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ABSTRACT

This study, which was supported by a quantitative research paradigm with two
experiments and two control groups of 4 x 4 quasi-experimental design, aimed to find
out the impact of a sustainable progressive STEAM (SP-STEAM maodel) application
model on 5th-grade primary school students’ critical thinking dispositions and
mathematics achievements in North Cyprus. The treatment model was applied to two
independent experimental groups for 14 weeks (first semester of 2021-2022 academic
year). The split-plot multiple group analysis of variance (split-plot ANOVA) statistical
techniques was used to calculate between- and within-group significances regarding
exogenous Vvariables. The SPSS-24 software package was used for the analysis. The
Pre-test and post-test results deriving from the experiment and control groups revealed
a significant effect of the SP-STEAM model upon the 5th-grade primary school
students’ critical thinking dispositions, as measured using the CCTDI, mathematic
achievements, as well as measured using a dedicated exam. The results of the analysis
showed that the experiment groups where the SP-STEAM program was applied
performed better across all sub-dimensions of the CCTDI, in comparison to the control
groups where the progressive STEAM program was not applied. Cross-sectional split-
plot ANOVA results yielded that the experiment group 1 and experiment group 2
displayed statistically significant differences F(3100) 40.581, p < 0.001 in comparison
to control group 1 and control group 2, across pre-post test results, in terms of
mathematics achievement. No significant difference was observed in favor of control
groups. The results were discussed in detail in light of the related literature, with

suggestions for further studies proposed.



Keywords: STEAM Education, CCTDI, 5th-grade Primary School Students, Critical

Thinking Dispositions, Mathematics Achievements.



0z

Bu calisma, 4x4 yar1 deneysel tasarima sahip iki deneme ve iki kontrol grubu ile
gerceklesmis nicel arastirma paradigmasi tarafindan desteklenmistir. Kuzey
Kibris'taki ilkokul 5. Smif 6grencilerinin elestirel diisiinme egilimleri ve matematik
basarilar1 lizerinde sirdirilebilir bir ilerleyici STEAM (SP-STEAM modeli)
uygulama modelinin etkisini belirlemeyi amacglamistir. Bu model, 14 hafta boyunca
(2021-2022 Egitim Y1l1 1. Dénem) iki bagimsiz deneme grubuna uygulanmistir. Digsal
degiskenlere iligkin olarak gruplar arasi ve grup ic¢i anlamliliklart hesaplamak i¢in
split-plot ¢oklu grup varyans analizi (split-plot ANOVA) gibi istatistiksel teknikler
kullanmilmistir. Analiz i¢in SPSS-24 yazilim uygulamasi kullanilmistir. Deney ve
kontrol gruplarindan elde edilen on test ve son test sonuglart, SP-STEAM modelinin
5. sinif ilkokul 6grencilerinin elestirel diistinme egilimleri ve CCTDI kullanilarak 6zel
bir sinav araciligiyla 6l¢iilen matematik basarilari tizerinde anlamli bir etkisi oldugunu
ortaya koymustur. Analiz sonuglari, SP-STEAM programinin uygulandigi deneme
gruplarinin, uygulanmayan kontrol gruplarina kiyasla CCTDI' nin tiim alt boyutlarinda
daha iyi performans gosterdigini kanitlamistir. Kesitsel split-plot ANOVA sonuglari,
deneme grubu 1 ve deneme grubu 2'nin matematik basarisi agisindan on-test ve son-
test sonuglarina gore kontrol grubu 1 ve kontrol grubu 2'ye kars istatistiksel olarak
onemli farkliliklar gosterdigini (F (3100) 40.581, p<0.001) ortaya koymustur. Kontrol
gruplarinda anlamli bir fark gdézlemlenmemistir. Sonuclar, ilgili literatiir 151831nda

detayli bir sekilde tartisilmis ve ileriye doniik ¢aligmalar i¢in Oneriler sunulmustur.

Anahtar Kelimeler: STEAM Egitimi, CCTDI, 5. Sinuf Ilkokul Ogrencileri, Elestirel

Diistinme Egilimleri, Matematik Basarilari.
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Chapter 1

INTRODUCTION

1.1 Presentation

The backbone of any developed country and foundation of settled wellbeing of any
nation have been based on a decent educational system which is supported and
surrounded by pragmatical philosophy tracing back to the notions of John Dewey.
However, the evolution of human being and technology had enormous amount of
impact on our understandings and the way we interpret the universe around and within
us. After a noticeably short time that Einstein declared matter is equal to energy
(E=MC?), doors of a new era, an era of quantum physics, have been opened with so
many intriguing questions and developments along with it. Majority of scientists were
aware that human race was pregnant to a dramatically new jump in civilization, and
that was true. Quantum physics lead us to discover nano-transistors. For the one who
never heart of it, nano-transistors are the core elements which established a set for the
development of today’s smartphones, touch screens, fibre-optic cables, and today’s
10" generation computer CPUs’. The question is, do we owe these technological
advancements we experience today to the quantum physics which is successful in
explaining the physical laws in the world of electrons. Or do we owe these
advancements to some people who think in a totally different way than others. How

did we bring such a change into being?



We know that there are tons of unanswered questions that need to be answered for the
shake of science and development. 21% century, as was accepted by many scientists
and scholars, are neither alike previous ones nor will look like the next ones.
Unpacking this statement gives us clues about the dramatically expected changes that
human being will experience in the future. Although this sounds frightening, one
should not take it for granted, says Shankar (2010). Shankar, however; adds that what
is frightening is which societies will manage to cope with these changes and survive
in the new world order and understanding of the universe. A drastically forcing
question bringing us to a certain place where we begin to have problems. The problem
is causally related to the readiness of countries and societies for the future. But how
can a society be ready to become a part of this geometrically expanding changes in the
field of technology and science? Majority of scholars and pioneers of the field
answered this question by a decent education which is designed by the STEM (Science

Technology Engineering Math) approaches.

The consideration of this context has led countries to change their education policies
and in parallel to this need, developments in all fields have accelerated in the 21
century. Nowadays, professionals who specialize in science, technology, engineering,
arts and mathematics (STEAM) fields have been as one of the most important factors
for a country’s innovation and economic development (Carnevale et al., 2011; PwC
Turkey and TUSIAD, 2017). The individuals who can keep pace with the progresses
and changes of today’s digital era, which is extraordinarily rich in terms of information
and technology, are expected to be STEAM employees who possess the 21% century

skills. These skills are namely innovation, creativity, communication, problem



solving, and critical thinking (NCREL and Metiri Group, 2003; P21, 2016; World

Economic Forum, 2015).

The need to develop individuals who are keen to ask new questions and create practical
solutions to the problems have become the most recent problem of educators and
researchers that they seek answer for. STEAM education on the other has been
considered as one of the most important answers to this intriguing question. It is
inevitable for any society to adapt and revise their educational systems to STEAM
education to cope with the challenges we face today. For that matter experimental
studies exploring the effects of various implementations of STEAM education to
different cultural groups and societies have accelerated in number in the last decade.
The common share point of these studies were to find out the most suitable form of
application of STEAM principles to their ongoing natural order and find an intellectual
home where they can produce the desired outcomes for their youth and nations. As
these studies increase in number, many societies have recently begun to make new

implementations to find the best way to achieve their goals.
1.2 Statement of the Problem

Over the last years, the demand for improving critical thinking dispositions (CTDs) of
primary school students led educators, researchers, and program developers consider
issues related to developing and adapting effective intervention strategies high on their
agenda (Afdareza, Yuanita, & Maimunah, 2020; Gulhan, & Sahin, 2016;
Nurwahyunani, 2021; Sullivan, 2006). The basic premise behind this movement is
related to the notion that the earlier students were encountered with opportunities to
gain critical thinking dispositions the more effective and successful will they be in

critical thinking and academic achievement in their further careers (Afdareza, Yuanita,



& Maimunah, 2020; English, and King, 2018). For this reason, studies have
accumulated to propose different strategies to nurture or enhance CTD of students at
different levels of education. The most intriguing strategy to foster CTD of primary
school students was proposed to be the application of STEM (Science Technology
Engineering Mathematics) oriented educational programs (Gillies, 2018; Gomez and
Albrecht, 2014; Priatna, Lorenzia, & Widodo, 2020). STEAM oriented educational
programs are considered as inevitable parts for helping primary school students gain
critical thinking dispositions and improve their skills in science, technology,

engineering, arts and mathematics (Zeid, Chin, Duggan, and Kamarthi, 2014).

Nonetheless, a paradigm shift in education requires important educational policies, and
numerous countries have tried different strategies to adapt their educational settings to
STEAM education as a new paradigm. A very recent and comprehensive book titled
‘Status and Trends of STEM Education in Highly Competitive Countries: Country
Reports and International Comparison’ summarizes the issues and solutions that
several countries have experienced and tested (Lee & Lee, 2022). As Lee and Lee
summarize, the common issues among many countries such as Canada, Finland,
Germany, Hong Kong, Ireland, Singapore, Sweden and Taiwan, were teacher training,
materials, and methods of STEAM education. For that reason, the paradigm shift
began with teacher education and training and continued with material development
and methodology of teaching in those countries (Lee & Lee, 2022). Teachers have
been considered as the most crucial part of STEAM education. A very recent study
which systematically reviewed experimental studies regarding STEAM applications
worldwide reported that 95% of experiments have first concentrated on training

teachers prior to any treatment application and summarized that any application



without training of teachers would not be effective (Hebebci, 2023). While studies
report that experimental studies regarding STEAM education will mostly fail without
in-service teacher training, the question arises as to why teachers are found to be
inadequate in application of STEAM in classrooms. The answer to this question is
based on the pre-service teacher education curriculum within the scope of many studies
(Parlakay & Kog, 2020; Arshad, 2021). In STEAM applications, the question is
actually how it is taught rather than what is taught. A study carried out in Turkey
suggested changing the policy and curriculum in Teacher Education Programs within
Education Faculties throughout Turkey because graduate teachers see students as
passive receivers of information rather than active interpreters of knowledge and
experience (Duban & Aydogdu, 2018). Therefore, STEAM and its applications for the
betterment of education and for expected transitions in societies should be understood

well in order to know where to start the paradigm shift.

STEAM, by many researchers, is defined as an educational approach that aims to
provide students with interdisciplinary cooperation, openness to communication,
ethical values, research, production, and problem-solving skills using creativity by
focusing on the engineering design of knowledge and skills in the fields of science-
technology-engineering and mathematics (Buyruk and Korkmaz, 2016; Karakaya et
al., 2018; White, 2014). There are many different studies that reveal the strong link
between STEAM education, critical thinking, and mathematic achievement, yet most
of them are theoretical and need to be empirically tested (White, 2014). Lately, some
studies conducted on the phenomenon of critical thinking and STEAM education
display some empirical support for the strong tie between the application of STEM

education and improvement in CTDs and mathematic skills (Carroll, 2014; Gulhan &



Sahin, 2016; Hacioglu & Giilhan, 2021). These studies, however, carried out
correlational effects, which are valuable in supporting the proposed theory, yet are
insufficient in supporting the true causal differences that STEAM education programs
possibly made on students’ CTD and their academic achievements. With respect to the
specified lack of related literature on the possible casual comparative effects of
STEAM applications on primary school students’ CTDs and academic achievements,
the current research aimed to test the impacts of a sustainable progressive STEAM
model on primary school students’ CTDs and their mathematics achievements. North
Cyprus (NC) is one of those countries that is ripe for an upcoming drastic change in
its educational system. Although it is known that STEAM education has some rigid
principles in application, it also does maintain some flexibility to be embedded in an
existing educational system (Gomez & Albrecht,2014). In addition to the need for
STEAM education, researchers question the way it is administered and practiced
(Gomez & Albrecht, 2014; White, 2014). This is crucial because every society has its
own dynamics and cultural realms. The extraneous factors that might possibly affect
the process of administration of this approach are unknown, and there are no
experimental results supporting the success of such an administration. This is quite
important, because not every practice gives the same results and not every culture
holds and responds to a new design the same way. For that very reason, it has long
been an urgent need to design a STEAM education approach to be embedded in the
educational context of NC and to elicit empirical evidence regarding its effects on the

targeted audiences’ academic achievements and thinking qualities.

For educators, there is now a greater need for science, technology, engineering and

maths (STEM) concepts to integrate with the arts (STEAM) across the wider



curriculum. We know this because business and industry broadcast that future-ready
employees need to have multiple areas of expertise or at least appreciate how a range
of skills fit together. Teachers working in cross-curricular STEAM settings often see
their students making connections between concepts and solving problems in new and
exciting ways. They demonstrate this by active engagement, their discoveries visible

in enthusiastic moments.

STEM represents science, technology, engineering and maths. “STEAM” represents
STEM plus the arts — humanities, language arts, dance, drama, music, visual arts,
design and new media. The main difference between STEM and STEAM is STEM
explicitly focuses on scientific concepts. STEAM investigates the same concepts, but
does this through inquiry and problem-based learning methods used in the creative
process. This looks like groups of learners working collaboratively to create a visually
appealing product or object that is based in the understanding of a STEM concept, such

as the mathematics of the parabola used to create fine art imagery.

STEAM is not a new concept. People such as Leonardo Da Vinci have shown us the

importance of combining science and art to make discoveries.
1.3 Purpose of the Study

The vision of NC education for 2030 strategic aims, which were determined by the
Ministry of National Education, underlines the importance of appropriate application
models of STEAM education (National Report of Ministry of National Education,

2019).

If a nation desires to have an international position in fields such as scientific,

economic, or technology, STEAM education must be considered in its education



systems (Yasin, et al., 2020). However, in-depth research carried out found that studies
on STEAM applications for primary school students are quite limited in NC.
Therefore, the STEAM application within the classroom at the primary school level
was deemed necessary. One of the results of the Vision 2030 Education Strategic Plan
Workshop Report, as announced by the Ministry of National Education of North
Cyprus, was the call for studies on various adaptable applications of STEAM

education models.

Consideration of the context provided in the problem statement section of this chapter
leads to concentrate on development, application and assessment of a progressive
STEAM education model to administer in primary schools to have positive effects on
targeted audiences’ academic achievements and critical thinking dispositions. The
purposes of this research, therefore, are to investigate the impact of a sustainable
progressive STEAM education model on the critical thinking dispositions and
academic achievements of 5™ grade primary school students in public schools in the

TRNC.
1.4 Research Questions

Based on a developed framework, the current research, which is supported by a
quantitative empirical paradigm, aims to figure out the possible effects of a sustainable
progressive STEAM education model on groups of 5th-grade primary school students’
CTDs and their academic achievements in NC, asking the following research
questions:
1. Will groups of 5th-grade primary school students who are instructed by a SP-
STEAM education model, show statistically significant differences in

comparison to similar groups of 5th-grade primary school students who are



instructed with a traditional education model in terms of their critical thinking
dispositions?

2. Will groups of 5th-grade primary school students who are instructed by a SP-
STEAM education model show statistically significant differences in
comparison to similar groups of 5th-grade primary school students, who are
instructed by a traditional education model in terms of their mathematics

achievements?
1.5 Importance of the Study

The study is important from several perspectives. First, the current study is the first of
its kind that tends to design a STEAM education model specific for TRNC culture and
educational expectations. Second, the results of this quasi-experimental study will
bring us deeper insights into how to tackle with the challenges of the 215 century.
Third, we will learn more about the most suitable form of STEAM education model
as we progress in this study. Moreover, the results of this study would provide many
benefits for the primary school teachers in utilizing effective teaching methods to help
students acquire critical thinking skills. Findings are also expected to increase both
learning environment and students' learning motivation in primary schools in Northern
Cyprus. As a result, learning efficiencies will be increased. In addition to all, the results
will provide important contribution for the educational development in the primary
schools of North Cyprus in facilitating the development of critical thinking
dispositions. STEAM practices could be planned to become widespread in Northern
Cyprus education system in the light of the findings to be obtained at the end of this

research.



1.6 Assumptions and Limitations

1.6.1 Assumptions

a.

It is assumed that the only difference between the experiment and the control
group would be due to the teaching model, while the other variables that cannot
be taken under control affect the groups equally,

It is assumed that the experts consulted during the preparation of data collection
tools, review of the activities and analysis of the data would be sincere in their
opinions,

It is assumed that students respond realistic and sincerely to the data collection
tools used in the research,

In group studies with teachers, the answers given by teachers are assumed to

be the teacher's own opinion,

It is assumed that the researcher is not affected by prejudices during the
research,
It is assumed that the content of the STEAM curriculum and teacher-student

handbook prepared by the researcher has been checked for compliance with the

curriculum by the STEAM education experts,

It is assumed that teachers received volunteer 2 weeks, total 16 hours STEAM
education,
It is assumed that STEAM teacher in-service program will be designed as

project-based
interdisciplinary integration approach.
It is assumed that the social activity is defined as cultural, musical, art, theater,

cinema or sportive activities.

10



j. Itis assumed that the technological usage is defined as social media, watching
TV, PlayStation, reading on electronic screen, and all electronic tools.

K. It is assumed that mathematics exam scores are defined standard math’s exam
before and end of the semester.

1.6.2 Limitations

a. Findings will be obtained only in the first semester of the 2021-2022 Academic
year because the study will be carried out in the compulsory mathematics and
science courses,

b. Only the 5" grade students of primary school who are enrolled in the all lesson
will be the chosen as the participants of the study,

c. The quantitative sample group of the study will be 104 students,

d. The study will only be limited to academic activities carried out for 14 weeks.

11



Chapter 2

REVIEW OF RELATED LITERATURE

2.1 21st Century and STEAM Education with Its Counterparts

Today's societies are characterized by constant changes and competition, educators
and employers are seeking students who are equipped with critical thinking skills to
face challenges, to make the right decisions, to build an integrated personality capable
of participating in a society, to share different point of views, and ultimately to solve
national problems (Bae, Yun, & Kim, 2013). Developed countries are continuously
renewing their education programs to educate qualified individuals (Bybee, 2010;
Sanders, 2009). As a result of developing 21% century literacy skills, students will
make more informed decisions. As a result, they will positively affect the social and

economic development of their country (Figliano, 2007).

STEAM education has an especially important position in terms of literacy
developments in today’s education (Kuenzi, 2008). It was first sung by Judith Ramaley
in 2001 and appeared in the USA (Teaching Institute for excellence in STEAM, 2010;
Yildirim and Altun, 2014; Zollman, 2011). Although it looks like an abbreviation of
words, it is more comprehensive than an abbreviation. STEAM education, science,
technology, engineering, arts and mathematics are given in an integrated manner.
Educational approaches are associated with daily life and supported by 21% century

skills (Yildirrm and Altun, 2014; Yildirim, 2016). Today, STEAM education is

12



practiced in different ways in many countries, and many studies are carried out on this

subject (Banks and Barlex, 2014; MEB, 2016).

There are many important reasons why so much work has been done on education.
STEAM education establishes industry-school connection. It allows interdisciplinary
work; learned for the information to be included in everyday life, to give importance
to vocational education and for the 21st century business world which contains
necessary skills and equipment (American Institute of Physics [AIP], 2015; Banks and
Barlex, 2014). STEAM education increased the academic success due to developing
science, mathematics, and technology literacy in International PISA/TIMSS exams.
STEAM education is important due to reasons such as technological progress (Dugger,
2010). STEAM education should be placed on a good philosophical basis, because
successful results may not be achieved in a STEAM education whose philosophical

foundations are not well established.

STEAM education is an educational approach in which different disciplines are given
in an integrated way (Zollman, 2011). STEAM integration process traces back to the
opinions of educators like John Dewey and Kilpatrick. When the opinions of these
educators are examined, it is revealed that they are student-centered, connected with
life and they argue that education should be interdisciplinary. It also forms the
foundations of the progressive educational philosophy (Yildirim, 2016). When viewed
from this angle, it can be said that the fundamentals of STEAM education constitute a
progressive education philosophy (Selvi and Yildirim, 2016). The philosophy of
education is to determine the goals of a given education, individual and social
compliance, and the quality of educational practices. Although it plays an active role

in its determination, it creates an integrated and consistent perspective on education
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(Sozer, 2008). An educational program which is simply composed of aims, contents,
materials and methods and evaluation were said to be formed by an educational
philosophy behind. Likewise, it is the policy of education which determines the
ingredients of all necessary inputs, processes, outputs, and evaluation of that system.
Like any system of thought, STEAM has got its own principles that tend to shape the
way individuals should think in line with a given education. The question, however,
turns to be what kind of a profile individuals should hold when they are graduated
from high schools and what benefits they would gain to the societies in which they
live. Moving from that point of view on, teachers become the key players who will be
applying the designed curriculum in the most appropriate way. In this sense, teachers
have a great deal and effect on the targeted audiences. Enough experience, knowledge,
pedagogical experience, and content expertise are necessary to fulfill the expected
capacity from teachers to cope with the challenges in teaching learning situations
(Shulman, 1987). This is truly valid for teachers who should be able to provide
STEAM education. Education should be dominated by all dimensions. STEAM
pedagogical domain should know his/her knowledge well. Teachers who are not
familiar with the pedagogical aspects of STEAM are not capable of applying its
principles effectively, therefore teachers may need to be trained prior to any attempt
in administering STEAM principles in classes (Yildirim, 2016). In this regard,
effective STEAM education requires a progressive perspective with a decent plan of

implementation that is supported by a strong theoretical framework.

As Margot and Kettler (2019) examined teachers' perceptions of STEAM integration
and education in curriculum for K-12 schools, teachers’ beliefs and their perceptions

regarding STEAM play crucial role because their beliefs are determinant factors in
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terms of their success in implementing STEAM procedures in their instructions. Some
studies about teachers’ perceptions of STEAM education reported barriers including
pedagogical challenges, curriculum challenges, structural challenges, and concerns
about students, concerns about assessments, and lack of teacher support. Teachers
inevitably required supports that would improve their effort to implement STEAM
education denoted with collaboration with peers, quality curriculum, district and
school support, prior experiences, and effective professional development. Marget and
Ketler (2019) recommended quality STEAM in-service training, cooperation with the
business community and support STEAM education practices by school

administration and families.

Gomez and Albrecht (2013) say that pedagogical aspect of STEAM education is
important in terms of resolving problems that might occur during instructions. Such
methodology helps individuals integrate in-class learning to real life experiences to

further guide their full careers in time.

The philosophy behind engineering is so crucial in a sense that they are expected to
solve problems. Problems that are integrated in life and that exist in life. Solving
problems is the key element of engineering. Students learn as they experience
scientific methodology, experiment, and precautions of engineering together with
mathematics (Mooney and Laubach, 2002). However, for students to experience the
instruction in such ways, teachers need to be very skillful and creative to create them

the desired learn by doing experience through teaching learning processes.

Wang, Moore, and Roehring (2011) examined the teacher perceptions and practices of

STEAM integration and noted key findings. These common findings were 1) How
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research defines the perceptions of teachers regarding their of STEAM educational
models? - Teacher variables, application activities, cross-curricular integration,
student enjoyment, student struggles, and value of STEAM are some of the thematic
expressions caught by researchers with respect to the perceptions of teachers who
tended to use STEAM education models or who tended to integrate STEAM model

into existing teaching strategies.

2) What problems teachers experienced and reported as they use STEAM education
models? Pedagogical, curricular, structural, student concerns, assessment, and
supports were some of the themes emerged regarding to sort of problems they

experienced in application of STEAM education.

3) What kind of supports teachers needed in implementing STEAM strategies into
their instructions? Most of the teachers reported the need to have extra support of a
second professionalized teacher in classrooms. This is because teachers felt
deficiencies in creating collaboration in classroom environment. As they stated,
creating a collaborative environment is so difficult in a STEAM oriented classroom

education.

Moreover, it is stated that teachers should have a strong belief in the success of
STEAM education to be successful in long run. Research also supported the notion
that the more teachers apply STEAM the more successful their students get and the
more the teachers motivated to use STEAM education. Moore et al. (2014) suggested
that STEAM can be applied at schools of different cultures. However, schools which
holds students of different culture and diverse ethnic backgrounds requires teachers

who can cope with cross-cultural school environments and must be familiar with the
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sort of problems that might be experienced within the teaching learning processes. One
of the concerns of teachers was that they had difficulties in applying STEAM
education models in cross-culturally diverse classroom environments (Asghar et al.
2012; Dare et al. 2014). Understanding students’ progress, their challenges, difficulties
they experience, pros and cons for individual differenced in a cross-culturally diverse
classroom environment was reported to be main problems that teachers experience in
implementing STEAM education models (Tomlinson and Moon 2013). For this
reason, more research studies, especially experimental ones, are suggested to be
conducted for further investigation into the application procedures of STEAM in cross-
culturally diverse school environments (Dare et al. 2014). In order for teachers to gain
confidence in using STEAM education models, teachers need to be supported with
workshops, seminars, and programmed in-service teacher training programs

(Nadelson et al. 2012; Nadelson et al. 2013).

STEAM education has an important position among the developments in today's
education system (Kuenzi, 2008). To succeed and become competent, students should
possess the needed critical thinking skills and utilize them in their daily lives, which
may allow them to organize and evaluate the information they receive from reading
books and by attending school. Some researchers have reported a number of critical
thinking skills that students should possess, such as being able to evaluate discussions,
explain information, and test hypotheses (Hassan & Madhum, 2007), distinguish facts,
determine right answers from wrong answers, determine right resources, solve
problems and the ability to make predictions (Beyer, 1985). Moreover, critical thinking
skills have been found to influence students’ achievement and motivation in learning

process (Bae, Yun & Kim, 2013).
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In addition, the factors are mentioned on the students’ academic success and
motivation; some studies have indicated several factors which could contribute to the
emergence of gender differences by Finn (1980), and Taiwo & Molobe (1994). The
other factor is believed to be family influence and social-economic status of parents
and culture and traditional influences that are related to students’ social life (Wilcox,

et al., 2005).

STEAM education is a newly developed paradigm that was embedded in 2011. The
goal of STEAM education is to increase students' problem-solving skills and their
interest in science and technology. Accordingly, the Korean, USA and UK Ministry of
Science and Technology stated that STEAM education will help improve the nation's
science and technology competition (Maes, 2010). Although art and design are often
used in the same sense, there are some differences between the two concepts. These
differences become more evident day by day. In STEAM understanding, there is a
phenomenon of art based on design, which is indispensable in technology (Ayvact &

Ayaydin, 2018).

STEAM education emphasizes an interdisciplinary approach for the student’s to better
prepare for business life. Increasing the number of students with STEAM education
and employing these students in industry are among the most important targets for the
countries. To achieve this goal, there is a need for teachers who have sufficient and
qualified STEAM in-service training because an effective implementation of a
STEAM-based curriculum is only possible with qualified teachers (Wang, 2013).
Also, it is important to prepare the teaching programs using a multi-disciplinary
teaching method by integrating engineering and technology into science, art and

mathematics subjects (Ramaley, 2007). Based on these findings and the presented
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theoretical framework, teachers should be trained and guided of the best way of

utilizing effective teaching method into their classroom.

It is necessary to prepare learning environments and activities that will increase the
thinking skills of the students from early ages and improve their knowledge level to
solve the life problems they encounter (Akbiyik & Kalkan-Ay, 2014). It is important
to prepare STEAM-focused activities both in developing experiences and increasing
the permanence in learning. Because STEAM activities enable students to be active in
the education process (Bransford, Brown, & Cocking, 2000). In addition, STEAM
focused activities offer students the opportunity to find solutions to real life problems

and to test the hypotheses they have developed (Sanders, 2009).

According to Ostler (2012) STEAM education emphasizes an interdisciplinary
approach to better prepare students for STEAM disciplines. STEAM is much more
than the naming of five integrated disciplines. The integration of these five disciplines
is extremely important. Integrated STEAM education may have learning objectives
based on one of the disciplines, but it also includes a link to other STEAM topics. It
has been reported by STEAM professionals that STEAM education has the advantages
of increasing students' level of success and providing them with exciting and
motivation to better prepare students for business life and make topics more interesting
(Heil, Pearson, & Burger, 2013). According to another approach, art should be
included in STEAM education by changing the abbreviation STEAM to STEAM. The
reason for this is the claim that engineering process education emphasized by STEAM
requires a design and artistic or creative perspective. This approach has the potential

to design thinking by adding art (art) to STEAM education to make art education and
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effective student engagement, creative process, and STEAM (Bequette & Bequette,

2012).

STEAM is a kind of teaching strategy which intends to help targeted studensts with
interdisciplinary approach to create open-minded and communicative beings who can
come up with unique solutions to suggested or defined problems. Because
communication was said to be the core element of cooperation and collaboration
(Buyruk and Korkmaz, 2016; Karakaya et al., 2018a). STEAM, which forms an
integrated model with the combination of different disciplines, enables students to look
at the problems they face in a wide perspective. STEAM also includes 21st century
skills that education systems aim to gain in students (Baran, Canbazoglu Bilici,
Mesutoglu and Ocak, 2016). For this reason, using the activities prepared within the
scope of STEAM education approach will enable students to develop the skills of
science-technology-mathematics-arts and engineering disciplines (MacFarlane, 2016)
and increase their readiness (Thomasian, 2011). In order for countries to have a voice
in the international arena, to compete and grow economically, STEAM approach
should be included in the education system (Corlu, Capraro & Capraro, 2014; Lacey
& Wrigh, 2009). In Turkey this context, the Ministry of National Education, published
by Science from 4th Course in Teaching Program "Science, Engineering and
Entrepreneurship applications,” says the subject field is added (Karakaya, Unal, Lawn
and Yilmaz, 2018b). The subject of Science, Engineering and Entrepreneurship
practices aims to help students establish the connection between engineering and
science, understand interdisciplinary interaction and develop a world view by

transferring what they learn to their lives (MEB, 2018).
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When the related literature was examined, (Akbiyik and Kalkan-Ay, 2014; Altan and
Ugoglu, 2018; Eroglu and Bektas, 2016; Tekerek and Karakaya, 2018; Timur and
Inangli, 2018; Ugras and Geng, 2018; Ugras, 2017) It is seen that there are different
studies in which the opinions of teachers and prospective teachers about STEAM
education were determined (Geng, Jong and Chai, 2019; Siew, Amir and Chong, 2015;
Wang, Moore, Roehrig and Park, 2011). For example, Eroglu and Bektas (2016)
determined the views of STEAM-educated science teachers about STEAM-based
course activities. In the research carried out by Ugras and Geng (2019), pre-service
teachers' opinions about STEAM education and their orientation towards integrated
STEAM education were obtained. Yildirim and Tiirk (2018) have determined the
opinions of elementary teacher candidates about STEAM education. In their study,
Geng, Jong and Chai (2019) found out the concerns and self-efficacy of teachers
working in the International Journal of Educational Sciences in Hong Kong 4 about
STEAM education. However, it has been determined that the studies (Baran et al.,
2016; Ozcan and Koca, 2019; Yildirim and Selvi, 2018) in which the opinions of
primary school students about STEAM education and activities were determined are

not sufficient.

STEAM approach in teaching programs in Turkey have been reported in many studies
that took place at the desired level (Akgiindiiz et al., 2015; Hacioglu, Yamaga and
Poplar, 2016; Tekerek and Karakaya, 2018). The Republic of Turkey Ministry of
National Education has initiated a study to pass and referred to the importance of
STEAM education is primarily organized to give place to STEAM activities of science
and mathematics curriculum. In addition, the importance of shaping the exam system

in this direction and supporting the students' metacognitive skills was emphasized. In
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addition, the necessity of reorganizing science laboratories in accordance with
STEAM education and preparing course materials for STEAM applications has

emerged (MEB, 2018).

However, there is no study in the STEAM application of the Ministry of National
Education of the Turkish Republic of Northern Cyprus. Some of the work done in
Turkey are as follows: Hacioglu, et al. (2016), science-technology-engineering
mathematics activities and their impact on middle school students; Korkmaz and
Buyruk (2016), the validity and reliability study of the STEAM awareness scale;
Gokbayrak and Karisan (2017) is the study of sixth grade students' views on STEAM-
based activities. In addition, Ercan and Sahin (2015), the effect of design based science
education on students' academic achievement; Yamak, Bulut and Diindar (2014), the
effects of STEAM activities on 5th grade students' scientific process skills and their
attitudes towards science; Bozkurt (2014), the effect of engineering design science
teachers on their decision making skills, scientific process skills and perceptions about

the process.

Increasing the number of students who have received STEAM education and
employing these students in industry are among the important targets for countries.
Sufficient and qualified teachers with STEAM training are needed to achieve this goal.
Effective implementation of a STEAM based curriculum is only possible with
qualified teachers (Wang, 2012). It is important to prepare curriculum using a multi-
disciplinary teaching strategy by integrating engineering and technology into science
and mathematics subjects (Ramaley, 2007). With the addition of the dimension of art
to this understanding, it is also of great importance to raise aesthetic anxiety in children

from a young age and thus raise individuals who are prone to art and art lovers.
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In recent years, the importance of providing students with a strong education in
Science, Technology, Engineering, Art and Mathematics (STEAM) has been stressed.
Qualified STEAM professionals are needed to remain economically competitive in the
global market and to fill contemporary demands such as ensuring sufficient and
sustainable energy, efficient healthcare and well-considered technology development

(Bae et al., 2011).

STEAM education, which includes interdisciplinary approaches to science,
technology, engineering,art and mathematics, has gained worldwide significance with
its innovative approach to education (Gonzalez & Kuenzi, 2012). “The notion of
STEAM education is aroused based on the need of raising citizens who can contribute
to nations’ economic and cultural competency, in the new information era that we are

living.” (Soylu, 2016, p.38).

Bybee (2013) claims that the four themes that set the STEAM reform apart are citizens'
awareness of global challenges, shifting attitudes toward environmental issues,
acknowledging the skills needed for the workforce of the twenty-first century, and
persistent concerns about national security. We can define STEAM education as an
interdisciplinary strategy that supports national growth as well as the development of
high-level thinking skills and workforce readiness for the twenty-first century. These

definitions and explanations align with each other.

Today, individuals are expected to have interactive skills such as taking their own
learning responsibilities, thinking, questioning, transforming what they have learned
into skills and adapting them to daily life situations, analyzing events, establishing

original connections, interpreting the results in the light of scientific data,
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collaborating, and using the opportunities of technology appropriately and effectively.
Skills that include creativity and intellectual curiosity, critical thinking, information
and media literacy, collaboration, problem identification, resolution, self-direction,
entrepreneurship, flexibility, intercultural interaction, social responsibility dimensions
are defined by educational scientists as 21 century skills (Ananiadou, Claro, 2009;
Rotherham, Willingham, 2010). In the 21% century, importance is attached to the
development of skills such as critical thinking, problem solving, entrepreneurship,
productivity, innovation, leadership, responsibility, knowledge, media and technology

literacy (Partnership for 21% Century Skills, 2009).

The 21% century workforce skills are also compatible with scientific research and
engineering design (Bybee, 2010a) and have a great importance in professional success
(Akyildiz, 2014). In today's world, the need for people who can think and produce in
fields such as science, technology, engineering, arts and mathematics, and who have
the ability to question and creativity is growing. For this reason, it is necessary to
innovate and differ in the programs applied for teaching-learning processes in these
fields. The best examples of these applications are STEAM trainings and practices. In
this century, many professions require STEAM knowledge (Lacey & Wright, 2009)
and STEAM education has an important role in preparing students for the 21% century
workforce (Sahin & Top, 2015). In addition, STEAM education plays a fundamental
role in the economic, technological and scientific development of countries (Means,
Wang, Young, Peters & Lynch, 2016; Sahin, 2013; Sahin & Top, 2015). Therefore,
this situation necessitates the implementation of STEAM education in learning
environments to acquire the knowledge and skills required by the 21% century.

Furthermore, according to the National Society of Professional Engineers (2013), all
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people, including those who are not in the STEM fields, should possess the knowledge
and abilities needed to meet the demands of our highly technological and information-
based society. All students should prioritize their education in order to develop
STEAM literacy, which is defined as understanding the nature of science, technology,
engineering, arts, and mathematics as well as being familiar with some of the basic
concepts from each discipline (Bybee, 2010; National Academy of Engineering and

National Research Council, 2014).

Overview of the instructional practices from research papers; STEAM education is an
interdisciplinary approach to learning that removes traditional barriers separating the
five disciplines of science, technology, engineering, arts and mathematics and
integrates them into real-world, rigorous, and relevant learning experiences for

students.

2.2 Critical Thinking as an Inevitable Component of STEAM

Education

Critical thinking is a learning strategy that aids the learner to process and integrate
information more deeply. The National Council for Excellence in Critical Thinking,
Scriven and Paul (1987) defined critical thinking as “The ability to think critically”. It
involves some skills: flexibility, originality, fluency, elaboration, brainstorming and
modification. It is important, because it enables one to analyze, evaluate, and explain

the structure of our thinking.

Fisher (2007), Karahoca, Karahoca and Yengin (2010) defined critical thinking as the
ability to interpret and evaluate observations effectively, to communicate and to

discuss. Accordingly, for an individual to have a critical thinking ability, they
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primarily have to be open to innovation and change. Similar to this definition, Jitgarun
and Tongsakul (2009) indicated that individuals who are critical thinkers can accept
or reject an explanation, event or situation through evaluation. While Facione (2007)
stated that critical thinking is a thinking process that has both cognitive and
philosophical bases; according to Delaney (2007), critical thinking is a process that is
composed of recognition skills of collective perspectives by thinking in a reflective,
rational, interrogative way in order to better understand the world. Critical thinking is
still considered to be a heterogeneous concept and many ideas are being proposed
related to the process (Nieto and Saiz, 2008; Saiz and Rivas, 2008). Critical thinking
is a process that includes searching for information through reasoning skills, problem
solving and decision making, and it allows people to obtain more effective results (Saiz

and Rivas, 2011).

Hiirsen and Kaplan (2012) described critical thinking as an active and organized
mental process that allows us to understand ourselves and events occurring in our
environment by being aware of own thinking processes, considering other individuals’

thinking processes and applying our learned information.

When we look at successful countries in the field of education according to
international test scores as Singapore, Austria, USD, Finland, it is clear that students
give importance to free and independent thinking as well as research and inquiry. The
Ministry of Education of the Republic of Turkey since 2003 and the Turkish Republic
of Northern Cyprus Ministry of Education since 2005 were directed to make drastic
revisions in the curriculum. In all lessons for each age group, the curriculum revision
process started on the basis of the constructivist teaching approach. While teaching

processes, teaching methods and curricula are being revised, it is stated that eight basic
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skills should be gained. These skills are listed as critical thinking, creative, problem
solving, research-inquiry, communication, enterprise skills, using information
technologies and using Turkish correctly, effectively and beautifully (MEB, 2005;

2007).

In the face of various amount of information presented for the use of students today,
the student provides the right information by questioning the information s/he has
received with critical thinking skills. When critical thinking is not used, different
thoughts cannot be expected to develop (Gobel, 2013). Therefore, the ability of critical
thinking has an important effect in questioning the information obtained by people and

being able to efficiently participate in the society as an individual.
2.3 Goals and Guiding Principles of STEAM Education

STEAM is focus on two main goals in global practices. In the light of the findings
obtained from STEAM education practices, common achievements will contribute to
both individual and national development. These goals and achievements are: i)
Improving functional and harmony in our highly technological world. Common
achievements are personal decision making, participation in civil and cultural affairs,
economic productivity. ii) Connecting between disciplines to better understand real
life problems. Common achievements are deepened conceptual understandings, skills
and concepts all work together and interconnected all disciplines (Vasquez, 2016).The

objectives of STEAM education can be expressed as follows;

Science Literacy: It refers to the ability to use scientific knowledge and process to
understand the natural world, as well as the ability to participate in discussions

concerning the natural world. Technology Literacy: It means that students should
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know how to use new technologies, understand how new technologies are developed

and gain the ability to analyze how new technologies affect the world.

Engineering Literacy: It refers to understanding how technologies are developed
through the engineering design process, using project-based courses with an integrated

and interdisciplinary approach style.

Art Literacy: Creativity is a great motivator during a child’s education. Giving children
the ability to create something of their own from an initial idea allows them to engage
a number of skills they build on throughout their education. The following skills
highlight why students need art literacy, creativity and hands-on experience all
working together; Conceptualize an idea,Interpret meaning from their work, present
their work to a parent or group, relate their art to broader concepts, expand on their art
through storytelling, analyze the work of others Tied to this creativity will be a
grounding in art literacy, which will involve the ability to communicate an idea both
visually and verbally, and the knowledge to contextualize their idea within the wider

art world.

Mathematics Literacy: Expresses the skills of analysis, reasoning and expressing ideas
effectively by exposing, formulating, solving and interpreting mathematical problems

(Armknecht, 2015; Thomasian, 2011).

STEAM guiding principles are: i) Focus on integration, i.e. connect concepts that seem
disjointed, ii) Establish relevance, i.e. real-world problem, current event, global issue,
iii) Emphasize 21% Century skills, i.e. access information, creatively solve problems,

teamwork and collaboration, iv) Challenge you students, i.e. not so difficult that
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students give up, nor so easy that students find the work boring, v) Mix it up, i.e.
project based teaching approach (Jolly, 2016). Guiding principles are important for

obtaining efficiency in the preparation and implementation of STEM education.
2.4 Historical Aspects of STEAM Education

Behaviorism, cognitivism, and social constructivism are the three most important
school of thoughts that have impact on education (Ertmer and Newby, 2013; Greeno
et al., 1996). Behaviorism which established a basis for the birth of other school of
thoughts has dominated education for years (Dilshad, 2017; Stavredes, 2011). In
accordance with behaviorism, knowledge is considered as a result of behavior and
behavior is coded as a sole result of learning process. (Greeno et al., 1996; Stavredes,
2011). Hence, learning is understood to be a result of stimulus-response-reinforcement
where reinforcement can be either positive or negative (Stavredes, 2011). In contrast,
cognitivism concentrates on mind and generates a greater understanding into learning
by means of cognitive process that takes place in the brain of an individual, specifically
the way human organizes information and the way codes them in a unique way (Ertmer
and Newby, 2013). Following the principles of behaviorism, knowledge is a result of
human behavior whereas, cognitivism focusses on comprehension, interpretation,
organization and processing knowledge through human memory rather than passive
acquisition of knowledge as a form of behavior (Stavredes, 2011). Thus, learning is
understood to be a result of a more complex process going on in a brain of individual
with a specific focus on how knowledge has been generated and organized under
different circumstances (Ertmer and Newby, 2013). Behaviorism and cognitivism
both agrees upon an idea that learning is a unique process for individuals since life
experiences through behavior or cognition are quite unique for individuals (Ertmer and

Newby, 2013). In contrast, social constructivism puts forward that leaning is more of
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a social issue within which individuals are connecting and interacting with one another
to construct meaning and information (McKinley, 2015). In line with social
constructivism, students build information through social interactions (Ertmer and
Newby, 2013; Stavredes, 2011). Thus, following the principles of cognitivism, learner
is accepted to be the sole person who directly contributes to the process of self-learning

through social interaction (Ertmer and Newby, 2013).

Many studies have been produced in accordance with those school of thought in the
context of STEAM (Science, Technology, Engineering, Arts, and Mathematics;
Gopalakrishnan and Ganeshkumar, 2013). As a result of these studies, it has been
concluded with a high consensus rate that social constructivism is the most effective
theory that can best suit and explain the essence of STEAM education (Prawat and
Floden, 1994). There are seven research papers that are mostly cited by the research
milieu that there are very important strategies that explain STEAM in accordance with
social constructivism: Clark and Ernst (2007); EI-Deghaidy et al. (2016); EI-Deghaidy
et al. (2015); Guzey et al. (2016); Riskowski et al. (2009); Satchwell and Loepp
(2002); Shahali et al. (2017); and Wang et al. (2011). Within the framework of these
seven studies social constructivism is considered to be the sole approach to be
integrated as a philosophy into STEAM education. Their utterances has accumulated
to pinpoint that social interaction is inevitable for successful organization and
formation of information (Driver et al., 1994; Eastwell, 2002). This is especially
depended on the social aspect of social constructivism where students find
opportunities to construct information and synthesize through communication and

practice rather than being passive receiver of information (Prawat and Floden, 1994).
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2.5 Approaches Associated with Integration of STEAM in

Educational Settings

This dissertation study establishes a framework that aims to contribute to the struggles
experienced in the process of implementing STEAM education in educational systems.
For this reason, the current work will provide instructional strategies for the
application of STEAM education under the umbrella of social constructivist
perspective. In line with the notion mentioned here, three considerable approaches
were eliminated and will be considered in this regard are as follows. These strategies
are also considered as the key figures to solve some critical issues that are mentioned

by the related literature.

Approaches to STEM integration are discussed theoretically in 3 basic teaching
approaches. Those are:

1. Multidisciplinary Integration or Thematic Integration: Students learn concepts
and skills separately in each discipline but in reference to common theme. For
example, a) Concepts the individual disciplines by organizing the curriculum
around a common theme such as “Ocean”, ”Ecosystems”, ”Flight” or "’Pirates”,
b) Coherent learning experience, c) Different ways to learn about a topic, d)
Defining teaching standards, e) Knowing students’ interests. Negative aspect
of this integration is that theme is the only connection between disciplines.

2. Interdisciplinary Integration: Students learn concepts and skills from two or
more disciplines that are tightly linked so as to deepen knowledge and skills.
For example, a) Teachers organize the curriculum around common learning
across disciplines, b) Learning goals from two disciplines are fused to form a

single key concept or skill, c) Deeper level of understanding, d) Not entirely
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distinct from multidisciplinary integration, e) Differ in degree, f) Identifying
disciplines not as significant.

3. Transdisciplinary Integration: By undertaking real-world problems or projects,
students apply knowledge and skills from two or more disciplines and help to
shape the learning experience. For example, a) Real-world problems or projects
students apply knowledge and skills from two or more disciplines, b) Relevant
problems and projects, ¢) Organize curriculum around student questions and
concerns (Thibaut et al., 2018)

2.5.1 STEM Practices Schedules with Using Interdisciplinary Integration

Instructional objectives should match with teaching model. Instructional design is a
systematic process aimed at helping student learn more easily. Previous researchers
reported that an efficient instructional design greatly increases students’ success
(McArdle, 1991). Many researchers also pointed out that efficient teaching and
learning of any topic depends on the teaching methods (Mahajan and Singh, 2003). At
this point, teachers should use multiple teaching strategies and methods during
instruction as it is needed to increase the cognitive learning of the students in different
styles. The findings of the previous studies proposed that the use of the multiple
methods by the teachers with flexibility, and enhanced activities to be appropriate for
different learning style (source). Various studies have also shown that to be effective
in teaching process, instructional design must consider the learners’ characteristics,
content organization, instructional strategies, and evaluation (Zheng and Smaldino,

2003).

Within this framework, teacher should possess sufficient knowledge of some process

practices about how to design an effective lesson schedule. The learning permanency

32



is increased with using the Engineering Design Process, mathematical thinking logic

and technological perspectives with STEM lesson (Fioriello, 2010). Teacher should

know the process practice of each main discipline.

STEAM Discipline: Science and Engineering Process-Practice

Asking questions (for science) and defining problems (for engineering).
Developing and using models with alternatives.

Planning and carrying out investigations.

Analyzing and interpreting data.

Using mathematics and computational thinking.

Constructing explanations (science) and designing solutions (engineering).
Engaging in argument from evidence.

Obtaining, evaluating, and communicating information.

STEAM Discipline: Mathematical Thinking Logic- Practice

Make sense of problems and persevere in solving them.

Reason abstractly and quantitatively.

Construct viable arguments and critique the reasoning of others.
Model with mathematics.

Use appropriate tools strategically.

Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated reasoning.
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STEAM Discipline: Technology Process-Practice
The international definition accepted of technology is “Any modification of natural
world made to fulfill human needs or desires” (National Resource, 2018)

e Become aware of the technological systems on which society depends.

e Learn how to use new technologies as they become available.

e Recognize the role that technology plans in the advancement of science and

engineering.
e Make informed decisions about technology given its relationship to society and

the environment.

STEAM Discipline: Mathematics Art Process-Practice
Math and art go together like peanut butter and jelly! You just have to know where to
look and be a little creative in creating lessons that are meaningful for both content
areas. You never want to sacrifice the skills and processes in either area when creating
an arts integration or STEAM lesson.

e Graphing art

e Composite figures

e Geometric shapes of different shapes

e Explore symmetry

e Elements of art, music, theater, design or dance

e Media arts standarts.

School doesn’t have to be a place, but rather a frame of mind that uses the Arts as a
lever to explosive growth, social-emotional connections, and the foundation for the

innovators of tomorrow.
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According to related researches on practical and theoretical framework, teacher should
prepared following key questions phase during prepared the STEAM lesson plan.
According to answers of these questions, teacher define the students” STEAM key
words and concept map of main topic. 5 key questions phase were preparing for
designing project-based STEM learning outcomes.

1. Engage Phase-Ask it; what? Focusing to main topic.

2. Explore Phase-Solve it; How? Giving some details, not all.

3. Explain Phase-Design it; is it? Discovering new ideas.

4. Elaborate Phase —Test it; which is? Applying findings and discuss alternatives.

5. Extensions Phase-Improve it; When? Present learning outcomes and link

different.

2.5.2 STEAM Strategies for Implementations
STEAM education isn’t just one thing-it’s a range of strategies that help students apply
concepts and skills from different disciplines to solve meaningful problems. Most
educators are familiar with the acronym-STEAM, but many have questions in STEAM

strategies for implementations (Vasquez, et.al, 2013).

Some questions from teachers who practices STEAM education at different grades in
different countries are. 1. Why is STEAM education important and how to practice in
lesson plan? 2. Is it for all students, or just for math — and science- oriented students?
3. Can it improve my teaching? 4. Is this just one more add-on to my already packed

curriculum?

In response to the curious questions, what to consider when implementing the STEAM
education strategy: i) Identity or identify content standards, ii) Identity big ideas & key

concepts, iii) Identity essential questions (driving questions), iv) Establish what the
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students know and be able to do, v) Create multiple and ongoing assessment
opportunities throughout the learning experiences, vi) Design Transdisciplinary or
interdisciplinary learning activities with project based learning (Wang et al., 2011).
2.5.3 STEAM Lesson Fundamentals and Project Based Learning (PBL)

STEAM Curriculum Specialist Nancy Tsupros defines STEM more specifically as

follows:

Students apply science, technology, engineering, and math in contexts that make
connections between the classroom, the community, the workplace, and the global
enterprise through STEAM education, an interdisciplinary approach to learning that
enables the development of STEAM literacy and, with it, the capacity to compete in

the new economy. (Tsupros, et al., 2009).

Based on the related literature review of theoretical and practical framework and the
findings of related articles and recommendations, STEAM was developed to promote
a stronger emphasis on science and math courses in order to prepare future workers
for high-tech positions. This cannot be achieved by merely employing technology to
teach science and math. Changing our approach to these disciplines is the goal of

STEAM. It is about preparing children for life after school and for the real world.

STEAM principles can be incorporated in a variety of ways to produce dynamic,
interactive, and collaborative classes that impart real-world skills. Here are eight
excellent methods for creating STEAM lesson plans (Palou, 2016; Salinger & Zugo,
2009).

1. Incorporate hands-on activities into your activities. Learning should be done

through hands-on activities. They ought to center on action. Students should
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ideally work together to answer the challenges and get a deeper, more involved
understanding.

Use technology to make activities better. Make use of it or utilize it! There's
more to using technology than merely teaching a lesson. It entails integrating
technology into the lesson in a way that enhances learning and raises the bar
for the activity.

. Adhere to the engineering design methodology. Teams can solve challenges by
using the phased engineering design method. According to section 2.3.5, the
procedure is cyclical, which means that it is repeated as many times as
necessary to arrive at the intended outcome.

4. Promote and facilitate teamwork. The capacity for teamwork is an essential
quality.4. Encourage and enable collaboration. The ability to work together is
a trait necessary for success in STEAM activities and in life. Learning how to
collaborate successfully allows for deeper learning and helps students gain
valuable life skills.

Select issues from real life. For pupils to develop real-world solutions, STEAM
classes should center on real-world issues.

Maintain the attention of the entire class. Ensure that all pupils are engaged in
related STEAM lessons and activities. In STEAM, inclusivity and teamwork
are key components. Every team member ought to take part and look for shared
interests to pursue.

Strengthen science and math requirements. Look for practical tasks and
exercises that relate to math and science curriculum. This will guarantee that
the curriculum being taught to students is in line with the Common

International Standards.
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8. Encourage pupils to come up with several solutions. Solving problems is an
important part of STEAM, but make sure your pupils don't think there is just
one right answer. Even if it can be challenging to go deeper to the next level,
consider some methods. Students are motivated to learn and be innovative

when they are faced with challenges.

With these stages, the teacher will keep the student in the center of the learning process,
that is, students are “in front of the learning stage” during all teaching and learning

process.

As educator, know how an important STEAM learning is to ensure our students
succeed not just in the classroom, but out in the real world as well. Students need to
develop themselves for life beyond the classroom as tomorrow’ engineers and
innovators. According to Jolly (2016); Cevik (2018); Han, Capraro and Capraro (2014)
emphasized STEAM and project-based learning (PBL) fundamentals are closely
connected. In fact, well-implemented STEAM projects generally require a PBL
approach. That leads to this question from teachers if I'm doing PBL, am I doing
STEAM? The short answer is — maybe or maybe not. STEAM cannot happen without
PBL, but PBL can happen without STEAM. Implementing PBL projects doesn’t
ensure that the PBL elements focus on STEAM essentials. The next question, then, is
usually: “How does STEAM-based PBL differ from traditional PBL? How can | be
sure I’m leading a strong STEAM-based PBL program?” STEAM-based PBL includes
traditional PBL Design Elements which turns to meet STEAM criteria. PBL Elements
are defined to see how teachers can incorporate them into a STEAM-focused

classroom. These elements are:
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1. Focus on significant content. All PBL projects focus on students gaining key
standards-based knowledge and skills by focusing on fewer concepts and
deeper understandings.

2. Determine the skills required for 21% century for betterment of education.
Today’s world requires some critical skills to analyze, synthesize and finally
solve problems by providing creative solutions for the problems and this can
be done by implementing problem based approaches into the field of education.
Therefore, STEAM, with its understandings and surrounding school of
thoughts is the way to create an educational context where individuals can be
educated in such a way that can cater the needs of societies with strategies to
solve problems. Although it takes time to integrate and have it work for the
well being of societies, consecutive approaches will help develop the
adaptation of this system in time. Collaboration and cooperation that are
consecutive specifics of STEAM approach will work to figure out and create
communal solutions for communal problems.

3. Tasks should be created from life spans of students so that they will find many
things from themselves and be interesting. With meaningful life problems,
students will be enabled to make a link between what is being practiced in
schools and what is happening out side of the schools and their connections.

4. Students’ thoughts, concerns and interests must be concerned. Students should
be provided with several opportunities to make their own choices regarding the
type of problem being investigated and worked on. By this way, this will create
amore active classroom where students will be engaged in communication and
interaction to figure out how to solve the targeted problems. STEAM approach,

in this regard, will play a crucial role in establishing a set for students to solve
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problems in a creative communal environment. The vital feature of problem
based approach with respect to the application of STEAM approach is its
unique effect on students’ realization of the problem to be studied.

Enable students to be involved in research. For students to generate solutions
to problems they need to conduct research and find possible solutions through
related literature; therefore, they need to be provided with opportunities to
conduct research through different resources and find the most suitable
resources to collect and analyze information as a part of problem solution
process.

Provide feedback and suggestions. Problem based learning processes require
robust attention and assistance for students who work on a project. The
corresponding teacher should continuously assist students wherever and
whenever needed. As a sole role of teacher, guidance is crucial in problem
based approaches for students to get to know when to use and how to use
information in various different ways to make synthesis and form new ideas.
For this very reason, the quality of feedback provided by the teacher plays
important role in enhancing their understanding of the problem and finding out
possible solutions. STEAM approach which is supported by problem based
learning strategy is corresponded with cooperation and effective
communication not only among students but also among students and teachers.
Teachers, in this case, are objected to self-development for the purpose of
denoting students with effective feedback.

Produce communal results. Students should understand and demonstrate the
link between classroom and society. The results of any study should be

elaborated for its contributions to the society out of the classroom environment.
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The findings should not be disconnected from society since the essence of
problem-solving approach involves solving real life problems in accordance
with preliminary defined social needs. Therefore, the results should be

communal and need to be interest the community.
2.6. 5E Instruction Model in STEAM Classroom

Engage Phase: Getting the student involved in the learning task is the first step. The
learner concentrates intellectually on a thing, issue, circumstance, or occurrence. This
phase's activities must to link to previous and upcoming ones. The linkages can be
conceptual, procedural, or behavioral, depending on the learning goal. Engaging pupils
and keeping them focused on the educational activities can be accomplished through
questioning, problem definition, demonstrating a disparate event, and role-playing a
difficult scenario. Presenting a situation and identifying the instructional task are the
teacher's responsibilities. The activity's guidelines and protocols are also established

by the teacher.

Table 1: The Roles and Expected Behaviors in Teaching Learning Processes

The Student Explain Activities The Teacher
* Asks questions such as: ¢ Initiate the learning task. ¢ Raises questions and
* Why did this happen? The activity should make problems.

* What do I already know
about this?

* What can I find out about
this?

 Shows interest in topic.

» Responds to questions
demonstrating their own
entry point of
understanding

connections between past
and present learning
experiences and anticipate
activities and organize
students' thinking toward
the learning outcomes of
current activities.

» Generate interest

* Access prior knowledge

* Elicits responses that
uncover students' current
experiences.

* Generates interest.

* Generates curiosity.

Phase of exploration: After students are engaged by the activities, they require time to

ponder over their concepts. The purpose of exploration activities is to give every
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student a shared, tangible experience from which to further develop ideas, procedures,
and abilities. The pupils should be able to relate to and engage with this phase. The
purpose of exploration activities is to create experiences that educators and learners
can utilize at a later time to formally introduce and talk about concepts, procedures, or
abilities related to a certain subject area. The pupils have time to investigate items,
happenings, or scenarios during the activity. Through their cognitive and motor
engagement in the task, the kids build connections, notice trends, pinpoint factors, and
inquire about occurrences. During the exploration phase, the teacher's primary
responsibility is to choose activities that result in significant concept building. Thus,
the teacher's job is to be a coach or facilitator. The instructor starts the exercise and
gives the pupils time and freedom to research things, materials, and circumstances

according to their individual theories and observations. When needed, the instructor

can help students come up with new explanations by providing coaching or guidance.

Table 2: The Roles and Expected Behaviors in Teaching Learning Processes

The Student

Explain Activities

The Teacher

Thinks outside the box
when it comes to the task
at hand.

« Attempts to find
solutions to issues and
shares them with others.

*  Postpones  making
decisions.
e carries
forecasts,
theories, or
generalizations
* Learns to listen well;

* Exchanges views and
puts judgment aside
 Records observations
and/or generalizations
 Discusses tentative
alternatives

out tasks,
formulates
draws

Give pupils a shared
foundation of experiences
from which to identify and
develop  contemporary
concepts, procedures, and
skills.

* Gain knowledge about
important ideas
. Acquire
proficiencies

* Examine, enquire, and
challenge encounters

novel

. Analyze their
perspectives.
* Build rapport and

comprehension

Elicits answers that reveal
pupils' present level of
understanding of the idea

or subject.
* Brings up issues and
queries. Facilitates

learning by watching and
listening to students as
they engage and by
providing thoughtful,
inquiry-based questions.

* Sparks curiosity.

* Sparks interest.
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Explain Phase: The act of making ideas,

procedures, or abilities simple,

understandable, and evident is known as explanation. The explanation process gives

the teacher and students a common vocabulary related to the learning process. During

this stage, the instructor focuses the students' attention on particular facets of the

engagement and discovery activities. The instructor starts by asking the class to

explain themselves. Secondly, the instructor presents explanations in an authoritative

and straightforward way. The purpose of explanations is to provide a common

language and structure for the exploratory experiences. The first portion of this phase

should be based on the explanations provided by the students, with a clear connection

made between the explanations and the experiences from the engagement and

exploration phases of the instructional approach. Presenting ideas, procedures, or

abilities in a condensed, straightforward, and understandable manner is crucial to this

step. After that, move on to the next.

Table 3: The Roles and Expected Behaviors in Teaching Learning Processes

The Student

Explain Activities

The Teacher

Explains to other pupils
potential alternatives or
responses.

* Pays close attention to
the arguments made by
other pupils.

» Contests explanations
given by other pupils.

» Listens to and tries to
comprehend explanations
offered by the teacher.

* Refers to previous
activities.

. Uses recorded
observations in
explanations.

. Uses previous

observations and findings
* Provides reasonable
responses to questions

Draw students' attention to
a specific area of their
engagement and
exploration  experiences
and provide them chances
to show off their actions,
process  abilities, or
conceptual  knowledge.
This phase also provides
opportunities for teachers
to introduce a concept,
process, or skill.

. Connect prior
knowledge and
background to  new
discoveries

* Communicate new

understandings

It provides definitions,
justifications, and fresh

language.
. Bases concept
explanations on  prior

experiences of the pupils.
* Encourages students to
explain their observations
and findings in their own
words

* Provides
new words,
explanations

* Listens and builds upon
discussion form students

» Asks for clarification
and justification

» Accepts all reasonable
responses

definitions,
and
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informal
formal

. Connect
language to
language

Phase of Elaboration: After students have received an explanation of their learning
assignments, it is crucial to include them in further activities that expand, apply, or
elaborate the ideas, procedures, or abilities. It's possible that certain pupils still hold
misconceptions or that their understanding of a concept is limited to the exploratory
experience. Additional time and experience gained by elaborate tasks aid in learning.

Students should get the chance to apply what they have learned in novel settings,

according to the instructor.

Table 4: The Roles and Expected Behaviors in Teaching Learning Processes

The Student Explain Activities The Teacher

Applies fresh  Students' conceptual expects pupils to use
terminology, definitions, knowledge and abilities previously given
justifications, and abilities should be stretched and definitions,  definitions,

to novel yet comparable
circumstances.

* Asks questions, suggests
solutions, makes
decisions, and designs
experiments based on
prior knowledge.

* Uses evidence to support
reasonable judgments.

. Offers logical
conclusions and remedies
« Keeps track of

observations,
justifications, and fixes

challenged. Students gain

more knowledge,
appropriate skills, and a
deeper, wider

understanding
new experiences.
 Use what you've learned
in a novel or comparable
circumstance.

* Expand on and clarify
the idea under discussion
Use formal words to
convey your newfound
understanding.

through

and explanations in new
contexts.

* Encourages pupils to use
the  knowledge and
abilities in novel contexts.
» Brings up and directs
students to other possible
explanations. ¢ Enhances
new learning by utilizing
knowledge  that  has
already been mastered.

* Motivates pupils to put
the new knowledge and
abilities to use.
encourages  pupils to
apply concepts and terms
they have already learned

Phase of Evaluation: It's critical that students eventually get input on how well their

explanations fit the context. Informal assessments might start at the outset of the
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instructional process. Following the elaboration stage, the instructor might finish a
formal evaluation. Teachers need to evaluate student learning outcomes as a matter of
practical education. During this stage, educators conduct formative or summative
assessments to ascertain each student's comprehension level. Additionally, this is a
crucial chance for students to assess their comprehension and apply the skills they have
learned. Additionally, the teacher assesses whether or not the students have met the

performance indicators at this point.

Table 5: The Roles and Expected Behaviors in Teaching Learning Processes

The Student Explain Activities The Teacher
Demonstrates an Encourage students to Assesses students’
understanding or assess their understanding knowledge and skills.

knowledge of concepts
and skills.

* Answers
questions by  using
observations,  evidence,
and previously accepted
explanations.

* Evaluates his or her own
progress and knowledge.

* Asks related questions

open-ended

that would encourage
future investigations.

* Provides reasonable
responses and

explanations to events or
phenomena

and abilities and provide
opportunities for teachers

to evaluate student
progress.
. Demonstrate

understanding of new
concept by observation or
open-ended response

* Apply within problem
situation

* Show evidence
accomplishment

of

* Observes students as
they apply new concepts
and skills.

* Looks for evidence that
students have changed
their thinking.

* Allows students to
assess their learning and
group process skills.

« Asks  open-ended
questions such as, Why do
you think...?  What
evidence do you have?
What do you know about
the problem? How would
you answer the question?
* Encourages students to
assess their own learning

(Based on the 5E Instructional Model presented by Dr. Jim Barufaldi at the Eisenhower
Science Collaborative Conference in Austin, Texas, July 2002. Adapted from
description by Cornel University, 2005, Achieving Scientific Literacy by Rodger w.

Bybee, Heinemann, Portsmouth, NH, 1997).
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2.7 STEAM Oriented Lesson Plans

STEAM essential lessons provide all the tools and strategies. The aim of the essential
or driving questions is help to teachers for better understanding different teaching
approaches to STEAM integration. At this point the following essential questions help
us to understand “How to implement authentic STEAM teaching and learning into

your classroom?

With using the interdisciplinary Integration to design NC STEAM Model lesson plan
Students learn concepts and skills from four disciplines that are tightly linked so as to
deepen knowledge and skills. Teachers organize the curriculum around common
learning across disciplines science and Technology, learning goals from four

disciplines are fused to form a single key concept or skill.

STEAM essential lessons provide all the tools and strategies. The aim of the essential
or driving questions is help to teachers better understand different teaching approaches
to STEAM integration. At this point the following essential questions help us to
understand “How to implement authentic STEAM teaching and learning into your

classroom?
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Table 6: “STEAM Lesson Plan”; Schedule Approach to STEAM is Designed by the
Applying Interdisciplinary Teaching Approach
STEAM LESSON PLAN
A. Lesson Plan Framework
Lesson: Science-Technology Duration: 2 weeks. 1.Semester 9-10 Week
Class: Grade 4 Red
STEAM Common Theme: Green Energy =~ STEAM Project Topic: Solar
(Theme topic is decided beginning of the System
semester with all lesson teacher. As a result (All grade 4 teachers are decided
of each lesson’s small projects are combined together beginning of the semester
to final big project end of the semester.) that is related with common theme
topic. Each lesson teacher combines
their projects on the common theme
they set at the beginning of the
semester.)
Essential Question on theme: “How can we improve solar system efficiency?”
(All lecture teachers’ common questions thought out to topic. Each teacher starts to
lesson with this essential guestion.)
Define a Real-life Problem Statement with related essential question: One of
the environmental and health problems experienced is power plants. Due to this
problem, the demand for solar electricity systems is increasing all over the world.
(Problem statement should be to relate with above essential question for critical

thinking)

SMART STEM Project Title: “SMART SUN IN MY HOUSE”
Specific topic on STEM topic,
Project should be; Project committee: Lecturer and students
Measurable interdisciplinary name

learning outcomes,
Available content with relating main
lesson , Reachable goals,
Time-bound project based lesson)
STEAM Literacy and Key Words
Common Learning outcomes- Science literacy key words: Green Energy

STEAM Disipline-STEAM _S: Give weather report from different sun
Concept Map on related define real rays time.
life problem statement. Technology literacy key words: Innovation,

online control, performance report

T: Ideas and invention with using different
technological tools

Engineering literacy key words: Solar
System, Saving

E: Designing sun panels’ mountings and
saving electricity.

Mathematics literacy key words: Fractions,
Angles, numbers,

A: Draw best portative panel design and
connections-estethics

M: Energy transfer in different design
models (fractions, angel)
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“Asking questions for science, defining
problems for engineering, solve it with
mathematics process, imagining with
technology.”

Main Core Learning outcomes
Cognitive Domain (CD1)

Affective Domain (AD2)

(Students’ learning outcomes are
listed according to the cognitive and
affective domain in the related
course.)

CD 1.1. Students will learn new innovation
why is the solar system an important today.
CD.1.2. Students will learn the efficient of
different time of sunlight angels.

AD.2.1. Students will learn the benefit of
energy saving

Social Learning Outcomes
(Learning outcomes are written in
the context of student social
responsibility)

Students will learn the importance of
healthy environment.

Attention is drawn to the health of all living
things, not just humans.

Useful Materials

(The materials and technologies
should be that you plan to use
throughout  your lesson  are
affordable, reasonable and
accessible under the conditions of
your school)

Films, posters, newspaper,

Sources

(Apart from textbooks, relevant and
reliable websites with full addresses;
basic textbooks or foreign sources)

Handouts with the basics of the two lessons
(Mathematics, Science), web page, and
references related studies and projects

Out of Class Activity

Group working, out of class observation,
interview with
people who install solar system

Related Professions, Duties and
Responsibilities
(Professional information is
provided to the students by
explaining the professional
occupation definition, duties and
responsibilities of the related subject
About STEM as well as today's future
professions suggest to your students.
In this way, students are provided
both to learn about professions and
to be aware of their individual
strengths.)

Electrical engineering, graphic designer,
salesman,
international trade specialist

THE 5E Model of INSTRUCTIONAL DELIVERY
What should be happening at each stage?

5 E Definition

Teacher Behavior

Student Behavior

1.ENGAGE

Generate interest
Access prior knowledge
Connect to past knowledge

Motivates
Creates interest

Attentive in listening
Ask question
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Set parameters of the focus
Frame the idea

Taps into  what
students know or
think about the topic
Raises questions and
encourages
responses

Demonstrates interest in the
lesson

Responds to  questions
demonstrating their own
entry point of understanding

2.EXPLORE

Experience key concepts
Discover new skills

Probe, inquire, and question
experiences

Examine their thinking
Establish relationships and
understanding

Acts as a facilitator
Observes and listens
to students as they
interact

Asks good inquiry-
oriented questions
Provides time for
students to think and

Conduct activities, predicts,
and forms hypotheses or
makes generalizations.
Becomes a good listener
Shares ideas and suspends
judgment

Records observations and/or
generalizations

to reflect Discusses tentative
Encourages alternatives
cooperative learning

3.EXPLAIN

Connect prior knowledge Encourages students Explains, listens, defines,

and background to new
discoveries

Communicate
understandings
Connect informal language

new

to explain their
observations and
findings in their own
words

Provides definitions,

and questions

Uses previous observations
and findings

Provides reasonable
responses to questions

to formal language new words, and Interacts in a positive,
explanations supportive manner
Listens and builds
upon discussion form
students
Asks for clarification
and justification
Accepts all
reasonable responses
4. EXTEND/ELABORATE
Apply new learning to a new Uses previously Applies new terms and
or similar situation learned information definitions
Extend and explain concept as a vehicle to Uses previous information to
being explored enhance additional probe, ask questions, and
Communicate new learning make reasonable judgements

understanding with formal
language

Encourages students
to apply or extend the
new concepts and
skills

Encourages students
to use terms and
definitions
previously acquired

Provides reasonable
conclusions and solutions
Records observations,
explanations, and solutions
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5.EVALUATE

Assess understanding (Self,
peer and teacher evaluation)
Demonstrate understanding

Observes student
behaviors as they
explore and apply

Demonstrates an
understanding or knowledge
of concepts and skills

of new concept by new concepts and Evaluates his/her  own
observation or open-ended skills progress
response Assesses  students’ Answers open-ended
Apply  within  problem knowledge and skills questions
situation Encourages students Provides reasonable
Show evidence of to assess their own responses and explanations
accomplishment learning to events or phenomena
Asks open-ended
questions
MEASUREMENT and EVALUATION
Measurement 1.Diagnostic 1. Identification of students'
Process-oriented assessment prior knowledge level.
2.Formative 2. Midterm exams, in and out
of class, presentations etc.
3.Summative 3. Final exam, project
performance, reports etc.
Evaluation Performance Level definitions according
Performance-oriented oriented to the national achievements
assessment development that must be obtained with
assessment the related course and STEM

according to scores
of formative and
summative
evaluation

education.

This level will show the
student's identifying level in
the next semester

2.8 Mathematics, Technologies, and Critical Thinking

People have used educational tools to meet all of their demands for growth and

adaptation throughout history. People who are industrious and always improving

themselves are valued in our society. At this point, mathematics plays a crucial part in

people’s ability to formulate and solve issues, think critically and independently,

project confidence, and explain cause-and-effect relationships.
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An analysis of mathematics curriculum is conducted by the IEA (International
Educational Achievement) study, which highlights the importance of math education

globally.

In the educational curriculum, mathematics is a core subject. In most educational
systems, students spend between 12 and 15 percent of their time studying mathematics.
The only other subjects that receive this much attention are those related to language,
especially reading and one's mother tongue. The essential role that mathematics plays
in modern society is reflected in the curriculum's emphasis on the subject.
Fundamentally, understanding mathematical ideas and methods is essential for success
in the fields of science, engineering, and business. From a social standpoint,
mathematical proficiency is necessary to guarantee the continuous creation of the
highly qualified workers needed by industry, technology, and science as well as to
prepare a numerate populace. It is essential to an efficient education, even outside of
these pragmatic reasons. It offers an illustration of clear, beautiful, abstract thought.

(Traves, Westbury, 1989; 1).

To contribute to the creation of original goods and answers to difficult issues, students
must acquire and apply 21st century talents with confidence. The four Cs are the
fundamental 21st century abilities that students must acquire: i) Collaboration or
working with others to accomplish a task. ii) Communication: exchanging ideas,
solutions, queries, and thoughts. iii) Creativity: creativity and invention result from
attempting novel methods to accomplish tasks. iv) Critical thinking or approaching

issues from a fresh angle. connecting learning across disciplines and subjects.
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Technology and engineering that is integrated into education is one of the best ways
to enhance student performance in education (Brophy, et al., 2008). Scientific
methodology has revealed that the integration of technology especially enhances the
performance of students in other disciplines as well (NRC, 2012; Bethke, et al., 2008).
One other important concern of the related literature is that the activities generated for
STEAM applications must be enjoyable for students (Koszalka, Wu, & Davidson,
2007). Although it varies from teacher to teacher, the inclusion of enjoyable activities
into STEAM applications requires creativity on the part of the teacher (Lim, Zhao,

Tondeur, Chai, & Tsai, 2013; Tondeur, Cooper, & Newhouse, 2010).

There are many researchers conducted to maintain the importance of inclusion of
technology in education and the findings of these researches have pointed out that the
success of students have been significantly increased in other disciplines as well (e.g.,
Kulik & Kulik, 1991; Machin, McNally, & Silva, 2007). In addition, some other
studies reported that a significant number of students performed much better in all
subject matters when the use of technology has been increased in educational
applications (e.g., Ehri, Dreyer, Flugman, & Gross, 2007; Torgesen, Wagner,
Rashotte, Herron, & Lindamood, 2010). However, some other researchers added that
the long terms sustainability regarding the projection of success of these students are
unknown and further investigations needed for better understanding of the concept.
The most criticized side of such applications is that not all school environments have
the same technological conditions to apply in their educational contexts. Indeed, what
is more appealing is that researchers all over the world the have adapted their projector
to pinpoint the learning outcomes that changes the actual projector of education from

being passive to active one. For that reason one to one integration with personal laptops
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have been provided to students in many high school within the scope of a research
supported my many international agencies (e.g., Lowther, Inan, Ross, & Strahl, 2008;
Silvernail, Pinkham, Wintle, Walker, & Bartlett, 2011). However, further research is
inevitable to gather better insight into the understanding of the optimum application of

technology and integration of engineering into education.

Mathematics on the other hand has been considered as such a discipline that already
exists in individuals to some extend without any extra formation of input (Houssart,
2001). What is needed is effective pedagogical procedures that will be handled by
effective teachers to let students face with their own abilities in mathematics (Morgan,
Farkas, & Wu, 2009; Princiotta, Flanagan, & Germino Hausken, 2006). There are
many studies supporting that students can achieve core mathematical foundations at
early ages if they were provided with true applications with decent education
approaches (Duncan & Magnuson, 2011; Jordan, Kaplan, Ramineni, & Locuniak,
2009). Because, they believed that the early years of learning, including Kindergarten,
are critical periods of life of an individual within which they build an understanding

of mathematical concept at the first place.

There are many other studies which mention the use of authentic practices for the
inclusion of STEAM approaches within the mainframe of mathematics (NGSS, 2013).
Some other researchers advocated that students who are engaged in authentic scientific
environments in a more collaborative environments become more successful in their
full careers (Bricker & Bell, 2008; NRC, 2012). Authentic research environments also
create a classroom atmosphere where students are more motivated to solve problems
(Fang & Wei, 2010; Herrenkohl & Guerra, 1998). In particular, pedagogies that are

illustrated with mathematical concerns should be designed in a way to merge
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classroom and society (Sandoval & Morrison, 2003). This approach is explained to be
effective in enhancing students’ ability to analyze, synthesize and evaluate situations
from different perspective to create solutions to defined problems (Ebenezer, Kaya, &
Ebenezer, 2011). However, it is inevitable to state at this point that to bring this ideal
in to being, schools need qualified teachers who were trained in an expected way. A
consideration of the role of the teacher in STEAM education is discussed in the

following section.

As a summary after the related literature reviews, “Critical thinking isn’t just a skill,
it is a guide to good-decision making for successful life. STEAM education is the most

important foundation for critical decision making and success.”
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Chapter 3

METHODODOLOGY

3.1 Introduction

This chapter will present the methodology and the procedure of the study. It covers the
research design, population and sample, the instruments, data collection procedure,

and the data analysis procedure.
3.2 Research Design

Based on the cause and effect and causal-comparative nature of the study, quasi-
experimental research with experiment and control groups was designed to test the
effects of the defined exogenous variable (A Sustainable Progressive STEAM Model)
on the defined endogenous variables (CTDs and Mathematics Achievement). As an
exogenous variable, a sustainable progressive STEAM education model was taken as
the main treatment strategy. Since a relatively newly designed approach was being
tested, applicators, who were teachers of 5th graders, were enrolled in an in-service
teacher training program prior to any application of pre-test and post-test applications.
The ingredients of the so-called in- service teacher training program aimed to prepare
applicator teachers for the experiment by denoting them with all the necessary
knowledge and experience regarding the SP-STEAM education model, preparation of
lessons, measurement, and evaluation. This research was designed in a way that
ensures the control of most of the variables that might possibly be affecting the results
of the experiment. For this reason, most of the extraneous variables were extracted and

evaluated carefully. For an experiment to be truly valid and reliable, the selection of
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participants and research settings played crucial roles (Cash, et al., 2016). In order not
to cause any deficiencies regarding the reliability and validity of the experiment, all
precautions suggested by the pioneers of the field were followed inclusively (Cash, et.
al, 2016).

3.3 The Experimental

3.3.1 The Sustainable Progressive STEAM Model

When the Ministry of Education of North Cyprus clearly explained the long-term
objectives of the national education, a special quotation opened for the sustainability
of problem solving skills among children. For this reason, the SP-STEAM model was
developed especially for primary school students to help and guide them, nurture their
critical thinking dispositions, and develop their academic achievements in
mathematics. Starting with the term sustainability, we not only expect our children to
develop positive attitudes toward critical thinking and elicit high academic grades but
also want them to maintain these skills throughout their academic careers and succeed
in life in the long term. The term sustainability in our research has two levels.
Sustainability is considered at the macro and micro levels. At the micro level is the
sustainability of a systemic approach at the schooling level, whereas; sustainability at
the macro level refers to the successes of individuals who have graduated from an
educational system. For the latter, it is too early to make inferences; but for the former,
this research will create a basis for further negotiations. The sustainability of any
gained positive experience is understood to be crucial for further educational and
professional careers of children and youth (Geng, Jong and Chai, 2019; Siew, Amir
and Chong, 2015; Wang, Moore, Roehrig and Park, 2011). That is to say, a treatment
model that is not sustainable will fail in the following stages of life, and thus, children

will fail to think critically and solve problems. The core element for the sustainability
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of any given positive experience is characterized by a paradigm shift in the way
children think (Akgiindiiz et al., 2015; Hacioglu, Yamaga and Poplar, 2016; Tekerek
and Karakaya, 2018). This is also known as habit of mind. If a certain way of thinking
has become a habit of mind, then it becomes an inevitable part of a person’s thinking,
which is where a person begins to establish unique characterological profile to question
the universe around them in a unique way (Gonzalez & Kuenzi, 2012). This is
especially true if high-quality education is provided to children as early as possible,
and this establishes the core of sustainability. In our application of the SP-STEAM
model, great importance was given to sustainability. Specifically, a dedicated STEAM
instruction approach was developed according to the needs of a particular group of
students. We believe that we cannot avoid rote learning by developing a specific
approach for a specific group of children. The SP-STEAM Model also has a
progressive dimension, which refers to the gradual tracking of each person’s
performance upon a dedicated scale. For each child, a detailed 10-point dichotomous
scale performance tracker was developed. As discussed in length across the following
sections of this manuscript, a detailed in-service education was provided to teachers in
utilizing this assessment tool. As detailed further, teachers, the applicators of any given
school of thought, need to be in a constant state of development in order to keep
themselves fresh (Ananiadou, Claro, 2009; Rotherham, Willingham, 2010). For each
subject matter and unit in mathematics, this tool was used as supplementary material
to guide teachers in the process. Teachers obtained opportunities to guide children’s
learning, especially where they noticed any obstacles, misconceptions, and struggles
that could possibly be experienced by the children. With these means, the children
were expected to self-screen their improvements while simultaneously gaining

confidence in scientific thinking. On the other hand, it is believed that the teachers
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would better monitor children’s improvements, and provide better feedback in turn.
This cyclic progressive approach would enable children to build experience upon
experience, finding opportunities to practice and gain a scientific thinking culture. The
classroom atmosphere was designed for the experiment groups; thus, student-student,
student-teacher, group-group, and group-teacher interactions were enhanced. In the
promotion of problem-solving, research-based collaborative techniques were expected
to be used by the teachers, in turn establishing an expectancy for the students to
practice critical thinking. The detailed schematic expression of such a classroom

atmosphere is mimicked in Figure 1 below.

Figure 1: Core Rationale of the SP-STEAM Model

Based on the research context explained above, detailed are some expected outcomes
and assumptions, regarding the reasons why the treatment groups are expected to have
achieved better than the control groups. The treatment was considered to be done in a
classroom atmosphere, where students concentrate on solving life-oriented

mathematic problems rather than being passive receivers of information. As explained
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by the related literature, students, who are encouraged to solve meaningful life
problems, are expected to become more successful in mathematics (English & King,
2018; Priatna et. al, 2020; Aini, et. al, 2019; Stein, et. al, 2007). Moreover, it was
assumed that the students in the treatment groups were provided with opportunities by
the classroom teachers, to clarify and redefine the objectives of the problem, and deal
with issues, add context, experiment with materials, and build collaborative group
works. It is additionally assumed that they would be reinforced in generating ideas via
brainstorming in group discussions. This process was believed to help and guide them
in using their potential to formulate, discuss, use different strategies, design, interpret,
and evaluate ideas for possible solutions of problems. Such a classroom environment
where students were encouraged to develop their own ideas in solving mathematic
problems would establish the students as not only being successful in mathematics but
would also display high performance in critical thinking (Priatna et. al, 2020; Aini, et.
al, 2019; Stein, et. al, 2007). The bulk of the literature highlighted the strong tie
between analytic thinking, which is an inevitable facet of critical thinking, and
mathematics (Zeid, et. al, 2014; Lee & Lee, 2022; Parlakay & Kog, 2020; Sahin &

Avyar, 2014; Yasin, et. al, 2019; Syafril et. al, 2020; Firdaus & Rahayu, 2019).

A school that is denoted with hi-tech science laboratories, technology laboratories,
mathematics practice tools, robotic applications, and updated content for subject
matters is not enough alone to build a decent critical thinking culture for children and
youth (Yasin, et. al. 2020). Highly trained teachers with philosophical perspectives are
required, positioning them as good role models for children (Thi, et. al, 2020). Besides
the scientific part, the artistic dimension of becoming an effective teacher plays a

significant role in this experiment (Nurwahyunani, 2021); hence, the detailed and
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dedicated training program developed for teachers prior to the application of this
dedicated SP-STEAM Model.

3.3.2 Teacher Training Process

The teacher training program was developed and carried out by two independent
teacher trainers, who were appointed by the North Cyprus Ministry of Education for a
European Union project (Project started at 2014 and the goals of project was developed
teachers’ teaching strategies and adapted the new education approach), and have more
than 10 years experience in providing in-service teacher training for primary school
teachers. After obtaining their consent to participate in this study as teacher trainers,
the researchers met with the trainers several times, negotiating the expected outcomes
of the experiment. As a result of the meetings, a consensus upon the aim and expected
outcomes of the teacher training program were reached. Accordingly, the teachers
within the experiment groups would be trained in terms of methodology, the materials,
and technology they would use during their instructions. The experimental group
teachers were informed about the application of problem-solving-based teaching
methods and collaboration in teaching mathematics. The training lasted for 5 weeks
and included workshops, where teachers practiced linking every subject matter to real
life situations, and produced materials for learners to solve mathematic problems. As
asserted by several researchers, learning mathematics is more meaningful and
interesting if problems are linked to children’s living quarters, establishing more
enjoyable problem solving (Parlakay & Kog, 2020; Cetin & Seker, 2022). For this
reason, the first and an important facet of the teacher training program, was that
teachers were trained to produce examples and activities enjoyable for the learners, so
that the problem solving process would be more interesting and appealing. The second

facet of the teacher training program was to help teachers create lesson plans to cover
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the expected outcomes. The lessons were expected to be designed in a way that would
enable both the teachers and the students to practice their thinking skills and subject
maters in a systematic way. A five phase systematic teaching approach has been
developed and introduced to teachers via training and workshops. This five phase
systematic teaching approach developed for embedding the SP-STEAM model, is
explained in detail in Section 3.3.3 below.

3.3.3 Lessons in Experimental and Control Groups

The lessons within the control groups were delivered as usual. The teachers in these
classrooms were not enrolled in any teacher training programs. Both groups followed
the same curriculum, however, students in the experimental groups followed a totally
different procedure of teaching learning situations. Conventionally, in a majority of
the schools in North Cyprus, lessons were held by utilizing direct teaching methods
and materials, where students were passive receivers of information, and the teachers
were active transmitters, constituting as a motivating point which triggered the conduct
of this and similar studies. Within the experimental groups, teachers utilized the SP-
STEAM model, where students were provided with opportunities to use their potential,
form ideas for problem solutions, and enjoy the practicing of subject matters. The

schematic expression of instructions can be seen in Figure 2 below:
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s Studying the problem .

Student-student col-

+  Defining the problem

laboration

¢ Group discussions

¢ Sharing experience

o Providing solutions

J

f ¢ Choosing a solution

o Students show their results +  Rationale behind the solution

o Share experiences

¢ Makeinferences

( A

+  Students test their solutions and
make observations

¢ Deciding on any necessary

changes and adaptations

¢ Deciding on the final version

Figure 2: The Schematic Expression of the Flow of The Lessons Applied in the
Experiment Groups
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The first phase of instruction was establishing a basis for the upcoming phases of
instruction, and was thought to be the phase of preparation. Students were given a
sample situation where they can generate a problem out of a given situation. The
situation was chosen as a real life situation and an attractive one, for enjoyment while
working on it. Students, in this phase, were allowed to collect data, discuss, and find a
problem to be solved, under the guide of teachers. Students were instructed to work in
groups, as can be seen in Figure 1. They were permitted to interact with group
members, and with other groups as well. Teachers acted like moderators and guiders.
Here, the important point was allowing the students to work together in a collaborative
classroom environment, as per the suggestions of many researches, in order to establish
a decent SP-STEAM education model (Gulhan & Sahin, 2016; Gillies, 2018; Zeid,
et.al, 2014; Aini, et. al, 2019; Carrol, 2014; Ciftci, et. al, 2022; Thi To Khuyen, et. al,
2020; Stein, et. al, 2007). The second phase characteristically shared the same
approach as the first phase; however, each group was expected to come up with
possible solutions to the problem defined in the earlier phase. They could come up
with one solution or more. During the third phase, the students again worked in groups
and decided on one solution to a given problem, however; the important element here
was to explain the rationale behind the solution they saw to the problem. Choosing a
solution means to eliminate other solutions; thus, the point here was to allow students
the experience of giving up on something in the knowledge of other existing options
and their consequences if they are chosen. As students practice mathematics, they also
practice their reasoning abilities via a systematic method of thinking. In this way, they
were also expected to practice critical thinking as well. Studies conducted worldwide
underline an important dimension of the SP-STEAM education models, especially in

teaching mathematics, that unless students find opportunities to practice mathematics
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without developing a rationale behind any solution to any given problem, students only
learn in schools but do not solve problems in life (Priatna, et. al, 2020; Aini, et. al,
2019). In the fourth phase, students presented and displayed how their solutions
worked to solve the problem they defined. Here, students could redefine a solution or
adapt it to make the solution work better. Finally, at the fifth phase, students
summarized their results and made some inferences out of their evaluation of the whole

process.

The experimental group lessons generally followed these five phases. Teachers were
trained (detailed teacher training process explained in the previous section) to prepare
their lessons considering the problem solving sequence as explained in Figure 2. While
the experiment groups lesson design was in this innovative format, both the control
and experiment groups followed the same curriculum content, with the control groups
still using the conventional teaching approaches. The curriculum content, subject
matters, and objectives of the primary school mathematics education were prepared by
the North Cyprus Ministry of Education and sent to all public and private schools prior
to the beginning of each new semester in North Cyprus. The current and renewed
curriculum content and objectives can be seen in Figure 3 below. Figure 3, Program
Outcomes and Content Domains of the Primary Mathematics Education of North

Cyprus for 2021-2022 Spring and Fall Semesters.

64



General Program Outcomes Content Domains

Defining the Problem
Students will be able to

draw a figure expressing the problem

create a number of sentences related to the problem

detect missing or excess information about the problem
examine the logic of the information given about the problem
recognize hidden information about the problem

Strategy Determination and Control
Students will be able to

L. collect, organize, and interpret information o Operations with Natural Numbers

2. simplify information o Operations with Fractions

3. use number sentences and select operations ¢ Operations with Percentages

4 develop abilities to guess ¢ Decimal Notation

5. develop their mathematical reasoning o Geometric concepts and illustrations
6. apply modal solutions o Data collection and evaluation

7. break problems down into smaller parts ¢ Measurement

8. use models to solve problems ¢ Measuring time

9. express the result and explain why it is true ¢ Measuring areas

Communication, Presentation, and Expression
Students will be able to

1. explain each step of the problem in detail
2. useappropriate symbols, concepts, and terminology
3. apply grammar rules

Writing a Problem
Students will be able to

1. writea problem in accordance with the given operation(s)
2. writea suitable problem based on a given result

3. writea problem for a given theme/topic

4. complete an unfinished problem

Figure 3: Program Outcomes and Content Domains of Mathematics Lesson

No restrictions in the distinctive application of these phases were applied, and teachers
were permitted to merge some phases according to the flow of their lectures. For better
understanding of how these phases generally functioned in real life situations, the

following example in Figure 4 can be considered.

65



Phases

Events

1. Students are divided into groups of 34 people.

2. Groups are asked to design nests for birds on the trees in the school garden, and
the following explanations are made for this purpose:

Scientists estimate that there are 10,000 different bird species worldwide. You do not
have to go far to see some of the different birds found in nature. You may see them
around your home as well.

How can these birds survive in difficult conditions?

What do they need to live and grow?

Itis also very important that birds have food, water, and shelter and can breathe.
3. A group discussion environment is created about what to do, and they are asked
to write their ideas. They are asked if they watch birds in nature (have you ever
watched birds in your garden or playground? What do birds do? etc.)

4. Students are asked to clarify the features of the bird nest they will design.

5. They are asked to draw a sketch on a worksheet.

6. They are asked to create a material list by considering which materials

are required.

7. They are asked to plan the design process and report everything they will do
step-by-step.

8. They are asked to continue researching until the second stage, clarify their
thoughts on the design, and bring the necessary materials to the class.

2and 3

9. The design plans of the groups and the materials they bring accordingly are
examined, and their explanations are obtained.

10. Design processes are monitored and guided.

11. Probing questions (sir, | meant deepening questions) are asked to help them
think and look from a broader perspective.

For example: How do you think your design meets a bird's basic needs? What parts
of your design provide food, water, or shelter for the bird?

12. Groups explain and report what they did and why they did it.

13. They are asked to give the final version of the design and report the features of
the design, the materials used, and the points they paid attention to while using it.
14. Until the next stage, they are asked to question their designs, gain opinions from
experts, and report.

4and 5

15. They are asked to explain what they did in the previous stages.

16. They are asked to place the nest on the trees (teacher supported).

17. Groups are observed as they place their designs and asked to examine what they
did and why.

18. They are asked to explain their designs to other children in the garden.

19. They are asked to evaluate/discuss the similarities and differences among

the designs.

Figure 4: Sample Lesson Flow for SP-STEAM Model Teaching

66



3.4 Population and Sample

The population for which the results of this study would be generalized is composed
of all 5th-grade primary government school students in NC (N = 1200-1500). With
respect to the mainframe of this population, the research setting might have been any
one of the government schools, which could have been randomly selected from the list
of schools. In this scenario, all the schools in the list had an equal chance to be selected
as a research setting, with every student in that randomly selected school having an
equal chance to be selected as a participant for both experiment and control groups.
This is also valid for the applicators, who were the teachers in this case. However, for
the current research, pre-existing groups of 5th grade students were selected for both
the control and treatment groups, because of the limited research conditions, which
turned the experiment into a quasi-experiment research design. The sampling
procedure for this experiment yielded two experimental groups and two control groups
(4 x 4 pre-post experiment design). Participants were randomly selected to establish
the experimental and control groups from all the 5" graders in a public school in NC,
with 26 students in each group, making a total number of 104 students. The groups
were coded as experiment group 1 (n = 26 with 15 girls and 11 boys), experiment
group 2 (n = 26 with 19 girls and 7 boys), control group 1 (n = 26 with 16 girls and 10

boys) and control group 2 (n = 26 with 16 girls and 10 boys).
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3.5 Data Collection Tools

The California Critical Thinking Disposition Inventory (CCTDI) (Facione, et. al,
1992) was used to measure 5th-grade primary school students’ critical thinking
dispositions. This tool was selected because of its grounding in the APA Delphi Report
(American Philosophical Association), which has achieved cross-consensus on the
conceptualization of critical thinking, its conceptual clarity (Facione, 1990), and its
design in measuring different aspects of critical thinking disposition (Facione, 2000).
In order to use the CCDI scale, permission was received from the California Academy
to apply it to up to 200 people for a fee. Permission document appendix G has been

submitted.

As the CCTDI originated in the United States, care was taken to ensure its suitability
as an instrument in assessing the same dimensions for Turkish speaking students. A
Turkish translation of the CCTDI was tested in the TRNC by Iskifoglu (Iskifoglu,
2014) and was found to be equivalent to the English original in its validity and
reliability. The Turkish version of the CCTDI was also adapted in a second form to be
suitable for primary school students. The CCTDI is composed of 75 items rated on a
6 point, forced-choice scale (1 = totally disagree, 2 = disagree, 3 = partially disagree,
4 = partially agree, 5 = agree, 6 = totally agree) and intends to measure 7 dimensions
of critical thinking dispositions with 7 sub-scales. The scores for each of the seven
subscales range from a possible minimum of 10, to a possible maximum of 60. Scores
of 30 or below indicates a negative tendency toward that subscale; scores of 31-39
suggest ambivalence; scores of 40 or higher are evidence of a positive inclination, and
scores between 50 and 60 indicate a strong positive tendency. The CCTDI total score

is the sum of the seven subscale scores, and can range from 70 to 420; a total score of
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280 or higher indicates a positive disposition toward critical thinking in samples
(Facione, 2000; Iskifoglu, 2014). The translated Turkish version and the original
English version of the CCTDI displayed positive psychometric properties, thus
supporting the applicability of the CCTDI in a Turkish educational context, with alpha
coefficients ranging from 0.81 and 0.90 for the sub-scales of the CCTDI in Turkish.
Results also supported high content Sustainability 2023, 15, 15356 10 of 23 validity
indicates of 0.81 and 0.97 (Iskifoglu, 2014) and high reliability scores for the sub-
scales of the CCTDI; (1) Truth-seeking (12 items, a. = 0.72), (2) Open mindedness (12
items, a = 0.73), (3) Analyticity (11 items, o = 0.72), (4) systematicity (11 items, o =
0.74), (5) Critical thinking self-confidence (9 items, a = 0.78), (6) Inquisitiveness (10

items, a = 0.80), and (7) Maturity of judgment (10 items, o = 0.75).

The second measurement tool utilized was the Mathematics achievement test,
composed of 25 items specifically developed for this experiment. The development of
the achievement test included several distinct processes, such as the preparation of the
item pool from the related content domains, content validity check with the subject
matter experts, pilot study, and reliability analysis. The initial item pool included 75
items. 28 items were then removed by two independent experts consistently, as they
were considered either too difficult or too easy for the targeted audience. More
importantly, every single item was checked against the related content domain, in
terms of their relevance. The content validity indices (CVIs) for the rest of the 47 items
ranged from 0.83 to 1, which symbolizes high acceptability for content validity (Cash
et. al, 2016). Following the content validity check, items were first used to collect some
initial data from a similar group of students (n = 200). The collected data were

processed to make inferences for the reliability of items and the entire test in general.
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Since there was only one correct answer for each multiple-choice item, the Kuder-
Richardson 20 formula was utilized, as shown below.
KR20 [k/k — 1] % [1 = (Zpj * qj) /o 2]

The KR20 was calculated using the Excel software version 2023, and applied to assess
the degree of reliability for each item of the mathematics achievement test. When the
results of analysis were interpreted, 20 items were found to be lower in terms of their
reliability. Therefore, items with a KR20 score of 0.85 and above, were selected to
establish the final form of the test. Finally, 25 items with high content validity indices
ranging from 0.9 to 1, and with high KR20 scores ranging from 0.85 to 0.89, were
chosen as the items to be used in the experiment, in assessment of the mathematics
achievements of 5th grade primary school students. The detailed item content validity
indices and KR20 values of each question in the mathematics achievement test, are
displayed below in Table 1. The curriculum content domains and their correlated
subject matters were considered the main source for the generated questions in the
mathematics achievement test. The content domains and subject matters can be seen
in Figure 3. The final version of the mathematics test included 25 items, corresponding
with the subject matters covered during the 16 weeks throughout the experiment.
Sample questions included in the test can be seen in Figure 6 below. Because the
medium of instruction at the schools is Turkish, the question statements were

translated to English, to be included in this paper.
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Question Number I-CVI* KR20

Question 1 1 0.85
Question 2 0.9 0.89
Question 3 0.9 0.85
Question 4 0.9 0.88
Question 5 0.9 0.87
Question 6 1 0.85
Question 7 0.9 0.85
Question 8 1 0.85
Question 9 1 0.88
Question 10 0.9 0.85
Question 11 1 0.86
Question 12 1 0.85
Question 13 0.9 0.86
Question 14 1 0.85
Question 15 0.9 0.89
Question 16 0.9 0.85
Question 17 0.9 0.85
Question 18 0.9 0.88
Question 19 1 0.85
Question 20 0.9 0.86
Question 21 0.9 0.85
Question 22 0.9 0.86
Question 23 0.9 0.88
Question 24 0.9 0.85
Question 25 0.9 0.88

[-CVI: Item Content Validity Index

Figure 5: Item Content Validity Indices and KR-20 scores of the Mathematics
Achievement Test
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@

In the figure, ABCD and KBLM are the
midpoints of the sides on which the rectangle,
K and L points are on.

|IDC|=12 cm and |AD|= 8 cm, what is the area
of the painted area is square centimeters?

A K B

A)20 B)34 C)72 D)82

(b)
Sevim , alan1 16 cm? Sevim draws a square whose are is 16 cm?,
olan bir kare ¢iziyor. Irem ise bu karenin  Irem draws a square with a side length of 3 cm
kenar uzunlugundan 3 ¢m fazla kenar more than the side length of this square.

uzunluguna sahip bir kare ¢iziyor.

Buna gore, irem’in cizdigi karenin Accordingly, by how many square
alam, Sevim’im ¢izdigi karenin centimeters is the area of the square drawn
alanindan ka¢ santimetrekare fazladir? by irem more than the area of the square
drawn by Sevim?
A)9 B)18 C)24 D)33

(©
Dikdortgen seklindeki zeminin bir kismina A rectangular volleyball court is drawn on a
asagidaki gibi dikdortgen bir voleybol portion of the rectangular floor as follows.
sahasi ¢izilir. Voleybol sahasiin zemin The distance of the volleyball court to the
kenarlarina mesafesi esit ve 4 metredir. edges of the ground are equal and 4 meters

each.

Voleybol

sahasi

If the long side lenght of the volleyball

Voleybol sahasinin uzun kenar court is 14 m and the short side length is 9
uzunlugu 14 m, kisa kenar uzunlugu 9 m, what is the area of the floor in square
m olduguna gore zeminin alam meters?

metrekare olarak ne kadardir?

A)126  B)262  C)234 D)374

Figure 5: Sample Questions of the Mathematics Achievement Test. (a): Sample
Question about Measurements; (b) Sample Question about Areas; (c): Sampla
Question Geometric Illustrations.
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3.6 Data Collection Procedures

Prior to any data collection attempt, all the necessary permissions were collected from
the Ministry of Education in North Cyprus (NC), from the parents of students and the
students themselves, administrators, and applicator teachers (See Appendix ABGF).
They were eventually informed about the aim of the research and informed about their
rights in the study. They were also given the information that they could withdraw
from the study at any time they desired without showing any reason for their
withdrawal. After eliciting acceptance from all parties, the next procedure was to invite
the teachers for an in-service training program in order to inform them in advance
regarding the SP-STEAM education model. The training included STEAM procedures
(explained in detail in a specially prepared booklet), materials, and technology and
assessment procedures (See Appendix J). Following the completion of the teacher
training program, data collection tools were administered to both defined control and
experiment groups (pre-tests), in two distinct sessions. The first session included the
demographic data collection and the administration of the CCTDI, and the second
session included the administration of the mathematics achievement test. The former
and the second sessions were administered on different days. In addition, participants
were re-informed of their rights within the study, and informed on how they were
going to take the tests and respond to each item in the inventory. After eliciting the
initial data from the groups, the application of the treatment to the experiment groups
followed as soon as the settings were ready. Meanwhile, the pre-existing procedures
were maintained for the control groups. An SP-STEAM education model was
administered to 5th-grade primary school students within a primary school setting in
two separate experimental groups for 14 weeks, with an expectation of positive

changes both in their mathematic achievements and their dispositions toward seven
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defined critical thinking facets. Following the completion of the treatment and the
achievement test, the CCTDI was re-given to both the control and experiment groups,
in order to check on any positive increments and/or improvements in their scores. The
most important part of the data collection procedure was to maintain the consistency
between and among the administration of the test and inventory, in order not to cause

any bias with relation to the data collection.
3.7 Data Analysis Procedures

To conduct any analysis and to answer the first and the second research questions, a
preliminary analysis was conducted to ensure the homogeneity of the data set
distributions for both the control and experiment groups. The mean scores, standard
deviations, lower and upper boundaries in the 95 percent of a confidence interval,
minimum and maximum observations, skewness levels, kurtosis levels, standard errors
for mean and deviation scores, and normality statistics were all conducted in order to
make further decisions regarding the type of inferential statistics required to be
considered for the each of the variables and data sets. The first and the second research
questions are the ones that directly question the effect of the treatment model. In such
group-wise comparisons, the most important facets to be focused upon are those at the
entry-level of the groups in terms of the so-called endogenous variables. Therefore, as
an initial analysis, the entry levels of the experiment and control groups were analysed
and were compared to each other, in terms of the defined endogenous variables. This
comparison was done by independent samples from a t-test, rather than the Mann—
Whitney U test, because the Kolmogorov—Smirnov test and the Shapiro-Wilk tests
showed no significant difference between the distributions of research data and the
hypothetical normal distribution. Our expectation here was to elicit a non-significant

difference, which is a sign that no covariate is needed for further group-wise analysis.
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Once the prerequisite analyses were satisfied, the effect of the treatment model on the
defined endogenous variables were tested via multiple-group split-plot ANOVA. This
analysis was safely done with the SPSS 24 software. The logic behind selecting split-
plot ANOVA was because the analysis involved two sets of scores within two
independent groups for several endogenous variables (pre-test and post-test scores for
two control and Sustainability 2023, two experiment groups). In such a complex
design, where control over variables is hard to manage, a dedicated approach for

analysis is essential (Cash, et. al, 2016), as is for this case.

3.8 Defining the California Critical Thinking Disposition Inventory-

CCTDI

The 7 sub-scales of the CCTDI defining are following:

1. Truth-seeking: is to “seek the truth, courageous about asking questions, and
honest and objective about pursuing inquiry, even if the findings do not support
one’s interests or one’s preconceived opinions”

2. Open-Mindedness: is to be “open-minded and tolerant of divergent views with
sensitivity to the possibility of one’s own bias.”

3. Analyticity: is to be “alert to potentially problematic situations, anticipating
possible results or consequences, and prizing the application of reason and the
use of evidence even if the problem at hand turns out to be challenging or
difficult.”

4. Systematicity: is to be “organized, orderly, focused, and diligent inquiry in
inquiry.”

5. CT Self-Confidence: refers to “the level of trust one places in one’s own

reasoning processes.”
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6. Inquisitiveness: is to have “intellectual curiosity by means of valuing being
well informed and learning, even if the immediate payoff is not directly
evident.”

7. Maturity of Judgment: is to make “reflective judgments based on cognitive

maturity and epistemic development” (Facione & Facione, 1992, pp. 11-12).
3.9 Content Validity Estimation

This is a part of a dissertation study, which particularly focuses on assessing the
reliability and validity of the achievement test consisting of mathematics and science

as major concerns of STEM education.

There are three major parts. The first part includes content domains, definitions and
objectives. Original questions have been created from those content domains. What is
being tested is the relevance of those items to these content domains. The second part
includes the content validity estimation scale that will be used to assess the relevance
of each assessment question to the content that it is intended to belong to those
domains. The third part is the achievement test as it will be administered to the targeted
audience, who are 5™ graders. The third part is given to you to think of the assessment

tool so that it may help you to base your judgments in a holistic way.

As a comity member, you are being requested to assess the relevance of each item to
the content from which the items were derived in terms of relevance to content, clarity,
simplicity, and ambiguity on a four-point scale.ltems were grouped according to the

content domains in order to make your task easier.

The results obtained from each of the comity member will be analyzed and content

validity indexes will be calculated for each item, for each scale, and for the whole
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assessment tool. Following the analysis of the results regarding content validity index,

some items may need to be refined, rethought, or re-written.

One of the most important consequences of this part of the study is that it will provide

an evidence regarding content and construct validity of the developed achievement

test.
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Figure 6: Proposed Research Model: Quasi-Experimental Study
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Chapter 4

RESULTS

4.1 Presentation

This study which examined the effect of a progressive STEAM model on primary
school students’ critical thinking dispositions and academic achievements utilized a
quasi-experimental research design and asked the following research questions
respectively. In this section of the dissertation, the manuscript, thereby, reports the

results derived from the experiment with sole objection.

The one-sample Kolmogorov—Smirnov test was used to determine if the data for the
pre-test and post-test across experimental and control groups were distributed
normally. The results gave non-significant sig (For 2-tailed bi-nominal distribution)
values. For experimental groups, the alpha values showed to be 0.563 and 0.198 for
each, and for control groups, the results also showed 0.110 and 0.174 for each variable.
Based on the evidence that the results derived from, these data sets came from a
normally distributed population, and parametric difference tests were preferred to test
the hypothesis, because the research satisfied the preconditions of the F-test, suggested

for experimental researches in social sciences (Cash, et. al, 2016).
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4.2 Split-Plot ANOVA Results

4.2.1 Impact of SP-STEAM Model on Critical Thinking Dispositions Research
Question 1

Will groups of 5™-grade primary school students who are instructed by an SP-STEAM
education model show statistically significant differences in comparison to similar
groups of 5th-grade primary school students who are instructed by a traditional

education model in terms of their critical thinking dispositions?

Results Regarding Research Question 1: Before using split-plot ANOVA to compare
pre-post test results across experiment and control groups, one-way ANOVA was
conducted to compare only the pre-test results between the experiment and control
groups. The results showed no statistically significant difference between groups with
Sig. scores ranging from 0.741 to 0.117, which meant that all groups were equal in

terms of their CTDs.

Using split-plot ANOVA, cross-sectional analysis differences were tested to figure out
if there were any statistically significant differences between groups across the pre-
post-test administrations. The results of the analysis showed that the experiment
groups where the SP-STEAM program was applied performed better (see Table 7 for
means and standard deviations) across all sub-dimensions of the CCTDI, in
comparison to the control groups where the progressive STEAM program was not

applied (see Tables 7 and 8).
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Table 7: Descriptive Statistics Regarding Seven Facets of Critical Thinking
Dispositions across Pre-Post Test Design of Control and Experiment Groups

Variables Design Groups Mean Std. Deviation n
Experiment 1 24.1795 4.09035 26
Experiment 2 22.3077 4.02760 26
Pre-Test Control 1 20.8077 2.19124 26
Control 2 24.2692 3.51634 26
Truth-seeking Total _ 22.8910 3.77422 104
Experiment 1 33.7179 7.12285 26
Experiment 2 32.9167 5.43778 26
Post-Test Control 1 20.5769 2.11987 26
Control 2 23.6923 3.56392 26
Total 27.7260 7.51916 104
Experiment 1 22.1538 2.94879 26
Experiment 2 25.5000 2.59615 26
Pre-Test Control 1 24.9615 3.97473 26
Control 2 22.6538 4.89034 26
Open-mindedness Total _ 23.8173 3.93334 104
Experiment 1 36.3141 3.48148 26
Experiment 2 30.9295 4.25785 26
Post-Test Control 1 23.3846 4.34582 26
Control 2 21.6923 5.34991 26
Total 28.0801 7.34182 104
Experiment 1 23.1154 2.86115 26
Experiment 2 23.0000 2.28035 26
Pre-Test Control 1 21.0385 2.40800 26
Control 2 22.5000 3.40881 26
Inquisitiveness Total _ 22.4135 2.85783 104
Experiment 1 33.7308 4.37774 26
Experiment 2 31.2692 5.43734 26
Post-Test Control 1 20.1923 2.65359 26
Control 2 21.2692 4.38687 26
Total 26.6154 7.35416 104
Experiment 1 22.3077 3.51874 26
Experiment 2 23.6154 2.57801 26
Pre-Test Control 1 23.6923 3.72848 26
Control 2 20.4231 2.53256 26
Systematicity Total _ 22.5096 3.36456 104
Experiment 1 35.1748 4.30083 26
Experiment 2 35.0699 4.99370 26
Post-Test Control 1 20.4615 3.30128 26
Control 2 19.6923 2.60414 26
Total 27.5997 8.48825 104
Experiment 1 24.1795 4.09035 26
Experiment 2 22.3077 4.02760 26
Pre-Test Control 1 20.8077 219124 26
Control 2 24.2692 3.51634 26
Analyticity Total _ 22.8910 3.77422 104
Experiment 1 33.7179 7.12285 26
Experiment 2 32.9167 5.43778 26
Post-Test Control 1 20.5769 2.11987 26
Control 2 23.6923 3.56392 26
Total 27.7260 7.51916 104
Experiment 1 23.0385 5.86843 26
Experiment 2 19.9615 3.91388 26
Pre-Test Control 1 23.4231 3.63509 26
Control 2 23.3846 3.71028 26
Maturity of Judgement Total _ 22.4519 4.55363 104
Experiment 1 29.6538 7.00253 26
Experiment 2 32.1154 6.59289 26
Post-Test Control 1 20.6154 5.26176 26
Control 2 22.8462 3.84388 26
Total 26.3077 7.43656 104
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Experiment 1 26.1154 3.79818 26
Experiment 2 23.0000 3.40588 26
Pre-Test Control 1 23.8462 2.52495 26
Control 2 23.3077 2.42931 26
. Total 24.0673 3.28653 104
CT-Self Confidence Experiment 1 37.8205 6.17027 26
Experiment 2 36.5812 6.97029 26
Post-Test Control 1 23.3462 3.74104 26
Control 2 23.2308 2.61240 26
Total 30.2447 8.66837 104
Experiment 1 161.5641 10.28171 26
Experiment 2 159.0385 10.86455 26
Pre-Test Control 1 159.8077 8.37147 26
Control 2 156.4231 6.57372 26
Overall Disposition Total _ 159.2083 9.23389 104
Experiment 1 243.0554 14.79129 26
Experiment 2 233.7770 14.92111 26
Post-Test Control 1 148.1538 6.86843 26
Control 2 151.2308 7.69575 26
Total 194.0542 46.17483 104

Specifically, the empirical evidence supported that experiment group 1 and experiment
group 2 performed significantly better in post-test results in comparison to the post-
test results of control group 1 and control group 2 in all sub-scales of the CCTDI (see

Table7 for means and standard deviations; see Table 8 for post hoc Tukey F-test results

and significance levels.
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Table 8: Tukey F Post-hoc Results Regarding Mean Differences for Experiment and
Control Groups across the Pre-Post Test Design

. Mean :

Variables Groups df F Difference Std. Error Sig.
Experiment 2 1.3365 .92407 AT74
Experiment 1 Control 1 8.2564 .92407 .000
Control 2 4.9679 .92407 .000
Experiment 1 -1.3365 .92407 AT74
Saimen2 L E N

. ontro . . .
Truth seeking Experiment1 5100 32541 g 556 02407 000
Control 1 Experiment 2 -6.9199 .92407 .000
Control 2 -3.2885 .92407 .003
Experiment 1 -4.9679 .92407 .000
Control 2 Experiment 2 -3.6314 .92407 .001
Control 1 3.2885 .92407 .003
Experiment 2 1.0192 99117 733
Experiment 1 Control 1 5.0609: .99117 .000
Control 2 7.0609 .99117 .000
Experiment 1 -1.0192 99117 733
. Control 1 4.0417" 99117 .001
. Experiment2 = ntrol 2 6.0417" 99117 000
Open mindedness Experiment1 5100 90636 5 5500+ 99117 000
Control 1 Experiment 2 -4.0417" 99117 .001
Control 2 2.0000 .99117 .188
Experiment 1 -7.0609" .99117 .000
Control 2 Experiment 2 -6.0417" .99117 .000
Control 1 -2.0000 .99117 .188
Experiment 2 1.2885 .75952 331
. Control 1 7.8077" .75952 .000
Experiment 1 control 2 6.5385" 75952 000
Experiment 1 -1.2885 75952 331
Experiment 2 Control 1 6.5192: .75952 .000
Inquisitiveness control 2 5 159 42618 52500 15952000
Experiment1 ™ -7.8077 .75952 .000
Control 1 Experiment 2 -6.5192" .75952 .000
Control 2 -1.2692 75952 344
Experiment 1 -6.5385" .75952 .000
Control 2 Experiment 2 -5.2500" 75952 .000
Control 1 1.2692 75952 .344
Experiment 2 -.6014 77982 .867
Experiment 1 Control 1 6.6643: 77982 .000
Control 2 8.6836 77982 .000
Experiment 1 .6014 17982 .867
couimenz S o

. ontro . . .
Systematicity Experiment1 100 99089 g gesae 77982 000
Control 1 Experiment 2 -7.2657" 77982 .000
Control 2 2.0192 77982 .053
Experiment 1 -8.6836" 77982 .000
Control 2 Experiment 2 -9.2850" 77982 .000
Control 1 -2.0192 717982 .053
Experiment 2 1.3365 .92407 474
Experiment 1 Control 1 8.2564: .92407 .000
Control 2 4.9679 .92407 .000
Experiment 1 -1.3365 .92407 474
Experiment2 Coriel Seme oo oo

- ontro . . .
Analyticity Experiment1 5100 32541 g onpsr 92407 000
Control 1 Experiment 2 -6.9199: .92407 .000
Control 2 -3.2885 .92407 .003
Experiment 1 -4.9679" .92407 .000
Control 2 Experiment 2 -3.631{ .92407 .001
Control 1 3.2885 .92407 .003
. Experiment 2 3077 1.09623 .992
Maturity of Judgemente, o inent 1 Controlr 2100 28019 Jangg 109623 .001

82



CT-Self Confidence

Overall Disposition

Control 2 3.2308" 1.09623 .020

Experiment 1 -.3077 1.09623 .992

Experiment 2 Control 1 4.0192: 1.09623 .002

Control 2 2.9231 1.09623 .044

Experiment 1 -4.3269" 1.09623 .001

Control 1 Experiment 2 -4.0192" 1.09623 .002

Control 2 -1.0962 1.09623 .750

Experiment 1 -3.2308" 1.09623 .020

Control 2 Experiment 2 -2.9231" 1.09623 .044

Control 1 1.0962 1.09623 .750

Experiment 2 21774 .87161 .066

Experiment 1 Control 1 8.3718: .87161 .000

Control 2 8.6987 .87161 .000

Experiment 1 -2.1774 .87161 .066

Experiment 2 Control 1 6.1944: .87161 .000

Control 2 3100 43.891 6.5214 .87161 .000

Experiment1 ™' ) -8.3718" .87161 .000

Control 1 Experiment 2 -6.1944" .87161 .000

Control 2 .3269 .87161 .982

Experiment 1 -8.6987" .87161 .000

Experiment 2 -6.5214" .87161 .000

Control 2 Control 1 -.3269 87161 .982

Experiment 2 5.9020 2.27898 .053

Experiment 1 Control 1 48.3290: 2.27898 .000

Control 2 48.4828 2.27898 .000

Experiment 1 -5.9020 2.27898 .053

. Control 1 42.4270" 2.27898 .000

BPEMENZ  Control 2 10 g7g7s, 425808 2.27808  .000

Experiment1 ™ ' -48.3290" 2.27898 .000

Control 1 Experiment 2 -42.4270" 2.27898 .000
Control 2 .1538 2.27898 1.000

Experiment 1 -48.4828" 2.27898 .000

Control 2 Experiment 2 -42.5808" 2.27898 .000
Control 1 -.1538 2.27898 1.000

When the F test results were interpreted with Tukey group-wise comparison result, it

is vivid that the progressive STEM program made a considerable difference in the

CTDs of 5" grade primary school students. Profile plots also showed the intercepts for

better visual interpretation of the results since interpreting split-plot ANOVA results

is complicated (see Figure 8 for profile plots for each facet of the CCTDI across pre-

post-test design for experiment and control groups).
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Figure 7: Profile Plots of Pre-Post Measurement Design across Groups Regarding
CCTDI Subscales
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4.2.2 Impact of SP-STEAM Model on Mathematics Achievement

Research Question 2: Will groups of 5 grade primary school students who are
instructed by a progressive STEM education model show statistically significant
differences in comparison to similar groups of 5" grade primary school students who
are instructed by a traditional education model in terms of their mathematic

achievements?

Results Regarding Research Question 2: Cross-sectional split-plot ANOVA result
yielded that experiment group 1 and experiment group 2 displayed statistically
significant differences (F(3,100)40.581, p<0.001) in comparison to control group 1
and control group 2 across pre-post test results, in terms of mathematics achievement
(see Table 9 for descriptive data). No significant difference was observed in favor of

control groups.

Table 9: Descriptive Statistics Regarding Mathematics Achievement Test across Pre-
Post Test Design of Control and Experiment Groups

Variable Design Groups Mean Std. Deviation n
Experiment 1 71.1538 8.16182 26
Experiment 2 74.6154 10.09189 26
Pre-Test Control 1 72.1154 8.38726 26
Control 2 71.7308 8.93782 26
Mathematic Total 72.4038 8.89477 104
Achievement Experiment 1 89.2308 6.58670 26
Experiment 2 81.1538 9.72704 26
Post-Test Control 1 71.7308 6.62455 26
Control 2 74.6154 8.35740 26
Total 79.1827 10.33682 104

Group-wise comparison was carried out, along with the Tukey post hoc test, in an

effort to observe where significant differences existed between the groups. The test
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results yielded that significant differences only existed between the experiment groups

and control groups in favor of the experiment groups, as shown in Table 10 below:

Table 10: Tukey F Post Hoc Results Regarding Mean Differences of Mathematics
Achievement for Experiment and Control Groups across the Pre-Post-Test Design

Groups df F Mean Difference  Std. Error Sig.
Experiment 1  Experiment 2 0.3077 1.09623 0.992
Control 1 4.3269 1.09623 0.001
Control 2 3.2308 1.09623 0.020
Experiment 1 -0.3077 1.09623 0.992
Experiment2  Control 1 4.0192 1.09623 0.002
Control 2 1.3 7.649 2.9231 1.09623 0.044
Experiment 1 -4.3269 1.09623 0.001
Control 1 Experiment 2 -4.0192 1.09623 0.002
Control 2 -1.0962 1.09623 0.750
Experiment 1 -3.2308 1.09623 0.020
Control 2 Experiment 2 -2.9231 1.09623 0.044
Control 1 1.0962 1.09623 0.750
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Chapter 5

DISCUSSION AND CONCLUSION

Turkish Republic of Northern Cyprus (TRNC) is one of those countries that is pregnant
for an upcoming drastically missing change in its educational system. Although it is
known that STEAM education has some rigid principles in application, it also does
have some flexible sides to be adapted to an existing educational system (Gomez and
Albrecht, 2014). Besides the need for STEAM education, researchers question the way
it is administered and practiced (Gomez and Albrecht, 2014; White, 2014). This is
crucial because every society has its own dynamics, mimics, and cultural realms. For
the time being, the optimum way of practice of STEAM education in TRNC and its
effects on academic achievement and thinking quality of individuals were unknown.
The extraneous factors that might possibly affect the process of administration of this
approach are unknown and, there is no experimental results supporting the success of
such administration. This is quite important because not every practice gives the same
results and not every culture holds and responds to a new design the same way. For
that very reason, it has long been an urgent need to design a STEAM education
approach to be embedded in the educational context of the Turkish Republic of
Northern Cyprus and to elicit empirical evidence regarding its effects on the targeted

audiences’ academic achievements and thinking qualities.

The vision of Northern Cyprus Education for 2023 strategic aims determined by

Ministry of National Education, show the importance of appropriate application

87



models of STEAM education (Vision 2023 Report Ministry of Education, 2019). If a
country wants to have a say in scientific, economic, or technological fields, STEAM
education must be considered in their education systems (Lacey & Wright, 2009). It is
seen that studies on STEAM applications for primary school students are limited in
Turkish Republic of Northern Cyprus. Based on this, STEAM application in the

classroom at the primary school level were deemed necessary.

Based on a developed framework and as a part of this study, the current dissertation,
which is supported by a quantitative empirical paradigm and aimed to figure out
possible effects of a progressive STEAM education model on groups of 5" grade
primary school students” CTDs and their academic achievements in the TRNC reached

some intriguing results.

For the time being, the optimum way of practice of STEAM education in TRNC and
its effects on academic achievement and thinking quality of primary school students
were unknown. This quasi-experimental research aimed to test the impact of a
progressive STEAM education design on 5" grade primary school students’ CTDs and
mathematic achievements in TRNC. When the results were evaluated, it is vivid that
STEAM application had significant effects on students’ CTDs and mathematical
achievements (see Tables 7, 8, 9). As measured with CCTDI, both experimental groups
scored significantly high in post-test results in comparison to pre-test results, and in
comparison to post test results of control groups whereas control groups either
remained same or displayed non-significant change in terms of the seven facets of

CTDs. Similar effects were recorded for mathematic achievement too.
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Students in experiment group 1 and 2 showed significantly higher progress in
comparison to students in control group 1 and 2. The bulk of the literature had
theoretically supported the possible effects of STEAM education on critical thinking
and academic achievement (Yasin, Jauhariyah, Madiyo, Rahmawati, Farid, Irwandani,
& Mardana, 2019; Yasin, Fakhri, Siswadi, Faelasofi, Safi’i, Supriadi, Syazali, &
Wekke, 2020), however, no empirical evidence existed to prove this hypothesis until
now, especially in TRNC. A recent research on enhancing mathematics critical
thinking skills have revealed that STEM plays crucial roles for the development of
CTDs (Syafril, Aini, Netriwati, Pahrudin, Yaumas, & Engkizar, 2020; Wendell,
Connolly, Wright, Jarvin, Rogers, Barnett, and Marulcu, 2010). However, this study
only mentioned the spirit of Mathematics. The current research deliberately tented to

figure out the sole impact of STEAM on mathematics achievement.

One other important dimension that needs to be discussed is about the applicator
teachers who were provided with in-service training regarding the correct application
of STEAM in experiment groups. This opens up another discussion pint, which where
applicators begin to be subjected to the sole contribution role regarding the effects of
STEAM. As many research explained, any successful result would be obtained from
applications where applicators were trained in advance (Aini, Syafril, Netriwati,
Pahrudin, Rahayu, & Puspasari, 2019; Bybee, 2011; Carroll, 2014; Stein, Haynes,
Redding, Ennis, Cecil, 2007). It is delightful that this research obeyed the suggestions
of then related literature and the results are shockingly parallel to what the literature
suggested. It is a well-known fact that it is a difficult task to graduate individuals who
are keen to question, solve problems, be a world citizen, and be a good person, all at

the same time (Means, Wang, Young, Peters & Lynch, 2016; Sahin, 2013; Sahin &
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Top, 2015). The far aims of education determine the aims of the schools, lessons, and
students. Educational policies are the determinants of the quality of education (Lacey
& Wright, 2009). Education, on the other hand, within the era of globalization, is trying
to achieve its goals. Various different strategies are being tested and used to create a
culture of critical thinking (Bybee, 2010; National Academy of Engineering and
National Research Council, 2014). However, very few of them succeed and very few
of them are sustainable. The excitement that motivated this research is rooted in the
call for research in the 2030 vision of North Cyprus, which was announced by the
North Cyprus Ministry of Education (Armknecht, 2015; Thomasian, 2011). After
longitudinal seminars and workshops, with the inclusion of many academicians,
researchers, teachers, and educators, some critical decisions were made at the
governmental level in North Cyprus. One of the decisions was to embed SP-STEAM
applications to graduate individuals who can think critically and solve problems. This
quasi-experimental research aimed to test the impact of a sustainable progressive
STEAM education design on 5th-grade primary school students’ CTDs and
mathematic achievements. When the results were evaluated, it was vivid that the SP-
STEAM application had significant effects upon students’ CTDs and mathematic
achievements. As measured with CCTDI, both the experimental groups scored
significantly high in post-test results, in comparison to pre-test results, and in
comparison to the post-test results of the control groups, whereas the control groups
either remained the same or displayed non-significant changes in terms of the seven
facets of CCTDI. Similar effects were recorded for mathematic achievements, too.
When the experimental studies carried out in Turkey were evaluated, the results
signified that if teaching-learning environments are redesigned according to the

STEAM education model, then the students display increased performances in
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mathematics and in the use of their cognitive abilities (Ertmer and Newby, 2013;
Greeno et al., 1996), which is a supportive finding for the current research. This
experiment also presented that the control groups maintained the same performance,
without any significant changes in their mathematic achievements and CTDs, even
though the control groups followed the same curriculum content. Thus, the results of
this experiment support the use of the SP-STEAM education model for mathematics
achievement and for CTDs. Other countries, as well as Turkey, have seen researchers
producing similar results in the application of the STEAM education. Significantly,
numerous studies carried out across different countries appropriating the application
of SP-STEAM education have all displayed improved academic achievements of the
students in every respect, reporting positive increments in science, technology, and the
mathematic achievements of primary school learners in comparison to non-STEAM

education forms of teaching and learning (Brophy, et al., 2008).

For the last decade, there has been an increase in experimental researches in relation
to the influences and impacts of the SP-STEAM oriented education, except for the
period encompassing the pandemic. Consideration in this context reveals that the
findings of many studies displayed parallelism with this study (Lim, Zhao, Tondeur,
Chai, & Tsai, 2013; Tondeur, Cooper, & Newhouse, 2010), which emphasizes the
validity and reliability of the current research. The bulk of the literature had
theoretically supported the possible effects of STEAM education on critical thinking
and academic achievement (Ehri, Dreyer, Flugman, & Gross, 2007; Torgesen,
Wagner, Rashotte, Herron, & Lindamood, 2010); however, no empirical evidence
existed to prove this hypothesis, especially in the context of North Cyprus. Recent

research on enhancing mathematics critical thinking skills has revealed that STEAM
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plays a crucial role in the development of CTDs (Lowther, Inan, Ross, & Strahl, 2008;
Silvernail, Pinkham, Wintle, Walker, & Bartlett, 2011). However, this study only
mentioned the spirit of mathematics. The current research deliberately intended to
figure out the sole impact of the SP-STEAM on mathematics achievement. One other
important dimension that requires focus relates to the applicator teachers, who were
provided with in-service training regarding the correct application of STEAM in
experiment groups. This opens up another discussion point, which is where applicators
begin to be subjected to the sole contribution role regarding the effects of the SP-
STEAM. As many researches explained, any successful result would be obtained from
applications where the applicators were well-trained (Morgan, Farkas, & Wu, 2009;
Princiotta, Flanagan, & Germino Hausken, 2006). Obeying the suggestions of the
related literature, it was found that the results were parallel to what has been proposed
by the pioneers of the field (Duncan & Magnuson, 2011; Jordan, Kaplan, Ramineni,
& Locuniak, 2009). What we have learned from the results of this research is that
children can achieve well if they are provided with opportunities to use their potential.
However, this requires background experience, and achieving goals in STEAM
applications is very difficult without establishing a baseline with teachers who are

well-trained for such applications.

STEAM, which forms an integrated model with the combination of different
disciplines, enables students to look at the problems they face in a wide perspective.
STEM also includes 21% century skills that education systems aim to gain in students
(Baran, Canbazoglu Bilici, Mesutoglu and Ocak, 2016). For this reason, using the
activities prepared within the scope of STEAM education approach will enable

students to develop the skills of science-technology-mathematics and engineering
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disciplines (MacFarlane, 2016) and increase their readiness (Thomasian, 2011). For
countries to have a voice in the international arena, to compete and grow economically,
STEM approach should be included in the education system (Corlu, Capraro &
Capraro, 2014; Lacey & Wrigh, 2009). Both in Turkey and TRNC, the Ministry of
National Education published "Science, Engineering and Entrepreneurship
applications,” which says the subject field is added (Karakaya, Unal, Lawn and
Yilmaz, 2018). The results of the current research can be considered invaluable in

terms of underlining the positive impact of STEAM integration for upcoming years.

This experiment had some limitations that can be taken into considerations for further
implications. Empirical studies, especially the experimental ones, are quite valuable
because they can be repeated as they are in different settings with similar group of
students. This experiment, though, considered mathematic achievement only.
However, STEAM includes engineering, science, and technology applications as well.
A further study may include these endogenous variables to test the complete effect of
STEAM on other subject matters. In addition, conducting a further experiment with
41 6™ and 7" grade students could be fruitful to see the effects of STEAM for
different educational levels. Moreover, this research design can be turned into a true-
experimental design with completely random sampling procedure with more
participants enrolled in an experiment. In our research, to increase the validity of the
results, two experimental groups were used against two control groups. A follow up
study may include more than two experimental groups so that results would be more
generalizable. Finally, factors associated with the application of STEAM, perceptions
of students and applicators views on possible obstacles can be studied with a survey.

The results of such studies have the potential to bring deeper insights into STEAM
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applications and its effects on various different exogenous variables. Specifically, the
current research proposed that primary school students can achieve better when they
are provided with better opportunities to use their potential. Additionally, experiments
conducted with primary school students with an average age of 10 to 12 are rarely set
upon in the literature (Duncan & Magnuson, 2011; Jordan, Kaplan, Ramineni, &
Locuniak, 2009). Many studies have pointed out that STEAM education should be
tested with primary school students to establish a STEAM culture at the middle school
and high school levels. SP-STEAM, which forms an integrated model with a
combination of different disciplines, enables students to look at the problems they face
from a wider perspective. STEAM also includes the 21st-century skills that education
systems aim to transfer to students (Bricker & Bell, 2008). For this reason, using the
activities prepared within the scope of the STEAM education approach will enable
students to develop the skills of the science-technology-mathematics and engineering
disciplines (Ebenezer, Kaya, & Ebenezer, 2011) and increase their readiness (Figliano,
2007). For countries to have a voice in the international arena to compete and grow
economically, the STEAM approach should be included in education systems (Bybee,
2010; Sanders, 2009). In North Cyprus, the Ministry of National Education published
“Science, Engineering and Entrepreneurship applications”, which says the subject

field is added (Kuenzi, 2008).

The results of the current research can be considered invaluable in terms of underlining
the positive impact of STEAM integration and the importance of in-service teacher
training. This experiment had some limitations that can be taken into consideration for
further implications. Empirical studies, especially experimental ones, are valuable due

to the possibilities of their repetition in different settings with similar groups of
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students. This experiment took mathematic achievements into consideration only.
However, SP-STEAM includes engineering, science, and technology applications as
well. A further study may include these endogenous variables to test the complete
effect of SP-STEAM on other subject matters. In addition, conducting further
experiments with 4th-, 6th-, and 7th-grade students could be fruitful to see the effects
of SP-STEAM against different educational levels. Moreover, this research design can
be turned into a true experimental design with a completely random sampling
procedure and more participants enrolled in the experiment. In our research, to increase
the validity of the results, two experimental groups were used against two control
groups. A follow-up study may include more than two experimental groups, making
the results more generalizable. Finally, factors associated with the application of SP-
STEAM, perceptions of students, and the applicators' views on possible obstacles can
also be studied with a survey. The results of such studies have the potential to bring
deeper insights into STEAM applications and their effects on various exogenous

variables.

Suggestions for Further Studies: This experiment had some limitations that can be
taken into consideration for further implications. Empirical studies, especially
experimental ones, are valuable due to the possibilities of their repetition in different
settings with similar groups of students. This experiment took mathematic
achievements into consideration only. However, SP-STEAM includes engineering,
science, and technology applications as well. A further study may include these
endogenous variables to test the complete effect of SP-STEAM on other subject
matters. In addition, conducting further experiments with 4th-, 6th-, and 7th-grade

students could be fruitful to see the effects of SP-STEAM against different educational
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levels. Moreover, this research design can be turned into a true experimental design
with a completely random sampling procedure and more participants enrolled in the
experiment. In our research, to increase the validity of the results, two experimental
groups were used against two control groups. A follow-up study may include more
than two experimental groups, making the results more generalizable. Finally, factors
associated with the application of SP-STEAM, perceptions of students, and the
applicators' views on possible obstacles can also be studied with a survey. The results
of such studies have the potential to bring deeper insights into STEAM applications

and their effects on various exogenous variables.
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Appendix C: Content Validity Estimation Study

Information for Comity Members:
This is a part of a dissertation study, which particularly focuses on assessing the

reliability and validity of the achievement test consisting of mathematics and science
as major concerns of STEM education.

There are three major parts. The first part includes content domains, definitions and
objectives (see PART A). Original questions have been created from those content
domains. What is being tested is the relevance of those items to these content
domains. The second part (see PART B) includes the content validity estimation
scale that will be used to assess the relevance of each assessment question to the
content that it is intended to belong to those domains. The third part (see PART C)
Is the achievement test as it will be administered to the targeted audience, who are
4" graders. The third part is given to you to think of the assessment tool so that it
may help you to base your judgments in a holistic way.

As a comity member, you are being requested to assess the relevance of each item to
the content from which the items were derived in terms of relevance to content,
clarity, simplicity, and ambiguity on a four-point scale (see PART B). Items were
grouped according to the content domains in order to make your task easier.

The results obtained from each of the comity member will be analyzed and content
validity indexes will be calculated for each item, for each scale, and for the whole
assessment tool.

Following the analysis of the results regarding content validity index, some items
may need to be refined, rethought, or re-written.

One of the most important consequences of this part of the study is that it will
provide an evidence regarding content and construct validity of the developed
achievement test.

For any further explanation, clarification, or concern please contact Hasan Kiigiik
by telephone at 05338296626 or by e-mail at hasankucuk38@gmail.com . His
graduate supervisor, Assoc. Prof. Dr. Canan Zeki, may be contacted by e-mail at
canan.zeki@emu.edu.tr
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Appendix D: Question Evaluation Scale Item Informed Consent

Form

Soru Degerlendirme Ol¢cek Madde Bilgilendirilmis Onam Formu
Degerli katilimcilar,

Dogu Akdeniz Universitesi Egitim Bilimleri Fakiiltesi Doktora tez ¢alismasi
olan bu arastirmanin temel amact; KKTC devlet ve 6zel okullart 4.siif 6grencilerinde
“STEM egitiminin elestirel diisinme beceri diizeyleri ve akademik basarilarina
etkilerini arastirmak” i¢in hazirlanmuistir.

Bu ¢alisma, 2021-2022 Egitim ve dgretim yil1 donem basi giris ve donem sonu
cikis davraniglarinin  matematik ve fen bilgisi derslerinde 6grencilerin  bilgi
diizeylerinin belirlenmesi amaciyla hazirlanigtir.  Yapacagmiz dlcek madde
degerlendirmesi sonunda maddelerin kapsam gegerliligi degerlendirilecek ve
maddelerin son sekli verilecektir.

Degerlendirme sonunda elde edilecek maddeler doktora tezi kapsaminda ve
yalnizca bilimsel amaghi kullanilacaktir. Calismanin ilkokul 4. Siniflarda
yuriitiilebilmesi i¢in Egitim ve Kiiltir Bakanligi’'ndan gerekli uygulama izinleri
alinmustir.

Degerlendirmenizi Egitim ve Kiiltir Bakanigr tarafindan 2019 yilinda
hazirlanan ilkdgretim 4.simif matematik ve fen bilgisi dersleri miifredatlart ve her
Ogrencinin sahip olmasi gereken 21.yy becerileri temel alinarak degerlendirmeniz
gerekmektedir.

Calisma hakkinda daha detayli bilgi edinmek isterseniz benimle veya tez

danismanlarim ile iletisime gegebilirsiniz. iletisim bilgileri:

Dog. Dr. Canan Zeki Dog. Dr. Hamit Caner

Doktora Tez Danigmanit Doktora Eg Tez Danigmani

Dogu Akdeniz Universitesi Dogu Akdeniz Universitesi

canan.perkan@emu.edu.tr hamit.caner@emu.edu.tr

Tel: 0392 630 1001 Tel: 0392 630 1415
Hasan Kiigiik

Doktora Ogrencisi
Dogu Akdeniz Universitesi
hasankucuk38@gmail.com
Mobile Tel.: 0533 8296626
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Calisma siiresince ve sonrasinda isminiz gizli tutulacak. Istediginiz zaman
calismadan goniillii olarak geri ¢ekilebilirsiniz. Olgcek madde  degerlendirme
bilgilendirilmis onam formunu goniilli olarak okudum ve anladim.

Degerlendirme Hakem imzas:: Tarih:
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Appendix E: STEM Education Model Curriculum

21.yy Becerileri Evrensel okuryazarlik temelinde: Digital okuryazarlik
becerisi, Yaratici diisiinme becerisi ,Etkili iletisim Becerisi, Yiiksek verimlilik
becerisi,Ruhsal degerler, teknoloji okuryazarligi, trafik ve giivelik becerileri,
miithendislik becerileri (Bu beceriler, OECD( 2020) ve Diinya Bankas1 (2020)

rekabet edebilirlik raporunda tanimlanmig becerilerdir).

Fen ve Teknoloji Ogretim Programi’nda, Sarmal Programlama Yaklasim
kullanilmistir.

Bu yaklagima gore:

Fen ve Teknoloji dersi igin belirlenen dort 6grenme alaninin (Fiziksel Olaylar,
Madde ve Ozellikleri, Canlilar ve Hayat, Uzay ve Evren)
Fen-Teknoloji-Miihendislik-Cevre Iliskisi 6grenim ciktilari gercevesinde 6
baglikta toplanmistir. Sosyo-bilimsel konular1 muhendislik Mantigi ile
degerlendirmek. Bilimin dogasi. Bilim ve teknoloji iligkisi. Bilimin toplumsal
katkist. Stirdiiriilebilir kalkinma bilinci.¢ Fen ve kariyer bilini.

21yy. Becerileri : Evrensel okuryazarlik ¢ercevesinde 5 beceri ile tanimlanmustir.
Digital okuryazarlik, Yaratici diisiinme, Etkili iletisim, Yiiksek verimlilik, Ruhsal
degerler
Duyussal Davraniglar (tutum ve degerler): Ogrenilen kazanimi 4 bashkta
davranisa yansitmasi olarak kabul edilmekedir. Tutum, motivasyon, degerler,
sorumluluk

4’lincii siniftan 8’inci sinif 6gretim ¢iktilar birbirleriyle sarmal bir yapida
ortintiilenmistir. “Fen ve Teknoloji Dersi”, ilkokul 4 ve 5’inci siniflarini ile
ortaokullarin 6, 7 ve 8’inci siniflarini kapsamaktadir. Belirlenen 6grenme
alanlarina, Fen-Teknoloji-Miihendislik-Cevre Iliskisi, 21 yy. Beceriler ve
Duyugsal Davraniglar her sinif bazinda sarmal bir yaklagimla yazilan 6grenme

ciktilar1 Oriintiistiniin sekilsel goriintiisii agagidaki gibidir:
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STEM EGITiM MODELI

CATI KAZANIMLAR
GENEL HAYAT PROBLEM iliskilendirme

e 21 yy BECERILER
e MUFREDATTAKI TEMEL DERS KAZANIMLARI

Kazanim tablosu ekde yer almaktadir. Teknoloji-miihendislikte yer alan
kazanimlarimiz bu proje kapsaminda referanslari ile birlikte STEM Uygulamalar1
kazanimlar1 ek bdliimiindedir. Ornek etkinlik ile degerlendirme sorularina STEM

kazanimlarindan entegre edilmistir.

Akademik takvimde yer alan derslerin {inite ve 6grenme alani sarmal yap1
icerisindedir( KKTC Milli Egitim ve Kiiltiir Bakanlig1 Talim ve Terbiye Dairesi
Ogretim Programi-2019 ).

STEM Egitim modeli kapsaminda ilgili ayda yapilacak STEM etkinlik projeleri;
cat1 kazanimlar1 —yani fen bilgisi, matematik, teknoloji, mithendislik

disiplinkerindeki kazanimlar1 icermektedir.

STEM Etkinlikleri: Genel hayat problem tanimi- Yani etkinligin yasamamizdaki
onemini anlatir.

Proje Basligi-Problemin proje gercevesinde islenecegini
anlatir.

Cat1 kazanimlar1-STEM temel beceriler ile 4.sin1f okul
miifredatindaki kazanimlarim giinliik hayat problem ciimlesindeki kazanilarin

iliskilendirilmesini anlatir.

Bu modelleme ile STEM egitimi etkinlikleri hazirlanirken ;

— Egitim programinin igerigini canlandirici bir 6grenme ortami saglamasi,

— Ogrencilerin yeni buluslar kesfetmesini, olaylar arasindaki iliskiyi daha iyi
anlamalar1 olanagini saglamak,

— Yeni liriin ortaya koyarak, ekosisteme katki saglamak ve toplumsal sorumlu

konunda farkindalik artirmak,
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— Isbirligi ve bagimsiz ¢alisma yoluyla 6grencilerin dzgiiven ve 6z yeterliligini
gelistirmesi,

— Ogrencileri esneklik ve giiven i¢inde diisiinmeye tesvik etmek,

— 21. Yiizy1l becerilerini kazandirmaya olanak saglamak,

— Karsilagtiklar1 sorunlara daha kisa ¢oziimler liretmeyi saglamak,

— Ogrenme motivasyonunu artirmak,

— Tasarim odakli diisiinme ve yenilik¢i olmay1 saglamaktir.

21.Yiizy1l Becerileri

Arastirma kapsaminda uluslararas1t OECD (2020) raporu temel alinarak is diinyasi
ile okul iliskisi temel alarak “Iletisim adaptasyon ve inovasyon yetenekleri” ana
iskeleti olusturmaktadir. Bu baglamda mezun olan her 6grencinin ortalama olarak
sahip olmasi gereken temel beceriler ve Harward Universitesinden Dr. Tony
Wagner tarafindan is diinyas1 ile yapilan liderlik konusunda arastirma sonuglarina
gore her 6grencinin ihtiya¢ duyacagi mesleki 7 temel becerileri agagidaki bagliklar
altinda siniflandirilir temel kabul edilmistir.

1.0grenme ve yenilenme becerileri; Yaraticilik ve Yenilenme, Elestirel Diisiinme ve
Problem Cézme ,iletisim ve Isbirligi

2.Bilgi, medya ve teknoloji becerileri;Bilgi Okuryazarligi, Medya Okuryazarligi,
Bilgi ve Iletisim Teknolojileri (ICT) Okur-Yazarlig

3.Yasama ve meslek becerileri;Esneklik ve Uyum, Girisimcilik ve Oz-Yonelim,
Sosyal ve Kiiltiirleraras1 Beceriler, Uretkenlik ve Sorumluluk, Liderlik ve

Sorumluluk olarak tanimlanmustir.

4.Smif Matematik Dersi Ogrenme Ciktilar:

Programm amact Ogrencilere yasamlarinda ve sonraki egitim asamalarinda
karsilagacaklar1 durumlar1 anlamlandirmada,  kendilerini ifade etmede ve
problemleri ¢cozmede matematiksel dil, yontem ve siireglerini kullanma baglaminda

beceri kazandirmaktir.

Program Temel Ciktilar
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1. Matematige karsi olumlu tutum gelistirebilme.

2. Matematigin 6nemini takdir edebilme.

3. Zihinden hesaplamalar yapabilme.

4. Temel islemleri akici olarak yapabilme.

5. Problem ¢6zebilme.

6. Problem kurabilme (yazabilme).

7. Calismalarda; arac gereclerden dogru bir bicimde yararlanabilme.

8. Matematiksel dili etkili bicimde kullanabilme

9. Matematikteki temsil bi¢cimlerini etkili bicimde kullanabilme

10. Sekil, yer ve mekéana iliskin durumlar hakkinda muhakeme yapabilme

11. Geometrik sekiller ve kavramlar arasindaki iligkileri kavrayabilme.

12. Basit/Temel cebirsel islemleri akici olarak yapabilme.
13. Matematiksel modeller kurabilme.
14. Matematiksel diisiinme yollarinikullanabilme ve ¢ikarimda bulunabilme.

15. Matematiksel caligsmalarda grupla calisabilme

4.Smif Fen Dersi Ogrenme Ciktilar

Program Ciktilar1

Fen ve Teknoloji Ogretim Programi’nin dnemi ve amaglarina uygun olarak
belirlenen ve dgrencilerin programi tamamladiginda sahip olmasi beklenen en
geneldeki nitelik ve yeterlilikleri sunlardir:

1. Fen ve teknolojinin dogasini, ikisi arasindaki iliskiyi, bunlarin toplum ve
cevreyle etkilesimlerini anlar.

2. Bilimsel kesif ve teknolojik gelismiyle insanlarin bilgi ve anlayislarinda

meydana gelen degisimleri kavrar.
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3. Glinliik yasamda ve deneysel ortamda fen ve teknoloji ile ilgili arag-gerecleri
etkin ve bilingli kullanir.

4. Fen ve teknoloji ile ilgili olaylari,bilimsel siire¢cergevesinde agiklar.

5. Isbirligini, verimliligi, girisimciligi igeren anlayislarla fen ve teknoloji alaninda,
yeni ve yaratici fikirleri uygun tasarimlarla hayata gegirir.

6. Karsilastig1 fen ve teknoloji problemlerine, bilimsel diisiinme ve bilgiye ulagma
yollar1 kullanarak yeni ¢6ziimler 6nerir.

7. Fen ve Teknoloji ile ilgili olgu, olay veyeniliklere yonelik elestirel, sorumlu
tutum ve beceriler gelistirir.

8. Saglikli yasam bilinciyle hareket eder.

9. Siirdiiriilebilir bir gelisim i¢in ¢evreye, biyolojik cesitlige ve dogal estetige
duyarli anlayislarla neden-sonug iligkilerini bilimsel verilerle tartisir.

10. Fen ve teknoloji alaninda kendi yas grubuna uygun her tiirlii yayini takip eder.
11. Kiiltiirel ve dogal mirasin yasatilmasinda sosyal sorumluluk alarak, proje ve
caligmalara goniillii olarak katilir.

12. Diinya, Uzay ve Evren arasindaki iliskiyi i¢sellestirip, bu iligkiyi bilimsel

veriler ¢er¢evesinde tartisir.

Teknoloji Okuryazarlik Kazanimlari: Fen ve matematik bilgilerinin kullanilmasi
sonucunda teknolojik gelismeler ortaya c¢ikmaktadir. Arastirmacilar fen ve
matematik bilgisi dogrultusunda teknolojik problemler ¢oziimlenmektedir.
Teknoloji entegrasyonu, fen ve matematik bilgilerin kullanilarak teknolojik
problemleri ¢6zmek degil ayn1 zamanda teknoloji ile birlikte toplumun her alanda
thtiyacimt da karsilamaktir. Bu sebepten dolayr fen ve matematik entegrasyonu,
teknoloji entegrasyonu ile birlikte diisiniilmeli, ayr1 diisiiniilmemelidir. Sonug
olarak, teknoloji, toplumun her alaninda sosyal, kiiltiirel, ekonomik bir¢ok alanda
fen, matematik ve teknoloji entegrasyonu sonucunda karsilasilan problemlerin
coziimlenmesi ya da araglarin kullanilmasi olarak goriilmektedir (Yildirim ve Altun,

2015)

Miihendilik Tasarim Kazanimlari: Miihendislik Tasarimi altinda bir miihendislik
probleminin tanimlanmasi ve sinirlariin belirlenmesi, ¢6ziim olusturulmasi ve
¢ozlimiin optimize edilmesi basamaklarini igeren miihendislerin problemleri nasil

¢cozdligline; ikincisi ise Miihendislik, teknoloji, bilim ve toplum arasindaki
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baglantilar altinda dgrencilerin bilim, miihendislik ve teknolojinin birbirine nasil
bagli oldugunu ve bunlarin toplum ve gevre {izerindeki etkilerini anlamalar tizerine
odaklanmistir (NRC, 2012). Miihendislerin problem c¢ozme yaklagimi olan
mithendislik tasarim stireci birinci boyutta yer alan bilim ve miihendislik i¢in ortak
olan, “problemi belirleme, model gelistirme ve uygulama, sorgulama, verileri analiz
etme ve yorumlama, matematik ve hesaplamali diisiinmeyi kullanma ve ¢6ziime

karar verme gibi bir¢ok farkli gibi uygulamalari igerir (NRC, 2012, s. 204).

-
STEAM Ogretim Modeli Ders Etkinlik Siireci 6- Asamali

Yildirim, B. (2018). Teoriden pratige STEAM egitimi. Istanbul. Nobel
Bilimsel Eserler

o

STEAM
etkinlikl
- eri STEM
B tasarlam etkinlikl
- Dige a Etkinlikleri
belirlenme grenme disiplinl uygun
. Genel e O n
si (Fen alani erle Ogretim . .
. S hayat ) degerlendi
belirlen iliskilend modeli - .
- A problem " rilmesi
i hazirla
gercekle
“—Problem—~ smesi
climlesi
yaz

Bu arastirma STEAM ayr1 bir ders olarak degil, 5 sinif 6gretmeni tarafindan
matematik ve fen bilgisi derslerini verdigi i¢in bir 6gretmenin verecegi kabul
edilmektedir.

Bu arastirmada, 6gretmen yeterliligini, mesleki gelisim egilimlerini, okul fiziki
altyapiy1 ortalama denk olarak kabul edilmektedir.
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KAZANIM MERKEZLI STEM UYGULAMA IZLENCESI

ETKINLIK-UNITE ILISKISI
STEAM ETKINLIK
(Etkinlik tasarlanmirken;6grnme ¢iktlari-
kazamimlar ile 21.yy temel becerileri
£ -é‘ iliskilendirilip cati kazanmimlar
25 hazirlanmstir.
= o
2 :;
& 2 Ders anlatim siireci SE 6gretim modeli
0 = diisiiniilerek tasarlanmistir.SE 6gretim
2 E uygulama asamalari sayfa ........ yer
'g E almaktadir.)
= B
£:
S ®
= —_ e <§( E g
% 212 |%x%5
= S| 2| ¢ER
= = s & x s
= s 2 | 3| <EE~
5 = z Z | < |ESEs
& e £ 2 SRR EE
z |8 5 3 SRS
Dogal Sayilar 6 % | Sayi, Genel Hayat Problemi:

EYLU Sayilar 8 fliskilendir | Problem ciimlesi: Plansiz yapilanma ve
L- MATEM Geometrik 4 me ekonomik kosullardan 6tiirti kdylerden
EKIM | ATIK Temel Kavramlar Islem merkezi sehirlere go¢ niifusunun artmasi

LDON Geometri iizerinden sonucu ¢evre kirliliginin 6niine
EM problem gecilemiyor.Sonug olarak artan ¢evre

¢ozer, kirliligi ve saglik sorunlari artyor.
aciklamala | Proje Adi: Denizler Hayvalar Hepimizin!
r yapar, Cat1 Kazanimlar etkinlik
sonuglar detaylandirmasinda
¢ikarir, Proje uygulama : Ornek galigma
alternatifin | https://www.youtube.com/watch?v=ocU--
e karar 1S1aOM
verir ve
bilgileri
yeni
duruma
uyarlar.

Canlilar ve 23 | % | Canl

Hayat 17 | Yasami,

FEN vUCUD | Duyu Organizma
BILGIST | UM Organlari ve

iskele, Kas sindirim

ve Hareket sistemini

Solunum diistinerek

Dolasim problem
¢ozer,
agiklamala
r yapar,
sonuglar
¢ikarir,
alternatifin
e karar
verir ve
bilgileri
yeni
duruma
uyarlar.

EKIM | MATEM | Dért Toplama- 15 | % | Acilarin Genel Hayat Problemi: Hangi meslek
- ATIK Islem Cikarma- 19 | mantigive | alanmi secersek segelim mutlaka is
KASI Carpma 8 dort alaninda veya giinlikk yasamda is arag ve
M Agilar islemi islemlerle makinelerinin ¢alisma prensipleri hakkinda

problem filir sahibi olmaliy1z. Fotokopi

Ag1 gesitleri ¢ozer, makinesinden fing makinesine kadar temel

ve ozellikleri aciklamala | caligma prensinini bilmeliyiz.
r yapar,
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sonuglar

Problem Ciimlesi: Her iste ortak temel

¢ikarir, mantiga sahip olmaliyiz.
alternatifin | Proje adi: Temel is makinleri
e karar Cat1 Kazanimlar etkinlik
verir ve detaylandirmasinda
bilgileri Proje uygulama Ornek Caligma linki
yeni
duruma https://youtu.be/NBNXc4FGcD4
uyarlar.
FEN KUVVE | Canlilar ve 13 | % | Hareket
BILGISI | Tve Hayat ftme 9 Kuvvet Genel Hayat Problemi: Hayvalari sevmek
HAREK ve Cekme Etki bizlere huzur verir. Birgok kisi evinde veya
ET Kuvvetin bahgesinde gesitli hayvan tiirii
Etkileri yetistirmektedir. Yogun is temposu ve
Hareket beklenmedik zamanlarda hayvanlarimizin
KASI MATEM | Dért Bolme 6 % Bolme temel beslenmesi i¢in sikint1 yasayan
M- ATIK Islem Islemi 8 islemleri bir¢ok aile vardir.Bunun igin yaratici
ARAL 4 ile ag1 aragtirmalar yapilmaktadir.
IK Agilar Ag1ve cesitlerini Problem Ciimlesi: Her hayvanin beslenme
islemler problem saatinde yiyecegini bekler
FEN MADDE | Madde ve 26 | % | uzerinde Cati Kazamimlar etkinlik
BILGISI | ve Ozellikleri 19 | iligkilendir | detaylandirmasinda
OZELLIL Maddenin ir. Proje uygulama Ornek Calisma linki
KLERI Degisimi Cevrrsinde | https://youtu.be/RGIWS5e2QbVI
Madenin ki madde (Beyin firtinasi calismast )
Halleri Saf dzellikleri | https://youtu.be/\VdbQKr0SLZs
Maddeler ve ile ilgili
Karigim problem
¢ozer,
aciklamala
r yapar,
sonuglar
¢ikarir,
alternatifin
e karar
verir ve
bilgileri
yeni
duruma
uyarlar.
ARAL | MATEM | Kesirler Kesir 12 | % | Cokgenve | Genel Hayat Problemi: Cevre ve insan
IK- ATIK Cesitleri 17 | kesir sagligi agisindan alternatif enerji
OCA Kesir problemler | tartigmalari artarak devam etmektedir. Ulke
K Cokgenle | islemler 4 i gevresel egitim sistemleri 6zellikle enerji tasarrufu
r durumlard | ig¢in etkin ¢aligma yaparak bilingli
Uggen ve a Ogrencilerin yetismesi sonucu enerji
Gokgenle | Ozellikleri 4 iligkilendir | alanindaki tasarruf geek ekonomik gerekse
r ip problem | kalkinma agisindan ¢ok 6nemlidir.
Dikdortgen gozer, Problem Ciimlesi: Alternatif enerji ve
ve Ozelikleri actklamala | enerji tasarrufu otak sorunumuzdur.
r yapar, Cat1 Kazanimlar etkinlik
sonuglar detaylandirmasinda
gikarir, Proje uygulama Ornek Caligma linki
alternatifin | https://www.youtube.com/channel/UCrTps
e karar kdV-Jg3SvdY_rf2DLg
verir ve
bilgileri
yeni
duruma
uyarlar.
FEN ISIK ve Fiziksel 23 | % | Fiziksel
BILGIST | SES Olaylar 17 | olaylarin
Isik degisimind
Kaynaklari e 151k ve
Aydinlatma ses
Teknolojisi kaynaklar
Isigin lizerinden
Gormedeki degerlendi
Roli rme yapar,
Isik Kirliligi problem
Ses gozer,
Kaynaklari aciklamala
Ses r yapar,
Teknolojisi sonuglar
cikarir,
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Sesin alternatifin
Isitmedeki e karar
Rolii verir ve
Ses Kirliligi bilgileri
yeni
duruma
uyarlar.
SUBA | MATEM | Kesirler Kesir ve 7 % | Canlilarin Genel Hayat Problemi: Diinya genelinde
T- ATIK Problemler 16 | yasam son 20 yilda depremlerin artmasi sonucu
MAR Cokgenle | Kare-Alan- alanlari bina ingaat zemin etiid ve deprem
T r Cevre 12 hakkinda yasasininda 2015 yilinda iilkemizde
I.DO Ozellikleri geometrik | giingelenmistir. Toprak alan yap1
NEM ve Islemler sekillerle Ozelliklerine ingat yapi cesitleride
FEN CANLIL | Canlilar ve 16 % | yorumlay1 degismeye baslamistir.
BILGISI | AR Hayat 12 | p gesitli Problem Ciimlesi: Verimli toprak alanlar
DUNYA | Canhve isleleri yerine ingaat yapilmamalidir.
SI Cansiz insan ve Proje Adi: Toprak Kayb1
Varliklar gevre Proje 6rnek uygulama linki
Canlilarin iliskisi https://www.youtube.com/watch?v=RQXa
Ozellikleri iizerinden | 5iJVxzk&feature=youtu.be
Canlilarin degerlendi
Yasam rir
Alanlar problem
insan ve cozer,
Cevre Iliskisi agiklamala
r yapar,
sonuglar
¢ikarir,
alternatifin
e karar
verir ve
bilgileri
yeni
duruma
uyarlar.
MAR | MATEM | Kesirler Kesir ve 7 % Fiziksel
T- ATIK Dért Islemler 11 | olaylardaki
NiSA Olgiim degisiklikl
N Zaman,Olgm | 6 eri,
e, Tartma elektrik
FEN YASAM | Fiziksel 20 | % | ihtiyag ve Genel Hayat Problemi: Is diinyasinda
BILGISI | IMIZ- Olaylar 14 | gerekliligi | teknolojinin rtkin kullamldig1 cagdayiz.
DAKI Elektrikle grafiksel Otomasyon kullanimi sonucu iiretim ve is
ELEKTR | Tanisalim iliskilendir | giiciindeki maliyet azalmasi ve birim saatte
K Elektrik ip problem | artan iiretim miktar1 ile rekabet edebilirlilik
Kaynaklari ¢ozer, artmistir. Bu baglamda da hemen hemen
Basit Bir agiklamala | her is sektorii depolama sistemini
Elektrik I yapar, gelistirmistir. Bu baglamda bir noktadan bir
Devresi sonuglar noktaya giivenli bir sekilde mal tagima
Elektrigin cikarir, amactyle sanayi sektoriinde hidrolik
Bilingli ve alternatifin | sistemler yygmlasmistir.
Giivenli e karar Problem ciimlesi: A noktasindan B
Kullanimi verir ve noktasina tagmacak mali hidrolik sistemle
bilgileri kontrollii tagima ihtiyaguz vardir.
yeni Proje Adt: Hidrolik sistemle tanigma
duruma Proje 6rnek uygulama linki
uyarlar. https://www.youtube.com/watch?v=mAevn
NISA | MATEM | Olgiim ve | Stvilan 18 | % | Diinyamz | WO9c5E&feature=youtu.be
N- ATIK Grafik Olgme 21 | daki
MAYI Siitiin hareketleri
S Grafigi n
Geometri | Olasilik nedenlerin
k 7 den elde
Cisimler Simetri ve edilen
Oriintii verilerin
FEN DUNYA, | Fiziksel 17 | % | olgiimler
BILGIST | AY ve Olaylar 12 | iizerinden
GUNES Yildizimiz grafiklendi
Giines rilmesi,
Diinyamizi neden-
Tantyalim sonug
Diinyamizin iliskisi
Hareketi kurma ve
bunu belli
temel
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Ayin mantik
Ozellikleri gercevesin
ve Hareketi de
problem
¢ozer,
agiklamala
r yapar,
sonuglar
¢ikarir,
alternatifin
e karar
verir ve
bilgileri
yeni
duruma
uyarlar.

Ogrenme | Matematik 12 %
Alan1 0 10
Kazaniml 0

ar Fen Bilgisi 13 | %
8 10

Etkinlik Cati Kazanimlarinin Detaylandirilmasi
"Egitimde STEAM Temelli Etkinlik Tasarim Yarigmasi1" (Mugla Il Milli Egitim
Miidiirligi) kapsaminda 6gretmenlerin hazirladiklar: 6rnek etkinlikleri
https://mugla.meb.gov.tr/ ve https://muglaarge.meb.gov.tr/projeler/stem/index.php
adreslerinden ulasabilir. Kaynak gostermek gerekmektedir.

Eyliil-Ekim: Denizler Hayvanlar Hepimizin Projesi Cati Kazanimlari
Fen Bilgisi

1.Saglikl bir yasam i¢in temizligin gerekliligini ac¢iklar.

2.Bitki ve hayvanlarin yasamasi i¢in gerekli olan sartlar karsilagtirir.
3.Tiiketilen maddelerin geri dontisiimiine katkida bulunur.

Matematik
1.Standart olmayan farkli 6lgme birimlerini kullanarak bir uzunlugu 6lger.
2.Uzunluklar1 standart araclar kullanarak metre ve santimetre cinsinden dlger.

Teknoloji

1. Kisisel 6grenme hedeflerini bagarmak i¢in teknolojiden yararlanan stratejiler
gelistirir.

2.Sahip olduklar bilgiler ile gelisen teknolojileri anlar.

3. Gergek diinya sorunlarini ve problemlerini aktif olarak kesfederek fikir ve teoriler
gelistirerek,

4. Cevaplar ve ¢oziimler tizerinde durarak bilgi havuzu olusturur.

5.Fikir tiretmek, teorileri test etmek, yenilik¢i eserler yaratmak veya gercek
problemleri ¢cozmek

i¢in bilingli bir sekilde tasarim siirecini kullanir.

6. Dongiisel bir tasarim siirecinin bir parcasi olarak prototipler gelistirir.

Miihendislik

1.Bir proje i¢in ihtiya¢ duyulan temel siirecleri agiklar.

2.Tim hesaplama ve 6l¢limlerde uygun birimleri kullanir.

3.Fiziksel ve mekanik sistem problemleriyle ilgili tasarim konseptleri uygular.
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Ekim-Aralik: Temel is Makineleri
Fen Bilgisi:

1.Hareket eden varliklar1 gozlemler ve hareket 6zelliklerini ifade eder.

2.Itme ve ¢cekmenin birer kuvvet oldugunu deneyerek kesfeder.

3.1tme ve ¢cekme kuvvetlerinin hareket eden ve duran cisimler iizerindeki etkilerini
gozlemleyerek kuvveti tanimlar.

4.Giinliik yasamda hareketli cisimlerin sebep olabilecegi tehlikeleri tartigir.

Matematik:

1 Kiip, kare prizma, dikdortgen prizma, tiggen prizma, silindir, koni ve kiire
modellerinin yiizlerini, kdselerini, ayritlarini belirtir.

2 Kiip, kare prizma ve dikdortgen prizmanin birbirleriyle benzer ve farkli yonlerini
aciklar.

3.Cetvel kullanarak kare, dikdortgen ve tiggeni ¢izer; kare ve dikdortgenin
kosegenlerini belirler.

4.Bir metre, yarim metre, 10 cm ve 5 cm igin standart olmayan 6lgme araglari
tanimlar ve bunlar1 kullanarak 6l¢me yapar.

5. Cetvel kullanarak uzunlugu verilen bir dogru

Teknoloji:

1.Bir proje i¢in ihtiya¢ duyulan temel siire¢leri agiklar.

2. Sahip oldugu bilgiler ile gelisen teknolojileri anlar.

3.Teknolojinin neden ve nasil ilerledigini inceler.

4. Fikir tiretmek, teorileri test etmek, yenilik¢i eserler yaratmak veya gergek
problemleri ¢ozmek i¢in bilingli bir sekilde tasarim siirecini yonetir.

Miihendislik:

1.Doga¢ yapma siire¢ dongiisiinti kullanir.
2. Miihendislik tasarimi1 metodolojilerini uygular.
3. Ozel problemlere miihendislik yaklasimlari uygular.

Kasim-Aralk:Her hayvanin beslenme saatinde yiyecegini bekler
Fen Bilgisi:

1. Hareket eden varliklar1 gozlemler ve hareket 6zelliklerini ifade eder .
2.Hareket eden varliklar1 gozlemler ve hareket 6zelliklerini ifade eder .

3.Bes duyu organini kullanarak maddeyi niteleyen temel 6zellikleri agiklar .
4.Bes duyu organini kullanarak maddeyi niteleyen temel 6zellikleri agiklar.

Matematik:

1.Cetvel kullanarak kare, dikdortgen ve tiggeni ¢izer; kare ve dikdortgenin
kosegenlerini belirler

2.Sekil modelleri kullanarak kaplama yapar, yaptigi kaplama oriintiisiinii noktali ya
da kareli kagit lizerine ¢izer. 2*40

3.Sekillerin birden fazla simetri dogrusu oldugunu sekli katlayarak belirler.

4.Bir pargasi verilen simetrik sekli dikey ya da yatay simetri dogrusuna gore
tamamlar.
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Teknoloji Tasarim:

1.Tasarim siirecinin bir problem tanimlama ve ¢6ziim énerme siireci oldugunu
sOyler.

2.Giinliik hayatta karsilasilan bir sorun, ihtiyag veya gerceklestirebilecegi hayalini
“tasarim problemi” seklinde ifade eder.

3.Belirledigi probleme yonelik gelistirdigi ¢oziim Onerisini paylasir.
4.Tasarim siirecinin arastirma basamaklarini sdyler.

5.Ergonomik bir iiriin tasarlar.

6.Tasarlad1g1 esyay1 ergonomi kriterlerine gore degerlendirir.

7.Bir iirliniin temel islevinin gerektirdigi mekanik 6zellikleri siniflandirir.
8.Tasarim plan1 hazirlar.

9.Tasarimin modelini veya proto tipini olusturur.

10.Tasarlad1g: iiriinii degerlendirme Sonuglarina gore yeniden yapilandirir.

Miihendislik

1.Inovasyon (yenilik) kavramin1 agiklar.

2.Insan hayatini kolaylastiracak inovatif bir fikir gelistirir.

3.Gelistirdigi inovatif fikri degerlendirir.

4.Geri bildirimler dogrultusunda inovatif fikrini yeniden gelistirir.

5.Miihendislik ve tasarim iliskisini ifade eder.

(Miihendislik alanlar ile tasarim boyutu arasindaki iliski iizerinde durulur.)
6.Cevresindeki iirlinleri miihendislik ve tasarim kavramlari agisindan iliskilendirir.
7.Miihendislik tasarim siirecindeki sinirliliklart degerlendirir.

8.Miihendislik tasarim siirecini kullanarak bir {iriin tasarlar ve sunar .

(Ihtiyag veya problem igeren bir senaryo verilmesi ve bu senaryodaki ihtiya¢ yahut
problemi, is birligi ile belirli sinirliliklar dikkate alarak ¢6zen bir tirlin gelistirilmesi
tizerinde durulur)

Arahk-Ocak: Alternatif Enerji ve Enerji Tasarrufu

Fen Bilgisi:

1.Uygun aydinlatma hakkinda aragtirma yapar.

2.Calisan bir elektrik devresi kurar.

3.Aydinlatma araglarinin tasarruflu kullaniminin aile ve iilke ekonomisi bakimindan
Onemini tartisir.

4.Kaynaklarin kullaniminda tasarruflu davranmaya 6zen gosterir.

5.Gelecekte kullanilabilecek aydinlatma aracglarina yonelik tasarim yapar.

Matematik:

1.Paralarla ilgili problemleri ¢ozer.

2.Dogal sayilarla toplama, ¢ikarma, ¢arpma ve bolme islemi gerektiren problemleri
cozer.

3.Siitun grafigi, tablo veya diger grafiklerle gosterilen bilgileri kullanarak giinliik
hayatla

ilgili problemleri ¢ozer.

Teknoloji:

1. Bilim kitlerini kullanarak istenen algoritmay1 olusturur.
2.Algoritmaya iliskin modiilleri bilir ve bu modiilleri kullanir.
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Miihendislik:

1.Problem i¢in muhtemel ¢oziimler iiretir, bunlar1 karsilastirarak ol¢iitler kapsaminda
uygun olani1 seger.

2.0grenci uygun set ve materyalleri kullanarak prototip tasarimi planlar.

3.Bu planlama tasarimi paralelinde tasarimini gergeklestirir.

4.Tasarimindaki miithendislik siirecini agiklar.

Subat-Mart: Toprak Kaybi Projesi Cati Kazanimlari
Fen Bilgisi

1.Yasadig1 ¢evreyi tanir.

2. Dogal ve yapay ¢evre arasindaki farklari agiklar.

3. Yapay bir ¢evre tasarlar.

4. Dogal ¢evrenin canlilar i¢in 6neminin farkina varir.

5.Dogal ¢evreyi korumak icin arastirma yaparak ¢oziimler Onerir.

Matematik

1.Sekillerin alanini standart olmayan uygun malzeme ile kaplar ve 6lger.
2.Bir alani, standart olmayan alan 6lgme birimleriyle tahmin eder ve birimleri
sayarak tahminini kontrol eder.

Miihendislik

1.Uriin Olusturma ve Girisimcilik Miihendislik tasarim siirecinde asagidaki
asamalarin izlenmesi beklenmektedir:

2.Giinliik hayattan veya endiistriyel ihtiyaglardan yola ¢ikarak bir problem tanimlar.
— Problemin malzeme, zaman ve maliyet kriterleri kapsaminda ele alinmasi beklenir.
- Problemin giinliik hayatta kullanilan veya karsilagilan arag, nesne veya sistemleri
gelistirmeye yonelik olmasi istenir.

3. Problem i¢in muhtemel ¢6ziimler iiretir ve bunlar1 karsilastirarak kriterler
kapsaminda uygun olani seger.

4 Uriinii tasarlar ve sunar.

Teknoloji

1.Cevresindeki herhangi bir yerin konumu ile ilgili ¢ikarimlarda bulunur.
2.Yasadig1 ¢cevredeki dogal ve beseri unsurlar ayirt eder.

3.Ekleme, ¢ikarma, igten ve distan kuvvet uygulama yoluyla farkli malzemeleri
kullanarak ii¢ boyutlu ¢alisma yapar.

Nisan-Mayis: Hidrolik sistemle tanisma
Fen Bilgisi:

1.Hareket eden varliklar1 gézlemler ve hareket 6zelliklerini ifade eder.

2.itme ve gekmenin birer kuvvet oldugunu deneyerek kesfeder.

3.Itme ve ¢ekme kuvvetlerinin hareket eden ve duran cisimler iizerindeki etkilerini
gbzlemleyerek kuvveti tanimlar.

4.Giinliik yasamda hareketli cisimlerin sebep olabilecegi tehlikeleri tartisir.
5.Cevresindeki maddeleri, hallerine gore siniflandirir.
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Matematik:

1. Nesnelerin ¢evrelerini belirler.

2.Sekillerin alanini standart olmayan uygun malzeme ile kaplar ve dlger.
3.Cetvel kullanarak uzunlugu verilen bir dogru pargasini gizer.
Miihendislik:

1.0grenci temel bilim, teknoloji ve mithendislik disiplinlerinin ve bu alanlardaki
kariyer firsatlarinin ayirdina varir.

2. Ogrenci bir mithendislik projesinin igerdigi siirecleri tespit eder. Planlama,
prototip olusturma, tasarim, yiiriitme, kalite kontrol ve raporlama gibi asamalari
aciklar.

3. Ogrenci proje calismasinda kendisini farkli rollerdeki bir takim iiyesi olarak
varsayarak o roliin gerektirdigi caligmalar1 basariyla tamamlar.

4. Ogrenci proje ¢alismasi sirasinda kullandig1 malzemelere ve ¢evreye 6zen
gostererek calisir. Tehlikeli malzemeleri giivenli bir sekilde kullanarak ve atiklari
uygun sekilde yok etmeyi basarir.

5. Ogrenci gorsel, yazili ve sozlii iletisim yontemlerini kullanarak fikirlerini ve
bulgularini profesyonel hedef kitleye agik ve tutarli olarak ifade eder ve tartisir.

Teknoloji:

1.0grenci, algoritmik problem ¢ozerken, ¢dziimlerin tasariminda basit adimlar
kullanabilir. (6rn:, problemin agiklamas1 ve kesfi, 6rnek durumlarin incelemesi,
tasar1, uygulama, sinama ve degerlendirme)

2.0grenci, aym problemi ¢dzebilecek diger algoritmalar1 degerlendirebilir.
3.0grenci, problemlerin ifadelerinde, yapilarinda ve verilerinde gérsel sunumlar
kullanir

4.Ogrenci, modelleme ve simiilasyon kullanarak ne tiir problemlerin ¢oziilebilecegini
degerlendirir.

5.0grenci, bir problemi alt problemlerine ayirmak i¢in soyutlama yapar.

6.0grenci, hesaplamali diisiinmenin disiplinler aras1 uygulamalarindan drnekler
gosterir.

7.08renci, problemin karmasikligimi diizenlemek i¢in soyutlamanin degerini tartisir.
8.0grenci, problemleri ¢dziimii kolay, ¢dziimii zorlu veya hesaplayarak ¢oziilemez
olarak siniflandirir.

9.0grenci, algoritmalar1 verimliligine, dogruluguna ve anlasilabilirligine gore
degerlendir.

*Kaynak: BAUSTEM, Biitiinlesik Ogretmenlik Projesi (Integrated Teaching Project)

Hedef-Kazanim
Yazma Rehberi ve listesi

146



Appendix F: Permission of the Parents

18 Yas Alt1 - EBEVEYN ARASTIRMA GONULLU KATILIM FORMU

Bu ¢alisma, STEAM Egitim Modelinin Ogrencilerin Akademik Basaris1 ve Elestirel
Diisiinme Egilimlerine olan Etkisi baslikli bir aragtirma calismasi olup 6grencilerin
akademik ve elestirel distinme egilimlerine olumlu katki saglama amacim
tasimaktadir. Calisma, doktora 6grencisi Hasan Kiigiik tarafindan yiiriitiilmekte ve
sonuglari ile bir doktora tezi ortaya konacaktir ve KKTC egitim alanina ve gelisimine
151k tutulacaktir.

° Bu c¢alismaya katiliminiz gontlliiliik esasina dayanmaktadir.
° Bu c¢aligma kapsaminda herhangi bir ses kaydi veya goriintli alinmayacaktir.
° Caligmanin amaci dogrultusunda, deney grubundaki 6grencilerin 21. Yiizyil

becerilerini gelistirmek amacli, STEAM Egitim Modeli kapsaminda 5 E Ogretim
Y ontemine uygun olarak 6grencilerle Fen ve Matematik alanlarinda 14 hafta boyunca
smif i¢i STEAM etkinlikleri ve siif dist STEAM proje calismalar yiiriitiilecektir. Bu
uygulamalar STEAM Egitim Modelinin ve 5 E Ogretim Yonteminin ilkeleri
dogrultusunda gergeklestirilecektir.

[ Calismanin amaci dogrultusunda, sadece anket sorulari ile ¢ocugunuzdan
veriler toplanacaktir.

° Bu uygulama g¢ocugunuzun diger derslerdeki performansini veya notunu
olumsuz yonde etkilemeyecektir.

° Cocugunuz bu arastirma sirasinda psikolojik, sosyal veya akademik olarak
magdur olmayacaktir.

° Cocugunuzun Isminizi yazmasma ya da kimligini agia ¢ikaracak bir bilgi
vermesine gerek yoktur.

° Arastirma kapsaminda toplanan veriler, sadece bilimsel amaglar dogrultusunda
kullanilacak, arastirmanin amaci disinda ya da bir baska arastirmada kullanilmayacak
ve gerekmesi halinde, sizin (yazil1) izniniz olmadan baskalariyla paylagilmayacaktir.

° Istemeniz halinde ¢ocugunuzdan toplanan verileri inceleme hakkiniz
bulunmaktadir.
° Cocugunuzdan toplanan veriler kripto dosya kilidi yontemi ile korunacak ve

arastirma bitiminde arsivlenecek veya imha edilecektir.

° Veri toplama stirecinde/slireclerinde size rahatsizlik verebilecek herhangi bir
soru/talep olmayacaktir. Yine de cocugunuzun arastirma siirecindeki katilimi sirasinda
herhangi bir sebepten rahatsizlik hissederseniz ¢ocugunuz c¢alismadan istediginiz
zamanda ayrilabilecektir. Calismadan ayrilmaniz durumunda ¢ocugunuzdan toplanan
veriler ¢calismadan ¢ikarilacak ve imha edilecektir.
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Gonilli katilm formunu okumak ve degerlendirmek tizere ayirdiginiz zaman igin
tesekkiir ederim. Calisma hakkindaki sorularinizi Dogu Akdeniz Universitesi Egitim
Bilimleri Boliminden Dog¢. Dr. Canan Zeki’ye (canan.zeki@emu.edu.tr)
yoneltebilirsiniz.

Aragtirmaci Adi: Hasan Kiigiik Cep Tel 05338296626

Bu ¢aligmaya ¢ocugumun katilmasina tamamen kendi rizamla, istedigim takdirde
cocugumu calismadan ayrilabilecegimi bilerek verdigim bilgilerin bilimsel amaglarla
kullanilmasimi Kabul ediyorum.

(Lutfen bu formu doldurup imzaladiktan sonra veri toplayan kisiye veriniz.)
Katilimer Ad ve Soyadt:
[mza:

Tarih:
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Appendix G: Permission of the Teachers

OGRETMEN - ARASTIRMA GONULLU KATILIM FORMU

Bu ¢alisma, STEAM Egitim Modelinin Ogrencilerin Akademik Basaris: ve Elestirel
Diisiinme Egilimlerine olan Etkisi baslikli bir aragtirma ¢alismasi olup 6grencilerin
akademik ve elegtirel diigiinme egilimlerine olumlu katki saglama amacini
tasimaktadir. Calisma, doktora 6grencisi Hasan Kiigiik tarafindan yiiriitiilmekte ve
sonuclar1 ile bir doktora tezi ortaya konacaktir ve KKTC eQitim alanina ve
gelisimine 1$1k tutulacaktir.

e Bu caligmaya katiliminiz goniilliiliik esasina dayanmaktadir.

e (Calismanin amaci dogrultusunda, size STEAM egitim modeli hakkinda 16
saatlik bir hizmet i¢i egitim verilecektir. Bu egitim STEAM uzmani
tarafindan yiiz yilize ve ¢evrim i¢i olmak {lizere 2 platformda
gergeklestirilecektir. Bu egitimin amaci STEAM e@itiminin Onemini
vurgulayip, STEAM Egitimi yaklagiminin okul ve sinif ortaminda nasil
Uygulanabilecegini basit ve adim adim sizlere aktarmak olacaktir. Haftalik
ve giinliik ders planlarinizi 5-E Modeline gore anahtar sorular baz alinarak
nasil  hazirlayacagimniz, nasil uygulayacagmniz ve nasil  Olgiip
deg@erlendireceginiz hakkinda egitim verilecektir.

e Bu calisma kapsaminda isminiz gizli tutulacak ve kesinlikle caligma
icerisinde yer almayacaktir.

e Arastirma kapsaminda toplanan veriler, sadece bilimsel amaglar
dogrultusunda

Kullanilacak, aragtirmanin amaci diginda ya da bir bagka arastirmada
kullanilmayacak ve gerekmesi halinde, sizin (yazili) izniniz olmadan bagkalariyla
paylasilmayacaktir.

e istemeniz halinde sizden toplanan verileri inceleme hakkiniz bulunmaktadir.
e Uygulama ve veri toplama siirecinde/siireglerinde size rahatsizlik
verebilecek herhangi bir soru/talep olmayacaktir. Yine de katiliminiz
sirasinda herhangi bir
Sebepten  rahatsizlik  hissederseniz  ¢aligmadan  istediginiz  zamanda
ayrilabileceksiniz. Calismadan ayrilmaniz durumunda sizden toplanan veriler
calismadan ¢ikarilacak ve imha edilecektir.

Goniilli katilim formunu okumak ve degerlendirmek iizere ayirdiginiz zaman igin
tesekkiir ederim. Calisma hakkindaki sorularinizi Dogu Akdeniz Universitesi
Egitim Bilimleri Boliimiinden Dog. Dr. Canan Zeki’ye (canan.zeki@emu.edu.tr)
yoneltebilirsiniz.

Arastirmact Adi: Hasan Kiiciik Cep Tel 05338296626
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Bu caligsmaya tamamen kendi rizamla, istedigim takdirde cahgmadan
ayrilabilecegimi bilerek verdigim bilgilerin bilimsel amaglarla kullanilmasim
kabul ediyorum.

(Liitfen bu formu doldurup imzaladiktan sonra veri toplayan kigiye veriniz.)

Katilimer Ad ve Soyadr: Imza:
Tarih:
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Appendix H: Permission Of CCTDI by Californian Academy USA

October 01, 2020
Hasan Kucuk (PhD Candidate)
Insight Assessment i s e

Measuring Critical Thinking Worldwide
Eastern Mediterranean University

Faculty of Education
Dear Hasan Kucuk,

I am happy to confirm that you have permission from the authors and
copyright holders, Dr. Noreen Facione, Dr. Peter Facione, Gokhan Iskifoglu and
from the publisher, The California Academic Press / Insight Assessment, to use
the CCTDIT-Turkish to collect data up to #200# (two hundred) participants.
You are officially authorized to use the CCTDIT-Turkish by California
Academic Press / Insight Assessment. This is to certify that copyright has been
checked with all the relevant parties. As is our custom when acknowledging our
international researchers and contributors, we request them to send data file to
the corresponding translator for initial analyses of the data since we do not
reveal scoring procedures.

Yours,

9Wv Pgeani

James Morante, Ph.D

Managing Director

The California Academic Press / Insight Assessment
INSIGHT ASSESSMENT

217 LA CRUZ AVE.
PHONE (650) 697-5628

MILLBRAE, CA 94030 www.insightassessment.com
FAX (650) 692-0141
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Appendix |I: Californian Critical Thinking Disposion Invontory

(CCTDI)

Bu ¢alisma doktora tezi olarak, “STEAM egitiminin S.simif 6grencilerin elestirel
diisiinme diizeylerine etkilerini arastirmak” icin hazirlanmstir.

Ogrenci Tanilayic1 Form

LI"JTFE.N, Uygun olan® Kutu icini karalaymiz. OKul:.......................
Smnif:............. Ogrenci no: .............
Cinsiyet Kiz (] Erkek (] OKUl cooooovverrerereceerrenenee, fIkokulu

e Diizenli olarak sosyal faaliyet olarak spor yapmaktayim. Evet C] Hayir []

e Diizenli olarak sosyal faaliyet olarak miizik yapmaktayim. Evet [:] Hayir ]

e Diizenli olarak sosyal faaliyet olarak resim yapmaktayim. Evet [:] Hayir [

e Diizenli olarak sosyal faaliyet olarak dans yapmaktayim. Evet C] Hayir [

e Her ay ders kitaplar1 disinda kag kitap okursunuz? Hi¢ ([ Jadet [ ) 2adet ]
3adet  4adet 4 Jfazla ) (]

e Her giin sosyal medyay1 eglence amagli kullanirim. Evet[_] Hayir[)

e Her giin sosyal medyay1 oyun amagh kullanirim. Evet ] Hayir [

e Her giin sosyal medyay1 haberlesme-iletisim amagli kullanirim. Evet [__] Hayir )

e  Matematik dersi ilgimi ¢ceker. Evet C] Hayu[:]
e Fen bilgisi dersi ilgimi ¢eker. Evet C] Hay{:]
e Matematik dersi zor bir ders olup anlamakta zorlanirim. Evet () Hay )
e Fen bilgisi dersi zor bir ders olup anlamakta zorlanirim. Evet D HayC]
e Matematik dersinden 6grendigim bilgiler glinliik yasamda karsilagtigim bircok
konuda
isime yarar. Evet[_] Haj_)

e Fen bilgisi dersinden 6grendigim bilgiler giinliik yasamada karsilagtigim
bir¢cok konuda
isime yarar. Evet ] Hal J
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Anketten elde edilecek veriler sadece bu calisma icin kullanilacaktir. Her bilgi
sakl tutulacaktir.

Hazirlayan : Hasan kiiciik DAU Egitim Bilimleri Doktora dgrencisi.
1 sayfa Tanilayic1 Form ve 5 Sayfa CCTDI Tutum 6lcegi

CCTDI

Tutum Olcegi

Dr. Peter A. Facione
Santa Clara Universitesi

Dr. Noreen C. Facione
California Universitesi, San Francisco

Ceviren: Gokhan Iskifoglu

Y onergenin Baslamasini Bekleyin

© 1992, Peter A. Facione and Noreen C. Facione. Published by The
California Academic Press LLC, DBA Insight Assessment. All rights
reserved worldwide. Turkish translation 2008 by Gékhan iskifoglu. For
information about the CCTDI contact Insight Assessment:
www.insightassessment.com
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KATILMIYORUM (-)

KATILIYORUM (+)

Hic Katil Kismen Kismen Katl Tamamen

Katilmiyorum atifyorum Katilmiyorum | Katiliyorum atiyorum Katiliyorum

1. Tiim segenekleri gdz oniline almak, benim i¢in [ 1 I 2 1 3 4] 5 )i 6 )
karsilanamayacak bir liikstiir. S

2. Tiim hayatim boyunca yeni seyler 6grenmek  |[ 1 I 2 ( 3 (R 5 \( 6 )
harika olurdu. U U JU L)

3. Bir 6neri icin en iyi tartisma, o dneri hakkinda |{ 1 Y 5 hE 3 4 ) 5 M6 6 )
0 an hissettiklerindir. U JU ) L)

4. Sorunum dikkatimin kolay dagilmasidir. 1123 S| 6

5. Birbirileriyle gelisen fikirler arasmndatercih  |[ 1 [ o |34 |5 | & |
yapmak ¢ok zordur. D W/ W/ W | W

6. Insanlarm iyi bir fikri savunmak icin zayif [ 1 1 2 ][ 3 \[ ][ 5 ][ 6 ]
nedenlere glivenmeleri beni rahatsiz eder. A ) |

7. Gergek daima kendi bakis agimiza baglidir. [ 112 ][ 3 ][ ][ 3) ][ 6 ]

8. Farkinda olmadan 6nyargilara sahip [ 1 1 2 ][ 3 ]( ][ 5 ][ 6 ]
olabilecegim fikri beni endiselendirir. A L .

9. Cevap vermeye kalkismadan 6nce, her zaman |{ 1 1 2 )i 3 14 5 ) 6 ]
soruya odaklanirim. D WY W | W W\

10. Biiyiik bir kararlilikla olaylar disiinebildigim [[ 1 [ > [ 3 | 4 | 5 |[ 6 ]
icin kendimle gurur duyarim. A L L

11. Cogu sey hakkinda gergekleri hi¢cbir zaman
e . 12| 3 51 6 ]
Ogrenemeylz- . AN /o VAN VAN J

12. Bir konuda dort olumlu, bir olumsuz goriis ( 5 Nl 3 N 4 ) 5 ) 6 )
varsa, olumlu olan dort goriise katilirim. o JU JU U )

13. Erkekler ve kadinlar esit derecede ([ 1 Y 5 ( 3 4 ) 5 \( 6 )
mantiklidirlar. L L

14. Tavsiyenin énemi, karsihiginda 6dedigin bedel |[ 1 I 2 ( 3 14\ 5 \( 6 )
kadardir. A JC U L)

15. Tlkokuldaki derslerin ¢ogu ilging degildir.. 1]12] 3 S| 6

16. Ezberi degil, yorum yapmay1 gerektiren ( 1 1 2 N 3 14 5 ) 6 )
siavlar benim i¢in daha iyidir. D W WY/ | S| W

17. Problemlerim hakkinda higcbir ¢6ziim [ 1 1 2 J[ 3 \[ ][ 5 ][ 6 ]
tiretmeden saatlerce konusabilirim. A ) .

18. Insanlar benim fikirleri sorgulayan merakimi 1

ve sorgulayiciligimi takdir eder.
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19. Kanitlar yanildigimi gosterse bile, [ 1 1 2 ][ 3 ]( 4 ][ 5 ][ 6 ]
inandiklarima siki sikiya bagli kalirim. A L .

20. Bariz bir sekilde hataliysaniz, diislincelerinizi ( 1 1 2 1 =2 | 4 )\ 5 \[ 6 ]
ortaya koymaya hakkiniz yoktur. D WY | W W\

21. Mantikliymis gibi davraniyorum, ama degilim. \ 1 1 2 JI 4 I S )[ 6 ]
22. Diistincelerimi diizenlemek benim i¢in f 1 N 2 NP 4 )l 5 ) 6 ]
kolaydir. A JU L L
23. Ben dahil herkes daima kendi ilgi alam ( 1 Y 5 ][ ]' 4 ]( 5 ]' 6 ]
dogrultusunda tartigir. X L L L
24. Dogruluk ve yanlislik sozkonusu oldugunda, |[ 1 Y 5 ][ ]' 4 ]' 5 ]' 6 ]
acik fikirli olmanin da belli sinirlar1 vardir. A L L L
25. Yaptigim parasal harcamalarimin dikkatlice ( 1 \[ 2 1 2 4 i 5 ) 6 )

kaydini tutmak benim i¢in 6nemlidir. __J o JU L )

26. Onemli bir karararla yiiz yiize geldigimde, Ppe———
karar vermeden Once, toplayabilecegim tiim [ 112 4 (| 5] 6
bilgileri toplarim. e

27. Tarafsiz yaklasabildigim i¢in arkadaslarim [ 1 I 5 1 -\ 4 ( 5 \( 6 )
karar almada benden beklenti i¢indedirler. )| D | |

28. Acik fikirli olmak neyin dogru, neyin yanlis, [ 1 I 5 1 4 | 4 \[ 5 [ 6 ]
oldugunu bilmemek demektir. ) | |

29. Parasal harcamalar1 gosteren dokiimler daha | 1 ( 5 e 4 ( 5 A 6 )
anlasilir hale getirmelidirler. e Y e e

30. Diger insanlarin gesitli konular hakkinda neler |( 1 I 5 \[ [ 4 1 5 ) 6 )
diistindiiklerini anlamak benim i¢in onemlidir. |~ A_— J U )

31. Inandiklarimin tiimii i¢in dayanaklarim olmali. 1] 2 [ ][ 4 | 51| 6

32. Okumak, miimkiin oldugunca kagtigim bir f 5 NP 4 1 5 ( 6 )
seydir. - JC - JC U

33. Insanlar ¢ok acele karar verdigimi sdylerler. 1|2 4 115|6

34. Tlkokuldaki zorunlu dersler vakit kaybima yol |{ 1 N 2 SR 4 ( 5 \( 6 )
acar. A U U L)

35. Gergekten cok karmasik bir seyle ugrasmak [ 1 1 2 a2l 4 )i 5 )\ 6 )
zorunda kaldigimda paniklerim. D | S/ | S

36. Yabancilar her zaman kendi kiiltiirlerini f 1 1 2 = 4 ( 5 Il 6 )
anlamaya calismak yerine bizim kiltirimiiz [\ A J__ J{___ ) b,
anlamaya ¢aligmalidirlar.

37. insanlar benim karar vermeyi agirdan aldigim || 1 1 2 ][ ) 4 ]( 5 ] 6 ]
diistintirler. S\ ) L \

38. Baskalarinin gortislerine/fikirlerine karsi [ 1 I 2 ][ ]( 4 ]f 5 ]( 6 ]
¢ikabilmeleri i¢in insanlarin nedenlere A L L
ihtiyaglari vardir.

39. Kendi inaniglarimi tartisirken tarafsiz olmam [ 1 1 2 ][ ]( 4 J( 5 ] 6 J
imkansizdir. X L L .

40. Ortaya yaratici alternatifler koyabildigim i¢in [ 1 1 2 ][ \[ 4 ]r 5 ]( 6 ]
kendimle gurur duyuyorum. A ) L L
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49.

Sorgulayici olusum en gii¢lii yanlarimdan
birisidir.

50.

Goriiglerimi destekleyecek olgulart ararim,

H

N

N

H

N

N

(63}

41. Dogruyu sdylemem gerekirse, daha az 112 4 [ 5 ] 6
yargilayici olmaya ¢alistyorum. A JU L -
42. Kendimi stk sik insanlarin — —
argimanlarini/iddialarin1 degerlendirirken 1] 2 4 [ 5 ] 6
ST A JU ) T )
43. Neye inanmak istiyorsam ona inanirim. 1] 2 4 [ 5 J 6
44. Zor problemleri ¢dzmek i¢in ugrasmayi [ 1 I 5 1 5 4 \[ 5 ]" 6 )
siirdiirmek kisacas1 onemli degildir. JUT U -
45. Fikirlerimi savunmak zorunda [ 1 ][ 5 4 [ 5 ][ 6 ]
birakilmamaliyim. L)
46. Baskalari, kararlarin uygulanmasinda mantikli | ( 1 ][ 5 (o 4 ( 5 \ 6 )
standartlarin belirlenmesi i¢in bana danisirlar. | — JU - JUT U )
47. Zorlayici konular1 6grenmeyi heycanla ( 1 I 5 (L 4 ( 5 \T
beklerim. L )
48. Yabancilarin ne diisiindiikleri {izerinde ( ][ ()
1] 2 4 (| 51 6
calismak anlamlidir.

goriislerime karsit olanlar1 degil.

51,

Karmasgik problemleri ¢c6zmeye caligmak

eglencelidir. ! A 2 ) 4 ) ° )

52. Bagkalarinin diislincelerini anlama ( 5 - 4 ( 5 1 6 )
yetenegimden dolay: takdir edilirim. | ey | S ey

53. Benzetmeler ancak karada yiiziicii paleti ile ( 1 I 5 5 4 ( 5 \( 6 )
yiirlimek kadar kullaniglidir. U U U )

54. Beni mantikli biri olarak tanimlayabilirsiniz. 1] 2 4 11516

55. Herhangi birseyin nasil ¢alistigini anlamak [ 1 I 2 12 4 ( 5 \ 6 )
bana biiyiik zevk verir. D | S/ | S W

56. Isler zorlastiginda, arkadaslarim sorunu [ 1 1 2 12 4 A\l 5 Il 6 )
¢ozmek i¢in bana gelirler. D S Y | W | W

57. Bir problemle karsilasildiginda, ilk yapilmas1 [ 1 I 2 ][ \[ 4 ][ 5 ]( 6 ]
gereken sey problemin ne oldugunu iyice A )
anlamaya calismaktir.

58. Tartigsmal1 konulardaki fikrim genellikle en [ 1 1 2 ][ ][ 4 ][ 5 ] 6 ]
son konustugum kisiye baghdir. A |

59. Konu ne hakkinda olursa olsun, daha fazlasini [ 1 1 2 ][ ]( 4 ][ 5 ][ 6 ]
ogrenmek icin can atarim. A L .

60. Bir ¢oziimiin digerinden daha iyi olup ( 1 1 2 1 =2 | 4 Nl 5 \[ 6 ]
olmadigini bilmenin hig¢ bir yolu yoktur. D WD | | W D\

61. Sorular1 ¢ozmenin en iyi yolu, yanitlari ( 1 1 2 1 =2 | 4 \ 5 )i 6 )
baskasindan istemektir. U L

62. Bir ¢ok soru sorulamayacak kadar f 1 I 5 1 - 4 ( 5 \( 6
urkiitiiciidiir. L U U T L

63. Karmasik problemlere kars1 diizenli ( 1 Y 5 5 ) 4 ) 5 ( 6
yaklagimimla taninirim.
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cikartabilirim.

\
L~
§

69.

Diger insanlar, sorunun ¢6ziim kararii alirken
bana danisirlar.

H
N
—

N

w

N

64. Farkl diinya goriislerine kars1 acik fikirli ——— )
olmak, insanlarin diisiindiigli kadar 6nemli bir [ 1 I 2 ] 3 [ 5 ][ 6 ]
sey degildir. — !

65. Ogrenebilecegin her seyi 6gren, ne zaman ise [ 1 ][ 5 ]' 3 ( \[ 5 ][ 6 ]
yarayacagini bilemezsin. L)

66. %Ivayat.bana asir1 mantikli olmamak gerektigini 1 ][ 5 ] 3 5 | 6
ogretti. L | S | G |

4 'd N\ N \ )'_ ~N

67. Her sey goriindiigii gibidir. 1 I 2 ] 3 5| 6

(. |\ VAN J o J\ J

68. Bir problem iizerinde ugrasmam gerektiginde, | - -

diger seyleri kafamdan tamamiyle 1 ][ 2 ] 3 5| 6

—\ I/
w

[ 6

70. Kafamda bir fikir olugsmussa, secenekleri N
degerlendiriyor gibi davranmama gerek [ 1 I 2 4 5
yoktur. g

71. Giiglii kisiler dogru cevabi kolayca [ 1 Y 5 ) 3 \[ 5 \@
belirleyebilirler. A ) )

72. Pek ¢ok soruya hangi standartlari f 5 ) 3 AR 5 ( 6 )
uygulayacagimizi bilmek imkansizdir. D U e

73. Bagkalari her ne kadar kendi fikirlerini ortaya | 1 Y 5 ( 3 4 ) 5 \( 6 )
koysalarda benim onlar1 duymaya ihtiyacim o Ju Ju J J )
yoktur.

74. Karmasik problemlerin ¢oziimiine yonelik 1 1 Y 5 hE 3 4 ) 5 N6 6 )
diizenli planlar gelistirmede iyiyimdir. A JC U L)

75. Insanlarm benimle ayni fikirde olmalarini [ 1 I 2 Nl 3 40 5 I 6 )
saglamak i¢in ise yarayabilecek her tiirlii U J J U )

sebebi gosterebilirim.

Anket sona ermistir.

Tesekkiir ederim.
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Appendix J: Teacher’s Handbook Booklet

21. Yiizyll igerisinde gelismis iilkeler arasinda iiretim, bulus yapma ve teknolojik
gelisme alanlarindaki yarig iyice hizlanmistir. Yeni teknolojilerin ve buluslarin
ekonomiye entegrasyonu, biitiin lilkelere ekonomik biiylime ve refah imkanlari
saglamaktadir. STEM egitimi Fen, Teknoloji, Mithendislik, Matematik disiplinleri
arasindaki ayirimi ortadan kaldirarak, bu disiplinler arasinda tam biitiinlesmeyi
uyumlu bir sekilde olusturarak, anaokulundan iiniversiteye kadar verilecek proje
tabanli egitim yaklasimiyla; soru soran, arastiran, iireten ve yeni buluslar yapabilen bir
neslin yetistirilmesini amacglamaktadir. STEM egitim yaklagimiyla, 6grencilerin
iiretim ve bulus yapma alaninda yaratici diisiinme, elestirel diisiinme, problem ¢6zme
gibi 21.yy becerilerinin kazandirilmasi hedeflenmektedir. Diinya merkez Bankasi
(2019)tarafindan agiklanan rekabet edebilirlik ve verimliligin 6ne ¢ikacagi yeni is
diinyasinda her 6grenci tem el becerilere sahip olmasi gerekmektedir. Ogrenciler, is
diinyasina girdiklerinde de temel ve proje becerileri sayesinde is hayatinin istedigi

niteliklere kolayca uyum saglayabilmeleri amaglanmaktadir.

STEM okuryazarligi, yani bilim, teknoloji, mithendislik ve matematigin dogasina
iligkin farkindalik ve her disiplinden bazi temel kavramlara asinalik, tiim 6grenciler
icin bir egitim Onceligi olmalidir (Bybee, 2010; National Academy of Engineering ve
Ulusal Arastirma Konseyi, 2014).

Igili literatiir arastirmalarma gore, STEM egitimi, bilim, teknoloji, mithendislik ve
matematigin dort disiplinini ayiran geleneksel engelleri ortadan kaldiran ve bunlari
ogrenciler i¢in gergek diinya, titiz ve ilgili 6grenme deneyimlerine entegre eden,

o0grenmeye yonelik disiplinler aras1 bir yaklagimdir.
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21. Yiizyll igerisinde gelismis iilkeler arasinda {iretim, bulus yapma ve teknolojik
gelisme alanlarindaki yaris iyice hizlanmistir. Bu yaris ortami biitiin iilkeleri bilime,
miihendislige ve yenilik¢i teknolojilere yatirim yapmaya yonlendirmektedir. Yeni
teknolojilerin ve buluslarin ekonomiye entegrasyonu, biitiin iilkelere ekonomik

biiylime ve refah imkanlar1 getirmesine olanak saglanmistir.

o Ll e

W
B0 9{] H0 (]
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/~ ]

Teknoloji Yetenek inovasyon

inovasyon ) inovasyon

Besgeri Sermaye Begeri Sermaye

Dijital ve Teknolojik ) Dijital ve Teknolojik
Kabiliyetler Kabiliyetier

Rekabet Avantaji %12 %10 Rekabet Avantaji

Miisteri Deneyimi %12 %10  Misgteri Deneyimi

Tarkiye Kiresel
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* Strateji agiklar
* Yontemi anlatir
* Fikrini tartisir

Kesfetme
Derinlestirme

* Problem
* Probleme ¢6zim
* Etkin katilim

* Yeni problem
* Etkin katilim
* Zihinde insa

MODELI

: \ / @ Degerlendirme

* Ne 6grendi
* Dikkat cekme :

. * Ogrenim sUreci
Merak etme * Raporlastirma

* Hazirbulunugluk
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DISIPLINLER
ARASILIK

ESITLIK

ILGILILIK
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*Yorahcilk ve Yenllenme
*Elestirel Diginme ve Problem Cozme
“letisin ve by

*Bigl Okur-Yozarkdy

BioWMedyave ' | aMecy Okur-Yozarky
Teknolol *Bilgi ve lletisim Texnolofleri

 Becertel 57 (4C) Ot Yazorky

*Esneklik ve Uyum
*Guigincilik ve Oz-Yonelim
*Sosyal ve Kiltirleraras: Beceriler
*Uretkenik ve Sorumbiuk
*Liderlik ve Sorumiuluk
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Unitedeki bilyiik
tasarim
gorevinin
Uriinlerin agiklanmas)

sunumu
Problemin
g Belirlenmesi

Miihendislik JRRLLE
Cozlimlerin
Arastirilmasi

7~

Prototipin
Test Edilmesi Tasarim

Siireci
Basamaklari

Buygk"tas?nm Petotiin En Uygun

¢ozumun Yapilmasi A
: S Segllmesn
inga edilmesi,

¢Oziimiin test
edilmesi,
iyilestirme Elde edilen veriler
dogrultusunda en
uygun tasarim
¢0ziimiiniin ortaya
konulmasi
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MATEMATIK OKURYAZARLIGI/MATEMATIK MODELLEME

OGRETIM SUREG BASAMAKLARI

GUNLUK HAYAT : MATEMATIKSEL DUNYA
Bir modeli f})rmﬂle etme
, | :
Bir baglamdaki problem | Matematiksel problem

|
|

Sonuglan | Matematigi

degerlendirme : kullanma

|
|
|

Bir baglamda elde edilen d: Matematiksel sonuclar
sonuglar

|
Sonuglariyorumlama
|

Okuryazarligin i¢sellestirilmesi-Duyussal Alan

Fen Bilim Okuryazarligi: Dogal diinyayr anlamak i¢in bilimsel bilgi ve siireci

kullanma becerisinin yan sira dogal diinyayla ilgili tartigmalara katilma yetenegini

ifade eder.

Teknoloji Okuryazarligi: Ogrencilerin yeni teknolojileri nasil kullanacaklarimni

bilmeleri, yeni teknolojilerin nasil gelistirildigini anlamalar1 ve yeni teknolojilerin

diinyay1 nasil etkiledigini analiz etme becerisi kazanmalar1 gerektigi anlamina gelir.
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Miihendislik Okuryazarligi: Teknolojilerin miihendislik tasarim siireci boyunca,
entegre ve disiplinler aras1 bir yaklagim tarz1 ile proje tabanli dersler kullanilarak nasil

gelistirildigini anlamayi ifade eder.

Matematik Okuryazarligi: Matematiksel problemleri ortaya koyarak, formiile ederek,
cOzerek ve yorumlayarak analiz etme, akil yiiritme ve fikirleri etkili bir sekilde ifade

etme becerilerini ifade eder (Armknecht, 2015; Thomasian, 2011).

Tasarim Okuryazarligi: Tasarimsal kesitlerle, matemetiksel kavram ve sekiller ile

cevresel yasam dongiisii icerisinde sekil, renk ve tasarimsal uyumu anlatir.
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STEAM OGRETIM MODELI; FARKLI DERSLERDEKI KAZANIMLARI
DONEM  BASI BELIRLENECEK UYGUN PROJE KONU ILE

ILISKILENDIREREK DERS KAZANIMLARIN OGRETILMESI HEDEFLENIR.

BELIRLENECEK KONU YAKINDAN UZAGA YASAMSAL YEREL VEYA
EVRENSEL PROBLEMLERLE ILISKILENDIRILMESI GEREKMEKTEDIR.
BELIRLENEN PROBLEM CUMLESI VE PROBLEME YONELIK 5E SORULARI
SADEC ONE HAZIRLIK KABUL EDILIR. DERS MATERYALLERI HER TURLU

IMKANA GORE OGRETMENIN YARATICILIGINA BAGLIDIR.

STEAM OGRETIM MODELI ZAMAN ODAKLI DEGIL, SUREC ODAKLI

PERFORMANS GOZLEMI YAPILIR.

OGRENCININ AKTIF OLARAK DERSE KATILIP, SURECI SINIF ORTAMI

DISINDA DA DEVAM ETMESI HEDEFLENIR.

ESAS OGRENME SORUSU “NEDEN ONEMLIDIR? “ HER ZAMAN ON
PLANDA TUTUP, OGRENCININ DUYUSSAL ALANDA PROBLEMI

{CSELLESTIRMESI BEKLENIR.

STEAM PROJE DERSI DEGIL, DONEM BASI BELIRLENECEK YASAMSAL
PROBLEMi PROJE TEMELINDE , 5 DERS-FEN BILIMLERi, TEKNOLOJI,
MUHENDISLIK, TASARIM VE MATEMATIK DERSLERi ISLENIRKEN
KAZANIMLARI ~ BELIRLENEN PROJEYE YONELIK DERSLERIN

{SLENMESIDIR.
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STEAM OGRETIM MODELI HER DERSTE UYGULANIRKEN ILKOGRETIM
DUZEYINDE MATEMATIK VE FEN BILGIiSI DERSLERI TEMEL DERSLER
KABUL EDILIR. TEKNOLOJI VE MUHENDISLIK DUSUNME BECERILERI IKI

TEMEL DERS ICINDE DERS ISLEYISINDE iLISKILENDIRLIR.

STEAM OGRETIM MODELI UYGULANIRKEN OGRETMENE EK DERS YUKU
GETIRMEZ. 5E OGRENME MODELI ASAMALARI, ACIKLAMALAR VE

ORNEK SORU KOKLERI DIKKATE ALINMASI GEREKIR.

STEAM OGRETIM MODELI HER SINIFTA YUKARIDA BELIRTILEN ON

HAZIRLIK DAHILINDE HER OGRETMEN TARAFINDAN UYGULANABILIR.

Modelin Asamalari

Asamalarin Aciklamasi

Dikkat Cekme, On

Ogrenmeleri Ortaya
Cikarma, Ogrenme
Etkinligine Girme

(Engage)

Anahtar Soru: Ne?-Ana
konuya odaklanir.

Bir olay, durum ya da problemden hareketle
ogrencilerin ilgileri ve meraklarinin ¢ekilmesi beklenir.
Onceki bilgiler ve gelecekteki dgrenilecek kavramlar
arasinda iliski kurulur. (Bybee, 1997).

Arastirma, Kesfetme
(Explore)

Anabhtar soru: Coziimii
kesfedin; Nasil? Bazi
detaylar vermek,

Ogrenciler diisiincelerini ortaya koymak igin
arastirmalar yapar. Yapilan arastirmalar modelin ilk
asamasindaki soruya ya da sorulara yanit olabilir.
Arastirmalar, modelin temelini olusturur (Bybee,
Taylor, Gardner, Van Scotter, Powell, Westbrook ve
Landes, 2006). Ogretmen bu asamada gruplara

hepsini degil. tartigmalart igin sorular sorar ve onlara rehberlik eder.
Ogretmen dgrencilerin kendi diisiincelerini ortaya
koyabilecekleri, onlarin ihtiya¢ duydugu zaman ve
materyalleri temin eder (Bybee 1997; Bybee ve
digerleri, 2006).
Aciklama (Explain) Ogrenciler kavramlarla ilgili elde ettikleri bilgileri ya da
siirecte gecirdikleri yasantilar1 agiklar. Ogretmen bu
Anahtar soru: Bu mu? asamada cesitli yontem ve teknikleri ihtiyacina gore
Yeni fikirleri kullanip siirecteki agiklamalarin zenginlesmesini saglar
kesfetmek. (Bybee ve digerleri, 2006). Agiklama kismi, modelin en

kisa agsamasidir. Clinkii bundan sonra gelen transfer
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etme/derinlesme asamasi 6grencilerin bilgilerini
yapilandirmalarini ve kavramlar1 biraz daha

genisletmelerini icerir (Trowbridge, Bybee ve Powel,
2004).

Transfer Etme,
Derinlesme (Elaborate)
Anahtar Soru: Test
edin; Hangisi?
Bulgular1 uygulamak
ve alternatifleri tartigin.

Onceki ii¢ asamada gegirilen yasantilara ve elde edilen
bilgilere dayanir. Ogrenciler elde ettikleri bilgiler
yardimiyla kavramlari yeni durumlara transfer eder.
Bybee gore, (1997; 181) bu asamanin en énemli amact:
“Siirecin, becerilerin ve kavramlarin
genellestirilmesidir.” Transfer/derinlesme agamasi
ogrencilere kavram yanilgilarini diizeltmeleri ve
anlamlarini giiglendirmesi i¢in dnemli firsatlar verir
(Bybee ve digerleri, 2006).

Degerlendirme
(Evaluation)
Anahtar Soru: Ne
zaman? Ogrenme
¢iktilarint sunun ve
farkl referanslari

Ogrencilerin anlama diizeyi bu asamada belirlenir
(Bybee ve digerleri, 2006). SE modeli igerisinde
degerlendirme asamasi, slire¢ sonunda 6grenme

tirlinlerini kontrol etmek ac¢isindan dikkat edilmesi

gereken bir asamadir; fakat gozden kagirilmamasi
gereken nokta, SE modeli kullanilirken

birbirine baglayin. degerlendirmenin, her asama sonunda gbézlemlerle,
ogrenci katilimlarinin niteliklerinin kontrolii ile
saglanmas1 gerekir (Oztiirk, 2008).
Ders Siiresince!
Asamalar Ogretmenin Yapmasi Gerekenler
Girme/Giris Ogretmen derse katilimi saglamak icin bu modele

Konu igerigi standart-
anahtar kavramlara

uygun olarak her zaman ilgi ¢eker, merak uyandirir.
Ogretmen sorular sorar ve konuyu anlatmadan bu
konuyla ilgili neler bildikleri hakkinda fikir sahibi olur.

dikkat ediniz
Kesfetme Ogrencileri birbirleriyle etkilesimli bicimde ¢alismaya
tesvik etmek ve calisma stliresince duruma dogrudan
Biiyiik fikirler ortaya | miidahale etmemek 68rencileri gozlemlemek, dinlemek

koyarken anahtar
kavramlara baglh kaliniz

ve merak uyandirici sorular sormak. Tartigsmalari
gerekli oldugu zamanlarda farkli yone veya konuya
cekmek. Ayrica 6grencilere problemlerle basa
cikabilecekleri kadar zaman tanimak ve her zaman bir
rehber olarak davranmak

Aciklama
Ogrencilerin bildiklerini
belirleyin ve yapabilme

yoniinde
cesaretlendiriniz

Anahtar-temel sorulari
(yonlendirici sorular)
sorunuz,

Ogrencilerin kendi kavramlarmi ve agiklamalarini
kendi kelimeleri ile izah etmelerine izin vermek. Her
zaman Ogrencilerden sOyledikleri ifadelerle ilgili kanit
ve bunlar1 genisletmelerini istemek, formal tanimlar
yapmalarini saglamak/ yapmak, gerekli yerlerde
aciklamalar yapmak, kavramlarin anlatiminda
ogrencilerin deneyimlerini kullanmak.
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Derinlesme

Proje tabanli 6grenme ile
disiplinler aras1 veya
disiplinler(diger dersler)
arasi 0grenme
etkinlikleri tasarlayiniz

Ogrencilerin formal tanimlamalar1 ve agiklamalari
kullanmasini beklemek, yeni kavramlar1 ve becerileri
yeni durumlarda kullanmalarina tesvik etmek, alternatif
aciklamalara yonlendirmek ve buna dair fikir vermek,
elde ettikleri verilerle ve kanitlarla ilgili “Ne
biliyorsunuz?”, “Niye boyle diisiiniiyorsunuz?”, “Nasil
kanitlarsiniz?” gibi sorular sormak.

Degerlendirme

Ogrencileri yeni kavramlar1 uygularken ve becerilerini
gelistirirken gozlemlemek. Bilgilerini ve becerilerini
degerlendirmek. Ogrencilerin kendi diisiincelerini ve

davraniglarini degistirip degistirmediklerine dair
gbzlem yapmak. Ogrencilerin kendi becerilerini
degerlendirebilecekleri ortamlar olusturmak. “Niye
boyle diistiniiyorsunuz?”’, “Ne gibi bir kanita
sahipsiniz?”, “Bunu nasil agiklarsiniz?” seklinde agik
uclu sorular sorarak 6grencilerin kendi 6grenmelerini
degerlendirmelerini saglamak.

169






