the STEM education for the United States is
emphasized in the study conducted by the National Research Council (2009). The study draws attention
to the issues of systematic thinking, creativity, optimism, cooperation, communication and ethics as
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basic skills for citizens related to engineering in the 21st century. NRC (2011) report emphasizes the
effective use of creativity, cooperation in a team work and communication in the curriculums of primary
and secondary schools. In the study conducted by Bybee (2011), it is stated that cooperation, innovative
thinking, creativity, researching, effective communication and problem solving skills are important in the
applications of STEM education especially in the disciplines of Science and Engineering from primary
school to university. According to Basham and Morino (2013), effective communication and being an
enquirer/questioner are expressed as important characteristics for someone to define oneself
effectively in STEM education. According to Stohlmann and Roehrig (2012), the skills of learning to learn,
learning in collaboration, questioning and problem solving should be focused. According to Yildirim and
Altun (2015), innovative thinking has a special place and importance in STEM education. In this context,
STEM's four disciplines need to be taught in an integrated way in order to develop innovative thinking in
students. According to Kennedy and Odell (2014), STEM education represents an understanding that
features the innovative thinking and cooperation of students. The results of the research coincide with
the views expressed by the NRC (2011), Kennedy and Odell (2014), Basham and Morino (2013) and
Yildirim and Altun (2015) on the student characteristics expected from the STEM education.

When the characteristics of the STEM education are examined in relation to their effect on the SLDC,
it is concluded that integration of different disciplines has the highest level of frequency with 97
(39.60%) among practice oriented, integration of different disciplines, integrated learning, product
design and scientific research. In the context of STEM education, that the finding of integrating different
disciplines has highest frequency value is parallel to the aims of STEM. It is likely that the primary
purpose of STEM is to teach the four disciplines in an integrated manner.

In the study conducted by Baran et al. (2016), the intersection of disciplines in STEM education is
important in terms of the interdependence of STEM disciplines. It is important to integrate the content
that brings STEM education disciplines together into one unit or activity. In different studies on STEM
education, emphasis is placed on the importance of integrated teaching in response to teaching STEM
disciplines separately (Bray, 2010; Brown et al. 2011; Gonzalez & Kuenzi, 2012; Kelley & Knowles, 2016).
According to Stohlmann and Roehrig (2012) there is a natural connection between real life and STEM
practices. Teachers both need to link real life and STEM practices and integrate STEM disciplines into
one another while teaching. Hsu et al. (2017) emphasized in their studies that both integrated teaching
and integrated learning are important in STEM education. According to Morrison (2006), STEM
education is a meta-discipline based on the integration of knowledge in different disciplines such as
science, mathematics, engineering and technology. It is an important feature of the STEM to establish a
transitional bridge between aforementioned disciplines. According to Kennedy and Odell (2014), STEM
refers to an approach that brings different disciplines under one roof and allows both teachers and
students to work together and enables them to share each other's experiences. The results of the study
are consistent with the views of Gonzalez and Kuenzi (2012), Bray (2010), Kelley and Knowles (2016),
Brown et al. (2011), Stohlmann and Roehrig (2012), Morrison (2006) and Kennedy and Odell (2014).

When the results of the distribution of the STEM disciplines, the second sub-problem of the
research, towards the 7th grade SLDC achievements are examined, it is found that the highest
achievement is between the Science and Engineering disciplines with 28 (35.80%) achievements while
the lowest one is between Science-Mathematics-Engineering with only 9 (11.50%) achievements. It is
determined that 67 out of a total of 78 achievements in the 7th grade SLDC are distributed between at
least two STEM disciplines. In other words, it is determined that the distribution of STEM disciplines in
the 7th grade SLDC achievements is found to be at 86.00 %.

When the results of the distribution of the STEM disciplines, the third sub-problem of the research,
towards the 8th grade SLDC achievements are examined, it is found that the highest achievement is
between the Science and Engineering disciplines with 33 (47.20%) achievements while the lowest one is
between Science-Mathematics-Engineering-Technology with only 3 (4.20%) achievements. It is
determined that 56 out of a total of 70 achievements in the 7th grade SLDC are distributed between at
least two STEM disciplines. In other words, it is determined that the distribution of STEM disciplines in
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the 8th grade SLDC achievements is found to be at 80.00 %. Given the sum of the 7th and 8th grade
SLDC achievements, 78 in 7th grade and 70 in 8th grade -a total of 148 achievements-, it is determined
that 123 of the total 148 achievements are distributed between at least two STEM disciplines, which
means the distribution of STEM disciplines in the 7th and 8th grade SLDC achievements is at 83.00%.
Close results have been found in the 7th and 8th grade SLCD acquisition distributions in terms of STEM,
which suggests that STEM education is consistently distributed in different classes. Likewise, the fact
that the Science-Engineering disciplines have the highest levels of distribution in both 7th and 8th grade
SLCD acquisitions, while the lowest is among the disciplines of Science-Mathematics-Engineering-
Technology is considered as the indication of consistency between acquisitions in different classes.

According to Akgilindiiz et al. (2015b), the New Age expects individuals to be producers, which means
that students should have sufficient knowledge in many fields to be able to demonstrate their
productivity, as well as it requires them to be competent in the field of engineering in particular. The
STEM approach's emphasis on technology and engineering, the fact that it gives children an
interdisciplinary perspective from their early ages and that it enables the information to be put into
practice put STEM in a very important place in today's information and communication age. Even
though the STEM education includes the interdisciplinary approach, which is made up of different fields,
it is possible to say that the main emphasis of STEM education is technology and engineering. The views
expressed by Akgilindiiz et al. (2015a) support the findings of this study. Bray (2010) also points out that
the innovation in engineering and the need for inventions bring the engineering field to a privileged
position in the STEM discipline. In STEM practices, it is not necessary to integrate all four disciplines at
all times and only two disciplines can be integrated depending on the situation. Besides, the view that
"even though the STEM education includes the interdisciplinary approach which is made up of different
fields, it is possible to say that the main emphasis of STEM education is technology and engineering"
(Akglinduz et al. 2015a; Haciomeroglu & Bulut, 2016; Yamak et al. 2014; Yildirim & Altun, 2014) supports
the results of this research.

According to Marulcu and Sungur (2012), in the process of establishing a new generation national
science education standards in the USA, studies are being carried out to incorporate engineering
education into science education. Thus, knowledge and skills related to engineering will be the
achievements of science education throughout the country. This view expressed by Marulcu and Sungur
(2012) supports research findings. Also, the view expressed by Kimmel et al. (2007) that understanding
the importance of engineering education from pre-school to high-school level brought this discipline to
the forefront is also parallel to the findings of this study. According to Bybee (2011), engineering
education is an important part of STEM education for students to effectively learn, do research and
solve the problems they face. The view expressed by Bybee (2011) is parallel to the results of this
research.

As a result, when the general structure and achievements of the 7th and 8th grade SLDC are
examined, it can be said that they are significantly influenced by the STEM education (83.00% of the
achievements). In this context, the following suggestions have been made based on the results obtained
from the research:

1) Given the general acquisitions of the 7th and 8th grades, 83.00% of the gains have been identified to
be associated with at least two STEM disciplines. Studies may be conducted to the integration of the
acquisitions with more STEM disciplines.

2) When the reflection of student characteristics aimed to be trained by STEM education to SLCD has
been examined, entrepreneurship is reflected 4.50% and cooperation 4.00%. Various studies may be
done by TTKB to increase the characteristics of student characteristics such as entrepreneurship and
cooperation.

3) Only 3 acquisitions in the 7th and 8th grades SLCD have been found to be related to all disciplines of
STEM. Further work can be done by TTKB to reflect all disciplines of STEM to SLCD.

4) Science Education program in different countries with STEM education may be compared with the
SLCD in Turkey.

449



Fahrettin KORKMAZ — Pegem Egitim ve Ogretim Dergisi, 8(3), 2018, 439-468

5) This research has examined science education curriculum in the context of STEM. Teaching programs
related to STEM discipline such as Technology and Design course, Mathematics may be examined in
the context of STEM disciplines.
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Tiirkge Siiriim

Giris

STEM, ingilizce Science, Technology, Engineering ve Mathematics kelimelerinin bas harflerinden
olusmus bir kisaltmadir (Breiner, Harkness, Johnson, & Koehler, 2012; Eroglu & Bektas, 2016; Sanders,
2009). STEM, Tirkge’ye uyarlanmis haliyle FeTeMM (Fen, Teknoloji, Mihendislik ve Matematik) kavrami
ile ifade edilmektedir (Corlu & Aydin, 2016; Oner & Capraro, 2016; Yamak, Bulut & Diindar, 2014).
FeTeMM, ilgili disiplinlerin bir arada ele alinmasina dayanan disiplinler arasi bir yaklasimdir (Yalgin, Kilig
& Atatay, 2016; Yildinm & Altun, 2014). FeTeMM egitimi; Fen, Teknoloji, Miihendislik ve Matematigin
birbiriyle entegre bir sekilde 6gretilmesini iceren; okul 6ncesinden yiiksek 6gretime kadar tim egitim
siirecini kapsayan ve egitimin ilerleyen asamasinda daha fazla kritik 6Gneme sahip bir egitim yaklasimidir
(Akglindiiz et al. 2015a; Basham & Marino, 2013; Bybee, 2011; Lamb, Akmal & Petrie, 2015). FeTeMM
kisaltmasinin tam olarak neyi ifade ettigi / kullanimina yénelik belirsizlik bulundugu yine FeTeMM
disiplinleri arasinda butiinlesmenin nasil saglanacagi konusu tartismalidir (Becker & Park, 2011; Bray,
2010; Eroglu & Bektas, 2016; Hsu, Lin & Yang, 2017; Kelley & Knowles, 2016; Wang, 2012).

FeTeMM'’ in tarihsel gelisimine ve farkl tlkelerde uygulanma durumuna bakildiginda Brown, Brown,
Reardon ve Merrill’e (2011) gore FeTeMM’ in ortaya cikisi; gelecekte is, kariyer, ekonomik ve egitim
alaninda rekabet edebilir profesyonellerin sayisinin azligindan dolayi kaygilardan kaynaklanmaktadir.
FeTeMM, ilk olarak 1990 yilinda Amerika Birlesik Devletleri’'nde (ABD) ortaya g¢ikmasina ragmen; ancak
2005 yilindan sonra diinya genelinde taninirligr artmistir. FeTeMM egitimi 6zellikle 2007 yilindan sonra
Avrupa’da daha fazla 6nem kazanmis; kisa siirede birgok Avrupa llkesinde uygulanmaya konulmustur
(Akgiindiiz et al. 2015a; Sanders, 2009). Diinyada teknoloji ve inovasyonda ilerlemeyi amaglayan birgok
tUlkenin egitim sistemlerinde FeTeMM’e yer verilmektedir. FeTeMM egitimi su anda ABD, Avrupa Birligi
tlkeleri, Japonya, Kore, Almanya ve Cin gibi onde gelen Ulkelerde yaygin olarak egitimin her
kademesinde uygulanmaya baslanmistir (MEB STEM Egitimi Raporu, 2016).

Bray’e (2010) gore FeTeMM disiplinleri uzun streden bu yana ABD’de yéneticilerinin dikkatini ceken
ve bilim, matematik, mihendislik alanlarindaki degerlendirmelerde ABD’yi en (ist seviyeye gikarmayi
amaglamaktadir. Bundan dolayl da FeTeMM egitimi ABD’de ulusal bir dncelik haline gelmistir. Yildirim ve
Altun’a (2014) gore ABD’de FeTeMM egitimi icin bircok FeTeMM merkezi kurulmustur ve prestijli
Universitelerin neredeyse hepsinde FeTeMM merkezleri vardir. Yine Clark ve Andrews’e (2010) gore
ingiltere’de FeTeMM disiplinlerinden miihendisligin okul miifredatina eklenmesi siklikla giindeme
gelmektedir. Trilling ve Fadel’e (2009) gore 21. ylzyilda gelismis Glkelerin tiimiinde farkh sekillerde
FeTeMM disiplinleri kullaniimaktadir.

FeTeMM egitiminin Ozelliklerine bakildiginda; farkl disiplinlerin bitlnlestirilmesi (Becker & Park,
2011; Brown et al. 2011; Corlu, 2012; Gonzalez & Kuenzi, 2012; Hsu et al. 2017; Kelley & Knowles, 2016;
Kennedy & Odell, 2014; Oner & Capraro, 2016; Yalcin et al. 2016); iiriin tasarimi (Gonzalez & Kuenzi,
2012; Giilhan & Sahin, 2016; Marulcu & Sungur, 2012; National Research Council [NRC], 2009; Sahin,
Ayar & Adigiizel, 2014; Trilling & Fadel, 2009); bilimsel arastirma (Bybee, 2011; MEB STEM Egitimi
Raporu, 2016; Kelley & Knowles, 2016; NRC, 2011; Trilling & Fadel, 2009; Yalgin et al. 2016) 6zelliklerinin
siklikla Gzerinde durulan kavramlar oldugu gortlmektedir.

FeTeMM egitimi Corlu’ya (2012) gore 6grenciler ve 6gretmenler tarafindan birden fazla STEM konu
alaninin kesisim noktasinda; is birligi icinde olusturulmus bilgi, beceri ve inang kiimesini icerir. FeTeMM,
fakh egitim kademelerinde 6grencilerin kendi gelecek ve kariyer se¢imleri hakkinda bilingli kararlar alma
kapasitelerine yardimci olan bir disiplinler bitiinidir. Gonzalez ve Kuenzi'ye (2012) goére FeTeMM
egitiminin rekabet edebilen bireyi 6n plana ¢ikardig1 soylenebilir. Baran, Bilici ve Mesutoglu’na (2015)
gore FeTeMM egitimi; Fen, Teknoloji, Matematik ve Mihendislik alanlarinin birbirinden izole bir sekilde
o6grenilmesi yerine, arastirma, tasarim, problem ¢6zme, takim calismasi ve etkili iletisim kurma gibi
becerilerin yani sira; 6zglin 6grenme etkinliklerine odaklanmaktadir.
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FeTeMM egitimine yonelik arastirmalar incelendiginde; Fen, Matematik, Teknoloji ve Mihendislik
alanlarinin birbirlerinden kopuk, ayri olarak 6gretilmesine tepki olarak; s6z konusu alanlarin birbirleriyle
iliskili bir sekilde biitiinlesik olarak 6gretiminin 6nemine vurgu yapilmaktadir (Bray, 2010; Brown et al.
2011; Gonzalez & Kuenzi, 2012; Kelley & Knowles, 2016). FeTeMM egitimi, teorik bilgilerin uygulama ve
Grine donusturilmesine olanak tanimasi agisindan olduk¢a 6nemlidir. ABD’de FeTeMM konusuna
yonelik kurumlarda yiritilen incelemelerde Fen, Matematik, Mihendislik ve Teknoloji alanindaki
calismalarin farkl birimler altinda yuritllse de bu disiplinlerdeki ¢alismalarin birbirleriyle entegre
edilmis oldugu gozlemlenmistir. FeTeMM uygulamalarinda s6z konusu dort alanin her defasinda
birbirleriyle butlinlestirilmesi sart olmayip; duruma gore iki alan da birbirleriyle iliskilendirilebilir.
Bununla birlikte FeTeMM egitiminde her ne kadar Fen Bilimleri, Matematik, Teknoloji ve Miihendislik
alanlarinin birbirleriyle iliskili 6gretimi amaglansa da esas vurgulanan noktanin teknoloji ve miihendislik
alanlari oldugunu séylemek mimkindir (Akglindlz et al. 2015a; Haciémeroglu & Bulut, 2016; Yamak et
al. 2014; Yildirim & Altun, 2014).

FeTeMM egitimiyle yetistirilmesi amaclanan 6grenci 6zelliklerinden baglaminda bakildiginda; bazi
6grenci 6zelliklerinin 6n plana c¢iktigi gortlmektedir. Bunlar; yaraticihk/Uretkenlik (Baran, Bilici,
Mesutoglu & Ocak, 2016; Bybee, 2011; NRC, 2009, 2011; Wang, 2012), girisimcilik (Akglindlz et al.
2015b; MEB STEM Egitimi Raporu, 2016; Wagner, 2008), arastiran/sorgulayan (Basham & Morino, 2013;
Bybee, 2011; NRC, 2009; Stohlmann & Roehrig, 2012), isbirligi (Corlu, 2012; Kennedy & Odell, 2014;
NRC, 2009, 2011; Sahin et al. 2014; Trilling & Fadel, 2009), kesif yapabilen (Kennedy & Odell, 2014);
cikarimda bulunma (NRC, 2009), iletisim kurabilme (Basham & Morino, 2013; Kennedy & Odell, 2014;
Trilling & Fadel, 2009), yenilik¢i diistinme (Gonzales & Kuenzi, 2012; Hsu et al. 2017; Sahin et al. 2014),
problem ¢ézme (Corlu, 2012; Kennedy & Odell, 2014; Kelley & Knowles, 2016; Trilling & Fadel, 2009)
seklinde siralanabilir.

Bybee’ye (2011) gore FeTeMM egitiminin ozellikle Fen ve Mihendislik uygulamalarinda 6grencilerin;
arastirma becerileri, is birligi icerisinde ¢alisma, inovasyonun yani sira yaraticilik, etkili iletisim ve
problem ¢6zme becerilerinin 6nemli oldugunu ifade etmektedir. Wang’a (2012) gére FeTeMM egitiminin
etkili bir sekilde uygulanabilmesi icin 6grencilerin etkili bir sekilde problem ¢dézme becerisine sahip
olmasi; problem ¢ozerken yaraticilik ve hayal giiclerini kullanabilmesi 6nemlidir. Stohlmann ve Roehrig’e
(2012) gore FeTeMM egitiminde Ogrencilerden beklenen 6zellikler arasinda 6grenmeyi 6grenme,
ogrencilerin diger akranlariyla is birligi icinde calismalarini saglama, kendisine sunulan bilgileri oldugu
gibi alma yerine sorgulama, problem ¢ézme becerileri 6n plandadir.

FeTeMM egitiminin gerekliligine yénelik farkli gerekgeler sunulmaktadir. Ornegin; bir tlkenin kiiresel
ekonomideki rekabet gilictinlin arttirilmasi agisindan FeTeMM egitimi 6nemli gorilmektedir (Breiner et
al. 2012; NRC, 2011). Wang, Moore, Roehrig ve Park’a (2011) gore kiiresel ekonomisi biiyliyen bir lilkede
rekabetci kalabilmek icin FeTeMM disiplinlerinde 06grencilerin basarilarini arttirmalari sarttir. Yine
FeTeMM egitimi, 6grenme konularinin ya da disiplinlerin birbirlerinden kopuk olarak 6grenilmesinden
ziyade belirli bir mantiksal ¢erceve icerisinde 6grenilmesinin gerekliligi Gzerinde durmaktadir. FeTeMM
egitimi, daha ¢ok uygulamanin 6n plana gikartildigi bir egitiminin gerekliligine vurgu yapmaktadir (Bray,
2010; NRC, 2009).

FeTeMM egitimi artik batun dinya (lkeler igin bir zorunluluk haline gelmistir ve FeTeMM'’e verilen
onem diinya genelinde artarak devam etmektedir (Marulcu & Sungur, 2012; Sanders, 2009). FeTeMM
egitimi basta ABD olmak Uzere Avrupa birligi Glkeleri, Cin, Rusya gibi neredeyse tiim gelismis Ulkelerde
siklikla kullanilmaktadir (Akgiindiiz et al. 2015b; Bray, 2010; Clark & Andrews, 2010; MEB STEM Egitimi
Raporu, 2016; NRC, 2009; Yildirnm & Altun, 2015). ABD’de FeTeMM egitimini etkili bir sekilde uygulamak
amaciyla okul ve universitelerde FeTeMM merkezleri kurularak buralarda tasarim ve inovasyon
aktiviteleri, FeTeMM ders plani atolyeleri olusturulmustur. Fen bilimleri egitimine énem veren ve
egitimde gelismenin temel sarti olarak fen bilimleri egitimini géren Cin’de FeTeMM egitimi 6zellikle son
yillarda yayginlikla uygulanmaktadir (MEB STEM Egitimi Raporu, 2016). Yine Smolentseva’ya (2015) gore
Rusya’nin egitim sistemi icerisinde FeTeMM egitiminin yayginlastiriimasi icin bircok girisim
bulunmaktadir. Avrupa Birligi lkelerinden Norve¢ ve ingiltere’de 2002’den itibaren, Hollanda’da
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2004’ten itibaren, Fransa ve Malta’da 2011 yilindan itibaren FeTeMM egitimi stratejik planlarda yer
almakta ve FeTeMM egitimine yonelik 6nemli ¢alismalar yapilmaktadir (MEB STEM Egitimi Raporu,
2016).

Turkiye’de ise FeTeMM egitiminin gerekliligine yonelik farkli uzman goruslerinden s6z edilebilir
(Akgiindiiz et al. 2015b; Altan, Yamak & Kirikkaya, 2016; Corlu, 2012, 2013; Corlu, Capraro & Capraro,
2014; Corlu, 2015; Yalgin et al. 2016; Yildirnm & Altun, 2014). Tirkiye’de FeTeMM yeni fark edilmeye
baslanmis; FeTeMM alaninda dikkate deger gelismeler yasanmistir (Yildinnm & Altun, 2014). Tirkiye’de
FeTeMM egitimine yonelik 2014 yilinda Tiirkiye Sanayici ve is adamlari Dernegi (TUSIAD) tarafindan ve
2016 yilinda MEB tarafindan hazirlanan raporlar, istanbul Aydin Universitesi tarafindan gerceklestirilen
proje bulunmaktadir. Tiirkiye’de son yillarda yapilan girisimler ve projelere ragmen; ulusal ve uluslararasi
sinavlar ve raporlarda 6grencilerin fen ve matematik alanlarindaki durumunun istenilen diizeyin cok
altinda olmasi Tirkiye’de FeTeMM egitiminin uygulanmasini bir zorunluluk haline getirmektedir. Ancak
FeTeMM egitimi alaninda yapilan galismalarin yetersiz oldugu ifade edilmektedir (Akglindliz et al. 2015b;
Altan et al. 2016; Bektas & Eroglu, 2016; Marulcu & Sungur, 2012; MEB STEM Egitimi Raporu, 2016).

FeTeMM egitiminin Tirkiye’de uygulanmasi icin birtakim zorluklar bulunmaktadir. Bunlarin basinda
var olan 0gretim programlariyla FeTeMM egitiminin gerceklestirilmesi mimkiin gérilmemektedir. Yine
O0gretmenlerin FeTeMM egitimine uygun olarak yetistirilmesi, gerekli materyallerin saglanmasi ve
kazanim sayilarinin azaltilmasi diger sorunlar olarak goriilmektedir (Bektas & Eroglu, 2016; Yalgin et al.
2016; Yamak et al. 2014).

Bu arastirma kapsaminda incelenen 7 ve 8. sinif Fen Bilimleri Dersi Taslak Ogretim Programi
(FBTOP)’nin 2017 yilinda MEB tarafindan hazirlanarak internet ortaminda paydaslarin ve kamuoyunun
goriis ve oOnerilerine sunulmustur. Toplam 15 béliimden olusan FBTOP’de amag¢ ve kazanimlari
ogrencilerin yurt ici/disi rekabet edebilecek firsat esitligine sahip olabilmelerini amaglanmaktadir.
FBTOP’deki veriler, diinya dlceginde egitimde basari gdsteren Ulkeler ve Tiirkiye’deki farkli kurumlar
tarafindan c¢alisma sonuglarindan elde edilen bulgu ve oOnerilerden elde edilmistir. Yine
ulusal/uluslararasi sinav sonuglarindaki veriler FBTOP’(in gelistirilmesinde yararlanilan diger kaynaklar
olarak ifade edilmektedir (http://mufredat.meb.gov.tr/Programlar.aspx).

FeTeMM egitimine yonelik Eroglu ve Bektas (2016) tarafindan STEM egitimi almis fen bilimleri
o6gretmenlerinin STEM temelli ders etkinlikleri hakkindaki gorisleri ¢alismasi; Gilhan ve Sahin (2016)
tarafindan Fen, Teknoloji, Mihendislik, Matematik entegrasyonunun (STEM) 5. sinif 6grencilerinin bu
alanlarla ilgili algi ve tutumlarina etkisi; Corlu (2012) tarafindan “A pathway to STEM education:
Investigating pre-service mathematics and science teachers at Turkish universities in terms of their
understanding of mathematics used in Science” konulu galismalarindan s6z edilebilir.

Bir ulkenin gelismesi ve istenilen seviyeye gelmesi agisindan yenilikleri takip etmesi, 6gretim
programlarini yeniliklere uygun bir sekilde siirekli revize etmesinin 6nemli oldugu distnilmektedir. Bu
baglamda FeTeMM'’in 2017 yilinda sunulan FBTOP’e hangi oranda yansitildiginin incelenmesi énemli
gorilmektedir. Fen bilimleri egitiminin kalitesini artirmada 6gretim programlarinin olduk¢ca 6nemli
oldugunu ifade eden Unal, Costu ve Karatas (2004) yeni programlarin elde edilen veriler i1siginda
gelistiriimesinin 6nemine vurgu yapmaktadir. Bu baglamda bu galisma; taslak olarak sunulan Fen
Bilimleri 6gretim programina veri saglamasi agisindan énemli gérilmektedir. Yine bu ¢alismanin giktilari;
FeTeMM egitiminin FBTOP’e hangi oranda yansitildiginin ortaya konulmasi; FeTeMM disiplinlerinin
FBTOP’e yansitiimasi noktasinda eksikliklerin gériilmesine acisindan énemli gériilmektedir. Yine bu
calismanin ciktilari; FBTOP’deki kazanimlarda FeTeMM disiplinleri arasinda entegrasyonun hangi oranda
gerceklestirildiginin ortaya konulmasi gerek taslak olarak sunulan gerekse de ileride Fen Bilimlerine
yonelik gergeklestirilecek program gelistirme c¢alismalarina katki saglamasi agisindan 6nemli
gorilmektedir.

Bu calismanin temel amaci 2017 yilinda MEB tarafindan gelistirilen Fen Bilimleri taslak 6gretim
programinin FeTeMM egitiminden hangi oranda etkiledigini ortaya cikarmaktir. Bu temel amag
dogrultusunda asagidaki problem climlelerine yanit aranmistir:
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1) FeTeMM egitimi ve FeTeMM egitimiyle yetistirilmesi amaglanan o6grenci ozellikleri baglaminda
FeTeMM; FBTOP’e hangi oranda yansitilmigtir?

2) FeTeMM disiplinlerinin 7. simif FBTOP kazanimlarina yénelik dagilimi nasildir?

3) FeTeMM disiplinlerinin 8. sinif FBTOP kazanimlarina yénelik dagiimi nasildir?

Yontem

Calismanin bu boéliimiinde arastirma modeli, verilerin toplanmasi ve verilerin analizi kisimlarina yer
verilmistir.

Arastirma Modeli

Calismada nitel arastirma yontemlerinden dokiman incelemesi yontemi kullaniimistir. Dokiiman
incelemesi, arastirilan kavramlar hakkinda bilgi iceren yazilh kaynaklarin analiz edilmesi (Cepni, 2007);
metinleri kullanarak gecerli ve guvenilir ¢ikarimlar yapmak icin uygulanan bir arastirma yontemidir
(Krippendorff, 2004). Egitimle ilgili bir arastirmada ders kitaplari ve egitim programlarinin veri kaynagi
olarak kullanilabileceginin ifade eden Yildirim ve Simsek’e (2013) gére dokiiman incelemesi 5 asamadan
olusmaktadir. Dokiimana ulagsma asamasinda hangi dokiimanlara ihtiya¢ oldugu, bu dokiimanlara
nereden ulasacagina arastirma problemi ¢ercevesinde karar vermelidir. Dokiimanlara mimkdinse yetkili
kaynaklardan ulasmasi gerekmektedir. ikinci olarak dokiimanin orijinalligini kontrol etme asamasinda,
kaynagin asil kaynaktan alinmasina ve dokiiman (zerinde degisiklik yapilmamis olmasina dikkat
edilmelidir. Uglincii olarak dokiimanlari anlama asamasinda, dokiiman belirli bir sistem icerisinde
anlasilip ¢oziimlenmeye ¢alisilir. Dokiimanda elde edilen bulgular farkl ¢alismalar tarafindan teyit edilip
edilmedigi ortaya konulmaya calisilir. Dordlnci olarak veriyi analiz etme asamasinda dokiman
arastirmanin amacina uygun olarak ayrintili bir icerik analizine tabi tutulmasi gerekir. Besinci olarak
veriyi kullanma asamasinda ise verilerin dogru olarak yorumlanmasina dikkat edilmelidir. Bu arastirma
kapsaminda dncelikle MEB resmi internet sitesinden FBTOP’e ulasiimis; veriler orijinal haliyle pdf dosyasi
seklinde bilgisayara aktariimistir. Sonraki asamada FBTOP’de belirlenen kazanimlar ayrintisiyla
incelenerek anlasilmaya calisiimistir. FeTeMM disiplinlerinin FBTOP’deki kazanimlara yénelik nasil bir
dagihm gosterdigi arastirmacilar tarafindan olusturulan degerlendirme formu araciligiyla analiz edilerek
arastirma kapsaminda kullaniimistir. Yine FeTeMM egitiminin 6zellikleri ve FeTeMM egitimiyle nasil bir
dgrenci yetistirmeyi amacladigina yénelik FBTOP’deki agiklamalar kisminin incelenmesinde ayni siireg
takip edilmistir.

Verilerin Toplanmasi

MEB tarafindan hazirlanan FBTOP’e bakanligin resmi internet sayfasindan ulasilmis; veriler pdf
formatinda ilgili internet sitesinden elde edilmistir. Veri kaynaginda s6z konusu taslak o6gretim
programinin nasil hazirlandigl, taslak program hazirlanirken verilerin nasil elde edildigi, kanitlarin nasil
saglandigl ve neden programda yenileme c¢alismasina ihtiya¢ duyulduguna yonelik agiklamalar kismi
incelenmistir. Ayrica 7 ve 8. sinif kazanimlar ilgili internet sitesinden pdf formatinda bilgisayara
aktarilmis ve tablolastirilarak FeTeMM disiplinleri baglaminda incelenmistir.

Verilerin Analizi

Verilerin analizinde iki farkli analiz yéntemi kullaniimistir. FBTOP 7 ve 8. sinif genel yapisinin
incelendigi kisimda icerik analizi yontemi kullanilmistir. icerik analizi, birbirine benzeyen verileri belirli
kavramlar ve temalar altinda bir araya getirerek toplanan verileri, verilerin birbirleriyle iliskilerini
aciklayabilecek bir analiz tiri oldugu soéylenebilir. Bu baglamda verilerin kavramsallastiriimasi ve
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temalara (kategorilere) ulasilarak mantikli bir bicimde agiklama yapilmasi 6nemlidir (Yildirnm & Simsek,
2013). Bu arastirma kapsaminda verilerin analizi 6ncesinde ilgili literatiir taranmis ve FeTeMM ile ilgili
makaleler, raporlar ve kitaplar incelenmistir. Sire¢ sonunda, FeTeMM egitimiyle vyetistiriimesi
amaglanan o6grenci Ozellikleri ve FeTeMM egitimi Ozellikleri temalarina ulasilmis, bu temalara uygun
olarak alt temalar belirlenmistir. ikinci olarak ise FeTeMM disiplinlerinin FBTOP 7. ve 8. sinif kazanimlari
cercevesinde nasll bir dagilim gosterdigini belirlemede betimsel analiz yontemi kullaniimistir. Betimsel
analiz, 6nceden belirlenen temalara gore 6zetlenir ve yorumlanir (Yildirnm & Simsek, 2013). Bu arastirma
kapsaminda FeTeMM disiplinleri tema; Fen, Teknoloji, Matematik ve Mihendislik alanlari ise alt tema
olarak kullanilmistir. Tema ve alt temalar dnceden belirlendiginden dolayi betimsel analiz yontemi tercih
edilmistir. Sonraki asamada FBTOP’e MEB’in internet sayfasindan ulasilarak 7 ve 8. sinifa yonelik
kazanimlar excell ortaminda tablolastirilmistir. Kazanimlar tablonun yatay kismina, FeTeMM disiplinleri
ise dikey kismina yerlestirilmistir. FBTOP’deki kazanimlar ile FeTeMM disiplinlerinin kesisim noktalari
kodlanmistir. FBTOP’de 7. sinifa iliskin 78 ve 8. sinifa iliskin 70 kazanimin timiiniin ¢alisma kapsaminda
verilmesi mimkiin olmadigindan dolayr kazanimlar o6rnek kazanimlar seklinde verilmis; ayrica
kazanimlarin tima Ek. 1 ve Ek. 2 dosyalarinda sunulmustur.

FeTeMM disiplinlerinin FBTOP’deki kazanimlara dagilimina (Fen-Mihendislik; Fen-Teknoloji; Fen-
Matematik-Miihendislik gibi) yénelik genel toplam kazanim sayisi ve yiizdelikler verilmistir. Ornegin;
“Teknoloji ile uzay arastirmalari arasindaki iliskiyi agiklar” kazanimi Fen disipliniyle teknoloji disiplininin
kesisim noktasina kodlanmistir. Clinkli kazanimda 6grenciden Fen bilimleri ile teknoloji arasinda bag
kurmasi amaglandigi distintilmektedir. Yine baska bir kazanimda “Basit bir teleskop modeli hazirlayarak
sunar.” Ogrenciden teknoloji ve miihendislik alanlarini kullanarak teleskop modeli hazirlamasi
istenmektedir. Bundan dolayr bu kazanim Fen-Teknoloji-Mihendislik disiplinlerinin kesisim noktasina
kodlanmistir. Yine Matematik-MuUhendislik-Fen iligkisinin kodlandigi kazanima ornek olarak “Fiziksel
anlamda yapilan isin, uygulanan kuvvet ve alinan yolla iliskili oldugunu agiklar.” seklinde ifade edilmistir.
Ogrencinin is-kuvvet-alinan yolla ilgili bir islem yapabilmesi icin matematik disiplinini kullanmasi
gerekmekte; yine ayni islemi yapabilmesi icin mihendisligin bir dal olan fizik ile ilgili bilgi sahibi olmasi
gerektigi dislinilmis; bundan dolayi s6z konusu kazanimin Matematik-Muhendislik-Fen kazanimlarinin
kesisim noktasina kodlanmistir. FBTOP’deki bazi kazanimlar STEM disiplinlerinden herhangi birisinin
kapsami icerisinde olmadigi gériilmiistiir. Ornek olarak; “Cocukluktan ergenlige geciste olusan bedensel
ve ruhsal degisimleri aciklar.” kazanimi Fen bilimleri ile psikoloji arasinda oldugu goériilmis; bu kazanim
sadece Fen Bilimleri kazanimi olarak degerlendirilmistir. Kodlama iki farkh arastirmaci tarafindan
bagimsiz bir sekilde ayri olarak yapilmig; ayrica goruslerine miracaat edilmek Uzere Uglinci bir
akademisyen de ¢alisma slrecine yardimci olmustur.

Arastirmacilar tarafindan yapilan kodlamada 18 kazanimda farkhhk ortaya cikmistir. Kodlama
sirecinde goérus ayriigina dastlen kazanimlarda, kazanimlarin FeTeMM disiplinlerinden
hangisi/hangilerinin altinda kodlanacagiyla ilgili kodlama yapan uzmanlar tarafindan gerekgeleriyle
ortaya konulmus ve akademisyenin de goriisii alinarak oy ¢oklugu dogrultusunda kodlamaya son sekli
verilmistir. Kodlamanin tutarliligi i¢cin Miles ve Huberman (1994) tarafindan 6nerilen gorus birligi / (gorus
birligi + goris ayriigl) X 100 formili kullanilarak yapilan hesaplama sonucunda 7 ve 8. sinif FBTOP
kazanimlarinin geneline yonelik iki kodlayici arasindaki uyusma orani. 88 olarak hesaplanmistir. Bu
sekilde ¢alismanin givenirligi saglanmaya calisilmistir. Arastirmada birden ¢ok arastirmacinin bulunmasi
ve calismanin uzlasma ile birlikte yiritiilmesi, kodlama karsilastirmalarinin yapilmasi, arastirmayi
arastirmacilarin  kendi goruslerinden ziyade; elde edilen verilere dayali olmasi, arastirmanin
guvenirligiyle ilgilidir (Atici, 2010). Gorismelerle ayrintili ve derinlemesine veri toplanmasi, verilerin
raporlastiriimasi, dogrudan alintilara yer verilmesi, kodlama siirecinde birden fazla arastirmacinin birlikte
calismasi gegerlilik igin yapilan galismalardir (Yildirim & Simsek, 2013). Bu arastirma kapsaminda 7 ve 8.
sinif FBTOP’e yonelik rnek kazanim ifadelerine yer verilerek gegerlilik saglanmaya calisiimistir.
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Bulgular

Arastirmanin bu kisminda arastirma problemine iliskin bulgular tablolastirilarak sunulmustur.

Birinci Alt Probleme iliskin Bulgular

Arastirmanin birinci alt problemi “STEM egitimi ve STEM egitimiyle yetistirilmesi amaglanan 6grenci
dzellikleri baglaminda FeTeMM; FBTOP’e hangi oranda yansitilmistir?” seklinde diizenlenmistir. FeETEMM
egitimi ve STEM egitimiyle vyetistirilmesi amaglanan o6grenci ozelliklerinin FBTOP’ii hangi oranda
etkiledigini gosteren FeTeMM egitimi temalari, alt temalar, frekans ve yuzdelige iliskin bulgular Tablo
1’de sunulmusgtur.

Tablo 1.
FeTeMM Egitimi ve FeTeMM Egitimiyle Yetistirilmesi Amaclanan Ogrenci Ozelliklerinin 7 ve 8. Sinif
FBTOP’e Yansimasini Gésteren Tablo.

FeTeMM Egitimi Temalari Alt Temalar f %
% S @z Yaraticilik/Uretkenlik 24 13.50
€ f_% g Girisimcilik 8 4.50
;:.;:_," g ; Arastiran/sorgulayan 42 23.70
s 5z is birligi 7 4.00
= é T Kesif yapabilen 29 16.30
E = fg Cikarimda bulunma 14 8.00
.E" § iletisim kurabilme 10 5.60
> Yenilik¢i Diisiinme 19 10.70
Problem ¢ozme 24 13.50

SES @ Uygulama agirlikli 61 25.00
= EXE Farkl disiplinleri bitiinlestirme 97 39.60
E wo Uriin tasarimi 55 22.70
© Bilimsel arastirma 31 12.70

Tablo 1 incelendiginde, FeTeMM egitimiyle yetistiriimesi amaclanan &grenci dzelliklerinin FBTOP’e
ybnelik yansimasi incelendiginde; vyaraticilik/retkenlik 24 (% 13.50); girisimcilik 8 (% 4.50);
arastiran/sorgulayan 42 (% 23.70); is birligi 7 (% 4.00); kesif yapabilen 29 (% 16.30); ¢ikarimda bulunma
14 (% 8.00); iletisim kurabilme 10 (% 5.60); yenilik¢i diistinme 19 (% 10.70); problem ¢6zme 24 (% 13.50)
frekans degerleri tespit edilmistir. FeTeMM egitimi 6zelliklerinin FBTOP’e yansimasi baglaminda;
uygulama agirlikh 61 (% 25.00); farkh disiplinleri bittnlestirme 97 (% 39.60); Girlin tasarimi 55 (% 22.70);
bilimsel arastirma 31 (% 12.70) frekans degerleri tespit edilmistir.

ikinci Alt Probleme iliskin Bulgular

Arastirmanin ikinci alt problemi “FeTeMM disiplinlerinin 7. sinif FBTOP kazanimlarina yonelik dagilimi
nasildir?” seklinde diizenlenmistir. FeTeMM disiplinlerinin 7. sinif FBTOP kazanimlarina yonelik
dagilimina iliskin 7. sinif FBTOP 6rnek kazanimlari, FeTeMM disiplinleri, genel kazanim sayisi ve yiizdelige
iliskin bilgiler Tablo 2’de sunulmustur.

Tablo 2’de bir kismi verilen tablonun timi degerlendirildiginde, FeTeMM disiplinlerinin 7. sinif
FBTOP kazanimlarina yénelik dagilimina iliskin 17 (% 21.80) kazanimin Fen—Teknoloji; 28 (% 35.90)
kazanimin Fen-Mihendislik; 9 (% 11.50) kazanimin Fen-Matematik-Muhendislik; 10 kazanimin (% 12.80)
Fen-Teknoloji-Mihendislik; 3 kazanimin (% 3.90) Fen-Matematik-Mihendislik-Teknoloji oldugu tespit
edilmistir. Ayrica 11 (% 14.10) kazanimin sadece Fen Bilimleri disipliniyle ilgili oldugu tespit edilmistir.
Genel olarak STEM disiplinlerinin 7. sinif FBTOP kazanimlarina yénelik dagilimi incelendiginde; 78
kazanim igerisinde en fazla dagilimin 28 (% 35.90) kazanimla Fen-Mihendislik disiplinleri arasinda oldugu
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tespit edilmistir. Kazanimlarin tamamini makale igerisinde vermek miimkiin olmadigindan dolayi; 7. sinif
FBTOP'deki kazanimlarin tiimii Ek. 1’de sunulmustur.

Tablo 2.
FBTOP 7. Sinif Ornek Kazanimlar, FeTeMM Disiplinleri, Genel Kazanim Sayisi ve Genel Yiizdelik Tablosu.

FeTeMM
Disiplinleri

>
>
o
(%]
€ X
~ c K9]
T - 2 8 R
N I
g g £ 2 2
” 3 . © = =} < o o
Ornek kazanim ifadeleri S 2 s @ 0 0
Uzay teknolojilerini agiklar. X X 17 21.80
Teknoloji ile uzay arastirmalari arasindaki iliskiyi aciklar. X X
Gunlik hayattan bir problemi tanimlar. X X 28 35.90
Problem i¢cin  muhtemel ¢6zimler Uretir ve bunlan X X
karsilagtirarak kriterler kapsaminda uygun olani seger.
Yakin gevresinde atik kontroliine 6zen gosterir. X 11 14.10
Cocukluktan ergenlige geciste olusan bedensel ve ruhsal X
degisimleri aciklar.
Sdrtinme  kuvvetinin  kinetik enerji  lGzerindeki etkisini X X X 9 11.50
orneklerle agiklar.
Bir devre elemaninin uglari arasindaki gerilim ile tzerinden X X X
gecen akimi iligkilendirir.
Gelecekteki enerji muhendisligi uygulamalarinin  neler X X X 10 12.80
olabilecegi hakkinda tahminde bulunur.
Ozgiin bir aydinlatma araci tasarlar. X X X
Ayna veya mercekleri kullanarak bir gorintileme aracc X X X X 3 3.90
tasarlar.

Isigin kirlmasini, ince ve kalin kenarli mercekler kullanarak X X X X
deneyle gozlemler.

Ugiincii Alt Probleme iliskin Bulgular

Arastirmanin {iclincii alt problemi “FeTeMM disiplinlerinin 8. sinif FBTOP kazanimlarina ydnelik
dagihmi nasildir?” seklinde diizenlenmistir. FeTeMM disiplinlerinin 8.sinif FBTOP kazanimlarina yonelik
dagihmina iliskin 8. sinif FBTOP 6rnek kazanimlari, FeTeMM disiplinleri, genel kazanim sayisi ve genel
ylzdelige iliskin bilgiler Tablo 3’te sunulmustur.

Tablo 3’de bir kismi verilen tablonun timii degerlendirildiginde, FeTeMM disiplinlerinin 8.sinif FBTOP
kazanimlarina yonelik dagilimina iliskin 4 (% 5.80) kazanimin Fen—Teknoloji; 33 (% 47.20) kazanimin Fen-
Muhendislik; 5 (% 7.10) kazanimin Fen-Matematik-Muhendislik; 11 (% 15.70) kazanimin Fen-Teknoloji-
Mihendislik; 3 (% 4.20) kazanimin Fen-Matematik-Miihendislik-Teknoloji oldugu tespit edilmistir. Ayrica
14 (% 20.00) kazanimin sadece Fen Bilimleri disipliniyle ilgili oldugu tespit edilmistir. Kazanimlarin
tamamini makale icerisinde vermek miimkiin olmadigindan dolayi; 7. sinif FBTOP’deki kazanimlarin
timdi Ek. 2'de sunulmustur.

457



Fahrettin KORKMAZ — Pegem Egitim ve Ogretim Dergisi, 8(3), 2018, 439-468

Tablo 3.
FBTOP 8. Sinif Ornek Kazanimlar, FeTeMM Disiplinleri, Genel Kazanim Sayisi ve Genel Yiizdelik Tablosu.

FeTeMM
Disiplinleri

=
>
©
(%]
€ X
~ c o]
e 2 2 = >
Q c 2 [} [}
” 3 . © = =} < 5 5
Ornek kazanim ifadeleri S Q2 s @ 0 0
Kati, sivi ve gazlarin basing 06zelliklerinin giinlik yasam ve X X 4 5.80
teknolojideki uygulamalarina érnekler verir.
Kaynaklarin tasarruflu kullanimina yonelik proje tasarlar. X X
Gunlik hayattan bir problemi tanimlar X X 33  47.20
Problem igcin muhtemel ¢o6zimler {retir ve bunlari X X
karsilagtirarak kriterler kapsaminda uygun olani seger.
Akraba evliliklerinin sonuglarini tartisir. X 14 20.00
Evlerde elektrigi tasarruflu kullanmaya 6zen gosterir.
Tek karakter caprazlamalari ile ilgili problemler ¢ozerek X X X 5 7.10
sonuglar hakkinda yorum yapar.
Maddelerin asitlik ve bazlik durumlarina iliskin pH degerlerini X X X

kullanarak ¢ikarimda bulunur.

Genetik mihendisligini ve biyoteknolojiyi iligkilendirir. X X X 11 15.70

Ozgiin bir aydinlatma araci tasarlar. X X X

Elektrik enerjisinin 1si, 151k veya hareket enerjisine donisimini X X X X 3 4.20
temel alan bir model tasarlar.

Gl santrallerinde elektrik enerjisinin nasil dGretildigini aciklar. X X X X

Tartisma, Sonug ve Oneriler

Arastirma, FeTeMM’in 2017 yilinda MEB tarafindan taslak olarak sunulan Fen Bilimleri 7 ve 8. sinif
O6gretim programina hangi oranda vyansitildigini ortaya c¢ikarmayr amaglamaktadir. Bu amag
dogrultusunda; FBTOP’deki aciklamalar kismi, FeTeMM egitimi ve FeTeMM'’in yetistirmeyi amacladig
dgrenci o6zellikleri baglaminda; kazanimlar kismi ise, FeTeMM disiplinlerinin FBTOP’deki kazanimlara
yonelik nasil bir dagihm gosterdigi incelenmistir.

FeTeMM egitimiyle yetistirilmesi amaclanan dgrenci dzelliklerinin FBTOP’e hangi oranda yansitildig
incelendiginde; vyaraticilik/tretkenlik, girisimcilik, arastiran/sorgulayan, is birligi, kesif yapabilen,
cikarimda bulunma, iletisim kurabilme, yenilikgi dlisinme, problem ¢ézme 6zelliklerinden frekans degeri
en ylksek olan 6zelligin arastiran/sorgulayan 42 (% 23.70) 68renci 6zelligi oldugu sonucuna ulasiimistir.
FeTeMM egitiminde Ogrencilerin arastirma yapmasi ve arastirma silrecinde ulastiklari bilgileri
sorgulayarak edinmelerinin 6nemli oldugu dusinilmektedir. Yine FeTeMM ile amaglanan 6grenci
Ozellikleri arasinda arastiran/sorgulayan ogrenci 6zelligi yaraticilik/Gretkenlik, isbirligi icinde ¢alisma,
problem ¢6zme becerisi gibi diger ozelliklerin kesisim noktasinda oldugu soylenebilir. Clnki bireyin
yaratici Uretken olabilmesi, kesif yapabilmesi i¢in dncelikle bir arastirma sorgulama sirecine girmesini
gerektirmektedir. Bununla birlikte FBTOP’de girisimcilik ve isbirligi gibi 6grenci ozelliklerinin diger
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ogrenci ozelliklerine gore oran olarak oldukga disiik oldugu tespit edilmis; bu 6zelliklerin arttirilmasinin
onemli oldugu disiinilmektedir. Wang’in (2012) Fen Bilimleri 6gretmenlerinin FeTeMM uygulamalarina
yonelik algilari Gzerine yaptigl ¢alismada FeTeMM egitiminin entegrasyonu icin 6grencilerde bulunmasi
gereken 6zelliklerin baginda bagimsiz diistince, problem ¢6zme, yaraticilik, agik fikirlilik ve hayal glictiniin
etkili kullanimi oldugunu ifade etmistir. NRC (2009) tarafindan yapilan galismada FeTeMM egitiminin
ABD icin 6nemine vurgu yaptiktan sonra muhendislige yonelik 21. yizyilda vatandaslar icin temel
beceriler olarak sistemli diisinmek, yaraticilik, iyimserlik, is birligi, iletisim ve etik konularina dikkat
cekmektedir. NRC (2011) raporuna gore yaraticilik, takim olarak is birligi icerisinde ¢alisma, kisiler arasi
etkili iletisimin ilkokuldan liseye kadar egitim programlari icerisinde etkili kullaniminin Gzerine vurgu
yapmaktadir. Bybee (2011) tarafindan yapilan ¢alismada FeTeMM egitimi uygulamalarinda ilkokuldan
Universiteye ozellikle Fen ve Mihendislik uygulamalarinda is birligi, yenilik¢i disinme, yaraticilik,
arastiran, etkili iletisim ve problem ¢ézme becerilerinin 6nemli oldugunu ifade etmektedir. Basham ve
Morino’ya (2013) goére FeTeMM egitiminde arastiran/sorgulayan, etkili iletisim kurabilen bireylerin
kendini etkili bir sekilde tanimlamada daha basarili olduguna dikkat ¢ekmektedir. Stohlmann ve
Roehrig’e (2012) gore FeTeMM egitiminde; 6grenmeyi 6grenme, is birligi icinde 6grenme, sorgulama,
problem ¢ozme becerileri lzerinde durulmalidir. Yildinm ve Altun’a (2015) gore FeTeMM egitimi
icerisinde yenilik¢i dislinmenin ayri bir yeri ve 6nemi vardir. Bu baglamda 06grencilerde yenilikgi
disiincenin gelistirilmesi icin FeTeMM’in dort disiplinin birbiriyle iliskili bir sekilde 06gretilmesi
gerekmektedir. Kennedy ve Odell (2014), FeTeMM egitiminin 6grencilerin is birligi icerisinde galismasini
ve yenilik¢i diisinmeyi 6n plana gikarttigini ifade etmektedir. Arastirma sonuglari NRC (2011), Kennedy
ve Odell (2014), Basham ve Morino (2013), Yildirim ve Altun (2015)'un FeTeMM egitiminden beklenen
ogrenci ozellikleri baglaminda ifade ettikleri géruslerle 6rtismektedir.

FeTeMM egitimi 6zelliklerinin FBTOP’e yansimasi baglaminda incelendiginde ise uygulama agirlikhi
olmasi, farkli disiplinleri bitlinlestirme, Griin tasarimi, bilimsel arastirma 6zelliklerinden frekans degeri
en yiksek FeTeMM egitimi o6zelliginin farklh disiplinleri buttinlestirme 97 (% 39.60) oldugu sonucuna
ulagilmistir. FeTeMM egitimi baglaminda en fazla frekans degerinin farkli disiplinleri butiinlestirme
bulgusu FeTeMM’in amaglariyla paralellik gostermektedir. FeTeMM’de 6ncelikli amacin s6z konusu dort
disiplinin birbirine entegre bir sekilde 6gretilmesi oldugu soylenebilir.

Baran vd.(2016) tarafindan yapilan calismada FeTeMM egitiminde disiplinlerin kesisimi, FeTeMM
alanlarinin birbirine bagl olmasi acisindan 6nemlidir. FeTeMM egitim disiplinlerini bir tnite ya da bir
etkinlik igerisinde bir araya getiren igerigin bitilnlestirilmesi énemlidir. FeTeMM egitimine ydnelik
yapilan farkh ¢alismalarda FeTeMM disiplinlerinin birbirlerinden kopuk ayri olarak 6gretilmesine tepki
olarak; birbirleriyle iliskili bir sekilde/butiinlestirerek 6gretiminin énemine vurgu yapilmaktadir (Bray,
2010; Brown et al. 2011; Gonzalez & Kuenzi, 2012; Kelley & Knowles, 2016). Stohlmann ve Roehrig’e
(2012) gore gercek yasamla FeTeMM uygulamalari arasinda dogal bir baglanti bulunmaktadir.
Ogretmenlerin hem gercek yasam-FeTeMM uygulamalari arasinda bag kurmasi hem de FeTeMM
disiplinlerini birbirlerine entegre ederek dersi islemeleri gerekmektedir. Hsu vd.(2017) tarafindan yapilan
calismada FeTeMM egitiminde FeTeMM disiplinlerinin bitlnlestirerek 6gretmenin/6grenmenin énemli
olduguna vurgu yapmiglardir. Morrison’a (2006) gére FeTeMM egitimi bir meta-disiplindir; fen bilimleri,
matematik, mihendislik, teknoloji gibi farkh disiplinlerdeki bilgilerin bir bitlin olarak bitlinlestirilmesine
dayanan; s6z konusu disiplinler arasinda gegisken bir kdpri kurmasi FeTeMM’in 6nemli 6zelligidir. Yine
Kennedy ve Odell’a (2014) gore FeTeMM farkli disiplinleri ortak bir c¢ati altinda toplayan birbirleriyle
iliskili hem o6gretmenlerin hem de 0Ogrencilerin bir arada calismasina imkan taniyan birbirlerinin
deneyimlerini paylasmalarina imkan taniyan bir yaklasimi ifade eder. Arastirmanin sonuglari Gonzalez ve
Kuenzi (2012), Bray (2010), Kelley ve Knowles (2016), Brown vd.(2011), Stohlmann ve Roehrig (2012),
Morrison (2006), Kennedy ve Odell’in (2014) gorusleriyle 6rtiismektedir.

Arastirmanin ikinci alt problemi olan FeTeMM disiplinlerinin 7. sinif FBTOP kazanimlarina yénelik
dagihmina iliskin sonuglar incelendiginde; en fazla kazanimin 28 (% 35.80) kazanimla Fen-Miihendislik
disiplinleri arasinda; en az kazanimin ise 9 (% 11.50) kazanimla Fen-Matematik-Miihendislik disiplinleri
arasinda dagilim gosterdigi tespit edilmistir. 7. sinif FBTOP’deki toplam 78 kazanimdan 67’sinin en az iki
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FeTeMM disiplini arasinda dagilim gdsterdigi; diger bir ifadeyle FeTeMM disiplinlerinin 7. sinif FBTOP
kazanimlarina dagiliminin % 86.00 oraninda oldugu tespit edilmistir.

Arastirmanin {giinci alt problemi olan FeTeMM disiplinlerinin 8. sinif FBTOP kazanimlarina yénelik
dagihimina iliskin sonuglari incelendiginde; en fazla kazanimin 33 (% 47.20) kazanimla Fen-Miihendislik
disiplinleri arasinda; en az kazanimin ise 3 (% 4.20) kazanimla Fen-Matematik-Mihendislik-Teknoloji
disiplinleri arasinda oldugu tespit edilmistir. 8. sinif FBTOP’deki toplam 70 kazanimdan 56’sinin en az iki
FeTeMM disiplini arasinda dagihm gosterdigi; diger bir ifadeyle STEM disiplinlerinin 8. sinif FBTOP
kazanimlarina dagiliminin % 80.00 oraninda oldugu tespit edilmistir. 7. siniftaki 78 ve 8. siniftaki 70
FBTOP kazanimi toplami géz dniinde bulunduruldugunda, 148 kazanimdan 123’tniin en az iki FeTeMM
disiplini arasinda dagilim gosterdigi; FeTeMM disiplinlerinin 7 ve 8. sinif FBTOP kazanimlarina dagiliminin
% 83.00 oraninda oldugu tespit edilmistir. 7.ve 8.sinif FBTOP kazanim dagihimlarinin FeTeMM
baglaminda birbirine yakin sonuglara ulasildigi séylenebilir. Bu durum FeTeMM egitiminin farkli
siniflarda tutarli bir sekilde dagilim goésterdigi séylenebilir. Yine 7.ve 8.sinif FBTOP kazanimlarinin her
ikisinde de en fazla kazanimin Fen-Muhendislik disiplinleri arasinda dagilim géstermesi; en az kazanimin
ise  Fen-Matematik-Muhendislik-Teknoloji disiplinleri arasinda olmasi farkli siniflardaki kazanimlar
arasinda bir tutarlihgin géstergesi olarak yorumlanabilir.

Akglindiz vd. (2015b) gore yenigag bireylerden Uretici olmasini beklemekte; bu durum ise bireylerin
tUretkenliklerini ortaya koyabilmesi igin bircok alanda yeterli bilgi birikimine sahip olmalari yaninda;
ozellikle mihendislik alaninda yetkin olmalarini gerektirmektedir. FeTeMM yaklagiminin teknoloji ve
mihendislige 6zellikle vurgu yapmasi; cocuklara kicik yaslardan itibaren disiplinler arasi bir bakis agisi
kazandirmasi ve bilgilerin somut olarak hayata gecirilmesini saglamasi FeTeMM'’i ginimizin bilgi ve
iletisim caginda c¢ok o6nemli bir yere oturtmaktadir. FeTeMM egitimi farkh alanlarin olusturdugu
disiplinler arasi bir yaklasimi kapsasa da esas vurguladig noktanin teknoloji ve mihendislik oldugunu
soylemek mimkiindir. Akglindliz vd.(2015a) tarafindan ifade edilen goérusler bu galismanin bulgularini
desteklemektedir. Yine Bray’e (2010) gére FeTeMM disiplininde miihendislik alanindaki yeniliklerin ve
buluslara duyulan ihtiyacin mihendislik alanini FeTeMM disiplininde ayricalikli bir konuma getirdigini
ifade etmektedir. FeTeMM uygulamalarinda devaml s6z konusu dért alanin her defasinda birbirleriyle
bitlinlestirilmesi sart olmayip; duruma gore en az iki alan birbirleriyle entegre edilebilir. Bununla birlikte
her ne kadar Fen bilimleri, Matematik, Teknoloji, Miihendislik alanlarinin birbirleriyle iliskili 6gretimi
amaglansa da esas vurguladigi noktanin teknoloji ve mihendislik oldugunu séylemek mimkiindir
(Akglinduz et al. 2015a; Haciomeroglu & Bulut, 2016; Yamak et al. 2014; Yildirim & Altun, 2014) gorusu
bu arastirmanin sonuglarini desteklemektedir.

Marulcu ve Sungur’a (2012) gére ABD’de yeni nesil ulusal fen egitimi standartlari olusturulma
sirecinde mduhendislik egitiminin fen egitimi icine alinmasi c¢alismalari yapilmaktadir. Boylece
miihendislikle ilgili bilgi ve beceriler llke genelinde fen egitimi sonucunda elde edilen kazanimlardan
olacaktir. Marulcu ve Sungur (2012) tarafindan ifade edilen bu goris arastirma bulgularini
desteklemektedir. Yine Kimmel, Carpinelli ve Rockland (2007) tarafindan ifade edilen miihendislik
egitiminin okul 6ncesinden liseye kadar éneminin anlasiimasi bu disiplini 6n plana gikarttigini ifade
etmekte; bu goris de bu galisma bulgulariyla paralellik gostermektedir. Yine Bybee'ye (2011) goére
ogrencilerin etkili bir sekilde 6grenmesi, arastirma yapmasi, karsilastigi problemlere ¢dziim liretmesi igin
miihendislik egitimi FeTeMM egitimi icerisinde dnemli bir yere sahiptir. Bybee (2011) tarafindan ifade
edilen goris bu arastirmanin sonuglariyla paralellik gbstermektedir.

Sonug olarak; 7 ve 8. sinif FBTOP’iin programa iliskin aciklamalar kismi ve kazanimlar kismi
incelendiginde FeTeMM'’in énemli &lciide (kazanimlarin % 83.00) FBTOP’e yansitildig sdylenebilir. Bu
baglamda Arastirmadan elde edilen sonuglara dayali olarak asagidaki 6nerilerde bulunulmustur:

1) 7 ve 8. sinif FBTOP kazanimlarin geneli gdz éniinde bulunduruldugunda kazanimlarin % 83.00
oraninda en az iki FeTeMM disipliniyle iliskili oldugu tespit edilmistir. Kazanimlarin daha fazla
FeTeMM disiplinleriyle entegrasyonuna yonelik ¢calismalar yapilabilir.
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2) FeTeMM egitimiyle yetistirilmesi amaclanan 6grenci &zelliklerinin FBTOP’e y&nelik yansimasi
incelendiginde girisimcilik % 4.50 ve ig birligi % 4.00 oraninda yansitildigi tespit edilmistir. FeTeMM’in
ogrenci Ozelliklerinden olan girisimcilik ve is birligine yonelik 6zelliklerin arttirilmasina yonelik TTKB
tarafindan galismalar yapilabilir.

3) 7.ve 8. sinif FBTOP’de esit olarak sadece 3 kazanimin FeTeMM'’in tiim disiplinleriyle iliskili oldugu
tespit edilmistir. FeTeMM’in tiim disiplinlerinin FBTOP’e yansitiimasina yonelik TTKB tarafindan
¢alismalar yapilabilir.

4) FeTeMM egitiminin uygulandigi farkh tlkelerdeki Fen Bilimleri 6gretim programiyla Tirkiye’deki
FBTOP karsilastirilabilir.

5) Bu galismada Fen Bilimleri dersi taslak 6gretim programi FeTeMM baglaminda incelenmistir. Teknoloji
ve Tasarim dersi, Matematik dersi gibi FeTeMM disipliniyle ilgili 6gretim programlari FeTeMM
disiplinleri baglaminda incelenebilir.
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Appendix 1.
FeTeMM Disiplinlerinin FBTOP 7.Sinif Kazanimlarina Dagilimina Yénelik Dederlendirme Formu.
FeTeMM
Disiplinleri
-
E|o|2
© ey
£33
21 E|S5| e
7. Sinif Kazanimlari S| 2|sS|®
1 Uzay teknolojilerini agiklar. X X
2 Uzay kirliliginin nedenlerini ifade ederek bu kirliligin yol agabilecegi olasi sonuglari tahmin eder. X| X| X
3 Teknoloji ile uzay arastirmalari arasindaki iligkiyi agiklar. X X
4 Teleskopun yapisini ve ne ise yaradigini agiklar. X X
5 Teleskopun gok bilimin gelisimindeki dnemine yonelik ¢ikarimda bulunur. X X
6 Basit bir teleskop modeli hazirlayarak sunar. X X
7 Yildiz olusum surecinin farkina varir. X
8 Yildiz kavramini agiklar. X
9 Galaksilerin yapisini agiklar. X X
10 | Evrem kavramini agiklar. X
11 | Hayvan ve bitki hiicrelerini, temel kisimlari ve gorevleri agisindan karsilastirir. X| X
12 | Nukleotid, gen, DNA ve kromozom kavramlarini agiklayarak bu kavramlar arasinda iligki kurar. X| X
13 | DNA’nin yapisini model Uizerinde gosterir. 28 X| X
14 | Gegmisten glinimize, hiicrenin yapisi ile ilgili gorusleri teknolojik gelismelerle iliskilendirerek tartigir. X X
15 | Hicre-doku-organ-sistem-organizma iligkisini agiklar. X| X
16 | Mitozun canlilar igin 6Gnemini agiklar. X
17 | Mitozun birbirini takip eden farkli evrelerden olustugunu agiklar. X| X
18 | Mayozun canlilar igin 6nemini agiklar. X
19 | Ureme ana hiicrelerinde mayozun nasil gergeklestigini model lizerinde gosterir. X| X| X
20 | Mayoz ve mitoz arasindaki farklari karsilastirir. X| X
21 | Kutleye etki eden yergekimi kuvvetini agirlik olarak adlandirir. X| X
22 | Katle ve agirlik kavramlarini kargilastirir. X X
23 | Yergekimini kiitle cekim olarak gokcisimleri temelinde agiklar. X X
24 | Fiziksel anlamda yapilan igin, uygulanan kuvvet ve alinan yolla iligkili oldugunu agiklar. X X| X
25 | Enerijiyi is kavrami ile iliskilendirerek, kinetik ve potansiyel enerji olarak siniflandirir. X| X
26 | Kinetik ve potansiyel enerji turlerinin birbirine déntusimiinden hareketle enerjinin korundugu X X| X
sonucunu gikarir.
27 | Surtinme kuvvetinin kinetik enerji Gizerindeki etkisini 6rneklerle agiklar. X X| X
28 | Hava veya su direncinin yasamdaki etkisini fark eder. X| X
29 | Hava veya su direncinin etkisini azaltmaya yonelik bir arag tasarlar. X|X]| X
30 | Enerji muhendisligini agiklar. X| X
31 | Enerji muhendisligi uygulamalari kapsaminda olusturulan ikilemlerle bu uygulamalarin insanlk igin X| X
yararli ve zararli yonlerini tartigir.
32 | Gelecekteki enerji miihendisligi uygulamalarinin neler olabilecegi hakkinda tahminde bulunur. X| X| X
33 | Atomun yapisini ve yapisindaki temel pargaciklarini sdyler. X| X
34 | Gegmisten giinUmuize atom kavrami ile ilgili dustincelerin nasil degistigini sorgular. X| X
35 | Ayniya da farkli atomlarin bir araya gelerek molekul olusturacagini ifade eder. X X| X
36 | Cesitli molekil modelleri olusturarak sunar. X|X| X
37 | Saf maddeleri, element ve bilesik olarak siniflandirarak érnekler verir. X| X
38 | Yaygin elementlerin isimlerini, sembollerini ve bazi kullanim alanlarini ifade eder. X| X
39 | Yaygin bilesiklerin formllerini, isimlerini ve bazi kullanim alanlarini ifade eder. X| X
40 | Kanigimlari, homojen ve heterojen olarak siniflandirarak 6rnekler verir. X X| X
41 | Ginlik yasamda karsilastig ¢dzlicii ve ¢dzlinenleri kullanarak ¢ozelti hazirlar. X| X
42 | Cozunme hizina etki eden faktorleri deney yaparak belirler. X X| X
43 | Kanigimlarin ayrilmasi icin kullanilabilecek yontemlerden uygun olani secerek uygular. X| X
44 | Evsel atiklarda geri donugstirilebilen ve donustirilemeyen maddeleri ayirt eder. X X
45 | Evsel kati ve sivi atiklarin geri donlisimiine iliskin proje tasarlar. X X
46 | Geri donlisimu, kaynaklarin etkili kullanimi agisindan sorgular. X| X
47 | Yakin gevresinde atik kontroliine 6zen gosterir. X
48 | Yeniden kullanilabilecek egyalarini, ihtiyaci olanlara iletmeye yonelik proje gelistirir. X X
49 | Isigin madde ile etkilesimi sonucunda madde tarafindan sogrulabilecegini kesfeder. X X
50 | Beyazigigin tim isik renklerinin bilesiminden olustugu sonucunu gikarir. X X| X
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51 | Gozlemleri sonucunda cisimlerin, siyah, beyaz ve renkli gériinmesinin nedenini, 151§in yansimasi ve X| X
sogrulmasiyla iligkilendirir.
52 | Glnes enerjisinin gunliik yagam ve teknolojideki yenilik¢i uygulamalarina 6rnekler verir. X X
53 | Gines enerjisinden gelecekte nasil yararlanilacagina iligskin trettigi fikirleri tartigir. X X
54 | Ayna gesitlerini gozlemleyerek kullanim alanlarina érnekler verir. X X
55 | Duz, cukur ve timsek aynalarda olusan goriintileri karsilagtirir. X| X| X
56 | Ortam degistiren 1518 izledigi yolu gozlemleyerek kirilma olayinin sebebini ortam degisikligi ile X| X
iliskilendirir.
57 | Isigin kinlmasini, ince ve kalin kenarli mercekler kullanarak deneyle gézlemler. X| X| X
58 | ince ve kalin kenarli merceklerin odak noktalarini deneyerek belirler. X| X| X
59 | Merceklerin glinliik yasam ve teknolojideki kullanim alanlarina érnekler verir. X| X| X
60 | Ayna veya mercekleri kullanarak bir gériintiileme araci tasarlar. X| X| X
61 | insanda iremeyi saglayan yapi ve organlari sema lizerinde gostererek agiklar. X| X
62 | Sperm, yumurta, zigot, embriyo, fetus ve bebek arasindaki iligkiyi agiklar. X| X
63 | Cocukluktan ergenlige gegciste olusan bedensel ve ruhsal degisimleri agiklar. X
64 | Ergenlik doneminin saglikh bir sekilde gegirilebilmesi igin nelerin yapilabilecegini, arastirma verilerine X
dayali olarak tartisir.
65 | Bitki ve hayvanlardaki ireme gesitlerini karsilastirir. X| X
66 | Bitki ve hayvanlardaki buyime ve gelisme siireglerini 6rnekler vererek agiklar. X
67 | Bitki ve hayvanlarda biiyiime ve gelismeye etki eden faktorleri agiklar. X
68 | Bir bitki ya da hayvanin bakimini Ustlenir ve gelisim siirecini rapor eder. X
69 | Serive paralel bagh ampullerden olusan bir devre semasi gizer. X| X| X
70 | Ampullerin seri ve paralel baglandigi durumlardaki parlakliklarini devre Uzerinde goézlemleyerek X X
¢ikarimda bulunur.
71 | Elektrik akimini tanimlar. X| X
72 | Elektrik enerjisinin devrelere akim yoluyla aktarildigini agiklar. X| X
73 | Bir devre elemaninin uglari arasindaki gerilim ile Gzerinden gegen akimi iligkilendirir. X| X
74 | Ozgiin bir aydinlatma araci tasarlar. X| X| X
75 | Ginlluk hayattan bir problemi tanimlar. X| X
76 | Problem igin muhtemel ¢éziimler Uretir ve bunlar kargilastirarak kriterler kapsaminda uygun olani X| X
seger.
77 | Uriinii tasarlar ve sunar. X | X
78 | Uriinii pazarlamak igin stratejiler gelistirir ve Griinii tanitir. X| X| X
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Appendix 2.
FeTeMM Disiplinlerinin FBTOP 8.Sinif Kazanimlarina Dagilimina Yénelik Dederlendirme Formu.
FeTeMM
Disiplinleri
© o | T
© = =1 c
Kazanimlar s|2|s|@®
1 | Mevsimlerin olusumuna yonelik tahminlerde bulunur. X
2 | iklim ve hava olaylari arasindaki farki agiklar. X| X
3 | iklim bilimin (klimatoloji) bir bilim dali oldugunu ve bu alanda ¢alisan uzmanlara iklim bilimci x| x
(klimatolog) adi verildigini soyler.
4 | Kiresel iklim degisikliklerinin nedenlerini ve olasi sonuglarini tartisir. X| X
5 | Dogal slireglerin neden oldugu yikici doga olaylarini agiklar. X| X
6 | Yikici doga olaylarindan korunma yollarini ifade eder. X
7 | Nukleotid, gen, DNA ve kromozom kavramlarini agiklayarak bu kavramlar arasinda iligki kurar. X| X
8 | DNA’nin yapisini model izerinde gosterir. X| X| X
9 | DNA’nin kendini nasil esledigini ifade eder. X| X
10 | Kahtim ile ilgili kavramlari tanimlar. X
11 | Tek karakter gaprazlamalari ile ilgili problemler ¢6zerek sonuglar hakkinda yorum yapar. X X| X
12 | Akraba evliliklerinin sonuglarini tartigir. X
13 | Orneklerden yola gikarak mutasyonu agiklar. X| X
14 | Orneklerden yola gikarak modifikasyonu agiklar. X| X
15 | Mutasyonla modifikasyon arasindaki farklar ile ilgili ¢ikarimda bulunur. X| X
16 | Canlilarin yasadiklari gevreye uyumlarini gézlem yaparak agiklar. X| X
17 | Genetik mihendisligini ve biyoteknolojiyi iligkilendirir. X| X| X
18 | Biyoteknolojik uygulamalar kapsaminda olusturulan ikilemlerle bu uygulamalarin insanlik igin yararl ve x| x
zararl yonlerini tartisir.
19 | Gelecekteki genetik mihendisligi ve biyoteknoloji uygulamalarinin neler olabilecegi hakkinda tahminde x| x| x
bulunur.
20 | Katibasincini etkileyen degiskenleri deneyerek kesfeder. X| X
21 | Sivi basincini etkileyen degiskenleri tahmin eder ve tahminlerini test eder. X| X| X
22 | Kati, sivi ve gazlarin basing 6zelliklerinin glnlik yasam ve teknolojideki uygulamalarina érnekler verir. X X
23 | Periyodik sistemde, grup ve periyotlarin nasil olusturuldugunu agiklar. X| X
24 | Elementleri periyodik tablo tzerinde metal, ametal ve soygaz olarak siniflandirir. X X| X
25 | Fiziksel ve kimyasal degisim arasindaki farklari, gesitli olaylar gozlemleyerek agiklar. X| X
26 | Bilesiklerin kimyasal tepkime sonucunda olustugunu bilir. X
27 | Asit ve bazlarin genel 6zelliklerini ifade eder. X
28 | Asit ve bazlara guinlik yasamdan 6rnekler verir. X| X
29 | Gunluk hayatta ulagilabilecek malzemeleri asit-baz ayraci olarak kullanir. X| X
30 | Maddelerin asitlik ve bazlik durumlarina iliskin pH degerlerini kullanarak ¢ikarimda bulunur. X X| X
31 | Asit ve bazlarin gesitli maddeler lizerindeki etkilerini gézlemler. X
32 | Asit ve bazlarin temizlik malzemesi olarak kullaniimasi esnasinda olusabilecek tehlikelerle ilgili gerekli X
tedbirleri alir.
33 | Asit yagmurlarinin 6nlenmesine yonelik ¢ozim oOnerileri sunar. X
34 | Isinin maddenin cinsi, kitlesi ve sicaklik degisimine bagl oldugunu deney yaparak kesfeder. X| X
35 | Hal degistirmek igin gerekli 1sinin maddenin cinsi ve kitlesiyle iliskili oldugunu deney yaparak kesfeder. X| X
36 | Maddelerin hal degisimi ve iIsinma grafigini gizerek yorumlar. X
37 | Gunluk yasamda meydana gelen hal degisimleri ile isi aligverisini iliskilendirir. X| X
38 | Gegmisten glinimize Tlrkiye’deki kimya endiistrisinin gelisimini sorgular X| X
39 | Kimya endistrisinde meslek dallarini arastirir ve gelecekteki yeni meslek alanlari hakkinda oneriler x| x| x
sunar.
40 | Basit makinelerin sagladigi avantajlari 6rnekler Gizerinden agiklar. X| X
41 | Basit makinelerden yararlanarak giinliik yasamda is kolayligi saglayacak bir diizenek tasarlar. X
42 | Bitkilerde besin Uretiminde fotosentezin 6nemini fark eder. X| X
43 | Fotosentez ile ilgili deney ve gbzlem yaparak sonuglarina yoénelik ¢ikarimda bulunur. X X
44 | Fotosentez hizini etkileyen faktorler ile ilgili grafikler gizerek yorumlar. X| X|X|X
45 | Canlilarda solunumun 6nemini belirtir. X| X
46 | Besin zincirindeki Uretici, tuketici, ayristiricilara 6rnekler verir. X| X
47 | Madde dongilerini sema Uzerinde gostererek agiklar. X| X| X
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48 | Madde dongilerinin yasam agisindan dnemini sorgular. X| X
49 | Ozon tabakasinin incelme nedenleri ve canlilar Gizerindeki olasi etkileri hakkinda ¢ikarimda bulunur. X| X
50 | Kuresel isinmanin nedenleri ve canlilar Gzerindeki olasi etkileri hakkinda ¢ikarimda bulunur. X| X
51 | Ozon tabakasinin incelmesine ve kiresel iIsinmayi 6nlemeye yonelik alternatif ¢dziim onerileri sunar. X X
52 | Kaynaklarin kullaniminda tasarruflu davranmaya 6zen gosterir. X
53 | Kaynaklarin tasarruflu kullanimina yonelik proje tasarlar. X X
54 | Katiatiklari geri donuigtim igin ayristirmanin 6nemini ve tilke ekonomisine katkisini, arastirma verilerini X| X| X
kullanarak tartisarak ¢dziim 6nerileri sunar.
55 | Kaynaklarin tasarruflu kullanilmamasi durumunda gelecekte karsilagilabilecek problemleri belirterek X| X
¢OzUm onerileri sunar.
56 | Elektriklenmeyi, bazi doga olaylari ve teknolojideki uygulama 6rnekleri ile agiklar. X| X| X
57 | Elektrik yuklerini siniflandirarak ayni ve farkli cins elektrik yiklerinin birbirlerine etkisini agiklar X| X
58 | Deneyler yaparak elektriklenme cesitlerini fark eder X
59 | Cisimleri, sahip olduklari elektrik yikleri bakimindan siniflandirir. X| X
60 | Topraklamayi agiklar. X| X
61 | Elektrik enerjisinin 1s, 151k ve hareket enerjisine dontistigl uygulamalara 6rnekler verir. X| X| X
62 | Elektrik enerjisinin is1, 1sik veya hareket enerjisine donlsimiini temel alan bir model tasarlar. X| X| X
63 | Glg santrallerinde elektrik enerjisinin nasil Gretildigini agiklar. X| X| X
64 | Glg santrallerinin avantaj ve dezavantajlari konusunda fikirler tretir. X| X
65 | Elektrik enerjisinin bilingli ve tasarruflu kullaniimasinin aile ve tilke ekonomisi bakimindan 6nemini X| X
tartigir.
66 | Evlerde elektrigi tasarruflu kullanmaya 6zen gosterir. X
67 | Gunluk hayattan bir problemi tanimlar X| X
68 | Problem igin muhtemel ¢oziimler Uretir ve bunlar karsilastirarak kriterler kapsaminda uygun olani X| X
seger.
69 | Uriinii tasarlar ve sunar X| X| X
70 | Uriinii pazarlamak igin stratejiler gelistirir ve Griini tanrtir X| X| X
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