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ABSTRACT

ETHNOGRAPHIC CASE STUDY OF EARLY STEM EDUCATION:
INVESTIGATING STUDENTS’ AUTHENTIC LEARNING
EXPERIENCES

Sefika GIRGIN

Department of Mathematics and Science Education
MSc. Thesis

Adviser: Prof. Dr. Bayram COSTU

Recent national initiatives in education have focused on improving access for young
people in STEM careers. It is also important to make efforts to attract more students to
scientific and technological achievements, since students can then be taken to the
relevant professions. To develop outstanding performers in the field and also to improve
the current economy and knowledge level of society, multi-disciplinary education with
high quality is needed in science, technology, engineering and mathematics. Reaching
this aim can be possible with skilled, responsible and inspired young students and the
number of graduates in the field of science and technology should be increased. At the
point of increasing it, STEM education has crucial role in order to drive critical thinking
and innovation in today’s society. In other words, STEM education provides an insight
on students to be more innovative with 21% century skills and so if students experience
these skills as early as possible, they can adapt to their future life more easily.

In this context, there is a need to integrate STEM into the education system and many
countries around the world restructure their education system in this field to develop
their innovative capacity. In the same manner, authentic learning provides an
implementation of knowledge in real-life context and motivates students to handle with
real life problems by experiencing hands-on learning in an authentic environment. In
other words, authentic learning focuses on real-life related issues as STEM education
and students have an active role during that process. From this perspective, STEM
education, especially at primary level, provides knowledge and experiences that
students can use them in an active and authentic environment. In this regard, a program
called as “Early STEM” based on the framework of Integrated Teaching Project was
developed for K-4 students. In the light of this program, one lesson hour per week was
assigned and four themes (My Green World, My World of Machines, My

X



Computational World and My World of Imagination) based on STEM disciplines
(science, technology, engineering and mathematics) were applied in these lessons. Each
theme lasted 8 weeks and the program totally spread over eight months period. Also, the
program was implemented within the plans prepared according to STEM Learning
Cycline which was developed based on Constructivist 5E Instructional Model.

At this point, the present study aimed to investigate the students’ authentic learning
experiences in the early STEM lessons. In order to examine this aim in depth,
ethnographic case study design was selected as the research design. Sample of the study
consisted of total 13 4™ grade students and one classroom teacher who has prior
experience on the early STEM program. In this qualitative ethnographic case study,
evidence of authentic learning was collected from field/observation notes and
transcripts from classroom observations for 8 weeks and face-to-face interviews with
the students and teacher in socio-constructivist and interpretivist perspective and also by
considering Authenticity Model and STEM Learning Cycline as conceptual
frameworks.

As a result of the present study, three themes were emerged from 14 categories by using
initial and process coding during data analysis. The themes are: 1) Authenticity vital
role in early STEM education, 2) Early STEM effectiveness in authentic environment,
3) Essential role of early STEM education upon students’ authentic learning
experiences. These findings provide insight into how STEM education has a role in
authentic learning experiences in early grades.

Key words:Early STEM education, authentic learning experience, ethnographic case
study

YILDIZ TECHNICAL UNIVERSITY
GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
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OZET

ERKEN STEM EGITIMININ ETNOGRAFiK DURUM CALISMASI:
OGRENCILERIN OTANTIK OGRENME BECERILERININ
INCELENMESI

Sefika GIRGIN

Matematik ve Fen Bilimleri Egitimi Anabilim Dali
Yiiksek Lisans Tezi

Tez Danigmant: Prof. Dr. Bayram COSTU

Egitim alanindaki son ulusal girisimler STEM Kariyerlerinde geng bireylere erisimi
arttirmaya odaklanmistir. Ogrencilerin daha sonra ilgili mesleklere almabilmelerini
saglamak amaciyla, daha fazla 6grenciyi bilimsel ve teknolojik basarilara ¢ekebilmek
onemlidir. Alaninda seckin bireyler yetistirmek ve ayni zamanda toplumun giincel
ekonomisini ve bilgi diizeyini gelistirmek i¢in bilim, teknoloji, miihendislik ve
matematik alanlarinda ytiksek nitelikli disiplinlerarasi egitime ihtiya¢ duyulmaktadir.
Bu hedefe yetenekli, sorumluk bilincine sahip ve ilham alan gen¢ 6grenciler ile ulagmak
miimkiindiir ve dolayisiyla, fen ve teknoloji alanlarindaki mezunlarin sayist da
artirllmaya calisilmalidir. Bu noktada STEM egitimi, giiniimiiz toplumunda elestirel
diistinmeyi ve yeniligi tesvik etmek icin ¢ok 6nemli bir role sahiptir. Diger bir deyisle,
STEM egitimi, 6grencilerin 21. yiizy1l becerileri ile daha yenilik¢i olmalar1 noktasinda
bir fikir sunmaktadir ve eger 6grenciler bu becerileri miimkiin oldugunca erken yaslarda
kazanirlarsa, gelecekteki yasamlarina daha kolay uyum saglayabilirler.

Bu baglamda, STEM'i egitim sistemine entegre etme ihtiyact duyulmustur ve
Diinya'daki birgok {ilke, bu alanda egitim sistemlerini yenilik¢i kapasitelerini
gelistirmek i¢in yeniden yapilandirmaktadir. Aymi sekilde, otantik 6grenme de gergek
yasam baglaminda bilginin uygulanmasin1 saglar ve Ogrencileri otantik bir ortamda
uygulamali 6grenme deneyimi yasayarak, ger¢ek hayat problemleri ile basa ¢ikma
noktasinda motive eder. Diger bir deyisle, otantik 6grenme, STEM egitimi gibi gercek
yasamla ilgili konulara odaklanir ve 6grenciler bu siirecte aktif rol oynarlar. Bu acgidan
bakildiginda, STEM egitimi, 6zellikle ilkogretim diizeyinde, 6grencilerin aktif ve 6zgiin
bir ortamda bunlar1 kullanabilecekleri bilgi ve deneyimler sunmaktadir. Bu noktada,
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okul 6ncesinden 4.smifa kadar olan 6grenciler icin Biitiinlesik Ogretmenlik Projesi
cergevesinde “Erken STEM” olarak adlandirilan bir program gelistirilmistir. Bu
program kapsaminda, haftada bir ders saati erken STEM dersi olarak belirlenmis ve
STEM disiplinlerine (bilim, teknoloji, miihendislik ve matematik) dayali dort tema
(Yesil Dlinyamiz, Makineler Diinyasi, Bilisim Diinyas1 ve Hayal Diinyasi1) bu derslerde
uygulanmistir. Program her tema i¢in 8 hafta olmak {izere toplamda sekiz ay boyunca
siirmiistiir. Ayrica program, Yapilandirmaci 5E Ogretim Modeli'ne dayali olarak
gelistirilen STEM Cemgisi'ne gore hazirlanan planlar kapsaminda hayata gegirilmistir.

Bu noktada, bu calisma, 6grencilerin erken STEM derslerinde otantik 6grenme
deneyimlerini arastirmayi amacglamigtir. Bu amaci derinlemesine incelemek igin
etnografik 6zel durum g¢alismasi arastirma tasarimi olarak kullanilmistir. Calismanin
orneklemi erken STEM programu ile ilgili dnceden deneyim ve bilgiye Sahip bir sinif
ogretmeni ve 13 tane dordincii smif Ogrencisinden olusmaktadir. Bu niteliksel
etnografik 6zel durum ¢aligmasinda, otantik 6grenme kanitlar1 8 haftalik gézlemlerden
ve ogretmen ve 6grenciler ile yapilan yiiz yiize goriismelerin transkriptlerinden, sosyo-
yapilandirmaci ve yorumlayici bakis agisiyla toplanmistir; ayrica Otantiklik Modeli ve
STEM Cemgisi de bu siiregte kavramsal ¢erceve olarak dikkate alinmistir.

Bu c¢alismanin sonucunda, veri analizi sirasinda baglangic ve siire¢ kodlamasi
kullanilarak 14 kategoriden ii¢ ana tema ortaya ¢ikmistir. Bu temalar sunlardir: 1) Erken
STEM egitiminde otantikligin hayati rolii, 2) Otantik ortamda erken STEM'in etkinligi,
3) Ogrencilerin otantik 6grenme deneyimleri iizerine erken STEM egitiminin temel
roli. Bu bulgular, STEM egitiminin, erken dereceli yaslardaki siniflarda otantik
o6grenme deneyimlerinde nasil bir rol oynadigina dair bilgi vermektedir.

Anahtar Kelimeler: Erken STEM egitimi, otantik 6grenme deneyimi, etnografik
durum ¢aligmasi

YILDIZ TEKNiK UNiVERSITESI FEN BILIMLERI ENSTITUSU
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CHAPTER 1

INTRODUCTION

In todays’ world that is integrated with globalization; leadership in economic success,
technological development and workforce diversity is getting more and more important.
Along with these developments and resources in the world, the competition for
innovation among countries is increasing. Along with all these industrial and
technological developments, most of the countries need some reforms in their
educational policies. Countries have made different plans for raising quality of
education to all sectors of the society, as well as raising qualifications in education and
putting different programs into practice. In other words, the complexities of today’s
world require all people to be equipped with a new set of core knowledge and skills to
solve difficult problems, gather and evaluate evidence, that is to adapt to real life
conditions by developing their 21* century skills (creativity, critical thinking, problem
solving etc.). Accordingly, this requirement has led the countries to give importance in

science, innovation and engineering.

At this point, in the face of these changes, needs and skills; primarily the teaching and
dissemination of engineering education in primary and secondary schools has become a
matter of importance [1]. Along with the debate on engineering education and its
implementation in schools, it was thought that engineering would create a very good
environment for mathematics, science and technology education, so a trend called

STEM (Science, Technology, Engineering and Mathematics) has become popular [2].

STEM (Science, Technology, Engineering, and Mathematichs) education is an
educational approach involving interdisciplinary teaching of science, technology,
engineering and mathematics, and encompasses all the process of K-12 education [3].
STEM education is also very important in terms of enabling the theoretical knowledge

to be transformed into practice and product. Namely; new age expects individuals to



become producers and this requires that individuals have sufficient knowledge in
various areas to demonstrate their productivity. However; problem situations in the 21
century show a rather complex and dynamic structure and therefore, it is difficult to
gain expertise in different areas within this complex and ever-changing world [4] and
individuals need to work collaboratively with from different disciplines. At this point,
STEM education is very important in today's information and communication age in
terms of enabling people from different disciplines to work together [5], [6], [7], [8].
That is to say, children are expected to gain an interdisciplinary point of view from their

early ages and to provide information in a concrete way.

Along with these reasons, we need an educational culture that gives responsibility to
students, leads them to think and inquire, and also equips them with technological
information like computer programming from young age. Without creating such an
educational culture, it will not be possible to compete in the global economic order,
which will have an even more challenging pace in the 21* century. Therefore, students
should be educated to be able to create products using their scientific, technological,
mathematical and engineering skills. That is why; it is necessary to develop educational

policies and programs in consideration of these needs of the country.

From these reasons, STEM education for students has been started in many countries
around the world in order to sustain economic development and to adapt the real life
conditions. In our country it is also important to start the integration of STEM education
into our education system since students take less scores than students from other
countries in mathematics and science disciplines in international exams like Program for
International Student Assessment (PISA) [9]. In addition, STEM education has an
important place to close the gap between theoretical knowledge and practice [10] and
influence on meeting individuals’ future needs. Namely, STEM education aims to
provide four disciplines to students as science, technology, engineering and
mathematics which are used in many areas of daily life [11], [12]. So, since it has
developed both the ability of students to produce a product and to handle events from
different perspectives, students will be more experienced and not only science literate,
but also conscious individuals in the fields of technology, mathematics and engineering
[12], [13]. For all of these reasons and needs, STEM was integrated into our science

curriculum as science and engineering implementations in the light of a solution-



oriented approach to the information-oriented authentic problems in the process-product
unity [2].

Furthermore, STEM education also provides real-world experiences by engaging
students in an active and authentic learning environment. Authentic learning provides to
apply knowledge in real-life context and situations and engages students in some kind
of hands-on or experiential learning by providing opportunity to learn by themselves in

an authentic environment [14], [15].

Authentic learning also focuses on real-world problems [16] and students are actively
involved and participate the entire process of authentic learning [17]. That is authentic
learning is learning by doing and develops the students’ critical thinking skills [18].
Also according to Milson [19], it is a process of asking meaningful questions, getting
information, and developing multiple solutions as in STEM education. Namely, students
gather data and analyse them by using their observation or experimental results and in
this way, it is expected that new information will be generated by using existing
knowledge and scientific methods. From this perspective, emphasis on STEM
education, especially at primary level, also increases since it provides real-world

experiences by engaging students in an active and authentic environment.

In early childhood education, STEM can be beneficial and effective because, students in
early grades have great curiosity about the world and situations around them and also
they are eager, curious, and ready to learn. Children who engage in STEM education
from early age also have positive attitudes toward scientific and engineering practices
[20], [21] and this can also affect their later achievement and choice of STEM careers
[22], [23]. Students in early grades have capacity to learn on their own but they need
adult guidance, so STEM education provides these possibilities in an authentic
environment. In authentic learning, students’ sense of self-efficacy and also
achievement in content knowledge improve since they learn the concepts by considering
multiple perspectives in real life situations [15]. That means; students make connections
with their prior knowledge and also learn the new information deeply and in this

manner, meaningful learning takes place.

Research also shows that children should have STEM learning experience from early
ages because STEM education develops scientific literacy of students which is
necessary for today’s life conditions [1], [12], [24], [25], [46]. The National Science



Teachers Association (NSTA) [24] also states that ““...learning science and engineering
practices in the early years can foster children’s curiosity and enjoyment in exploring
the world around them and lay the foundation for a progression of science learning in
K-12 settings and throughout their entire lives (p.1) [24]”. In this way, students’

interest, experiences and learnings can be improved in a natural and purposeful manner.

According to the National Science Education Standards [26], if young people are able to
keep up with today's living conditions, they can overcome future problems related to
science and technology. In other words, if students experience to handle todays’
authentic problems, they will be even more successful in the future by using their 21
century skills (eg. critical thinking or problem solving). At this point, consistency
between STEM and early chilhood education can provide an integrated approach that

improves children’s authentic learning experiences with real life related problems [27].

In addition, through integration of STEM into our education system, it gains higher
importance to understand what is STEM and how it is implemented into classroom.
That is why; studies on this issue have important place in national base and also more

studies are needed.

At this point, this qualitative ethnographic case study provides insights on
implementation of STEM education on the learning environment of a group of students
who are at early grades. Also, this study has an important place since it informs about
evaluation and monitoring STEM education in classroom as well as students’ authentic

learning experiences at early grades.
1.1 Literature Review

This part consists of the research conducted on STEM education, authentic learning
experiences and also interrelation among them. These studies are organized under three
headings; (a) STEM education, (b) Early STEM education and (c) authentic learning
experiences. The first section, STEM education, explains the place, implementation and
effectiveness of STEM education by considering curriculum, challenges and views. In
the second section, Early STEM education and why STEM education is important
especially in early grades is analyzed criticially. The last section, authentic learning
experiences, synthesizes what is the meaning of authentic learning, what is the place in
STEM education, what is the role of authentic learning experiences in STEM education

and how they are interrelated with each other.



1.1.1 STEM Education

In today’s education system, STEM education is constantly being discussed and great
emphasis is given on this area globally. Most of the countries focus on their K-12
education to increase students’ interest on STEM subjects and also to engage them into
STEM careers [27], [28], [29]. But in order to have an advance on this area, it should be
clarified what STEM education actually means. According to Brown [30], STEM
education spreads over a wide area and consists of ambiguous variables and that is why,
there are different definitions on this issue [30]. STEM is an acronym for science,
technology, engineering, and mathematics and in some studies this acronym is used as
the definition of STEM education. In other words, STEM is identified as separate
disciplines and they are taught in an unrelated manner [24], [25], [26]. Otherwise,
STEM is defined as an educational program that spreads from elementary to
postgraduate level, also includes adult education [31] as an integrative approach to
curriculum and instruction [35]. In similar, STEM is stated as an integrated approach
that improves motivation and achievement of students in science and [32] by focusing
on real world and authentic problems to solve with different perspectives [33]. In Lantz
study [34], STEM education was described as an interdisciplinary approach that
students apply science, technology, engineering, and mathematics in a context that
makes connections between various aspects of their lives. In the line with the literature,
it can be summarized that STEM is an interdisciplinary approach that is used in
different grade levels (from kindergarten to postgraduation) by integrating four
disciplines with each other to solve an authentic and real world problem. Beyond this,
STEM provides opportunities to point out the 21*" century skills which are necessary to

survive in our future life.

In the literature, research conducted in the field of STEM education is spreading over a
wide range. The following part provides further information on the studies on STEM

implementation, STEM careers, integration of STEM etc. and presents analysis of them.

According to Meyrick [37], learning should be supported by the activities that focuses
on students’ engagement and knowledge; synthesis, problem solving and critical
thinking skills in order to improve deep learning. In 2006, it was seen that some courses
(technical drawing, engineering drawing, architectural drawing) which include design
processes have a positive effect on students’ achievement in standardized test scores

[36]. Moreover, emprical studies concluded that if learning activities encourage students
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to practice integrated skills in dealing with realworld problems, deeper and more
meaningful learning can take place [38]. Therefore, school programs have adopted
according to increase students’ achievement, engagement, motivation and interest. The
report Tapping America’s Potential [37] showed that students’ interest on engineering
careers and attitudes towards STEM studies decreased and therefore, integrating
engineering into instructional curriculum has gained importance. In this way,
curriculum can be connected with real world and provides authentic possibilities to

adress the needs of students’ learning and solving problems.

Rockland and colleagues [39] explained that: “Science can be viewed as proposing
explanations for questions about the natural world, whereas engineering proposes solutions for

problems of human adaptation to the real world (p.54) [39]”

From this point of view, each discipline provides learning from different perspective
and accordingly, instructional strategies should be designed by considering concepts of
science, mathematics, engineering and mathematics within integrated environment [39].
In recent years, importance on design processes in education system is given and it is
ensured that the learners can transform their knowledge into a concrete structure. In this
manner, an education that addresses the applicable direction of knowledge may be more
beneficial and productive [13]. In addition, Honey and colleagues [41] advocate that:
“Integrated approach to STEM education, especially in primary level, with real-world problems,
can increase the interest, success and motivation of students; and ultimately help to increase the
number of students making careers in STEM fields (p.22) [41]”.

From this perspective, in another study, engineering design process have been
developed for primary and secondary school students. Little, Poth, Gilbert & Barger
[42] have adopted engineering design process steps into primary education as “plan,
design, control and share”. Corbett and Coriell [43] have also staged for junior high
school students as “defining the problem, identifying the research problem,
brainstorming for solving, choosing a solution, creating and developing models, testing
and evaluating the model, developing and redesigning”. In the similar way, engineering
design process was also created as “'ask, imagine, plan, create and develop” [44]. From
these studies, it can be understood that there is a need in engineering design process in
education system since there is a lack on this issue in our curriculum. Also, as can be
understood from design processes mentioned above; creation, discovery, problem

solving and inquiry-based learning have a great place in STEM integration in terms of



working in teams, testing design, planning and implementing the whole process to find
a solution to problems.

There are also various research [12], [46], [47], [22], [23] that have been carried out on
the effects of the developed STEM programs on students’ scientific process skills,
learning, creativity, scientific and innovation literacy, attitudes, academic achievement
and etc. Yamak, Bulut and Diindar [45] conducted their study with 5™ grade students to
investigate the effect of STEM activities on students’ scientific process skills and it was
determined that STEM activities developed students' scientific process skills and their
attitudes toward science in a positive way. Meyrick [37] also investigated the effect of
STEM implementation on students’ reasoning skills, critical thinking skills, creativity,
innovation and concluded that STEM provides equity among all students who have
different backgrounds. Beyond this, only implementation of STEM is not enough to
supply these skills as well as scientific and innovation literacy skills [46], [47]. That is,
teaching implementation process or structuring instructions and also learning
environment are important. Also, more controlled learning environment [47] and
programs that combine four disciplines are more benefical to improve these skills [48].
In the line with the literature, it can be concluded that designing and investigating the
STEM implementation process has significant role on students’ career awareness,
establishing relations with real life, engagement with subject matter and also sense of
self-efficacy. That is why; reserachers continue to develop and implement STEM
programs to investigate these issues and this ethnographic case study also investigates
the implementation process of STEM education in a school setting and finds answers

about in what ways it has a role on students.
1.1.2 STEM Education in Primary Level

Primary education has important place on students’ future life since it provides a
foundation in learning and understanding the world as well as early childhood
education. Children who are at any age are more curious about their environment and
they try to find answers for the questions in their minds. At this point, with education as
early as possible, children can develop positive attitudes towards disciplines, they can
find possible answers for questions and they can also improve their skills with true
instructions. In this manner, STEM education plays an important role on students’

learning and skills in science, technology, engineering and mathematics. Therefore, if



STEM education is given to students from early years, for example from pre-
kindergarten level, its effectiveness and benefits can be also increased.

Actually, children in primary grades are also willing to design or invent [49]. Thus, they
should be encouraged to ask questions, to make investigations, to produce some
materials and to find some solutions to problems which encountered in daily life.
Although both primary education and STEM education stated as an important factors
that effect students’ future life, there are little research were done by combining these
two [1]. In order to provide quality education, students should be gained experiences on
technology and engineering as well as science and mathematics [50], [52]. For instance,
Sullivan and Bers [50] conducted a study on integrating technology and engineering
disciplines with robotics in elementary level. Because they stated that robotics is a
powerful way to engage students especially in early grades in technology and
mathematics. In other words, our children need to take theoretical knowledge revealed
by sciences such as physics, chemistry, biology and mathematics in primary education
on basic level, and innovate to add value to life by blending technology and engineering
[47], [49].

Sanders [12] states that in order to enhance scientific literacy and to increase students’
motivation and interest, students should experience STEM activities as early as
possible. Also, engaging students in STEM activities affects their later career choices
[1], [12]. In this manner, researchers [12], [51], [57], [58] suggest that implementation
of STEM improves the choices of future STEM careers and therefore recognizing these
careers and designing their products by getting into their roles, especially at an early
age, have a very important place. Besides this, some research also were done with
undergraduate students to define when they chose their professions [53], [54] and it was
concluded that the best time to build awareness and interest in STEM fields is early

school years.

In addition, implementation of STEM in early grades is a significant issue, because if it
is applied effectively, the aforementioned results can be reached. At this point, there are
some research that design STEM activities for early grade students. One of them is
conducted by Tippett and Milford [1] with design based research. According to this
perspective; if at least two of the four disciplines are integrated, it can be considered as
STEM activity. Also, the designed curriculum should increase students’ interests and

should help them to succeed in science besides teaching only scientific knowledge [55],
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[56]. According to Balat and Giingen [49], there are three important components for
children who are early grades to gain skills on STEM: a well-organized training
program, teacher training and family unit. That is, if a curriculum involving activities
appropriate for the STEM approach to the preschool child is administered by well-
trained pre-school teachers and also supported by the family, pre-school children can
effectively improve their skills.

Moreover, in order to integrate STEM education into our education system, some
research and projects have been done. Yildirnm and Altun [64] focused on the
integration of STEM into the lectures and they experimentally compared STEM
education and our education system. The results show that STEM education is effective
in improving students' achievement. Beyond these, in some universities, STEM centers
or laboratories were established [2], [66] and researches are conducted with teachers or
preservice teachers in the implementation of STEM activities [65]. But, little attention
was given on early childhood STEM education. According to the reports on STEM
education [12], [66], [67], STEM should be partly integrated in our education system

for all grades.

As a result of these preliminary studies and investigations, in Turkey, STEM emerged
as a new approach in our education system and it was partly integrated into our science
curriculum as science and engineering applications from 4™ to 8" grades by the
Ministry of National Education [59]. Also, new changes are foreseen on integrating
STEM into curriculum as being part of the whole process. This has caused many
changes in science education such as teaching and learning strategies, classroom
environment, assessments etc. Also this change has an important place to close the gap
between theoretical knowledge and practical knowledge. If children are given the
chance to discover the world and the opportunities to solve problems by using their own
independent judgments, skills such as creativity, critical thinking, problem solving,
which are called STEM skills, can be also developed [49]. From this perspective, some
studies were done for the integration of STEM into curriculum, but most of them were
conducted with secondary or upper grade levels [11], [13], [28], [45]. In addition,
although there are many studies on how effective science education should be, little part
of that includes how science sould be thought in primary education [60], [61], [62].
However, children start to learn concepts of science, technology, engineering and

mathematics in early years and in this process, there is a need for necessary



environment and activities that children can apply and construct these concepts [49].
According to Clements and Sarama [67], STEM instruction in early grades «...should

follow research-based learning trajectories that include three components: a goal, a

developmental progression, and instructional activities [67, p.75]”.

In the line with the literature, students should be engaged in STEM from earliest years
of life and in this process, an education should be provided in an integrated and
authentic manner as occured in real life. From this perspective, early STEM Program
was developed within STEM: Integrated Teaching Project framework. In this
etnographic case study, in the light of the program, what integrated and curricular

design looks like and also implementation in early grades were presented.
Early STEM: Integrated Teaching Project

STEM: Integrated Teaching Project was developed for science and mathematics
teachers who are in secondary and high school levels. Based on this project, a program
called as “Early STEM” was developed for K-4 students by BAUSTEM Center
(Bahcesehir University STEM Center). The content of the program were developed
according to integrated teaching project framework which is based on four STEM
disciplines in themes. In other words, each theme of the early STEM Program was
centered on the one STEM discipline (ie. My World of Imagination theme focused on
the mathematics discipline while My Green World theme focused on science
discipline). The project also implemented 10 schools in six different cities of Turkey. In
the scope of the program, one lesson hour per week was assigned in school curriculum.
That is, every week STEM lessons were held by classroom and preschool teachers
during one lesson. In the light of four themes based on STEM disciplines (science,
technology, engineering and mathematics), the program spreads over eight month

period and each theme lasts 8 weeks.

The themes which are developed to transfer theoretical and pedagogical content
knowledge to practical teaching skills are related to disciplines of Science, Technology,
Engineering and Mathematics (STEM): My Green World, My Computational World,
My World of Machines and My world of Imagination (see Figure 1.1) in order.
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Figure 1.1 The early STEM program framework (Taken from: p.5 [4])

The early STEM program was constructed according to the plans prepared by selected
classroom and preschool teachers with the guidance of the two academicans during
workshops. These workshops were conducted and the themes and Authentic Problem
for Knowledge Society (APKS) were also developed by BAUSTEM Center (Bahcesehir
University STEM Center). APKS is one of the most original parts of the developed
program and it can be defined as a problem that is information-oriented, open-ended, no
single absolute answer, and therefore can have more than one solution. In order to give
certain directions to students and clarify APKS; each APKS is presented with certain

limitations such as the budget allocated for materials or products.

One or two classroom and preschool teachers from the schools, in which the early
STEM program was to be applied, participated in the workshops. These teachers
developed the contents of the lesson plans in the light of themes and problem situations
according to their class level and then BAUSTEM Center created lesson plans for the
program for each theme by making final arrangements in the line with the ideas of the
teachers. At the end, a guidance book for each theme was developed for the teachers

who did not attend the early STEM workshops.

These lesson plans was developed according to STEM cycline (which is mentioned in
chapter 2) which is developed by focusing on the common points of scientific process

methods rather than differences [4].

In the implementation process, each theme lasted eight weeks and each week one phase
of the STEM Cycline model was applied in the order that: APKS, Fact Finding,
Ideation, Product Development, Elaboration/Product Development, Refinement,
Disseminate and Reflect. In the last week of each theme (the phase of reflect), the

designed products were presented.
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1.1.3 Authentic Learning Experiences

Learning should be integrated into real-life conditions and the transfer of information to
be learned should be also ensured to make learning meaningful. The education system
also aims to acquire the knowledge and skills that students can use in their personal or
professional lives. At this point, authentic learning has an important role since it is
related with real life [16]. In other words, authentic learning encouraged students to
produce useful products that are used in real-life context by using all senses that
enhance the learning experience. In authentic learning, real world problems are tried to
be solved [16] and students are actively involved during this learning process by
interacting, manipulating, exploring or collaborating [17], [18] . Therefore, it becomes
effective to improve students’ 21% century skills such as imagination, creativity,
problem solving as stated in STEM education implementations [12], [13]. It means that
STEM education provides real-world experiences by engaging students in an active and
authentic environment and so it has important place in authentic learning process.
According to The National Science Teachers Association (NSTA), instructional
strategies should be related to the learning techniques [24] and so science programs
should include hands-on and real life experiences that ensure cooperation [40]. From
this perspective, while construction of the learning individually is important to make
learning permanent [68], working collaboratively and sharing knowledge with the
community or group members improve students’ ability to deal with real life complex

learning environment [69].

In this manner, Herrington and Oliver [69] observed students and interviewed with them
to determine their views on authentic learning environment and they stated that
authentic learning environment ensures the collaborative learning. Also, in order to
design an instructional framework for authentic learning environment they determine
some critical characteristics (authentic context, authentic activities, reflection,
articulation etc.), then applied them by creating a multimedia program and the most
interesting finding of the study was that collaboration had a significant role on this
learning model. Ayar and Yalvag [14] stated that authenticity is one of the criteria that
should be taken into account while designing innovative learning environment. That is,
authenticity is related with the routines which include laboratory activities, modelling,
writing research report etc. and they are contextual and related to the environment [14].

Marshall [70] also argued that learning environments for a quality education should
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improve students’ skills such as creative thinking, problem solving, innovation and so
on. At this point, Erdogan and Stuessy [71] identified some components of STEM
schools and they created a conceptual framework of effective learning environment.
According to these studies, authenticity and STEM education presents an effective
learning environment by focusing on goals and process with hands-on activities,

discussions and reflections.

Moreover, Braund and Reiss [72] studied on out of school learning and they stated that
authentic learning provides more real life experiences that scientists or engineers do.
Namely, gaining authentic experiences have effect on students’ imagination, problem
solving skills, thoughts, designing and building skills that they will use in their future
professional life. These are the skills that each student should have. Aina, Aboyeji and
Aboyeji [73] investigated pre-service teachers’ authentic learning experiences and they
found that the reason why they can not be achieve at an adequate level at work is that
they can not relate theory and practice. That is, if individuals do not relate the classroom
experiences with real-life situations, they cannot be effective at their life. At this point,
STEM education has an important role on transferring the theoretical knowledge into
practice in real-world context, so students can gain authentic learning experiences with
STEM education. In one study [74], the implementation of authentic learning through
STEM education approach was searched and the effects on students’ learning under
metacognitive levels were investigated. Thompson-Krug [40] also studied on the effects
of authetic learning on female students’ perceptions of science and STEM careers. As a
result of these studies, they were found that authentic learning experiences have positive
effects on both learning and STEM disciplines. Therefore, some researchers also studied
on designing some instructional strategies and guidance for the implementation of
authentic learning [16], [17], [69] and some criteria were determined such as relevance
with real-life problems, having open-ended solutions, sustained investigation,
collaboration etc. Besides this, Burton [75] also suggested some variables to determine
authenticity: doing or dealing with real world situations, working with tools used in
real-life, working under real-life conditions. STEM education has an important
influence on achieving these criteria since it was defined as “knowledge, skills and beliefs
which are collaboratively constructed [by students and teachers] at the intersection of more than
one STEM subject area (p.75) [3]” and focuses on interdisciplinary approach to motivate

learners to solve real-world problems with integrated STEM knowledge and skills [76].
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In the line with the literature, it can be seen that there is a need to support more diverse
strategies or programs that encourage, support and motivate students by engaging
students with authentic issues and problems with improved skills. At this point, STEM
education provides authentic experiences that improve students’ 21% century skills and
prepare them for real-life. Therefore, authentic learning experiences through STEM
education provide insights on effective learning environment, instructional process and
also knowledge will be useful in real-life. However, there were few researches dealing
with the relation of authentic learning and STEM education especially in early grades.
From this perspective, this ethnographic case study investigated the authentic learning
experiences of students through early STEM lessons and it focused on what were their

roles, responsibilities and interactions.
1.2 Objective of the Thesis

The purpose of this ethnographic case study was to investigate the students’ authentic
learning experiences through early STEM lessons based on the framework of Integrated
Teaching Project. In accordance with this aim, there are three research questions that

guide this study as follows:

1) How do students perform authentic learning experiences in Early STEM lessons?
2) In what ways do students engage in Early STEM lessons?

3) In what ways authentic learning is integrated in Early STEM lessons?

1.3 Original Contribution

Recent national initiatives in education have focused on improving access for young
people in STEM careers [66], [3]. It is also important to make efforts to attract more
students to scientific and technological innovations, since students can then be guided to
the relevant professions. So, in irder to improve knowledge level of society, multi
disciplinary education with high quality is needed in science, technology, engineering
and mathematics [77], [78]. Reaching this aim can be poosible with skilled, responsible
and inspired young students and the number of graduates in the field of science and
technology should be increased. At the point of increasing it, STEM education has
crucial role in order to drive critical thinking and innovation in today’s society [18]. In
other words, STEM education provides an insight on students to be more innovative

with 21% century skills.
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In this context, there is a need to integrate STEM into the education system and in 2017,
STEM has taken its place in the science curriculum [59]. Beyond this in 2018, it is
concieved that new changes will be made at the point of integrating STEM into science
curriculum from 4™ to 8" grade. But, adapting and implementing the school curricula
are the trouble some issue. For that reason, emphasis has also given on how STEM is
implemented in the classroom and reserachers conduct some studies on integration of
STEM into curriculum at multiple levels. Carr and Strobel [79] studied on university
level curriculum designed for pre-service and inservice teachers in order to guide them
in teaching STEM. Literature also includes some studies about the integration of STEM
within K-12 education. However, there is a need on implementing STEM in elementary
level [20], [21], [50], [57] and also these studies are inadequate to give specific details
on how integrated curriculum is designed and implemented. At this point, this
ethnographic study presents an example for implementation of STEM in early grades
within the scope of Early STEM Program through observations and interviews.

In addition, this present study focused on authentic learning experiences of students
through the early STEM program. Rule [80] reviewed the literature and determined four
components that describe authentic learning and they were as follows: “1) the activity
involves real-world problems that mimic the work of professionals in the discipline with
presentation of findings to audiences beyond the classroom; 2) open-ended inquiry, thinking
skills, and metacognition are addressed; 3) students engage in discourse and social learning in a
community of learners; and 4) students are empowered through choice to direct their own

learning in relevant project work (p.2) [80]”

Lombardi [81] also determined 10 design elements which are: “real-life relevance, an ill-
defined problem, sustained investigation, multiple sources and perspectives, collaboration,
reflection, an interdisciplinary perspective, integrated assessment, polished products, multiple
interpretations and outcomes (p. 3-4) [81]”. Early STEM program that is developed under
the scope of STEM: Integrated Teaching Project meets these elements and this study
presented a framework for the combination of authenticity and early STEM education
(detail information is in chapter 2). From this perspective, this study focused on the
quality of process that allows students to become more skilled and it may have
importance to pursue learning opportunities that takes students’ interests with real-life

processes from early ages.
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CHAPTER 2

FRAMEWORK OF THE STUDY

In qualitative research, research design starts with a philosophical assumption that
guides the research process; inform and shape to conduct study [82]. Savin-Baden and
Major [83] stated that while analyzing and interpreting the data, framework guides the
researcher for research subject. From this point, this chapter explores the theoretical and

conceptual frameworks to recognize the reliability of the study.

2.1 Theoretical Framework

In qualitative studies, researchers choose a theoretical perspective for designing and
conducting the studies and this perspective directs the researcher through the study
while collecting data, examining information and also interpreting findings [82]. At this
glance, this qualitative ethnographic case study was guided by interpretivism and socio-

construstivism as theoretical framework.

Interpretivism is a qualitative perspective that researcher interprets the data through
subjective viewpoint [82], [84]. Besides this, through interpretivist lens, the world is
perceived in different ways by individuals with different experiences and perspectives.
For this reason, researchers who have interpretivist approach are conducting research in
the light of their own perspectives within the scope of research questions and purpose
[82], [83]. Therefore, meaningful results are obtained, at least without being reduced,
from the data obtained from individuals by various methods within the study. In other
words; in order to be informed about a group or individuals, various methods need to be
used [82], [83], [84]. In this way, a researcher can obtain and interpret the information
belonging to that group in a versatile way using a combination of methods such as field
notes, observation, portfolio analysis and interviews. At this point, interpretivism was

the best suitable approach for this ethnographic case study, since the views of the
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participants, their communications within the group and the words they used during the
process or the interviews enable us to gain an effective idea about the engagement and
experiences of the students in early STEM lessons. Besides this, each individual's prior
knowledge or level of readiness is not the same, and all of them can be achieved by the
individual’s experiences that are perceived in different ways [84], [85]. Thereby, this
study was aimed to investigate the students’ authentic learning experiences through
behaviours, interactions, sharing knowledge, taking responsibility etc. in early STEM
lessons and interpretivist perspective provides a way to analyze these actions. Actually,
interpretivism focuses on students’ acquired knowledge and skills in an active manner
[82]. That is, intepretivism advocates that when students are practically directed to solve
real-life problems, effective learning takes place [82], [83]. Under these premises,
students should be encouraged to reach their own results by trial and error methods and
this present study focused on these issues. So interpretivism is one of the best

appropriate approaches for this study.

In addition to the interpretivism, another theoretical framework that guide the researcher
to interpret the collected data for this ethnographic case study is socio-constructivism.
In this worldview, individuals try to understand the world they live in and work and
they try to clarify subjective meanings of their experiences on the events they encounter
[82], [83]. These meanings are also constructed socially, namely, by interacting and
sharing knowledge and skills with other people. That is why; researchers focus on the
process of interactions among participants in socio-constructivist perspective. From this
point of view, the research questions of this ethnographic case study depends on
individuals’ actions and their interactions during early STEM lessons. In other words,
knowledge and understanding of early STEM lessons were gained from experiences in
classroom environment; so this worldview (socio-constructivism) informs the study
results.

To sum up; in the light of interpretivism, participants’ views and experiences were
studied and interpreted through their views and experiences and socio-constructivist
approach guided this present study to understand the implementation process of early

STEM lessons and engagement of students into these lessons.
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2.2  Conceptual Framework

As noted before, frameworks are used to guide interpretations of research results and so
researchers want to use a conceptual or theoretical frame. In this manner, these
frameworks also ensure a logical structure for determining and interpreting themes and
concepts which are derived from research results [83]. That is why; a conceptual
framework which is derived from related concepts helps researchers to realize the key
points and outcomes for the study. Besides this, logical structure of the meanings under
conceptual framework guides the development of the study since the key concepts were
defined, clarified and also associated with each other. From this perspective,
Authenticity Model and STEM Learning Cycline guided this ethnographic case study as

conceptual frameworks.

2.2.1 Authenticity Model

Engineering education researchers Strobel, Wang, Weber and Dyehouse [86] reviewed
the literature on authenticity and they found that “authenticity affects the potential
complexity of the task, the multiplicity of possible solutions and the potential disciplinary ideas
to be taught with the task (p.147) [86]”. According to literature analysis, they created a
framework which is called “Authenticity Model” and this model presents four types of
authenticity; context authenticity, task authenticity, impact authenticity, personal/value
authenticity; that is aimed to relate abstract ideas with real-life contexts [86]. In this
ethnographic case study, it was also intended to investigate and analyze the students’
authentic learning experiences during Early STEM lessons. Also, data were collected
from observations during the implementation process of My World of Imagination
theme and this theme based on mathematics discipline which includes abstract concepts.
Thus, Authenticity Model is a suitable conceptual framework for this present study to

analyze the research results.

According to Authenticity Model, the types of authenticity were divided into two
dimensions which are external and personal. The descriptions and curricula features of

each type of authenticity were presented in Table 2.1 as follows:
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Table 2.1 Types of authenticity described by Strobel et al. (Taken from: [86])

Types of - I :
. Description/Key Definitions Curricula Features
Authenticity
1. Contains a real-world professional 1.Provide input from diverse
environment stakeholders
2. Provides everyday experience 2. Be a complex problems solving
Context

Authenticity

3. Resemble social challenges or social

interactions

4. Align school and professional outcomes

context and interdisciplinary context

3. Provide situations of collaboration,
access to tools and resources and

ownership

Task Authenticity

1. Students are engaged in tasks similar to

professionals

2. Reflect or develop professional skills for

students

3.Challenge students in decision-making in

practical context

1. Contain ill-structured problems, no

pre-specifications

2. Contain open-ended creative

activities
3. Promote disciplined inquiry

4. Ask students to interpret ambiguous
data

Impact

Authenticity

1. Actions in cultural practices
2. Social events, issues or impact
3. Students’ role as effective citizens

4. Students as collaborators of industry

1. Professional community standards

in relative area

2. Project results influence people

outside of school

3. Minorities’ experiences in the role

of engineers or scientists

Personal/Value

Authenticity

1.Produce knowledge with values in students’

lives and studies beyond simply proving their

competence

2. Integrate everyday life experience,
personal interests, professional target and

cultural values

3. Develop a sense of identity and sense of

confidence

1. Problematizing the subject matter

2. Perceive relations between the

practices and the use of value in them

3. Pursue personal goals and have

personal choice

4. Be engaged in personal construction
of new knowledge in learning task-

environments

19




Context authenticity helps to experience real-life situations in a scientific way and also
in a classroom environment [86]. That is, it provides answers for the question of “What
makes a context authentic?” For example, since it is related with real-life experiences,
students try to design a product which can be used in daily life to solve a problem. From
this perspective, this ethnographic case study also aimed to observe and investigate the
students’ production process during early STEM lessons under the themes which are

related with real-world situations.

Task authenticity takes part when students are in a role of a profession in the activities
they perform. Authentic tasks were also defined as “challenge students in decision-making
in practical contexts (p.147) [86]”. In this manner, students’ problem solving skills are
developed and they become conscious of the duties and responsibilities of a profession
by engaging before they started to their professional life. In this present study, students
had also some role and responsibilities of professions such as engineer, physicist,
environmental expert, landscape architect etc. related to theme subject.

Impact authenticity is about the things that students do are an effect in their real life. In
other words, this type of authenticity tries to find answer of “What impacts can an
authentic experience deliver out of school? (p.147) [86]” Therefore, it enables students to
practice what they learn in their classes and the transfer of this learning are supplied into
real-life. In this present study, students also try to design and invent some products in

the way of being effective in real life setting.

Personal/Value Authenticity is concerned with the extent to which the studies carried
out have affected the lives of the students and it develops students’ own self-learning
skills. It is also important that students are active in the learning process [86]. For this
authenticity type an example is given like that “the collect[ion of] data on the use of water
in [a student’s] household throughout the year [to] investigate possible ways to reduce
consumption (p.149) [86]” In the same manner, in this present study, students also tried to
solve real-life problems and they made some research with their group members and
also ponder or share their findings and products with the teachers, their friends, family

members at the end of the each theme.

From these perspectives, students’ authentic learning experiences were investigated
based on this “Authenticity Model” and this model was used as conceptual framework

to analyze the research data. According to descriptions of the authenticity types, field
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notes from observation of early STEM lessons and transcripts of interviews with
students and classroom teacher were analyzed.

2.2.2 STEM Learning Cycline

STEM Learning Cycline; STEM Learning Cycle and Line (Figure 2.1) were also used
as another conceptual framework to analyze the research data. This cycline is a learning
cycle that was created as a model for the purpose of modeling the STEM: Integrated
Teaching Framework [4], [87] in teaching and learning process. It is also divided into
two parts as cognitive process and social product. It was developed by focusing on the
commonalities of the methods of scientific inquiry, computational thinking, project-
based learning, and mathematical modeling as cognitive process by centering each
STEM discipline separately [86], [87]. Besides this, Early STEM lessons was developed
in the line with 5E instructional model [89], and the STEM Cycline guides the teachers
how to plan the cognitive process and social product sections in their lessons. In this
manner, each week one phase of this model is applied.
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Figure 2.1 STEM learning cycline (Integrated Teaching Project STEM Lesson Plan
Model) (Taken from; p.4 [4])

21



At the beginning of the STEM Cycline Model, there was the Authentic Problem of
Knowledge Society (APKS) which is based on the interests of students and teachers in
the 21% century. Then this cycline continued with the “Fact Finding” and “Ideation”
with constraints. After the ideas were formed, the students went through product
development phase using selected materials. The eight-week process for each theme of
early STEM program was over with an expo-week in order to present their products to
their families and teachers that what they did during this process (Each phase was
explained in detail in chapter 3).

In the light of these manners, a framework was developed based on the combination of
these two models: Authenticity Model and STEM Learning Cycline. According to the
connections between these two models, determined framework guided the researcher for
the observation field notes and also interviews that were taken for this ethnographic

case study (the combination of the models will be explained in detail in chapter 3).
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CHAPTER 3

METHODOLOGY

In qualitative research, events and themes develop and change throughout the data
collection and analysis process in which researchers use an inductive viewpoint [82]. In
this manner, this present study was conducted to investigate students’ authentic learning
experiences in early STEM lessons through observations and interviews and therefore,
qualitative research is a suitable way to analyze the collected data. In other words,
qualitative research focuses on the “human” side of an issue, that is, individuals’
thoughts, views, experiences are important in terms of the research results. In this type
of research, researchers are a part of research process and their perspectives are also
important [83]. From this perspective, this present study also focused on students’
authentic experiences and engagement in early STEM lessons and the results were
evaluated according to students’ construction of the meaning. That is why; participants’
views, actions and experiences have fundamental place for the research results. Parallel
with this approach, this study provided information about how early STEM lessons

were implemented and how students experienced authentic learning in a detailed way.

In this chapter, the descriptions of the methodology and research design for this
qualitative ethnographic case study were addressed. The methods used to collect and
analyze the data transcripts of interviews and field works included eight classroom
observations, thirteen interviews with students, and a single interview with teacher. The
methods were important to the emergence of the themes that represented this qualitative

ethnographic case study of early STEM lessons under the following research questions:
1) How do students perform authentic learning experiences in Early STEM lessons?

2) In what ways do students engage in Early STEM lessons?
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3) In what ways authentic learning is integrated in Early STEM lessons?
3.1 Research Design
Qualitative Ethnographic Case Study Design

In this present study, qualitative ethnographic case study design which is the integration of
ethnography and case study was used. This type of research design as occurs in each
methodological design ensures guidance for researchers while conducting a scientific
study [82], [83].

Ethnography was defined as a philosophical study which is the existence of individuals
in their own cultural environment [83]. Creswell [82] also described the ethnography as
a good opportunity to gain knowledge about individuals within a cultural setting. Also,
ethnographic studies are based on long-term observations and interviews of individuals
in a culture or group. Therefore ethnography allows us to reach the results that we
cannot obtain with experimental methods about the individuals’ behavior, actions or
experiences in a deep way. In this context, Angers and Machtmes [104] conducted an
ethnographic case study to explore the beliefs, context factors and practices of teachers
through observations in classroom that lasted 25 days and interviews. So, ethnographic
characteristics of this study were the interpretation of culture sharing group. In the same
manner, in this present study, the participants were 4™ grade students who are all in the
same class and the same classroom teacher teaches them, and they were selected for the
reason that they represent a group of individuals who work together to solve a real-life
based problem by reaching necessary information and producing ideas in early STEM
lessons. In addition, the early STEM lessons were conducted in a classroom where is
the natural setting and the students were also involved in their natural environment.
That is, the culture for this study was consisted of a group of students who attend early
STEM lessons during one year and one classroom teacher in their natural environment
as stated in the study of Angers and Machtmes [104]. For these reasons, ethnography
was the best suitable research design for this study to investigate students’ authentic
learning experiences within the events occurs in their natural setting during early STEM
courses. On the other hand, ethnography requires to be part of a culture and the
researcher were involved in the preparation and implementation process of early STEM

program and so the researcher also became a member of that culture.
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Furthermore, case study was another research design for this present study. According
to Yin [88], case study is a method that allows the researcher to conduct an in-depth
research on real-life situations and also to explore events, people or groups. Also, it
presents an opportunity to analyze the events or individuals’ actions in a deeper manner
through observations and interviews in a natural setting [82], [83]. “An ethnographic case
study is defined as prolonged observations over time in a natural setting within a bounded
system (p.777) [1” In this present study, observations were done over a prolonged period
of time in a single classroom setting in one of the school where early STEM program
implemented. That is, it was studied on the culture of a particular social group by

focusing on the early STEM program.

From these perspectives, these two research designs (ethnography and case study) were
used to describe students’ authentic learning experiences in early STEM lessons and
also during this process, it was aimed to be explore how students engaged in STEM
lessons and how they reacted with each other in an authentic context. In other words,
ethnography provided an opportunity to analyze the students as a member of the group
while case study ensured a framework on how early STEM lessons were implemented

in a classroom setting.
3.2 Assumptions

The assumptions used for this ethnographic case study were determined to
conceptualize implementation of early STEM lessons in an authentic manner. At this
point, one of the assumptions of this study is that the students engaged and interacted
with their group members and also with the teacher during early STEM lessons. In
addition, it was also assumed that the information collected from the classroom
observations and interviews with the students and the classroom teacher was enough to
understand students’ authentic learning experiences and interpretation of engagement of

them in early STEM lessons.
3.3 Participants

Early STEM program that was developed for K-4 students has been applied in 10
private schools in six different cities of Turkey and among them; one school was
selected to collect data for this present study, since this program was implemented few
schools in Istanbul and the school that was selected for this study applied the program in

the best way and the 4™ grade classroom teacher. Participants consisted of 13 4™ grade
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students and one classroom teacher who teaches the 4™ grade students that were the
sample of the study and the teacher also has 5 year teaching experience. The classroom
teacher was also selected for the reason that he involved in the preparation process of
early STEM program boks [103] and also showed effective participation to early STEM

program.

4 out of 13 participants were male and 9 of them female. Participants were 4" grade
students as stated earlier and their age interval were in 8-9. Also, all of them attended all
early STEM lessons throughout the year. On the other hand, students did not take
STEM or any similar course before early STEM program. So, they have received such a
course for the first time. Moreover, the professions of the parents of children are also
varied such as electrical engineer (father of 1 student), marine engineer (father of 1
student), architect (father of 2 students), financial advisor (father of 1 student and
mother of 1 student), pilot (father of 1 student), teacher (mother of 2 students), manager
(father and mother of 1 students) etc. This information was also important for this
present study since students have prior knowledge about different professions during

early STEM lessons.

In addition, all students and the classroom teacher participated voluntarily and their
consents were taken before conducting the study. The teacher was informed about the
study process (Appendix- C) and also researcher met with students and also gave some
information about researcher role during early STEM lessons before starting the
observations. From this perspective, when considering the goals of the study,
participants were selected in a purposeful way. That is, purposeful sampling method
was used, because this method was suitable when the goal of the study is to understand

something and also when the generalization is not needed [83].
3.4 Ethical Issues

For ethical considerations, firstly approval of the BAUSTEM Center was taken to
conduct the study under early STEM Program. Then school administrator, teacher and
students were informed about the intent, the implementation process and the
confidentiality of student identities. At the end, permission was taken each of them to

participate in the study. The process of obtaining permission is as follows:
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1. The researcher approached BAUSTEM (early STEM program developer) to seek
permission (appendix-A) for the study to observe the early STEM lesson in a 4™ grade

classroom and to make interview with students.

2. The researcher approached the school administrator to seek permission (appendix-B)
for the study to observe the early STEM lesson in a 4™ grade classroom and to make

interview with students.

3. The researcher, with assistance from the BAUSTEM center, identified a potential
classroom teacher for participation selection to observe early STEM lesson and sent a
consent form (appendix-C) describing the nature of the study and expectations from
him. A copy of the consent form was also provided to the teacher.

4. Once the teacher expressed interest, the researcher met the teacher face-to-face at a
mutually agreed time and location. During that meeting the researcher explained the
study fully, observation protocol (appendix-H) and then encouraged the teacher to ask

questions about the process.

5. Once the teacher’s permission was taken, the researcher approached the teacher’s
class of students for further solicitation of students to participate as indirect or direct,
because in qualitative research every person plays a role in the research environment
either directly or indirectly. Students who were considered as direct were both observed
and interviewed, while indirect participants were just observed. The researcher
delivered a brief presentation to the students to define direct/indirect participation and to
explain the research purpose and questions about the procedure of the study. At the end,
all students were direct paritcipants in this present study. Although, information about
the interview protocol (appendix-D) was given, the detailed information was presented
just before the interview process and also students’ permission was taken orally to be

audio-taped.
3.5 Instruments

This qualitative ethnographic case study conducted in early STEM lessons, where a
group of students share a space of classroom and experienced integrated STEM
activities. In addition, in order to increase the objectivity of this ethnographic case
study, more than one data collection tools were used. That is; the authentic learning

experiences and engagement of students into early STEM lessons was captured during
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classroom observations and interviews with students and also interview was done with

classroom teacher in order to investigate the process more deeply.

3.5.1 Classroom Observation Field Notes and Setting

The field work for this ethnographic case study took place in a classroom situated in the
early STEM lessons in one of the campus of the private school in Istanbul and
observations were made in a 4™ grade classroom. The actions within the classroom
present important data for experiences of students in a natural setting and also the
implementation process of early STEM phases as students engaged in learning. The
field work consists of 8 classroom observations totally was guided by an observation
protocol which was designed based on authenticity model and STEM learning cycline.
These two models also constituted the conceptual framework of the present study as

stated in chapter 2.

The combination of Authenticity model and STEM Cycline was formed in the light of
their similarities on characteristics and assignments based on weekly progress of the

early STEM program.

Table 3.1 Combination model of STEM cycline and authenticity types

Types of Phases of STEM Learning
o Key Definitions \ Assignments based on weelks
Authenticity e Defi Cycline 8
Context uthenticity sitnates the work in reality and allows Presenting the real-world problem statement (APKS)
Context students to gain genuine understanding of a phenomenon in a 1t Week Questioning
Authenticity scientific wav. [t helps “bring real world experience to the Engagement / APKS Creation of groups
classroom”™ (Strobel et al, 2013, p. 147). Taking responsibilities
Recalling the real-world problem (APKS)
25 Week Revealing students’ pre-knowledge about subject matter
L - : - . Searching information to solve the problem
Task Authenticity occurs when students are engaged in the o
’ " . 58 . E\p loration /Fnﬁﬁ Hdmg Ways of getting information; sources of information
Task tvpe of work actually done within a profession. Authentic Using acquired inoviedge
Authenticify tasks “challenge students in decision-making in practical o
contexts” (Strobel, et al., p. 147) e cationti
oo 3 Week Expression of the ideas
Exploration / Ideation Selection of the best ideas
Using acquired knowledge
4% Week Recalling the real-world problem (APKS)
. Sketching the ideas (drafti
Explanation / Product Desi;n]inni 0: t:]:;sr: dut ne)
Impact Authenticity occrs when student's work impacts the development Improvement of the developed product
real world in some way. The impact may take the form of 5t Week
Impact i e ctizens” and Dromote “minoities’ Development of the product
. participation as effective citizens” and promote “minorities Elaboration / Product S A
Authenticity ‘ \ ‘ o Deepening the leamning
experiences in the role of engineers and scientists™ (Strobel et development
al,, 2013, p. 147).
- 2003.p. 14D 6% Week Development of the product
Explanation-Elaboration/ | Deeping the leaming
Refinement Testing the developed product
Evaluation of the leaning and product
tn . .
Personal/ Value Personal Authenticity involves students’ personal culture and ) 7 W'_:d“ o Preparat?on for the expo i
.. professional goals. It allows the leaming activity to do more Evaluation / Dissemination Pr_eparatmn Df_the portilios
Authenhctfy .. . Trial presentation of the products to the class
than “simply [prove] their competence™ (Strobel et al., 2013, o
fn .
147) 88 Week Group motivation
P g Fuo Week Presentation of the products to visitors’ parents
Apo Hee Reviewing the process
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At this point, table 3.1 represents description of the phases and the connections between
these two models (Authenticity Model & STEM Learning Cycline). That is, the phases
of STEM Learning Cycline were related with the types of authenticity and the 8-week
application process was examined by establishing the links between them. For example,
first week of early STEM program APKS was explained to students and this process
was associated with Context Authenticity, since this type of authenticity brings real-life
situations into classroom as occurred in the first week of early STEM lessons (APKS
was introduced to students). The APKS for the “My World of Imagination” Theme was
“The Mars space station is expanding and the Mars population is increasing. You
should build a new «Space Dome». Determine the design of this dome (in Turkish:
Mars’taki uzay istasyonu genisliyor ve Mars niifusu artiyor. Yeni bir «Uzay Kubbe»
inga etmelisiniz. Bu kubbenin desenini belirleyiniz)” Based on this problem, students
connect their mathematical knowledge with real-life situaitions. That is, they were
aware of the concept of tessellation comes from the patterns in mathematics. The table
3.1 also guided to take notes during the classroom observations. These combinations

were directly related to the research questions, which are;

1) How do students perform authentic learning experiences in Early STEM lessons?
2) In what ways do students engage in Early STEM lessons?

3) In what ways authentic learning is integrated in Early STEM lessons?

To construct content validity, while constructing the combination of Authenticity Model
and STEM Cycline, views of two more researchers who are experts on this subject were
taken and also one of these researchers was the early STEM program officer. Then the
relevant literature was examined and also by considering the framework of the present
study, the researcher created this framework to collect and analyze the observation field

works.
3.5.2 Semi-Structured Interview

In this ethnographic case study, interview protocol consisting of semi-structured
questions was created to reach deep understanding on the research problems and to find
answers for research questions as in classroom observations. The interview instruments
were also created for both students and classroom teacher, that is, two interview

instruments were generated.
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Semi-Structured Interview with the Students

The student interview consisted of three parts included demographic information for
students, questions for reminding themes or phases of early STEM program and
interview quesitons about each phase of the early STEM implementation process that
lasted eight weeks. The first version of the instrument consisted of two parts which were
only demographic information and interview questions. After receiving expert opinions,
reminding part for phases of early STEM program was added since interviews were
held during the implementation of the program's final theme and so students may have
forgotten what they did in the previous themes. In other words, this part enables
students to recall what students produced in each theme and in what ways.

Beyond this, while constructing interview questions three expert opinions were taken.
One of these experts was the early STEM program officer and she gave feedback about
asking questions on the application of the program and the understanding of what the
students achieved during this process. Another expert was the pre-school teacher who
has 20 years teaching experience, so she also gave some recommendations on question
patterns and level of understanding of questions, because this interview was done with
4™ grade students. The third expert was the advisor of the present study and he gave
feedback on the compatibility with the research questions. In the light of these views,
interview instrument created with 13 main questions in the third part following 5
questions in the first part (demographic information) and 4 questions in the second part
(reminding questions). In Appendix-D the original interview protocol and questions
were presented and the English version of this instrument was also given as in

Appendix-E.
Semi-Structured Interview with the Teacher

The teacher interview was consisted of three parts: Questions regarding the
implementation of early STEM lessons, questions on the early STEM program process
and questions about the reflection of early STEM lessons on students. In Appendix-F,
the original interview protocol and questions were presented and English version of this
instrument was also given in Appendix-G. These questions were also created in the
same manner as occurred in the preparation of student interview questions, which

means expert opinions were taken while constructing the interview questions and it
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included totally 18 questions. Also, the questions of the teacher interview instrument

were constructed after classroom observations in order to examine the research

questions more deeply. Therefore, the prepared questions focused on the point that the
researcher did not fully understand, especially during observation. Namely, teacher's
thoughts, experiences and roles related to the implementation process of early STEM
lessons were observed but in order to understand these issues deeply teacher’s views
were also taken. In the same way, second part of the instrument focused on the students’
engagement of the early STEM lessons during each phases in previous lessons. Third
part was also prepared to learn the teacher's point of view about the reflections of early
STEM lessons on students about the points that the researcher could not catch.

3.6 Data Collection Process

Table 3.2 Data Collection inventory for the study

Type of Data Time
Classroom/ Observation Field 45 minutes/ each visit (totally 8 classroom observation)
Notes
Students/ Interview 15-20 minutes/each student (totally 13 students)
Teacher/ Interview 20 minutes

During the data collection process of this qualitative ethnographic case study,
ethnography and case study research designs were used as stated earlier. The methods
used to collect and analyze the data from field notes and transcripts from field work
included eight classroom observations, interviews with students and classroom teacher
as shown on Table 3.2 which represents data collection process and provides a

framework of type of data that was collected and average length of them.
Classroom Observation Field Notes

The data from the classroom observations were collected in a natural setting and during
this process researcher had a role as a nonparticipant observer [82], that is, researcher
did not have any effect on students’ actions and implementation process of early STEM

lessons. In order to capture and understand the authentic experiences of students,
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students’ engagement and student-teacher interactions, researcher just observed these
actions and process in the natural setting through scientific procedure that includes

protocols for data collection, coding process etc. [82].

According to Cresswell [82], field notes are a valuable and effective way to record
experiences, culture, behaviors and interests of participants within their natural
environment in the context of observer point of view. Therefore, in this ethnographic
case study, field notes were taken in this context and events, discussions, experiences of
students in the classroom as a natural environment based on research questions.
Observation field notes are also effective and useful technique for data collection since
by observing a situation, the nonverbal things beyond the verbal things can be also
recognized [83]. So, in the present study, this issue was focused on by the researcher
and authentic experiences of students in early STEM lessons was tried to be

investigated.

Before observations were done, students and teacher were informed about the process of
observation, which type of data collected from them and researcher roles during this
time. In other words, from the beginning of the study to the end, the participants were
aware that they were involved in the research. At this point, in the present study, totally
8 classroom observations of the last theme of the early STEM program (My World of
Imagination) were done and each lasting 45 minutes (one lesson hour) per week. That
is, there was only one lesson hour of early STEM lessons per week and these lessons
were observed for 8 weeks by the researcher. Observation notes were written during this
process based on the authenticity model and STEM cycline and in these notes, some
elements were reported about authentic experiences and engagement of students in early
STEM lessons. Following each visit of the early STEM lessons, researcher became
familiar with the setting as well as interactions between students. So, after each visit

data were collected in a more detail way and in-depth.
Semi-Structured Interviews

The interview is conducted within the scope of interactions between researcher and
participants in a structured or unstructured way in the light of research questions [82]
and this process is guided by perceptions, views, relationships and assumptions of
participants [82], [83]. In this ethnographic case study face-to-face semi-structured

interviews were done with 4™ grade students and also classroom teacher in the light of
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research questions (see Appendices D & F). Also beyond the research questions,
interview questions were partially structured by the information collected from

classroom observations that were done prior to the interviews.

The interview protocols for this ethnographic case study were included two semi-
structured interviews: both of them were face-to-face and included open ended
questions, but one of them conducted between researcher and students while the other

with teacher.

The interviews for this qualitative ethnographic case study were scheduled and
completed following the classroom observations. In other words, after each observation
of early STEM lesson, interviews were done with 2 or 3 students in a comfortable place,
usually performed in an empty classroom in the school and in the teacher room;
interview was also done with classroom teacher after the last theme was implemented.
Furthermore, the interviews were audio-taped and then their transcriptions were made
by the researcher. The length of the interviews has changed depending on external and
internal circumstances, but average lasted 15-20 minutes with students and 25 minutes
with the classroom teacher. During these face-to-face semi-structured interviews, hand
written notes were also taken to present the behaviors of students and also classroom
teacher since some actions as emotional responses to the questions cannot be

understood from the audio-recorder.
3.7 Data Analysis Process

Qualitative researchers focus on theoretical and conceptual frameworks while analyzing
collected data in order to ensure academic rigor and trustworthiness. The research

problem, questions and purpose also guide the analysis process of the data.

In the light of the frameworks for this ethnographic case study, the research data
collected from observation notes and interview transcripts were analyzed through
inductive analysis. This type of analysis is chosen to reveal meaning from collected data
and allows researchers to generate broader themes by examining and comparing
similarities and differences in collected data [82]. In other words, researchers collect
data from various methods and then these data are organized and grouped by exploring
relations and clues within data; so in inductive process as a theoretical perspective, it is
aimed to reach a sense of meaning from the various forms of data collected from

different methods.
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In the light of inductive data analysis process firstly, codes were determined by two
researchers from field notes and transcripts based on authenticity model and STEM
learning Cycline as conceptual framework. While coding the notes from collected data,
initial and process coding were used: initial coding for interview transcripts and process
coding for observation field notes [91]. Process coding ensures that observer focus on
the actions and situations of participants during observations while initial coding
provides a guidance evaluating data collected from interviews and also reorganizing
them [91].

Beyond this, there are 10 authentic elements that represent the ‘essence’ of authentic
learning [81]. By considering also these elements, data were transferred using codes by
grouping the information based on the models and authentic elements and then some
categories and themes were generated. In this manner, the process of transformation of
data for analysis for this qualitative ethnographic case study included managing the
data, reviewing the texts from field notes and transcripts, organizing the information,
coding, identifying categories and themes from codes, and presenting the information

incorporating the experiences of the students and teacher.
3.8  Trustworthiness

In order to ensure the trustworthiness of the analysis of data, triangulation strategy was
used in this ethnographic case study. Triangulation means that combination of the two
or more theories, investigators, data sources or methods in one study about a single
phenomenon [90]. Also, Savin and Baden [83] explains triangulation as «...the researcher
has multiple data points that can broaden their understanding of the subject of their research
(p.478) [83]” In this study, the advisor as another researcher identified possible codes in
the three interview transcripts and also three classroom observation notes independently
from the researcher and these codes were compared with each other. When there is
consistency among the codes which were formed by the researcher and additional
reviewers, the corroboration was proven. Beyond this, when there are differences, the
overall codes were discussed again until a consensus was reached on the final rating. On
the other hand, the views of the early STEM program developer as another expert were
also taken for the determined codes to satisfy triangulation. Furthermore, while
providing triangulation as stated above, credibility and also conformability which are
other factors that provide trustworthiness [83] were ensured in the way of using the

constant comparative method by comparing the data in a single case.
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CHAPTER 4

RESULTS AND DISCUSSION

The aim of the study was to investigate students’ authentic learning experiences through
early STEM lessons. In the light of this aim, the following research questions also

guided the study:

1) How do students perform authentic learning experiences in Early STEM lessons?

2) In what ways do students engage in Early STEM lessons?

3) In what ways authentic learning is integrated in Early STEM lessons?

In this chapter, the research results of the present study were presented within three
parts as process of coding, creating categories and forming themes by considering the
aim and research questions. The discussions of the research results were also supplied

by comparing and interpreting them through related literature.

The field work and interview transcripts analysis was approached in an inductive way
[82] (explained in data analysis process part in chapter 3) to identify the codes firstly
and then 14 categories and three general themes derived from the data. And these results

represent the early STEM classroom implementations in an authentic manner.

4.1  Ethnographic Case Study Codes

The early STEM lessons were observed during 8 weeks and each week some
assignments were implemented by considering the phases of early STEM program. The
observed theme was the “My World of Imagination”, but students’ and classroom
teacher’s views were also taken for all themes and whole program during interviews.
According to Authenticity Model [86] and STEM Learning Cycline [4] and also by
considering the 10 authentic learning elements [81], codes were determined from

collected data and the codes were grouped for each early STEM phase (see table4.1).
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Table4.1 The codes derived from the data based on STEM Learning Cycline and
Authenticity Model as conceptual frameworks

Phases of STEM Types of
Learning Cycline  Authenticity
APKS Conte.xt.
Authenticity
Fact finding
Task
Authenticity
Ideation
Product
development
Impact
Authenticity
Refinement
. ... Personal/Val
Dissemination/ e
Reflection .
Authenticity

Authentic Learning
Elements

1. Real world relevance

2. Ili-defined problems

3. Sustained investigations

4. Multiple sources and
perspectives

3. Collaboration

6. Metacognition
(reflection)

7. Interdisciplinary
perspectives

8. Infegrated assessments

9. Polished products

10. Multiple interprefations
and outcomes

Codes

- Open-ended exploration

- Defiming real world problem

- Higher order reasomng

- Taking responsibility

- Relevance with real life

- Problem solving (Challenging real-world problems)

- Planning and conducting investigations

- Deep approach to learning

- Transferring (prior)knowledge into real-life

- Critical thinking

- Integrating multiple disciplines

- Observation skill

- Interacting with STEM occupations

- Developing and using model

- Modeling authentic problems

- Learning environment (classroom, materials...)
- Problem solving skills

- Learning by trial-error and personal explorations
- Designing multiple solutions

- Designing hands-on STEM applications

- Comfortability with using tools

- Developing motor skills

- Relating multiple disciplines/ Interdisciplinarity
- Productive teamwork

- Students mnterest and motivation

- Students’ curiosity, self-management, self critism,
creativity, interest and motivation by self-efficacy beliefs
on STEM

- Evaluating and communicating knowledge with society
- Building social skills

At this point, this part represents the important points and elements occurred during

each week of early STEM program. That is, the determined codes were presented by

phases of STEM Learning Cycline and authenticity types and also some phases were

combined due to similarities of data results collected from those phases.

APKS-Context Authenticity Codes

In the first week of this program, the APKS (Authentic Problem of Knowledge Society)

was introduced to the students, also working groups were created and responsibilities

were given to each group member through their professions selected for that theme.

Namely, for the last theme of early STEM program which was called as “My World of

Imagination”; architect, design and development engineer and industrial designer were
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the professions that the students undertook until the end of the theme. Beyond this,
some responsibilities were also given to students such as presenter, plotter, portfolio
designer, quality controller and in this way, they also gained the consciousness of taking
responsibility that was also one of the codes. In this manner, this week was related with
context authenticity type which associates the works with reality and also “bring(s) real
world experience to the classroom (p.147) [86]”. In the relatedness of these frameworks, 6

codes were emerged for the first week of early STEM lessons as seen also in table 4.1.

In the beginning of the early STEM lesson, students’ interests were taken with some
visual materials on the topic and so their engagement was supplied. Then, a real-life
problem with some constraints was given to solve them and students tried to understand
the problem. While interpreting the problem, they made some explorations and asked
questions to classroom teacher related with the real-life problem statement. For
example, during the observation of the first week of early STEM lesson, it was pointed
that there is a unique situation in the APKS disclosure process and students were aware
that they should be able to offer scientific solutions to this problem and should make the
solution concrete. That is why; they listened carefully to the teacher's explanations and
took notes. Also one of the students expressed that S7: “...[APKS] was more about
thinking... (in Turkish: ...daha c¢ok diisiinmeye yénelik oldu)”, so students could
improve their higher order thinking skills through APKS. During the observation, it was
also seen that the APKS was repeated several times in terms of the adoption of the
students and the statements in the APKS were explained with respect to the daily life in
terms of being more meaningful. Furthermore, since APKS cannot be easily solved and
is open to more than one solution pathway, it has been determined during the
observation that the students' mind somewhat confused at this point. Since they can not
define the problem precisely and clearly, they have begun to think about the concepts in
APKS. The teacher also gave an open-ended research area to the students by explaining
what the concepts like dome or pattern within APKS would look for in this process. At
this point, students may be unfamiliar with some concepts since they are young, so each
concept should be carefully studied and focused on a thorough understanding of the
topic [20], [49], [50]. In this way, students can make a meaningful product correctly and
can learn the subject authentically since the means of authenticity is real and true [80],

[81]. In other words, in this lesson, students were engaged with problems and authentic
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learning has been carried out through this problem which required them to use their
prior knowledge, associating it with real life.

In this manner, to make the problem even more meaningful, examples from daily life
were asked to the students. In this way, the transfer of the acquired knowledge has been
carried out by focusing on the relevance with the real life. Students were challenged
with the real-world problems by using their higher order reasoning skills. In this
manner, some students’ views on early STEM lessons and APKS as following:

S6: Early STEM has made it possible for us to learn what we will learn in the future.

It was a nice thing, so we were learning new things. For example, we learned why
beavers made a dam (in Turkish: erken STEM ilerde ogrenecegimiz seyleri simdi
ogrenmemizi sagladi. Giizel bir sey yani yeni seyler 6greniyorduk. Mesela kunduzlarin
neden baraj yaptigini ogrendik).

S9: It has developed my imagination (in Turkish: hayal giiciimii gelistirdi).

S13: In early STEM lessons, we are strengthening our brains. Well then we have a
growing power to develop products (in Turkish: Erken STEM derslerinde, beynimizi
gliclendiriyoruz. Sey sonra iirtinleri gelistirme giictimiiz artiyor).

These quotations provide an insight on how introduction of an APKS affected students’
interpreting and thinking skills. Beyond this, the APKS had also some constraints and in
one of them, there was the mathematical concept of “Tesselation”. While one of the
students was reading this concept, she hesitated for a moment and she probably did not
know its meaning. With early STEM lessons, students have also learned different
concepts that they may use in their future professional lives.

Another point that attracted attention this week's lesson was the sense of taking
responsibility. Namely, in one of the groups, responsibilities still could not be shared
because especially the student “S10” was not satisfied with his responsibility and he
asked to change it in every moment of the lesson. Although students are dominant
during the process, it is difficult to persuade them because of the age groups and one
example of this was observed in this lesson. In this situation, classroom teacher’s
directions became effective to solve the problem by saying that students can share the
responsibilities within the group and students were agreed to take responsibilities in
turn, and the problem was resolved. At this point, STEM lessons based on group
interactions and collaboration have an important place that means, it is important that
students undertake their responsibilities and collaborate in projects. Thus, they can

recognize the importance of their choices and behaviors in the process and this leads
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them for their daily and professional life. Also, Mims [17] explained that “Authentic
learning is a pedagogical approach that allows students to explore, discuss, and meaningfully
construct concepts and relationships in contexts that involve real-world problems and projects
that are relevant to the learner (p.2) [17]” Through the first week of early STEM lesson,
students constructed these experiences by stating the APKS and so context authenticity
has been emphasized. Garrett, Huang and Charleton [92] gave an example for context
authenticity as “[For example] students may be asked to design a product within constraints
such a design would actually require, such as a container for a product that minimizes the
amount of material needed (p.36) [92]”. A problem (APKS) that is in the same direction
with this example was also addressed in early STEM lessons. That is why; we can see
the relations between the context authenticity and APKS week of early STEM program.
From these perspectives, 6 codes were emerged from the collected data for the first
week through classroom observations and interviews as following: Open-ended
explorations; Defining real world problem; Higher order reasoning; Taking
responsibility; Relevance with real life; Problem solving (Challenging real-world
problems) (see Table 4.1).

Fact Finding & ldeation-Task Authenticity; Product Development & Refinement-
Impact Authenticity Codes

In the second week of this program, students made some researches to solve the APKS
and during this time they asked to the teacher, their group members and also looked at
the books or internet about questions they should answer to reach the best solutions. For
instance, when the teacher wanted to give the students an example in order to fully
understand what the dome is like, one of the students gave an example of fairy chimps
by examining the shapes on the posters in the classroom. This also shows that students
have developed their observation skills and how to search and what resources they can
benefit from. They saw everything in their environment as a source of information, so
they seemed to have gotten the necessary gains about the research process. Another
student also said that we had a dome in our head. This is an indication of in what way
the students have observed and imagined is wider. Besides examining the assets in the
environment, it is an important point to give examples by observing and examining
itself. This shows the vision and perspective that early STEM lessons added to the

students. At this point, students reached the deep approach to learning by transferring
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their prior-knowledge into real-life. In addition, while searching on information they
should have, students used multiple sources. For example;

S5: "from documents ... or computers... (in Turkish: ... belgesellerden... ya da

bilgisayardan...)"

S9: “Internet, then videos we watched on the topic... (in Turkish: Internet, sonra

izledigimiz konularda videolar izlemistik onlar)”

S7: “We got help from the computer, we worked. We asked all my parents. Then we
gathered all the information and offered all of them to each other (in Turkish:
Bilgisayardan yardim aldik, ¢alistik. Annemize babamiza sorduk iste hepimiz. Sonra

biitiin bilgileri toplayip karsilastirdik boyle hepsini birbirimize sunduk)”

From above quotations, the use of internet seems to be the most frequently used source
of knowledge to reach and make sense of information. But, we can also understand that
students used multiple sources despite the fact that internet is the mostly used resource;
they also asked each other and also their parents. This was the indication of how

learners learn both individually and in group.

On the other hand, in this process students also filled out the information books that
they write their investigation results for reseacrh questions about APKS. One of the
students found an information for the concept of tessellation, but the acquired
information contained too many foreign words. Therefore, some students still do not
know which sources and information are useful and which are not. Conducting research;
the process of acquiring knowledge forms the basis of early STEM lessons. Only one
week has been given to this process and it has to be done correctly, because they get
basic information at this point and the knowledge they acquired shapes the other process
of the program. Namely, planning and conducting investigations are at the forefront in
this process. Beyond this, some codes were also determined through fact finding phase
such as deep approach to learning, transferring the prior knowledge into real-life,
critical thinking.

In the third week of the program, the students developed ideas about the product they
would design and during this process; they asked what they are going to do by talking
among themselves and in time, ideas were exchanged within the groups. The students in
the group put forth their ideas and they were thinking about choosing the best. They

also get the teacher's idea for their solutions. These implementations ensured the
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productive teamwork and problem solving skills since students decided which of the
different ideas would be better and suitable by taking into account each other's views.
These situations were related with the type of task authenticity which “challenges
students in decision-making in practical contexts (p.147) [86] That is, students decided
which idea was the best solution to solve APKS and work well. Acoording to Renzulli
et al. [93], the problem should be open to explore and students should have a choice to
define the problem and to select the frame for its solution. This situation also proves
that authentic learning activities are student-centered as stated in the studies of Maina
[94] and Callison and Lamb [95]. To summarize, students designed multiple solutions
for an authentic problem within productive teamworks and they shared their learnings
with group members and the classroom teacher. In this manner, some of the students
stated during interview that S3: “[we] are developing our imagination, teamwork and
enjoying our knowledge (in Turkish: hem hayal giicimiizii gelistiriyor, takim
calismasini gelistiriyor ve eglenceli geciyor)” S2: “What has been added to me .. Group
work, like skill. (in Turkish: Bana neler katt1.. Grup ¢alismasi, boyle beceri gibi.)” That
is, in the early STEM lessons, collaboration which is one of the authentic learning

elements was ensured and students were also aware of it.

After designing what they will do to solve APKS, within the next three weeks students
worked on to produce their products. Giving importance to students' preferences,
polling for preliminary information, discussing new information together and sharing
ideas were identified as effective teaching strategies in this process. Students showed
great success while developing their products and solving the problem. They have
started to make designs that they have already created in a way that they will create
patterns with the colors they want. It can be also argued that children were continuously
increasing their confidence in the work they do, as the teacher was constantly guiding
the students. Also, the effect of using positive language, giving children the opportunity
to do what they want and reinforcement method were observed during this process. The
students voluntarily and actively participate in the process and implemented their own
ideas, which was also the indicator of the high motivation. In this manner, during the
interviews, some students were asked about the most enjoyable part was product

development. For example:
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S9: When painting Amsterdam houses, while sticking the pattern things out (in Turkish:
Amsterdam  evlerini  boyarken, oriintii  seylerini  kalipla  ¢ikarirken  iizerine

yapistirirken...)

S13: When | was doing the Amsterdam house, my things got dirty. I like it I did a lot of
work like that (in Turkish: Amsterdam evini yaparken, ellerim falan kirlendi.

Hoslanwyorum boyle ¢ok fazla is yaptim)

S5: Dying in Amsterdam houses. Then, | liked the railing at the dam too (in Turkish:

Amsterdam evlerini boyamak. Sonra, barajda da korkuluk yapmak ¢ok hosuma gitti)

S2: ... that's [product] what we achieve. Show us our skills (in Turkish: ... basardigimiz

isi gosterir bu. Becerimizi gésteriyordu)

Some psychologists like Piaget believe that students should be active during an activity
to ensure the real learning [96]. Also, authentic learning is about learning by doing that
students being active [73]. In the product development phase, students mostly took
active role as in other phases and their motivation was high as mentioned during the
interviews. Beyond this, the active involvement and encouragement of students in the
process is an outline of early STEM lessons and in these lessons the example of this was
observed quite clearly, especially in product development process. From this
perspective, this process was related with the type of impact authenticity which is about
usability of the created designs in the real-life environment for example, during early
STEM program, students built a dam, machines with pulley system or built a dome by
using tessellation art. So, all of these products can be used in real life situations since
they were produced to solve a real-life problem and in this time, they have developed
their products within the framework of responsibilities like a profession and a real

business life.

In these perspectives, 19 codes were emerged for four phases of early STEM program
(see Table 4.1). In general, it can be resulted that STEM activities contribute to the
cognitive and physical development of students, especially at early grades, by providing
an authentic learning environment, unlike other activities. Also, most of the students
engaged in early STEM activities became successful in designing and modeling
solutions for a real-life problem through productive teamwork and authentic learning

experiences.
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Dissemination/Reflection-Personal/Value Authenticity Codes

In the last week of the program, students presented their products to their friends, other
teachers and also their parents through an expo week. During this time, they exhibited
what they did, how they designed their products and for what reason they conducted this
project. In other words, in early STEM program, the combination of cognitive process
and social product emphasized in the STEM cycline was important and each of the
eight-week themes concluded with an exhibition and sharing day that informs the
families and teachers of the young age group what they were doing in that cycle [87].
This process is an indicator that social product objectives were foregrounded, that is,
while students presenting their products, they have also improved their social skills.
This has also important place in authentic learning experiences which include
personal/value authenticity type. According to Strobel [86], personal authenticity takes
place when the subject matter affected the students’ lives or related with them. It also
has an influence in the professional choices of the students. Value authenticity ensured
the students' self-learning skills and some examples for this were seen during interviews

and classroom observations.

S5: | was a bit embarrassed [during presentation], but | was happy to tell. | was happy
to inform people (in Turkish: Biraz utaniyordum ama anlatinca mutlu oluyordum.

Insanlara bilgi vermekten mutluluk duyuyordum)

S4: Mostly | am preparing questions, for example, | am telling a person, then | am
pulled out to the side, my friend is on duty (in Turkish: Cogunlukla sorulari
hazirliyorum ben, mesela bir kisiye ben anlatryorum, sonra ben kenara g¢ekiliyorum,

arkadagim gorev aliyor) — example of collaboration and taking responsibility.

S5: During the presentation, we usually try to tell something pleasantly, not too long,
and we tried to tell it in a fun way (in Turkish: Sunum sirasinda genellikle yanlis bir sey
yapmamaya, ¢ok uzun anlatmayarak, baskalarimin canmim sikmadan, zevkli bir sekilde

anlatmaya ¢aligtik) - Communicating knowledge with society.

From these perspectives, learning is supplied through a social interaction [73] and early
STEM lessons provided this with authentic learning experiences. In other words,
beyond cognitive developmental skills, students could also build and improve their
social skills through this program. In this manner, three codes were emerged from

interviews and classroom observations (see Table 4.1).
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4.2  Ethnographic Case Study Categories and Themes

Based on the collected data from classroom observations and interviews, three themes
were determined in the light of 14 emerged categories from codes and they also
provided some insights on how authentic learning elements or characterictics took place
in early STEM lessons.

The themes emerged from the qualitative data analysis for this ethnographic case study
of early STEM lessons are: 1) Authenticity vital role in early STEM education, 2) Early
STEM effectiveness in authentic environment, 3) Essential role of early STEM
education upon students’ authentic learning experiences (see table 4.2).

The actions in the classroom and the views and comments of the students and also
teacher during interview were used to interpret themes that explained students' authentic
learning experiences in early STEM lessons.

The first theme addressed the role of authenticy in early STEM education, then second
theme provides knowledge on early STEM effectiveness in an authentic environment
for example; STEM careers, STEM learning, STEM applications etc. Finally the third

theme was used to represent role of STEM education in authentic leaning experiences.
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Table4.2 Analysis of data based on STEM Learning Cycline and Authenticity Model as
conceptual frameworks
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4.2.1 Authenticity Vital Role in Early STEM Education

The authenticity was used in education to ensure the practical knowledge in a real world
situation [81], [97]. In education, authentic problems or tasks aim to engage students in
authentic activities that they make connection with their personal or professional lives
[98]. In other words, transfer of knowledge into real-life situations are supplied. Burton
[75] also described the authenticity as implementation of real-world problems in and
outside of the classroom.

The categories of this theme are pointing out real-world problems; students’ thinking,
observation, problem solving skills, metacognition, higher order reasoning and open-
ended inquiry are addressed; engaging students in social learning in a community;
enabling making choices to reflect students’ own learning into real life
situations/problems.

The category, pointing out real-world problem, is about that students should be able to
propose solutions to the real-world problems they face. In this manner, early STEM
lessons involve authentic tasks that address real-world problems and engage students to
define problems in their own lives as well as investigating and creating solutions for
them. During interviews students were asked to give an example for real-world problem
that they encounter and their ideas were taken ideas about how to solve that problem.
So, environmental problems were the most mentioned ones by students and some
quotations from students on how to solve it are as follows:

S2: ...first [I get information]. After that, I thought of what I could do. After that, start
practicing and then I evaluated the result (in Turkish: Evet once [bilgi edinirdim].
Ondan sonra ne yapabilecegimi diisiintirdiim. Ondan sonra uygulamaya baslardim ve
sonar sonucu degerlendirirdim)

S6: There are no trees. | want to plant small tiny grass [to solve this problem]. | want
you to be everywhere in the woods and tell people this (in Turkish: Hi¢ agag¢ yok. [Bu
problemi ¢ozmek igin] kiiciik kiigiik ¢imenler dikmelerini isterim. Her yer ormanlik
olsun isterim ve insanlara bunu séylerim)

S10: No skyscrapers, instead of it, there should be small houses. I tell the people the
damages of the skyscrapers, the weather is destroyed. | say that this problem can be
solved by making small houses. | can do other research myself, like how other solutions
might be (in Turkish: Insanlara gékdelenlerin zararlarini ve havayr bozdugunu
anlatinim. Kiigiik evler yapilarak bu sorunun ¢oziilebilecegini séylerim. Kendim baska

arastirmalar da yapabilirim, baska nasil ¢oziimler olabilecegi gibi)
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As understood from students’ answers, they have the ability to identify the real life
problem and present solutions for a problem. Beyond this, water problems or needs,
animals’ protection, traffic etc. These examples also show that students improved the
problem solving skills in recognizing and eliminating them by offering different
solutions. In the same manner, students also exhibited great attention to solve given
problem by developing various solution proposals. Therefore, early STEM lessons
provided an insight on authenticity since it is related with real-life problems or
situations.

The category, students’ thinking, observation, problem solving skills, metacognition,
higher order reasoning and open-ended inquiry are addressed, is about the abilities
that the students have gained during early STEM lessons as well as in authenticiy.
During the interviews and observations, it was observed that the students developed
skills from many perspectives.

S2: ... Because if it gets even more polluted, it will become an ozone layer or
something, it will be ruined. Our world will become uninhabitable (in Turkish: ...gtinkii
eger daha da fazla kirlenirse ozon tabakasi falan sey olcak, mahvolacak. Diinya 'miz
yasanmaz hale gelcek.) - (critical thinking)

S3: The bridge between Earth and Mars. | thought the cause was a bit logical too.
According to my knowledge of Mars in the solar system, the fifth place is that the Earth
ranks fourth. Because they are close, | thought you could build a bridge (in Turkish:
Diinya ve Mars arasinda koprii kurulmasi. Nedeni de birazcik mantiksal da diistindiim.
Giines sisteminde Mars’in bildigime gore besinci sirada, Diinya’nin dordiincii sirada
olmasi. Yakin olduklart icin koprii kurulabilecegini diisiindiim) - (critical thinking &
higher order reasoning)

S9:1t has developed my imagnation (in Turkish: Hayal giiciimii gelistirdi) - (higher
order reasoning)

S6: For example, | became conscious. | learned how animals live, how people imagine
or what people know what they do (in Turkish: Bilin¢lendim mesela. Hayvanlarin nasil
vasadigim, insanlart nasil hayal giicii ya da ne biliyim insanlarin neler yaptigini falan
ogrendim) - (open-ended inquiry & metacognition)

These examples showed the need for authentic learning skills that enable students to
think creatively and critically. In addition, metacognition which is thinking on
individual’s own thinking ensures the effective self-assessment or self-learning [99]. In

this way, students can direct and evaluate their own learning in early STEM lessons

47



since they are active during the whole process and they determine which knowledge
should be necessary and how it can be applied in their products. Research indicates that
further learning is taking place within students who were experienced metacognitive
instruction with cooperative learning rather than ones who do not [100]. According to
Rule [80], “Science is advanced through experimental and theoretical inquiry in which
investigators engage in asking questions, conducting studies, drawing conclusions, revising
theories, and communicating results to others; therefore, science teaching and learning should
reflect the scientific process of knowledge construction (p.3) [80]”

In early STEM lessons, we saw an example of the Rule’s statement, that is, students
both asked questions and also found answers for asking questions and they constructed
the knowledge in a meaningful way. Therefore, when it is handled with a wide angle, it
can be said that it has developed the skills of the students from various directions and
this is the role of authenticiy since authentic learning should involve true inquiry [95].
The category, engaging students in social learning in a community provides insights
on how students engaged in cooperative learning and what are their roles during early
STEM lessons. The learning community in authentic learning was described in two
parts: “One part is the group of learners who work together to unravel the problem. Another
aspect is the community setting in which the project is based (p.4) [80]” In early STEM
lessons, students had the role of professional community which investigates the related
disciplines of research area [80]. In other words, they tried to solve a real-life related
problem within a group by taking some responsibilities in a professonal role. During
this time, they were interacting with each other and they shared their works by deciding
themselves. The student S3 stated in the interview that “... 7 always help the team, 1
have always been president. It's a good thing to entertain them, and | always talked
about not fighting anyone before | started the project. That was also important. | was
trying to make it fun (in Turkish: ...Ben takimima her zaman yardim ediyorum, su ana
kadar hep baskan olmustum. Onlart eglendirmek i¢cin hem giizel bir sey, ve her zaman
projeye baslamadan once kimsenin kavga etmemesinden bahsetmistim. Bu da
onemliydi. Eglenceli hale getirmeye calisiyordum)” This is an indication of how the
student will take responsibility within a community. At the same time, she has achieved
a coherent working ability within the group, and this student will be able to find a
solution to the problems she will face in real life. Moreover, explaining why and how
students make their products to their friends and family is an important influence on the

development of social skills. In this manner, classroom teacher stated during the
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interview that “I saw they were very excited. So there were even people who gave sugar
to the parents, so they were doing the actual grouping there. 'You tell me, as I'll do it'
[students’ sayings], there's a little bit more progress in the last phase you see how
efficient it is, how much it works” Namely, early STEM lessons have a role on students’
social skills which is needed in real-life situations and students experienced how
learning was situated within social community.

At this point, Vygotsky [101] emphasized the need for a sociocultural perspective to
understand the world. In early STEM lessons, interaction and discussion of ideas within
group members also ensured a baseline for the development of scientific understanding
through a guideline to students such as posing related questions, reminding the APKS,
resolving the problems within groups etc. Also according to Lee and Songer [102],
students should experience scientific investigations to be aware of what scientists do
during their research such as data collecting, sharing or communicaitng. Early STEM
lessons provides this experience to students and these experiences form the important
components of authentic learning experiences.

The last category of this theme, enabling making choices to reflect students’ own
learning into real life situations/problems is about how learning which was ensured
during early STEM lessons is transferred into real-life conditions. For example;

S2: | learned where water sources can be used (in Turkish: Su kaynaklarinin nerede
kullanilabilecegini 6grendim)

S4: In my daily life, my father, for example, did not know Scracth since it’s a children’s
program, so | taught him (in Turkish: Giinliik hayatimda babam, rnegin bir ¢ocuk
programi oldugu icin Scracth't bilmiyordu, ben de ona ogrettim)

1st week field notes: “In terms of being more meaningful of the APKS, it is explained by
students and also teacher with examples and analogies in daily life (in Turkish: BTHP
daha anlamli olmas icin, 6grenciler ve 6gretmen tarafindan giinliik hayattan érnek ve
benzetmelerle agiklanmistir)”

From these quotations, it can be seen that students would use their learnings in their
daily life situations and also to deal with the encountered problems. Mims [17] also
stated that “This ability to transfer their new knowledge and skill beyond the walls of the
classroom and make practical application of it is the most powerful characteristic of authentic
learning (p.7) [17]”. Callison and Lamb [95] also specified that accessing information
outside of the school ensures students to connect with real life and also enables them to

interrogate the problems they face with the problems. It is necessary for students to use
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their designs in their everyday lives and to find them meaningful so that the student can
be transferred their learning to their real life situations. That is why; early STEM
lessons provides these experiences in an authentic manner.

4.2.2 Early STEM Effectiveness in Authentic Environment

This theme represents the effectiveness of early STEM lessons in an authentic
environment based on students’ and teacher’s views and also observation field notes by
considering how students learn best and which factors were affected in this authentic
environment during early STEM lessons. At this point, the categories that represent this
theme are; gaining insights into STEM careers, building interdisciplinary perspective,
experience real world STEM applications, building STEM knowledge and skills,

developing STEM awareness, spatial importance for STEM learning.

The category, gaining insights into STEM careers is about the students’ views and
choices on their future careers. That is, during the early STEM lessons, students took a
role of some professions which were based on STEM occupations in each theme of the
program and they learned some theoretical and practical knowledge on these
occupations area. This implementation had a significant role on students’ future career
choice since the best time to build awareness and interest in STEM fields is early school
years [53], [54]. For example;

S3: | liked being a computer engineer. So | can do whatever | want to do. Designing is
already going well, drawing is also nice. I love it so much (in Turkish: Bilgisayar
Miihendisi olmayr ¢ok sevdim. Yani ne yapmak istersem yapabiliyorum. Tasarimim

zaten iyi gidiyor, ¢izimim de giizel. Onu ¢ok seviyorum)

Teacher: Of course, before we start the project, we have groups of professions that we
divide into groups.When everybody gets their jobs, they get a little more confident here.
They're investigating it a little more or when their friends explore it, they have a little
more envy. So they know the profession exactly (in Turkish: Tabi ki yani projeye
baslamadan once gruplara ayirdigimizda, meslek gruplart oluyor. Herkes kendi istedigi
meslegi aldiginda, burada o meslege biraz daha yatkinlik oluyor. Biraz daha
aragtirtyorlar onu, ya da arkadasi arastirdiginda ona biraz daha imrenme oluyor. Yani

meslekleri tam anlamuyla tanvyabiliyorlar)

S13: 1 liked being a pure scientist (in Turkish: Temel bilimci olmak hosuma gitti)
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S8: | want to be both electronics and an industrial engineer. | loved all of them because
my drawing is fine. My father is already an architect, and | want to be an architect. The
electronics are good for me (in Turkish: Ben hem elektronik hem endiistriyel miihendisi
olmak istiyorum. Hepsini sevdim, ¢iinkii ¢izimim iyi. Zaten babam mimar, ben de mimar

olmak istiyorum. Elektronik de bana iyi geldi)

From above quotations, we can see that students were aware of most of the STEM
professions and although both their background and interest have an effect on their
career choices, their parents’ occupations had also an effect on this choice.
Constructivists also stated that the introduction of real life concepts into the classroom
environment encourages learning [17] and in order to achieve this, learning

environments should be authentic.

In this manner, Erdogan and Stuessy [71] conducted a study to determine a framework
for effective learning environment for specialized STEM schools and they determined
three factors: actors (teacher, students, role models etc.), contextual factors (learning
environment, curriculum etc.) and actions (teaching, learning, communicating,
mentoring etc.). So, we can see all of these factors in early STEM lessons and it can be

said that effective learning has been maintained in an authentic context.

Some skills such as creative thinking, problem solving, leadership, and innovation need
to be developed to make learning environments designed to improve STEM education

more useful [70]. At this point, Mims [17] also gave an example that:

“If students were engaged in an authentic lesson related to solving the city’s problems with air
pollution the classroom environment probably would look quite a bit different. Students could
work in groups and divide up the various tasks that need to be accomplished to solve this real-
world issue. Perhaps you would find a group of students looking through newspapers to gather
data related to the local weather, while another group searched the Internet for information
about air pollution, as other students collected data about the city’s population. These students
would simultaneously be engaged in science, mathematics, and reading. They would also be
utilizing their technical skills and search skills as well as exercising their skills in social

communication (p.2) [17]” This is also an indication of an interdisciplinary approach to

authentic learning environments.

From this point, building interdisciplinary perspective was emerged as another
category. In early STEM lessons, the focus is on an interdisciplinary application. For

example, while the main discipline in the final theme is mathematics, there are also
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objectives in engineering and science disciplines during product development. That is,
students learned to make use of two or more disciplines in solving a problem. This also
shows that students should have different aspects of knowledge for their future lives
which will require to use more than one field of information. So, early STEM lessons
provided this to students in early ages. For example, students stated during interivew
that:

S8: | use [information about Mars planet] in science class, we do about planets [in
science lessons]. So it helps me with other lessons (in Turkish: [Mars gezegeni ile ilgili
bilgileri] fen dersinde kullaniyorum, gezegenlerle ilgili yapiyoruz ya. Diger derslerime

yardimci oluyor yani)

S3: Learning [the pulley system] has made a great contribution to me. Because | used a
pulley system in our English Project (in Turkish: /makara sistemini ]6grenmem bana

cok iyi katki sagladi. Ciinkii ingilizce projemizde makara sistemi kullanmistim)

Teacher: ... We did the Scratch program on the computer. For example, we could have
been it to all lessons. According to objectives, students learned both Scratch and have
been repeating the local administrations of that week on social studies class. Every
week we give different lessons, so it is fully maintained (in Turkish: ...Bilgisayarda
Scratch programint yaptik. Mesela biitiin derslere yaydik biz onu. Kazanim olarak hem
Scratch’i 6greniyor, hem de atiyorum o haftanin yerel yonetimlerini sosyalden tekrar
etmig oluyor. Her hafta farkli derslere verdigimiz icin kalicihgr tam anlamiyla

saglanmig oluyor)

S11: For example, in mathematics, | have calculated dimensions. Then there is Science.
Normally there are no germs, but we're trying to make germ killers. I did something like
that in our English project. So we used science in most places of our product (in
Turkish: Mesela matematik olarak, hesapladim boyutlarini. Ondan sonra Fen bilimleri
var. Normalde mikrop yok ama mikrop éldiiren aletler yapmaya calistik. Ingilizce

projemizde de 6yle bir sey yapmistim. Yani ¢ogu yerde fen dersinde de kullandik)

At this point, interdisciplinarity had an important place in early STEM lessons as well
as in authentic learning, because one of the characteristics of authentic learning is the
interdisciplinarity [17]. Interdisciplinary perspective is also one of the authentic learning
elements and according to this notion, subject matters are not related only single

discipline, it requires knowledge of more than one discipline, and students should act by
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considering interdisciplinary concepts [16]. For example, in the the last theme (My
World of Imagination), students focused on the mathematical concepts and they made
some designs according to isometric patterns, created different geometric shapes with
the same circumference and also experienced how to do measurements. While doing
this, they also relate their knowledge with other disciplines like engineering and arts by
discussing how artistic periods and styles influence product and architectural design.
Beyond this, interdisciplinarity also takes part among the general objectives of the
STEM: Integrated teaching framework [4]. So, learning environment should be
interdisciplinary and also multidisciplinary that is, real world conditions requries
multiple perspectives and disciplines, and in order to adapt the real life, students should
experience these skills during their education lives. That is why; authentic learning

environment should be supplied them for easier adaptation to real world.

The category of experience real world STEM applications also supports above
statements. In other words, making connections with the real-life situations in learning
process is important since transfer of knowledge can be handled through authentic
experiences as stated earlier. Beyond this, while experiencing real world STEM
applications, students also built STEM knowledge and skills. Also, during early STEM
implementations, students were actively involved in learning process by interacting,
communicating or exploring to solve a real-life problem and in this time, they structured
some STEM knowledge and experienced STEM skills with scientific and engineering

practices:

S2: For example, | learned how other energies can be used without using energy. I
learned how to turn the reel with water (in Turkish: Mesela enerji kullanmadan baska
enerjilerin  nasil  olabilecegini  ogrendim.  Su  enerjisiyle  nasil  makara
dondiirebilecegimizi 6grendim)

S7: The command, the algorithm, the program [said by looking at the portfolio]. We
learned by researching what these are (in Turkish: Komut, algoritma, program

[portfolyoya bakarak séyledi]. Bunlarin ne oldugunu aragtirarak 6grendik)

From the above quotations, we see that students learned different concepts which they
may use in their future daily and professional lives. So, being aware of such concepts at
an early ages make it easier to adapt to most conditions in their lives. Authenticity was
also took place as the characteristics of situated learning environment [69] and in

situated learning, knowledge is also used in situations that reflect real-life conditions.
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From these aspects, there is also inconsistency between the information obtained from
schools and the learning process in real life [17]. Therefore, students can not make any
connections between their school learning and real-life situations, that is, they can not
transfer their knowledge into real-life. Authentic learning provides an opportunity to
bring real-life experiences into classroom. So, students can make any conncetions for
their learnings and early STEM lessons provided this by also developing STEM
awareness. Namely, students took an authentic problem during the whole process and
they tried to solve it by their own and also by using various skills that they may use in

daily life. In this manner, learning was ensured in a meaningful way.

To sum up, for this theme we can understand the spatial importance for STEM
learning. That is, STEM education should be related with real-life in an authentic
environment. In this way, learning can be transferred and become meaningful for

students.

4.2.3 Essential Role of Early STEM Education Upon Students’ Authentic

Learning Experiences

In early STEM lessons, students gained an interdisciplinary knowledge by focusing on a
real-life problem and while trying to solve this problem, some abilities were needed
such as problem solving, communicating, searching, criticizing the information, critical
thinking etc. which are the 21% century skills. In this manner, authentic learning
experiences had an important place on this process. So, this qualitative ethnographic
case study was an opportunity to explore the students’ authentic learning experiences

through early STEM lessons more deeply.

From this perspective, an authentic problem was presented to students and they created
various solutions from different aspects. According to Renzulli et al. [93], the problem
should be open-ended and students should select the way for solutions by their own. In
the same way, Maina [94] and Callison and Lamb [95] also stated that authentic
learning should be student centered. Therefore, early STEM lessons have an essential
role on this process and the emerged categories for this theme are: gain hands-on STEM
learning experiences, developing physical attributes, developing personal attributes.

The category, gain hands-on STEM learning experiences is about using tools while
constructing the products, thinking critically while determining the best solutions,
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evaluating the created product in different aspects and so on. That is, during early
STEM lessons, students’ physical and personal attributes were improved. For example;
S12: My skills such as shaping dough, modeling, coding on a computer have improved
(in Turkish: Hamurdan sekil yapma, maket yapma, bilgisayarda kodlama yapma gibi
becerilerim gelisti)

S1: He made me harder. He has developed my other skills (in Turkish: Beni daha
caligkan yapti. Diger becerilerimi gelistirdi)

S10: So | learned how to make a project, how to research it (in Turkish: Proje nasil
vapilir, arastirma nasil yapilir onlart ogrendim)

S13: It is difficult to adjust the angle of the roller. And you do not know where to pour
the water because the cap is small (in Turkish: Silindirin a¢isint ayarlamak zordur.
Suyu nereye akacaginizi bilmiyorsunuz ¢iinkii kapak kiiciik)

S9: [it] was more about thinking. | learned to share with my friends (in Turkish:
Diisiinmekten daha fazlastydi. Arkadaslarimla paylasmayr 6grendim)

The above quotations indicates that since students are in earlier ages, creating such
products in early STEM lessons has positive effect on the improvement of students’
motor skills. Also, since they thought on the solutions by criticizing them while creating
these products, their mental abilities were also developed. The best examples for these
situations were seen on the answers of students for the last interview question: ...with
the help of the information you have, can you suggest a problem that exists in your
environment and that you want to solve?

While answering this question, students summarized the whole process of early STEM
program and they determined a real-life problem that is important to solve for them.
They have conducted ideas on why the problem is important and which steps can they
take to solve the problem. While doing this, they presented authentic learning
experiences. Namely, the problem they addressed was related to both real life and their
interests, they presented also their reasoning for suggestions for example, one student
(S11) stated that “...I forbid benzines. I make cars that work with electric. I do
something like this to prevent environmental pollution (in Turkish: Benzini yasaklarim.
Elektrikli araba yaparim. Ciinkii ¢evre kirliligini onlemek icin boyle bir sey yaparim)”
So, students engaged in complex responsibilities and showed higher order thinking
skills which are also the characteristics of authentic learning experiences [16], [17].
That is why; early STEM lessons have an important role and effect on students’

authentic learning experiences.
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4.3  Limitations of the Study

This qualitative ethnographic case study was conducted to investigate students’
authentic learning experiences in early STEM lessons. Sample of the study consisted of
14 participants in total included one classroom teacher and one class of 4™ grade
students who attend early STEM lessons. The classes meet at a standard length of time
each week for early STEM lessons as 45 minutes. Although the early STEM program
lasted eight months in total, the period of the study was limited by the eight weeks.
Namely, only for one theme of the program observations were made by the researcher
and informations were gathered for the other processes (the first three themes) through
student and teacher intervews. Additionally, the private elementary school selected as the
research site since the classroom teacher of this class have an experience and knowledge on
early STEM program. The number of participants are few and they represents only that
group. Beyond this, the theoretical approach for this present study was handled in a narrow
focus, so the research results cannot be generalized as the nature of qualitative studies. On
the other hand, since the data were analyzed in a deeper way, the findings represent a
pathway to inform future researchers who study on authentic learning experiences within
STEM education.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

51 Conclusions

The connections between the three themes and the research questions were revealed and
interpretations of the data collected through the field notes collected during classroom
observations, transcripts from the interview with the students and the classroom teacher.
The first theme, authenticity vital role in early STEM education, was about the pointing
out real-world problems, students’ skills on authenticity, engagement of students in
social learning and reflection of learning into real-life situations. Second theme, early
STEM effectiveness in authentic environment, represented the STEM careers, STEM
applications-awareness-knowledge and skills in an interdisciplinary perspective. The
last theme, essential role of early STEM education upon students’ authentic learning
experiences, also provided an insight on students’ personal and physical attributes as

well as scientific and engineering practices.

The results of the study showed that how STEM education has a role in authentic
learning experiences in early grades and in what way students’ STEM literacy was
increased in this age of groups. The literature also suggests that learning is carried out
with authentic tasks students’ interest and motivation. Also, by connecting the task with
the real life situation, the transfer of the authentic learning has been ensured. In this
manner, it can be also concluded that authentic learning experiences demonstrate an
awareness of the events and practices that the learners engage with in their own
communities. In other words, students produced a product and they shared it with the
audience and at the end of the whole process, their higher order thinking, problem

solving, analyzing or interpreting skills developed.
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Figure5.1 Students’ products exé;npes for the My World of Iﬁ?ainaio Theme of
early STEM program

Beyond this, authentic learning was configured as 10 authentic learning elements [81]
and during early STEM lessons for 8 weeks and in interviews, these elements were
observed and determined. The elements of real-world relevance and ill-defined problem
were pointed in the first week of the early STEM lessons which APKS was introduced.
That is, APKS is a real-life related and ill-defined problem with multiple solutions and
so authenticity was ensured for these elements. The elements of sustained investigations
and multiple sources and perspectives referred the fact finding and ideation phases of
the program. Namely, during the fact finding phase, students conducted studies and
found multiple answers for the questions that were needed to solve the problem. Also,
in this process, they used multiple sources to reach the answers such as parents, internet,
friends etc. In the whole process, students work with group and collaboration was
supplied. Students also had a choice of their decisions for solution ways and they were
able to reflect and evaluate their own learnings in an authentic context (metacognition).
Encouraging of the students in an authentic learning environment with early STEM
activities also supplied with an interdisciplinary perspective. At the end of the 8 weeks
period, students presented their products in a valuable way and multiple outcomes were

emerged from authentic activites (see figure 5.1)

Finally, the (integrated) assessment of these products and also students’ works for the
whole process was evaluated in general. That is, instead of just evaluating the product,
an evaluation method was used that covers the entire process: which was the students’
engagement during the lessons, prepared portfolios which summarize the whole
process, and also presentations of the products by the students.

To sum up, the aim of this ethnographic case study was to investigate the students’
authentic learning experineces and through collected data from classroom observations
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and interview transcripts, it can be stated that early STEM program has an important
role on authentic learning tasks and provides better understanding on students’ authentic

learning experiences.
5.2 Recommendations

In this present study, learning environment was situated in an authentic manner and
classroom teacher had an experience on STEM applications before implemented this
program to students. So, at the point of implementation of STEM activities, it is very
important for teachers to be experienced. That is why; teacher training programs should
be prepared especially for primary levels, that is, for pre-school and elementary
teachers. Because implementing STEM education in early grades has effective results
on students’learning and skills. So, the present ethnographic case study conducted with

4™ grade students and during the interview, one of the students said that;

Teacher: How do you see any way to do all of this?(in Turkish: Biitiin bunlar: [iiriin

olustura siireci] yapmak icin nasil bir yol izlersin peki?)

S11: At first | said to look at the core of the Earth or find the appropriate conditions for
research. It triggers another burst when there is an explosion in the core. Now it starts
to trigger, because there are earthquakes, tsunamis. So | have to grow up as soon as
possible (in Turkish: [lk basta Diinya’'min cekirdegine bakarim dedim ya arastiririm
uygun kosullart bulurum. Cekirdekte bir patlama oldugunda baska bir patlamay:
tetikler. Su anda da tetiklemeye basladi, ¢iinkii depremler oluyor, tsunamiler. O yiizden

benim bir an once biiyiimem lazim)

From the last sentence of students’ sayings it can be seen that students are more curious
about their environments than older ones and so their motivation and interests should be
guided correctly. In this manner, studies should be carried out that can lead students to
areas of interest at an early age. Therefore, more importance should be given on STEM
education in early grades to be able to solve authentic problems outside the classroom to

determine students’ views and also dreams.

Similarly, in this present study students’ views were taken after the program was
implemented. So, their views can be also taken before the implementation of Early
STEM lessons. In this way, the developments and changes in the students can be
observed and determined more clearly.
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At this point, school curricula were changed and STEM was integrated but it took place
from the 4" grades’ program. Therefore, in order to increase the number of students’ in
STEM occupations and with STEM skills, STEM should be integrated into school
curricula from pre-school level and more programs, as Early STEM Program, should be
organized and applied in all schools, both public and private. In this manner, classroom
teacher training programs should be also prepared to implement STEM education in
earlier grades as stated earlier. From this perspective, Erdogan and Stuessy [71] stated
on learning environment that, “[for better learning environment], community leaders may
especially encourage teachers to take responsibilities by (a) communicating, (b) supporting, (c)
giving more power, (d) involving in decision-making process, and (e) appreciating them (p.87)
[71]” Therefore, teachers should be informed and well experienced while implementing
a program and this study provides an insight on addressing STEM education and
promoting STEM applications in an authentic learning environment, especially for early

grades.

Beyond this, there is only one teacher, called as classroom teacher, for a classroom and
the teacher gives necessary information to students in all areas. For this reason, their
curriculum is more flexible than middle and high school levels. So, these teachers can
apply the STEM activities in an easier way than upper grades. Since all teachers have
entered a single classroom, they can make arrangements for other courses and time

management in a more comfortable way.
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APPENDIX-A

INFORMED CONSENT FORM FOR EARLY STEM PROGRAM
DEVELOPERS

The purpose of this form is to get the permission of early STEM program
developers to conduct this study for master thesis or not.

This study, conducted by Sefika Girgin; a graduate student in Yildiz Technical
University, is about to observe and comment on how STEM is implemented in
classrooms as a natural environment and how students are engaged in this process. The
research purpose and questions will focus on the culture of the STEM lesson.

The applications to be made in the research process are as follows:

e In this study, researcher will collect ethnographic data that is totally different
from collected data in early STEM: Integrated Teaching Project.

e Students will be observed once a week in early STEM lessons for a total of 8
weeks in a campus of private school in Istanbul.

e During the observation, researcher behave as non-participant and just will
identify and explore the culture of early STEM lessons in the campus of the
school.

e No conclusion will be drawn on the effectiveness or applicability of the
program. The observations and interviews with the students will be conducted
just to explore the authentic learning experiences of students within the learning
environment in early STEM lessons.

e Interviews will be done with some of the students who volunteered to participate
from the class (13 students in total).The location will be on the campus for the
convenience of the students and the time will be arranged after the daily school
hours to avoid any disruption to instruction.

e Interviews will be audio-taped by getting the permission of the students before
the interview orally. The tapes will be kept confidential and only kept in the
computer of the researcher.

e Consent will be taken from teacher and students, also school administrator for
observation and interviews.

e The collected data from observation and interviews will be kept by the
researcher and will be shared while maintaining confidentiality with program
developers.
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e At the conclusion of this research, a copy of the results will be provided to
BAUSTEM.

What are the risks involved in this study?

The risks associated in this study are minimal. Confidentiality will be maintained by
keeping th names of teacher and students as secret in the stored data. All stored data and
electronic devices will be stored and available to the researcher and advisor, Prof.Dr.
Bayram Costu, and program developers, BAUSTEM center.

What are the possible benefits of this study?

There are greater academic benefits include access for educators to valuable information
provided by the participants that may contribute to early STEM lessons. Also, the
collected data will be used for academic studies as proceedings or academic articles
with a possible collaboration with BAUSTEM.

Signature

Please be sure you have read the above information, asked questions and received
answers to your satisfaction. You will be given a copy of the consent form for your
records. By signing this document, you certify you give permission to enter early STEM
classroom as researcher and to collect data in the early STEM program that you
developed.

Name and Surname: Assist. Prof. Dr. Zerrin DOGANCA KUCUK
Signature of Assistant-Director of BAUSTEM:

Notes

1. Please sign two copies.
2. Keep one copy for your records

3. Return your consent to the researcher
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APPENDIX-B

PERMISSION LETTER GRANTED BY PRINCIPAL TO CONDUCT
STUDY

Dear Principal,

I am writing to you in regards to asking your permission to work with one of your
teacher on one campus and observing the early STEM lessons during 8 weeks. | am a
master student at Yildiz Technical University and I am under the advisement of Prof.
Dr. Bayram Costu. I am currently proposing to conduct a qualitative study in which I
use a STEM lesson in 4™ grade classroom for a case study.

I am proposing a qualitative ethnographic case study, to explore the culture of a STEM
lesson and so | am going to observe a classroom to investigate students’ authentic
learning experiences within the learning environment in STEM lessons. The goal of this
study is to observe and comment on how STEM applications are implemented in
classrooms as a natural environment and how students are engaged in this process.

I would like to share with you my intentions for the study:

1. 1 getitapproved by BAUSTEM.

2. 1 ask and confirm a teacher who give lesson in 4™ grade classroom

3. | observe the class in action (one lesson hour- only early STEM lessons). |
would be coming once a week for early STEM lessons for about 8 weeks.

4. 1 will conduct interviews with some of your students who volunteered to
participate from the class (13 students in total). Each of the interviews will take
approximately 15-20 minutes. The location will be on the campus for the
convenience of the students and the time will be arranged after the daily school
hours to avoid any disruption to instruction.

5. You will be asked to sign a consent to approve this study and you will return this
form to me and will get a copy for yourself.

6. All names including the school and participants will be kept secret and the
location will be "Kartal Campus" for observation.

We can talk together and you can ask anything and request anything regarding access to
classroom.

I will follow up with you in a couple days, and I do hope we can meet and see if this
may be a possibility.
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Sincerely,

Sefika Girgin

Master Student

Yildiz Technical University

Graduate School of Natural and Applied Sciences

M.A. Programme in Elementary Science Education
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APPENDIX-C

INFORMED CONSENT FORM FOR TEACHER

Yiiksek Lisans Tez Arastirmasi- izin Formu (Ogretmen igin)

Bu form yiiksek lisans tez arastirma ¢alismasina katilmak isteyip istemediginize dair
kararimmiz1 etkileyebilecek bilgiler sunmaktatir. Ayrica, bu form ¢alismaya dahil olmaya karar
verirseniz onaymizi kaydetmek ic¢in de kullanilacaktir.

Kabul ederseniz, bir arastirma c¢aligmasina katilmaniz istenecektir. Sefika Girgin
tarafindan yiiriitilen bu c¢ahisma, dogal bir ortam olarak smiflarda STEM'in nasil
uygulandigim1 ve 6grencilerin bu siirece nasil katildigini gézlemlemek ve yorumlamak tizere
yapilacaktir. Arastirma amaci ve sorular1t STEM dersinin kiiltiiriine odaklanmaktadir.

Bu arastirma i¢in se¢ilmenizin nedeni ¢alismanin 6rneklemi olan 4. siif 6grencilerine
ders vermeniz, erken STEM program kitaplarimin hazirlik siirecine katilmaniz ve erken STEM
programina etkili katilim goéstermenizdir.

Prof. Dr. Bayram Costu damismanhiginda Sefika Girgin (sefika.girgin91(@gmail.com)
tarafindan yiiriitiilen ve arastirma metodolojisi kapsaminda Bahgesehir Universitesi
BAUSTEM merkezi direktoriit Dog¢. Dr. Mehmet Sencer Corlu ve yardimer direktor Dr. Zerrin
Doganca Kiigiik tarafindan rehberlik edilen yiiksek lisans tez g¢alismasi (Erken STEM
Egitiminde Pedagojik Etkilesimler: Etnografik Ornek Olay (Vaka) Calismasi) igin erken
STEM derslerimin gézlenmesini kabul ediyorum.

Arastirma siirecinde yapilacaklar ve bu ¢alismadan anladiklarim sunlardir:

e Smufim haftada bir kez erken STEM derslerinde toplam 8 hafta gbzlemlenecektir.

e Gozlem sirasinda arastirmaci 6grencilerim ve benimle etkilesimde bulunmayacaktr.

e Katilmim goniilliidiir ve arastirmanin amaci, arastirmacilarin dogal ortam olarak
smiflarda STEM uygulamalarimin nasil uygulandiginin ve dgrencilerin bu siirece nasil
katildiginin gézlemlenmesi ve yorumlanmasidir.

e Arastirma amaci ve sorulan ile ilgili olmayan davramiglarim veya herhangi bir bilgi
arastirmada belgelenmeyecektir.

e Benimle ilgili tiim bilgilerin arastirma kayitlarindan kaldirilmasim isteyebilirim.

e Veriler arastirmaci tarafindan saklanacaktir.

e Bu ¢alisgmada gozlemlenmeyi kabul edersem, arastirmaciya simf sirasinda dersimi not
defterine kaydetmesine izin veriyorum. Bu notlar, performansim ile ilgili degil,
stratejiler ve dersteki siire¢ tlizerine olacaktir.

e Kisisel bilgilerim gizli tutulacak ve kimseyle paylagilmayacaktir.

e Aragtirmaci aragtirma siireci veya amaci ile ilgili her tiirlii sorunuzu cevaplayacaktir.

Bu form iizerindeki imzamla, simiftaki arastirmanin bir pargasi olmay: ve kayitlar i¢in bu onay
formunun imzali bir kopyasim alacagimi kabul ediyorum.

imza

Litfen, yukaridaki bilgileri okudugunuzdan, sorularimiza karsi cevaplar aldigimzdan emin
olun. Kayitlariniz i¢in onay formunun bir kopyasi size verilecektir. Bu belgeyi imzalayarak, 8
hafta boyunca erken STEM derslerinde arastirmac: tarafindan gozlemlenmeyi kabul etmis
sayilmaktasimz.

73



isim, Soyisim : 21‘,’ k/“L Bﬂyﬂ,} 7
Ogretmenin imzast—"7 qm

Notlar
1. Liitfen iki kopyay1 da imzalaymiz.

2. Kopyalardan birini kayitlarniz igin saklayiniz.

3. Diger kopyay1 aragtirmaciya teslim ediniz.
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APPENDIX-D

INTERVIEW PROTOCOL FOR EARLY STEM PROGRAM WITH
STUDENTS

Giris-Bilgilendirme
Sevgili ...... (6grencinin ismi)

Bu sene basindan itibaren uyguladiginiz erken STEM dersleri hakkindaki goriislerinizi
ve diisiincelerinizi belirlemeye yonelik bir arastirma yapiyorum. Bu arastirma i¢in de
goniillii katiliminla birlikte seninle bir goriisme yapmak istiyorum. Bu goriismeler
sayesinde uyguladiginiz programin/etkinliklerin daha iyi ve etkili olmasinda yardimci
olacaksin.

v Bu goriisme siiresince soyleyeceklerinin tiimii gizli tutulacak ve baska higbir
yerde kullanilmayacak ve kimseyle de paylasilmayacaktir.

v" Arastirmanin raporunda ismin veya kimliginle ilgi hi¢bir bilgi yer almayacaktir.

v Gorlismemizin yaklasik olarak 15-20 dakika siirecegini tahmin ediyorum.

v" Sorularin dogru veya yanlig cevabi yok. Senin igin dogru olan neyse onu
sOylemeni istiyorum.

v Sence de eger bir sakincasi yoksa goriismeyi ses kayit cihaziyla kaydetmek
istiyorum.

v Baslamadan 6nce belirtmek istedigin bir sey var m1? Bu goriisme ile ilgili
sormak istedigin sorular varsa sorabilirsin.

I.  Ogrencilerin Demografik Bilgileri

Adin Soyadin:

Kag yasindasin?

Annenin ve babanin meslegi nedir?

(Su anda ¢alisiyor mu? Veya Daha dnceden ¢alismis mi? Miihendis ise hangisi?)
Daha 6nce smifinda bu tiir etkinlikler (STEM etknlikleri, projeler) yaptin mi1?
Erken STEM derslerinin hepsine katildin mi1?
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VVY

Erken STEM Progranminin Temalari ile ilgili Hatirlatma Sorulari

Su ana kadar erken STEM derslerinde hangi temalar1 gordiiniiz?

Bu temalarda hangi konular1 islediniz? Kisaca bahseder misin?

Bir iiriinii ortaya ¢ikarirken 8 haftalik siire¢ boyunca neler yaptinz?

(Beklenen cevaplar: Arastirma yapma, taslak ¢izimi, tiriin olusturma ve test
etme gibi...)

Bu temalarda hangi tiriinleri ortaya ¢ikardiniz?

(Yesil Diinyamiz, Makineler Diinyast ve Biligim Diinyasi)

Goriisme Sorular:

Erken STEM dersindeki etkinlikler hakkinda ne diistiniiyorsun?

Yesil Diinyamiz, Makineler Diinyasi ve Bilisim Diinyas: temalarinda yaptigin
etkinlikleri diigiinerek cevap verebilirsin.

Uyguladigin etkinlikler ve bu etkinliklerdeki konular ilgini ¢ekti mi?

Evet ise hangi yonleri?

Hayr ise neden?

Su ana kadar grup icerisinde aldigin sorumluluklar/gérevler neler? Sen bu
gorevlerden hangisini yapmaktan mutlusun? Baska hangi gorevleri almak
isterdin?

Bilgi edinme siirecinde arastirmalarini nasil yaptin? Hangi kaynaklar1 kullandin?
Etkinliklerin gergeklestirilmesinde kullandiginiz malzemeler sence uygun mu?
Daha once kullandin m1? Kullanirken zorlandin m1?

Evet ise hangi yonden?

Hayr ise neden?

Etkinlikleri gerceklestirirken herhangi bir sorunla kargilagtin m1?

Yaptiginiz protatiplerin ¢alismadigi oluyor mu? Bu durumda ne yapiyorsunuz?
Uyguladigimmiz erken STEM etkinliklerinde su ana kadar {irtinleri olustururken
neler 6grendin?

“Yesil Diinyamiz” temasinda baraj olustururken, “Makineler Diinyasi”
temasinda olusturdugun mekanizmayr yaparken ve “Biligim Diinyasi” temasinda
Mars ta gegen bir giinii planlarken hangi konularda arastirmalar yaptin? Ne tiir
bilgiler edindin?

Erken STEM derslerinde uyguladigin etkinliklerin sana ne gibi yararlar1 oldu?

Sana neler kazandirdi (ne tiir katkilar1 oldu)?
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10.
11.

12.
13.

Cevrende ve aile yasantinda neleri fark etmeni sagladi?

Bu etkinliklerle birlikte 6grendigin bilgileri baska nerelerde kullanabilirsin?
Erken STEM derslerinde en ¢ok keyif aldigin boliimler nelerdir? Neden?

Erken STEM derslerinde en ¢ok zorlandigin boliimler nelerdir? Neden?
Uriiniiniizii sunarken kendinizi nasil hissediyorsunuz? Sunum sirasinda nelere
dikkat ediyorsunuz?

Sunumda gorev aldin m1? Kendini en rahat hissettigin sunum hangisiydi?
Etkinlikleri daha iyi hale getirmek igin onerilerin nelerdir?

Su ana kadar uyguladigin ii¢ temada da (Yesil Diinyamiz, Makineler Diinyast,
Bilisim Diinyast) bir problemi (BTHP_Bilgi Temelli Hayat Problemi) ¢6zmeye
yonelik arastirmalar yaptin ve ¢oziim yollar1 aradin. Peki, edindigin bilgiler
yardimiyla ¢evrende var olan ve ¢6zmek istedigin bir problem onerebilir misin?
Ne tiir bir BTHP olusturabilirsin?

Neden onemli bir problem olarak gordiin?

Bu problemi ¢ézmek igin neler yapabilirsin? Hangi asamalar: gézden ge¢irirsin?

Coziim onerilerin nelerdir?
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APPENDIX-E

INTERVIEW PROTOCOL FOR EARLY STEM PROGRAM WITH

STUDENTS (ENGLISH VERSION)

Preface

.... (student’s name)

I am doing a research to determine your thoughts about early STEM lessons you have

been implementing since the beginning of this year. | would also like to have an

interview with you with your voluntary participation for this research. These interviews

will help you make your program / activities better and more effective.

v

All interviewees will be kept confidential during this interview and will not be
used anywhere else and will not be shared with anyone.

The researcher's report will not include any information of your interest or

identity.
| estimate that our interview will take approximately 15-20 minutes.

There is no right or wrong answers to the questions. | just want you to tell that

what is right for you.

In case you do not mind, | would like to record the interview with the voice

recorder.

Is there anything you want to mention before you begin? If you have any

questions about this interview, you can ask.
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I.  Demographic Information of Students

Name, surname:

How old are you?

What is the profession of your mother and father?

(Do you work now or have you worked previously?)

Have you ever done such activities (STEM activities, projects) in your class before?

Did you join all of the early STEM courses?

Il.  Questions for Reminding Themes of Early STEM Program

v

What have you done in early STEM lessons so far?

\4

What topics have you worked on these themes? Are you talking briefly?

» What did you do during the 8-week period when you were uncovering a
product? (Expected answers: research, drafting, product building and testing ...)

> What products did you reveal in these themes? (My Green World, My World of

Machines and My Computational World)

I11.  Interview Questions
1. What do you think about the activities in the early STEM lessons?

You can respond by thinking about the activities you have done on My Green
World, My World of Machines and My Computational World themes.

2. Did you apply activities and topics in these activities?
If yes, which aspects?
If no, why not?

3. What are the responsibilities / tasks in the group so far? Are you happy to do these

tasks? What other tasks would you like to take?

4. How did you do your research in the process of fact finding phase? What resources

did you use?

5. Are the materials you use in the implementation of the activities appropriate? Have

you used them before? Were you forced of using them?

If yes, which way?
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If no, why not?
6. Have you encountered any problems while performing the activities?
Do you have prototypes that do not work? What are you doing in this situation?

7. What did you learn when you created products so far during your early STEM

lessons?

While you were building a dam in the theme of "My Green World", when you
were doing the mechanism you created in the "My World of Machines" and
planning a day in Mars in the form of "My Computational World", what did you

research? What kind of information did you get?
8. What are the benefits of activities you perform in early STEM lessons?
What made you win (what kind of contributions)?
What made you realize in the environment and in your family life?
Where else can you use the information you learned with these events?
9. What are the parts you enjoyed most in early STEM lessons? Why?
10. What are the most difficult sections of early STEM lessons for you? Why?

11. How did you feel when you present your product? What were you paying attention

to during the presentation?

Did you take part in the presentation? Which presentation did you feel most

comfortable with?
12. What are your suggestions to improve the activities?

13. You have done researches and solutions for solving a problem (APKS_Authentic
Problem of Knowledge Society) in the three themes you have applied so far (My Green
World, My World of Machines and My Computational World). Well, with the help of
the information you have, can you suggest a problem that exists in your environment

and that you want to solve?

What kind of APKS can you create?

Why do you see it as an important problem?
What steps can you take to solve this problem?
What are the solution suggestions?
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APPENDIX-F

INTERVIEW PROTOCOL FOR EARLY STEM PROGRAM WITH

TEACHER

Bu sene bagindan itibaren 6grencilerinize uygulamis oldugunuz erken STEM derslerinin

Ogrencilerin otantik 6grenme becerileri noktasinda bir arastirma yapiyorum ve bu
arastirma kapsaminda goniillii katiliminizla birlikte sizin de gorslerinizi ve

diisiincelerinizi belirlemek amaciyla bir goriisme yapmak istiyorum. Bu goriismeler
sayesinde uyguladiginiz programin/etkinliklerin daha iyi ve etkili olmasinda yardimci1

olacaksiniz.

v Bu gorlisme siiresince sOyleyeceklerinizin timii gizli tutulacak ve baska higbir
yerde kullanilmayacak ve kimseyle de paylasilmayacaktir.

v’ Arastirmanin raporunda isminiz veya kimliginizle ilgi hicbir bilgi yer
almayacaktir.

v Gorlismemizin yaklasik olarak 20-25 dakika siirecegini tahmin ediyorum.

v Sorularin dogru veya yanlis cevabi yok. Sizin i¢in dogru olan neyse onu
sOylemenizi istiyorum.

v’ Sizce de eger bir sakincasi yoksa goriismeyi ses kayit cihaziyla kaydetmek
istiyorum.

v

Baglamadan once belirtmek istediginiz bir sey var mi? Bu goriisme ile ilgili
sormak istediginiz sorular varsa sorabilirsiniz.

Goriisme Sorulari:

Erken STEM derslerinin uygulanmasi ile ilgili sorular:

1.
2.
3.

Erken STEM egitimi hakkindaki diigiinceleriniz nelerdir?

Erken STEM programindan 6nce dgrencileriniz ile bu tiir projeler yaptiniz m1?
Erken STEM programini uygulamadan once katilmis oldugunuz egitim, sinif i¢i
uygulamalarinizi nasil etkiledi?

Ne tiir yararlari oldu?

Erken STEM dersindeki smif i¢i roliinlizii ve sorumluluklarinizi nasil
tanimlarsiniz? Diger derslerdeki roliiniiz ile ayni mi?

Ornek verebilir misiniz?
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Erken

Erken

Erken STEM dersleri diger dersleriniz iizerinde ne tiir etkiler olusturdu? Olumlu
veya olumsuz?

Erken STEM derslerinde 0&grencilerinizle en verimli gegirdiginiz siire¢
hangisiydi? Neden?

Erken STEM derslerinde 6grencilerinizle en ¢ok zorlandiginiz siire¢ hangisiydi?
Neden?

STEM Program siireci hakkinda sorular:

Temalarin ilk haftasinda belirtilen BTHP i¢in 6grencilerin yaklasimi nasil oldu?
BTHPyi ogrencilere agiklarken nasil bir siire¢ takip ettiniz?

Sonraki temalarda bu siire¢ nasil devam etti?

Ayrica gruplarin olusturulmasi ve sorumluluklarin paylasimi noktasinda nasil
bir yol izlediniz?

Bilgi edinme siirecinde dgrenciler arastirmalarini nasil yaptilar?

Swnif ortami arastirma yapmak i¢in uygun muydu?

Bu konuda yasanan problemleri nasil ¢ozdiintiz/¢ozerdiniz?

Fikir gelistirme siirecinde grup icerisindeki iletisim, fikirlerin olusturulup
secilmesi konularinda 6grenciler agisindan herhangi bir sorunla karsilastiniz mi1?
Evet ise bu sorunu nasil ¢cozdiiniiz?

Uriin gelistirme siirecinde 6grencilerin grup igindeki etkilesimleri hakkinda ne
diisiiniiyorsunuz? Birinci temadan itibaren bu siirec nasil gelisti?

Birbirleri ile olan iletisimleri, sorumluluk paylasimi, 6gretmen ile iletigimleri...
Ozellikle son temada iiriin gelistirme asamasinda zaman sikintisi sorununu nasil
cozdiiniiz? Ogrenciler bu siirecte nasil bir yol izlediler?

Bilgilerin derinlestirilmesi i¢in ne tiir bir yol izlediniz? Bu siirecte 6grencilerin
bilgilerini nasil degerlendirdiniz?

Uriin portfolyolarinin hazirlanmas siirecinde 6grencilere nasil rehberlik ettiniz?
Ogrencilerin  bu  konudaki hazirbulunusluklarini da goz oniine alarak
cevaplayabilirsiniz.

Sunum haftalarinda 6grenciler nasil bir hazirlik siirecinden gegti?

Grup i¢i gorev paylasimi, sunum siirecini nasil degerlendirirsiniz?

STEM derslerinin égrenciler iizerindeki yansimalarina yonelik sorular:

Erken STEM derslerinin Ogrencilerin basaris1 ve becerileri iizerinde ne tiir
etkileri oldugunu diisiiniiyorsunuz?

Bilginin transferi ve ogrenme iizerinde nasil bir role sahip oldugunu
diigtiniiyorsunuz?

Erken STEM derslerinin 6grencilerin mesleki kariyerleri i¢in bir farkindalik
olusturdugunu diisiiniiyor musunuz?

Evet ise nasil? Hayir ise neden?

Birinci temadan son temaya kadar olan siiregte 6grencilerinizin nasil bir ilerleme
kaydettigini diisiiniiyorsunuz?

Erken STEM egitiminin Ogrencilerin  becerilerini, farkindaliklarin1  ve
basarilarin1 gelistirmesi noktasinda ne tiir 6neriler ve eklemeler yapabilirsiniz?
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APPENDIX-G

INTERVIEW PROTOCOL FOR EARLY STEM PROGRAM WITH

TEACHER (ENGLISH VERSION)

I am doing research on the authentic learning experiences of students in early STEM
lessons that you have already applied to your students since the beginning of this year,
and in this research 1 would like to have an interview with you to determine your views
and considerations with your voluntary participation. This interview will help in making
the program / events better and more effective.

v

v

v

All interviewees will be kept confidential during this interview and will not be
used anywhere else and will not be shared with anyone.

The researcher's report will not include any information of your interest or
identity.

| estimate that our interview will take approximately 20-25 minutes.

There is no right or wrong answers to the questions. | just want you to tell that
what is right for you.

In case you do not mind, | would like to record the interview with the voice
recorder.

Is there anything you want to mention before you begin? If you have any
questions about this interview, you can ask.

Interview Questions:

Questions regarding the implementation of early STEM lessons:

1.
2.
3.

What are your thoughts on early STEM education?
Did you do such projects with your students before the early STEM program?

How did the training you participated before implementing the early STEM
program affect your classroom practices?

What benefits did they have?

How do you define your classroom role and responsibilities in the early STEM
lesson? Is it the same as your role in other lessons?
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5.

6.

7.

Could you give an example?

What kind of effects did the early STEM lessons have on your other lessons?
Positive or negative?

Which process did you spend most effectively with your students in early STEM
lessons? Why?

Which process was the most difficult for your students during the early STEM
lessons? Why?

Question on Early STEM Program process:

1.

What was the approach of the students for the BTHP mentioned in the first week
of the themes?

What kind of process did you follow when explaining APKS to students?
How has this process continued in the following themes?

Also, how did you come about the creation of groups and the sharing of
responsibilities?

How do students conduct their research in the process of obtaining information?
Was the classroom environment suitable for research?
How did you solve the problems in this regard?

Have you encountered any problems in terms of students in the communication
process within the group during the idea development process, and the creation
and selection of ideas?

If so, how did you solve this problem?

What do you think about the student interactions within the product
development process? How has this process developed from the first theme?

Communication with each other, sharing responsibility, communication with the
teacher...

How do you solve the problem of time constraint, especially in the product
development phase in the last episode? How did the students follow this path?

What kind of path did you follow to deepen the students’ knowledge? How did
you evaluate the knowledge of students in this process?

How did you guide the students in the process of preparing their product
portfolios? You can also answer by considering the students' readiness on this
issue.

What kind of preparation process did the students go through during the
presentation week?

How do you rate the presentation and group task sharing process?
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Questions about the reflection of early STEM lessons on students:

1. What do you think about the effects of early STEM lessons on students' success
and ability?

What role do you think it has on the transfer of knowledge and learning?

2. Do you think that early STEM lessons create awareness on the professional
career of students?

If yes, how? If no, why?
3. How do you think your students have progressed from the first to the last theme?

4. What kinds of suggestions and attachments can you make at the point that early
STEM education improves the skills, awareness and success of students?
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APPENDIX-H

OBSERVATION PROTOCOL FOR EARLY STEM PROGRAM

Types of Phases of STEM Learning
L Key Definitions , Assignments based on weeks
Authenticity o Def Cycline g
Context Authenticity situates the work in reality and allows Presenting the rexl-world problem statement (APKS)
Confext | stadents to gain genuine understanding of a phenomenon in 2 1 Week Questioning
Authenticity | scientific way. thelps “bring real world experience tothe Engagement / APKS Creation of groups
classroom” (Strobel et al., 2013, p. 147). Tekamg responsibilties
Recalling the real-world problem (APKS)
224 Week Reveqling students” pre-kmowledge about subject matter
. ! . - _ Searching mformation to solve the problem
Task Authenticity occurs when students are engaged in the .-
' re : i : Exp loraton /Faclﬁ ”dmg Ways of gefting information; sources of information
Task type of work actually done within a profession. Authentic . ) )
. . . . o . Using acquired knowledge
Authcntmty tasks “challenge students in decision-making In practical
) The ways of creation idea
contexts” (Strobel, et al., p. 147). d / ]
31 Week Expression of the ideas
Exploration / Ideation Selection of the best ideas
Using acquired kmowledge
48 Week Recalling the real-world problem (APKS)
} Sketchimg the 1dzas (draft
Explanation / Product e i s (i
Designing of the product
Impact Authenticity ocows when student's work impacts the development Tnprovement of the developed product
teal world in some way. The impact may take the form of 5t Week
Impact W D o Development of the product
.. participation &5 effective citizens” and promote “minorities Elaboration / Product P o
Authenticity L . o Deepening the learning
experiences in the role of engineers and scientists™ (Strobel et development
al, 2013, p. 147). .
6 Week Development of the product
Explanation-Elaboration /| Deeping the learing
Refinement Testing the developed product
Evaluation of the leaming and product
ih .
Personal/Value Personal Authenticity involves students” personal culture and _ 7 W?ek - Preparan.en forthe expo _
.. professional goals. It allows the leaming activity to do more Evaluation / Dissemination Prfeparanon of_the poricis
Authcntlmty . , Trial presentation of the products to the class
than “simply [prove] their competence” (Strobel et al, 2013, -
, 8k Week Group motivation
p.141). Presentation of the products fovisitors' parents
jul )4
Expo Wezk
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