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ABSTRACT

USING A STEM EDUCATION APPROACH WITH A
COMPUTATIONAL TOOL: THE IMPACT ON
STUDENTS’ COMPUTATIONAL THINKING SKILLS
AND UNDERSTANDING OF CLIMATE CHANGE

The current study applied the STEM-integrated teaching approach to middle
school students using computational practices and tool. The purpose of this quasi-
experimental study was to investigate whether teaching about climate change with
a STEM approach using computational practices significantly changes eighth-grade
students’ CT skills and understanding of climate change. In addition, the effect of the
CT approach as a thought system on the students’ understanding of the concepts was
investigated. Weintrop and colleagues’ computational practices (2016) were integrated
into the STEM-integrated teaching framework to focus on developing the CT skills of
middle school students in science classes. The participants were 60 eighth-graders in
a public middle school, selected using the purposive sampling method. The control
group participated in a traditional lesson about climate change. The experimental
group participated in an interactive lesson that integrated computational practices
by incorporating the integrated STEM teaching approach and its steps, such as fact-

™ as a computational

finding and product development, and by using the LabStar
tool. Two different instruments were applied as pre-and post-tests. Also, students’
CT skills were analyzed qualitatively with worksheets and individual interviews. The
findings of the study indicated that students in the experimental group had higher
scores in the post-test on CTS and CCKT compared to the pre-test and students

in the control groups. Engaging with computational practices in STEM lesson steps

resulted in significant conceptual learning and algorithmic design.
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OZET

STEM EGITIMI YAKLASIMININ HESAPLAMALI
DUSUNME ARACIYLA KULLANIMI: OGRENCILERIN
HESAPLAMALI DUSUNME BECERILERI VE IKLIM
DEGISIKLIGI ANLAYISLARI UZERINDEKI ETKIiSI

Bu galigma, FeTeMM entegre 6gretim yaklagimi, Hesaplamal Diiginme (HD)
uygulamalar: ve araci kullanilarak ortaokul 6grencilerine uygulanmigtir. Bu yar1 deney-
sel caligmanin amaci, hesaplamali bir arag ve uygulamalar kullanarak iklim degisikligini
FeTeMM yaklagimiyla ogretmenin sekizinci sinif 6grencilerinin HD becerilerinde ve ik-
lim degisikligini anlamalarinda anlamli bir degisiklik saglayip saglamadigini aragtirmaktir.
Ayrica bir diigiinme sistemi olarak HD yaklagiminin ogrencilerin kavramlar: anlam-
landirma stireclerine etkisi aragtirilmigtir. Weintrop ve arkadaglarinin (2016) HD uygu-
lamalari, fen simiflarindaki ortaokul 6grencilerinin HD becerilerinin gelisimine odak-
lanmak igin FeTeMM entegre ogretim cercevesine entegre edilmisgtir. Katilimcilar,
amacli ornekleme yontemine gore segilen bir devlet ortaokulundaki 60 sekizinci sinif
ogrencisidir. Kontrol grubu iklim degisikligi ile ilgili geleneksel bir derse katilmigtir.
Deney grubu ise entegre FeTeMM oOgretim yaklagimini ve onun bilgi edinme ve {irtin
gelistirme gibi adimlarin iceren ve ders boyunca hesaplama araci olarak LabStar™"
kullanarak HD uygulamalarini entegre eden interaktif bir derse katilmigtir. On ve son
test olarak iki farklh arac uygulanmigtir. Ayrica, 6grencilerin HD becerileri ¢alisma
kagitlar1 ve bireysel goriismelerle nitel olarak analiz edilmistir. Caligmanin bulgular,
deney grubundaki ogrencilerin son testte on teste ve kontrol grubundaki ogrencilere
kiyasla CTS ve CCKT puanlarinin daha yiiksek oldugunu gostermistir. FeTeMM ders
adimlarinda HD uygulamalarina yer verilmesi, 6nemli kavramsal 6grenme ve algoritmik

tasarim ile sonuclanmigtir.
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1. INTRODUCTION

With the development of information and communication technologies, different
thought systems have emerged to change our thinking to reform a sustainable society
(Easterbrook, 2014). 21st-century problems require competencies, knowledge, and per-
spective of multiple disciplines. According to Ring and colleagues (2017), individuals
in different occupational groups must acquire the necessary competencies to produce
fast solutions to daily life problems. Developments in computers, science, and technol-
ogy have led to changes in thought systems, problem-solving techniques, and skills in
education. Along with critical thinking and problem-solving skills, Wing (2006) points
out a greater emphasis on computational thinking (CT) skills. According to Grover
and Pea (2013), CT should be incorporated into the educational system as a significant

learning goal to provide students with the skills they will need in the future.

CT is a problem-solving process that includes certain features such as logical se-
quencing, analyzing data, generating solutions using certain steps or algorithms, and
open-ended and complex problems (Barr and Stephenson, 2011). The multifaceted
character of CT has resulted in the creation of approaches and practices for fostering
it in a variety of educational settings (Li et al., 2020). Apart from computer science,
it becomes a significant skill for mathematics, science, and social sciences with inter-
disciplinary studies. Wing (2006) claimed that CT, which comprises problem-solving,
pattern recognition, and algorithm design, can assist students in improving analytical

skills through CT practices.

While the skills necessary in almost every field are constantly changing, studies
draw attention to CT by using technologies and tools. CT and the core practices of
science, technology, engineering, and mathematics (STEM) education are similar by
supporting students’ learning of science and math concepts (Basu et al., 2016) and
focusing on problem-solving (Wing, 2006). Although the core set of concepts and

practices of CT were central to all STEM disciplines, research reveals that CT has



not been adequately integrated into K—12 scientific curricula or addressed in science
classrooms (Sengupta et al., 2013; Aksit and Wiebe, 2020). Even though there are
CT-integrated studies with science subjects in the literature, there are very few studies
evaluating processes that aim to directly teach a science subject by using CT practices

during the learning process (Arik and Topcu, 2022).

Recent studies in the literature have provided examples of how lesson plans should
be CT integrated (Peters-Burton et al., 2020; Peters-Burton et al., 2022). In this
study, the examples of CT-integrated lesson plans were designed using Peters-Burton
and colleagues’ guidelines (2022) by incorporating the data practice component of
the framework developed by Weintrop et al. (2016). As Peters Burton and colleagues
(2023) stated, CT skills are significant in using traditional science pedagogy to enhance
students’ data practice skills (i.e., analyzing data, visualizing data) with the help of
activities including scientific investigations. Moreover, daily life problems like global
climate change require interdisciplinary lenses to have a better understanding of how
data has been analyzed, interpreted, and communicated (Moser and Dilling, 2012).
Park and Park (2018) demonstrated how computational practices could be implemented
to science classrooms at different grade levels using climate change and water shortage
topics to increase the scientific literacy of students. To include the data practices
component of the CT Framework developed by Weintrop et al. (2016), the climate
change topic is a familiar topic for students to learn the concepts and relationships by

using computational practices.

The current study explored the implementation of CT into eighth-grade science
lessons with an integrated STEM teaching approach. A two-week classroom inter-
vention was designed and implemented in a public middle school to engage students
in learning climate change concepts and using computational practices through STEM
activities. Students created posters using computational practices during data practice
integrated lesson plans on climate, weather events, climate change, and carbon emission
concepts. While the STEM lesson plans were implemented in the experimental group,

the traditional lecture was implemented in the control group. The engagement with



data-based activities into STEM lesson plans and the evaluation of the computational
practices of students used during the implementation were qualitatively assessed. It
was examined whether there was a statistically significant difference in CT skills and
conceptual change in climate change concepts between the experimental and control

groups with the effect of the interventions.

This study contributed to the literature on (1) supporting the understanding
of climate change concepts and relations with CT practices, (2) incorporating CT and
STEM education to reach interdisciplinary objectives, (3) utilizing a computational tool
to promote data practices that aim to support eighth-grade students’ understanding
and CT skills. This study shows that students answered the questions by using CT skills
thanks to data practice activities and developed a product that gradually improved
throughout the process. From the students’ perspective, the concepts and relationships
of climate change were learned through data practices, while from the researcher’s
perspective, it was investigated how computational practice was used in the learning
process. Thus, the main purpose of a CT integrated lesson plan was to teach science
subjects while developing CT practices. Also, the study demonstrated that the six
steps of the STEM Integrated Teaching Framework (ITP) are suitable for using as a
roadmap to CT integrated science courses because students improved their thinking
process. It is also important in terms of integrating a tool that will contribute to the

scientific research process as a computational tool.

1.1. The Purpose of the Study

The aim of the study is to investigate whether teaching about climate change
with a STEM education approach by using a computational tool provides a significant

change in eight grade students’ CT skills and understanding of climate change.



1.2. Significance of the Study

STEM education is forefront since it supports students to integrate classroom
learning into real-life contexts. As the need for skills to find solutions to complex prob-
lems in the twenty-first century increases, so does the trend of incorporating CT into
STEM education disciplines (Barr and Stephenson, 2011; Swaid, 2015). Integrating a
CT tool in learning STEM disciplines may both increase the quality of learning scientific
concepts with a deepening understanding of the relationship between those concepts
and provide significant changes in middle school students’ CT skills (Bati et al., 2018;
Wing, 2008). Moreover, CT and STEM education enable learning to take place more
effectively while achieving the desired learning goals in a shorter time (Najibulla et
al., 2018). Briefly, by following the computational process with a computational tool,

concepts seeming more complex can be learned better.

While integrating CT into STEM disciplines, the topic should be convenient for
applying the computational process. Human-induced climate change is unequivocal
(Intergovernmental Panel on Climate Change (IPCC), 2023), but it is also challenging
for teachers to utilize effective teaching strategies (Monroe et al., 2019). The issue
of climate change requires more interdisciplinary skills to analyze and process large
amounts of data. The data about the representation of the trends in climate change
and weather events could be used to deepen understanding of global climate change.
Therefore, this study aims to better understand complex, daily life problems and con-
cepts like global climate change by using CT as a thought system (Wing, 2008), with
the process steps for interpreting data practices (Weintrop et al., 2016).

CT skills and practices enable students to understand the relationship between
complicated concepts in various contexts, such as climate change (Park and Green,
2019), water literacy (Caplan et al., 2021), and tidal heights change (Burton et al.,
2020). Many studies have indicated that CT is not only applicable to computer edu-
cation but also for other disciplines (Li et al., 2020). There are a variety of ways to

integrate CT into STEM education (Barr and Stephenson, 2011; Bati et al., 2017; Bati



et al., 2018; Hsu et al., 2018; Park and Green, 2019, 2020). The existing literature is
extensive and focuses on diverse topics from different disciplines with many CT per-
spectives (Tang et al., 2020). The current study is distinguished from the literature by
integrating the STEM approach and CT skills into the problem-solving process in data
practices of the CT framework (Weintrop et al., 2016) by using a computational tool
named LabStar™. Moreover, using an integrated STEM teaching approach (Corlu et
al., 2014) to teach climate change with a CT tool is a new method. In the literature,
studies conducted so far about CT indicate that participants of most studies are from
secondary and higher education (Tang et al., 2020), but the participants of the current

study were middle school students.

1.3. The Research Questions

The aim of the study is to investigate whether teaching about climate change
with a STEM approach by using a computational tool provides a significant change
in eight grade students’ CT skills and understanding of climate change. The research

questions are:

(i) Are there any significant differences in eighth-grade students’ understanding of

climate change after the intervention?

(ii) Are there any significant differences in the eighth-grade students’ understanding
of climate change between the control and experimental group?

(iii) Are there any significant differences in eighth-grade students’ computational
thinking skills after the intervention?

(iv) Are there any significant differences in the eighth-grade students’ computational
thinking skills between the control and experimental group?

(v) Which computational thinking skills do eighth-grade students’ use throughout

the intervention?



2. LITERATURE REVIEW

2.1. STEM Education Approach

Science, technology, engineering, and mathematics (STEM) education is a teach-
ing approach that demonstrates how several objectives from different disciplines can
be integrated to solve a real-world problem (Corlu et al., 2014). The STEM education
approach allows students to put their knowledge from each subject into the context
to develop solutions. Real-life experiences in the workplace require the use of multiple
skills and competencies from different disciplines. It points to the need to integrate
STEM education in schools across subjects to show how real-life applications involve
science, technology, engineering, and mathematics as necessary skills that cannot be
separated. Corlu and colleagues (2014) defined STEM education as the knowledge,
skills, and beliefs that are collaboratively developed at the intersection of more than
one STEM subject area. This definition of integrated STEM education is parallel with

the purpose of this study by combining science, mathematics, and technology.

There are several models for STEM education, ranging from not integrated to
fully integrated (Ring et al., 2017). Additionally, Bybee (2013) pointed out nine com-
monly accepted models that categorized STEM as either a single discipline or STEM
as integrated disciplines. While some models require the use of engineering designs
(Moore et al., 2014), others do not include engineering or technology in the curriculum
(Davison et al., 1995; Fogarty, 1991). On the other hand, the common characteristics
are the use of a real-world context (Breiner et al., 2012), the use of student-centered
pedagogies to develop problem-solving, and connections of at least two STEM disci-

plines among the four disciplines (Ring et al., 2017).

With the growing significance of STEM education, current approaches to STEM
implementation are diverse for an integrated approach to teaching (Dare et al., 2019).

Integration can occur at multiple levels, including disciplinary, multidisciplinary, inter-



disciplinary, and transdisciplinary (Dare et al., 2019; Webb, 2013). It allows students
to decide when to use their knowledge by stimulating them to investigate relationships
among numerous concepts (Ring et al., 2017). Although the fundamental idea behind
all of these approaches is the same—focusing on integrated complex problem-solving
across discipline boundaries—there are frequently small but important distinctions be-
tween the concepts that prevent their interchangeability (Stock and Burton, 2011).
While disciplinary studies focus on teaching a topic in a subject, multidisciplinary
means ”"work in parallel or sequentially from a disciplinary-specific base to address the
common problem” (Rosenfield, 1992, p. 1351). In this case, there should be a common
problem that every discipline works independently. The results are brought together
only at the end.

On the other hand, interdisciplinary means ”work jointly but still from a disciplinary-
specific basis to address the common problem” (Rosenfield, 1992, p. 1351). Different
disciplines use their techniques and skills to address a common problem. The abil-
ity to bridge disciplinary viewpoints and permit the analysis of knowledge from the
perspective of a neighboring discipline distinguishes interdisciplinarity from multidis-
ciplinarity (Stock and Burton, 2011). Transdisciplinary means ”work jointly using
shared conceptual framework drawing together disciplinary-specific theories, concepts,
and approaches to address the common problem” (Rosenfield, 1992, p. 1351). Since
the shared effort goes beyond doing the same task utilizing distinct disciplinary meth-
ods, it is much more than collaboration (Goetze, 2023). The aim of synthesizing new
theories separates transdisciplinarity from interdisciplinarity (Stock and Burton, 2011).
Given the significance of the difference between integration concepts, interdisciplinary
integration was used in this study since climate change is the central topic as a com-
mon problem of various disciplines, and students are expected to use CT skills to create

solutions for this problem.

Turkey is one of the countries with a growing interest in STEM education (Akay-
gun and Aslan-Tutak, 2016). In the science curriculum published by the Ministry of
National Education (MoNE), STEM applications were presented as ”Science, Engi-



neering and Entrepreneurship Applications” (MoNE, 2018, p. 10). According to Uzun
and Delen (2018), a scientific thinking-oriented approach is emphasized by the current
curriculum. STEM approach should be overlapped with educational practices in class-
room settings for better outcomes. However, educational reform efforts have not deeply
affected educational practices in Turkey (Aksit, 2007). There is a need for examples
of educational practices in the classroom setting to implement curriculum objectives

(Atkin and Black, 2003).

STEM Integrated Teaching Framework (ITP) aims to provide a theoretical roadmap
for STEM education practitioners, teacher educators, and researchers for improved in-
struction based on different sources of information and data (Corlu et al., 2014; Corlu
and Calli, 2017). The model in this framework links integrated STEM education
to integrated teaching at all K-12 levels. Authentic Problems of Knowledge Society
(APoKS) is placed at the center of the framework. The framework associates scientific
inquiry with science, computational thinking with technology, project-based learning
with engineering, and mathematical modeling with mathematics (Asik et al., 2017).
Contents of STEM lesson plans include APoKS and constraints, fact-finding, ideation,

product development, testing, dissemination, and reflection.

Integrating with I'TP enables teachers to use interdisciplinary objectives while
linking with main disciplines without losing their unique characteristics, depth, and
rigor (Yabas et al., 2020). Therefore, this study will focus on middle school students’
CT skills with the computational tool and STEM education approach by using ITP. In
this study, objectives and skills of the science, technology, and mathematics disciplines
are included in the lesson plans. The framework is convenient for this study because

it includes CT as methodological integration of STEM disciplines.

2.2. Computational Thinking Definition, Skills, and Characteristics

In the last decade, computational thinking (CT) has emerged as an umbrella term

regarded as one of the essential skills of the digital era (Shute et al., 2017). CT has



gained widespread attention for the next generation to become creative problem solvers
in their daily lives (Kong and Abelson, 2019). CT has been integrated into education in
different fields and Wing (2006) indicated that CT would become fundamental skills for
all students to grow children’s analytical ability by incorporating CT into educational
programs. Accordingly, researchers put effort into defining its nature in various ways
by conceptualizing CT in many different frameworks for different disciplines, which
arouse different definitions in the literature (Barr et al., 2011; Grover and Pea, 2013;

Li et al., 2020; Shute et al., 2017; Tsai et al., 2021).

One of the first definitions for CT in education was that “Computational thinking
is a crucial skill for everyone, not just for computer scientists. To reading, writing,
and arithmetic, we should add CT to every child’s analytical ability” (Wing, 2006, p.
33). This definition is also parallel with the starting point of this study, as CT is an
interdisciplinary thinking practice. Data analysis is a mathematical skill, but it can be
included in science to better understand the concepts and their relationships. Students
with CT skills can apply their disciplinary skills to interdisciplinary problem-solving
(Weintrop et al., 2016). Thus, CT is considered as problem-solving and thinking like
a computer scientist (Henderson et al., 2007). In this perspective, complex problems
can be divided into sub-parts to manage effectively. This way of thinking can be
used in various disciplines to solve complex problems. Wing (2008) stated not just
mathematically well-defined problems whose solutions are completely analyzable, but
also ill-defined, real-world problems whose solutions might be in the form of large,

complex software systems can be formulated effectively by CT processes.

National Research Council (NRC) (2011) simply defined CT as “computational
thinking is a set of skills that transfer across disciplinary boundaries” (National Re-
search Council, 2011, p. 54). This definition highlights the common features of CT and
STEM disciplines. Additionally, the International Society for Technology in Education
(ISTE) (2011) has considered CT as a problem-solving approach that strengthens the
combination of technology and thought, which concludes the CT literature in the as-

pect of STEM education. This study considered CT as a thought system that requires
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processes, and analytical ability to develop step-by-step solutions by breaking down
huge problems into smaller ones to manage with a STEM approach by using multiple
perspectives and technology (Henderson et al., 2010; International Society for Technol-
ogy in Education (ISTE) and Computer Science Teachers Association (CSTA), 2011;
Weintrop et al., 2016; Wing, 2006).

There are many approaches to using CT in the learning process. In the litera-
ture, plugged and unplugged approaches to computational thinking differ in their use
of technology during the learning process (Brackmann et al., 2017). Unplugged com-
putational thinking focuses on teaching and practicing computational thinking skills
without the use of computers or digital devices. In other words, the unplugged ap-
proach leads to deeper understanding by regarding CT concepts as a mental tool for
the problem-solving process (Yadav et al., 2018). Plugged computational thinking, on
the other hand, incorporates digital devices such as computers, tablets or robots to
explore and apply computational thinking skills. It involves using programming lan-
guages, coding platforms or software tools to design algorithms, code programs, and
solve problems (Brackmann et al., 2017). While unplugged activities provide a tangible
and interactive learning experience, plugged activities use technology to create more

dynamic and practical applications of computational thinking concepts.

2.3. Theoretical Framework

Many computational practices are naturally linked with data analysis due to the
need for thought processes in addition to critical thinking and problem-solving (Peters-
Burton et al., 2021). CT can be regarded as a set of complex methods that students
can utilize to become skilled in data analysis in scientific research (Weintrop et al.,
2016). According to Burton and colleagues (2020), CT skills can assist students in
comprehending what to do during data analysis in a scientifically accurate way. Data
practices are convenient to the characteristics of CT stated by Barr ad colleagues (2011)

as a problem-solving process:
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“(i) Formulating problems in a way that enables us to use a computer and
other tools to help solve them; (ii) Logically organizing and analyzing data; (iii)
Representing data through abstractions such as models and simulations; (iv)
Automating solutions through algorithmic thinking (a series of ordered steps);
(v) Identifying, analyzing, and implementing possible solutions with the goal of
achieving the most efficient and effective combination of steps and resources; (vi)
Generalizing and transferring this problem-solving process to a wide variety of
problems.” (Barr et al., 2011, p. 20)

In the current study, students were asked to develop a problem-solving process in
line with the characteristics of CT. Students used the computational tool, LabStar™,
to collect data and formulate the given problem, organize and analyze data, use rep-
resentations to explain data, generalize the process and transfer what they learned to

representation by graphical models.

Tang et al. (2020) pointed out that the distribution of the four major subject do-
mains of CT for elementary and middle school levels are programming, robotics/game,
STEM, and non-STEM. In the current study, CT was included in lesson plans as an
interdisciplinary thinking practice of STEM education. This study has identified four
CT concepts that were found to be highly useful in a wide range of studies of STEM
education (Burton et al., 2020; Park and Green, 2019; Weintrop et al., 2016). Com-
putational practices are significant to understanding students’ thinking and learning
process, moving beyond what they are learning to how they are learning (Brennan and
Resnick, 2012). In this study, Weintrop and colleagues’ (2016) data practices were
used. Definitions of data practices created by Burton and colleagues (2020) based on
Weintrop’s framework (2016) were applied in this study (see Table 2.1). In the meth-
ods section, each concept was defined relating to the aim of the study with examples

from the lesson plans.
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Table 2.1. Data practices and definitions (Burton et al., 2020, p. 30).

Practices Meaning
Creating data “Generating data from tools or observation”
Collecting data “Gathering and recording data”

“Sorting, filtering, cleaning, normalizing, and
Manipulating data
combining data sets”

“Communicating results with a representation
Visualizing data
such as a graph or a chart”

“Extracting meaning from a data set for
Analyzing data
the purpose of drawing conclusions”

2.4. Computational Thinking and STEM Education

With the increasing importance of computational thinking in education, several
studies have pointed out the strong relationship between CT and STEM education
(D. Barr et al., 2011; Bundy, 2007; Hsu et al., 2018; Park and Green, 2019; Shute et
al., 2017; Swaid, 2015). Najibulla and colleagues (2018) argued that CT concepts are
relevant to STEM, and both can be applied at all grade levels to understand disci-
plines better and develop multiple skills. Swaid (2015) demonstrated the relationship
between STEM disciplines and CT concepts (i.e., decomposition, pattern recognition,
abstraction, evaluation, and algorithm thinking) by overlapping these concepts with
the objectives and practices of disciplines. According to Arik and Topgu (2022), science
learning is made more meaningful by constructing teaching procedures where science

and CT processes overlap.

Several aspects of CT go beyond programming and computer science (Li et al.,
2020) which diversifies the studies with CT in the context of STEM education in K-
12 settings (Weintrop et al., 2016). In the literature, target audiences, theoretical
foundations, scopes, types, and research designs used have diversified in line with

different STEM fields and purposes (Kalelioglu et al., 2016). Therefore, there are
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many frameworks in CT and STEM education (Brennan and Resnick, 2012; ISTE
and CSTA, 2011; Weintrop et al., 2016; Yadav et al., 2018). It has been integrated
into lesson plans and curricula in different ways, such as unplugged activities, working
with data sets, making games, coding by using drag-and-drop block styles, robotics, or

maker (Weintrop et al., 2016).

Multiple models and frameworks of C'T have been underlined with various aspects
in different studies (Barr et al., 2011; Bundy, 2007; Gunckel et al., 2022; Park and
Green, 2019; Shute et al., 2017). According to Kite and colleagues (2021), early CT
frameworks (i.e., Brennan and Resnick, 2012; ISTE and CSTA, 2011) emphasized
programming concepts and skills. The Next Generation Science Standards (NGSS), on
the other hand, have taken a different tack by emphasizing an integrative and cross-
disciplinary approach that goes beyond programming (the NGSS Lead States, 2013).
Weintrop et al. (2016) developed the Computational Thinking in Mathematics and
Science Taxonomy, which specifies applicable abilities that can be incorporated into
math and science curricula, building on the NGSS idea (Kite et al., 2021). For that
reason, the most common framework for STEM and CT is Weintrop et al.’s (2016)
framework (Tang et al., 2020).

As Bati and colleagues (2018) stated that most studies have developed indepen-
dently from educational programs, and they encourage primarily to improve students’
CT skills. Although many programs claim to teach coding skills, rarely do they look
deeply at the ways of thinking used in CT (Shute et al., 2017). For that reason, CT
in K-12 settings can be divided into two parts as CT and programming with STEM
education and CT and STEM disciplines in K-12 education (Kong and Abelson, 2019).
Since many researchers have focused on the programming part of STEM education
(Grover and Pea, 2013; Park and Green, 2019) to integrate CT, there is a gap in
the literature to focus on improving both CT skills and interdisciplinary objectives of
STEM disciplines (Tang et al., 2020). In this study, teaching K-12 STEM education
and objectives by developing CT skills were the purpose of applying CT processes to

teach climate change concepts. Students’ way of thinking was assessed.
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There are some examples from the literature that focuses on both STEM dis-
ciplines and CT skills. Bundy (2007) suggested that CT is a broader concept that
changes the way people think by expanding their cognitive constructs like content
learning or being proficient in skills (Kite et al., 2021). Aksit and Wiebe (2020) ex-
amined CT and simulation-based model building using block-based programming on
Tth-grade students’ understanding of CT and force and motion. The findings of a one-
week-long intervention revealed that students significantly improved their conceptual
learning as a result of creating computational models because the research enables stu-
dents to simultaneously observe and interact with the target phenomenon in real time.
There are many studies use CT to teach different science topics in biology like evolution
(Christensen and Lombardi, 2023), natural selection (Peel et al., 2019), environmental
sustainability (Christensen, 2023), digestive system (Arik and Topcu, 2022), climate
change (Park and Green, 2019), and food web (Rachmatullah and Wiebe, 2022).

Recent studies designed in line with the necessity of CT integration in science
teaching supported the idea that unplugged CT activities provide meaningful learning
experiences compared to traditional teaching methods. Arik and Topgu (2022) showed
that CT activities as a teaching strategy help students to create a better model for sci-
ence content, especially for complicated processes like the digestive system. Moreover,
Peel and colleagues (2019) highlighted that students’ misconceptions about natural se-
lection can be changed with the help of unplugged algorithmic explanations, enabling

students to learn the process and correct the misconceptions.

CT makes it easier to ask new questions and find new answers while dealing
with a large amount of data. Park and Green (2019) described the importance of CT
in science and STEM education as equipping students to be creative solvers rather
than answer-finders. Thus, this approach relates the purpose of science education and
STEM programs by using CT. Additionally, Burton et al. (2020) conducted a study
to use computational thinking for data practices in high school science with Weintrop
et al.’s (2016) data practice sub-dimension of CT-related skills. Burton et al. (2020)

emphasized the importance of gathering, organizing, cleaning, and analyzing data to
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form conclusions about a specific phenomenon like why tidal heights change. In the
current study, students will engage in these critical data procedures during collecting
valid and reliable data and making conclusions regarding the scientific phenomenon,

which is climate change (Burton et al., 2020).

Several studies used Weintrop and colleagues’ framework (2016) commonly to
integrate CT into STEM education. Those studies are diverse in the way of integration,
use of practices, levels, and disciplines. In the aspect of the framework, there are four
practices: Data practices (Bati et al., 2018; Cruz Castro et al., 2021; Fortmann et
al., 2020; Park and Green, 2019), modeling and simulation practices (Adler and Kim,
2018; Aksit and Wiebe, 2020; Bati et al., 2018; Caplan et al., 2021; Fortmann et al.,
2020), computational problem-solving practices (Cruz Castro et al., 2021), and system
thinking practices (Haas et al., 2020). The results of this study will shed light on the
integration of CT into STEM education in the aspect of data practices and using a
computational tool. Some studies focus on only one practice (Adler and Kim, 2018;
Caplan et al., 2021), while others combine these practices in a study (Bati et al., 2018;
Cruz Castro et al., 2021; Fortmann et al., 2020; Rachmatullah and Wiebe, 2022). In

this study, the aim is similar to combining data practices and computational practices.

CT tools can be defined as instruments used to teach CT skills with approaches
that incorporate CT concepts. Some teaching tools in the CT lessons are LOGO,
LEGO, ViIMAP, MATLAB, Alice, Turtle Art, Scratch, Code.org, AgentCubes, Scalable
Game Design, Java, C, and C++ (Hsu et al., 2018). In this context, most of these
tools highlighted CT and programming education. One of the benefits of using CT
tools is saving time during the problem-solving process. For example, Uysal (2019)
conducted a study to investigate the time spent using a CT tool in the mathematical
problem-solving process. The results showed that the experimental groups, which used
block-based visual programming software for mathematical problem solving, spent most
of their time on problem formulation and very little time on calculations, which was

different from the control group.



16

The tool should be convenient to teach CT skills in line with the CT perspectives
in the current study (Tang et al., 2020). This study aims to use the CT tool to support
both disciplinary understanding and CT skills apart from programming and coding
language in K-12 STEM education. In light of the similar studies in the literature,
LabStar™ can be included in STEM lessons as a computational tool to increase stu-
dents’ data literacy by using CT frameworks and concepts (Burton et al., 2020; Park
and Green, 2019; Weintrop et al., 2016).

2.5. LabStar™

LabStar™ is a data collection device developed by a team of professors, teach-
ers, and engineers (Inan and Corlu, 2015). It is a simultaneous data collection tool
that enables data cleaning prior to analysis and allows the sharing of the analyses made
(Yabasg et al., 2020). The primary aim of this device is to make Data Science an integral
part of mathematics and science education by thinking, understanding, and communi-
cating. LabStar™ collects continuous data through its sensors (i.e. distance, ambient
temperature, ambient humidity, air pressure, altitude, ambient light, acceleration, and
sound intensity). This tool enables students to think about and understand life with
data. Students and teachers can collect data about different variables instantaneously
or remotely, share it with others and analyze it on several platforms in line with the

curriculum and learning objectives.

LabStar™ also facilitates students and teachers to represent, trim, analyze, and
interpret the collected data through the mobile application. Students can advance to
analysis, examine the descriptive statistics, the plotline of best fit, and carry out bi-
variate analyses. These analyses enable teachers and students to describe data, discuss
graphical representations and create meaningful associations between representations
and real-life situations (Yabas et al., 2020). It also creates an opportunity for inter-
disciplinary learning in STEM education by collecting scientific data from real life and
analyzing data by engaging in basic statistics. In this study, LabStar™ was used as a

computational tool to investigate its impact on students’ computational thinking skills.
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2.6. Computational Thinking and Climate Change

CT could be used in the implementation of complex, real-world problems with no
single solution like climate change (Park and Green, 2019). Students need to analyze
given situations about climate change to find the best solution to real-world problems
by using procedural and thinking skills (Park and Green, 2019; 2020; Wing, 2006).
Many examples focus on how CT can be incorporated into the classroom setting for
different grade levels in the context of climate change on weather and climate, carbon
dioxide level, global warming, melting ice, water shortage, and sea-level rise (Breslyn
and McGinnis, 2019; Caplan et al., 2021; Fortmann et al., 2020; Park and Green, 2019,
2020; Park and Park, 2018).

Some studies in the literature used the Weintrop and colleagues framework (2016)
for CT (Breslyn and McGinnis, 2019; Fortmann et al., 2020; Park and Green, 2019;
Park and Park, 2018), while others used various frameworks to integrate climate change
into lessons (Fortmann et al., 2020). Even though the framework is the same as the
current study as Weintrop et al.’s framework (2016), researchers included CT by using
the same framework from different perspectives. For instance, Park and colleagues had
data practices perspectives, Breslyn and McGinnis (2019) had systems perspectives,
and Caplan and colleagues (2021) had modeling and data perspectives. This study will
have data perspectives of Weintrop and colleagues’ CT framework (2016).

Moreover, computational practices are changing in classroom activities in line
with the grade level and selected objectives. Park and Park (2018) integrated compu-
tational practices into different grade levels to teach climate change and water shortage
with a STEM approach. The common computational practices used in the program
for all grade levels are accordingly: Data collection, data analysis, data representation,
and problem decomposition. The use of common computational practices in different
grade levels indicates that computational practices with Weintrop et al.’s framework
(2016) can be integrated into different grade levels to teach the same topic. Moreover,

while abstraction, algorithms, and procedures were used at the middle school level,
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automation and simulation were used at the high school level.

Park and Green (2019) have revised a climate change intervention by integrating
CT into teaching and learning climate change concepts which are greenhouse gases
and rise in temperatures. It reveals the importance of additional procedural skills and
thinking skills with tools to acquire concepts basically and why CT should be integrated
into lessons. There are similarities between Park and colleagues’ (2019) study in the
aspects of the framework, perspectives, context, and grade level, however, there are
differences between these studies in the aspect of computational practices due to the

implementation of CT with STEM education and robotics.

Caplan et al. (2021) focused on the flooding variable of climate change as a real-
world problem to combine hydrologic learning and CT. The study aimed to improve
high school students’ water literacy by involving them in CT and modeling activities
(i.e., maps, graphs, and visualizations), CT tools, and large data sets. The current
study’s similarity is to strengthen disciplinary and CT skills by using data practices.
Moreover, Fortman and colleagues (2020) integrated CT to teach regional sea-level
rise into undergraduate economics courses through the combining of real-world data
and modeling. It shows how disciplinary objectives can be taught while CT skills are
integrated into economics. The divergent way is the guided inquiry approach into a
computational framework like Excel. Breslyn and McGinnis (2019) investigated the
understanding of climate change on the sea-level rise from CT systems perspectives
with undergraduate students, but the current study investigates data perspectives with
middle school students. Weintrop et al.’s (2016) framework has mostly been used to
integrate CT into teaching climate change (Breslyn and McGinnis, 2019; Caplan et al.,
2021; Fortman et al., 2020).
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3. METHODOLOGY

This chapter contains information about the study’s sample, data collection in-

struments, the design of the study, treatment, and data analysis.

3.1. Design of the Study

The current research is a quasi-experimental design that can be applied when
the experimental design is impossible. In education, researchers might need to utilize
existing groups in educational settings. The groups were randomly selected. Quasi-
experiments include assignments, but not a random assignment of participants to
groups (Cresswell and Cresswell, 2018). The quasi-experimental design with a pretest-
posttest control group was used to determine the effectiveness of the intervention ap-
plied to the experimental group. For this purpose, two classes were selected and one
was assigned as the control group, and the other one was the experimental group.
Before the implementation, data on the dependent variables were collected from both
groups as a pre-test. After the pre-test, the researcher introduced the LabStar™ device
to the students in the experimental group. The experimental group was then taught
using a STEM lesson plan and worksheets designed to develop the problem-solving
process using computational thinking skills and the LabStar™ data collection tool.
Simultaneously, the same topics were taught to the control group under the guidance
of the MoNE science book (2018). At the end of the two weeks, the experimental and
control groups were administered the post-test. The researcher was the main instructor

of both groups.
3.2. Sample of the Study
The participants in this study were eighth-grade students in a public middle

school with access to technological facilities. The school has a STEM laboratory, and

the students are accustomed to STEM-related activities. It was chosen as the imple-



20

mentation school for the appropriate characteristics of students, like academic success
and using STEM skills. In addition, since the researcher had previously conducted a
STEM lesson plan with the students in the selected school, the students were familiar
with STEM activities. This school was chosen for the implementation because the
school has a STEM laboratory, and students are used to STEM lessons. Thus, purpo-
sive sampling was used to determine the participants (Mills and Gay, 2019). The middle
school consisted of fifth, sixth, seventh, and eighth grades. The gender distribution in
the classrooms was almost equal. The experimental and control groups consisted of
students with low, medium, and high academic achievement. While determining the
grade level for the intervention, the researcher considered the aim of the study and the
content of the national curriculum. Climate change is included in the eighth-grade na-
tional science curriculum under the seasons and climate unit. Therefore, eighth-grade

students were selected as a sample of this study.

Two different classrooms were randomly selected as experimental and control
groups. The average academic achievement of the two classes, as determined by school
exams, was chosen to be close to each other. Experimental and control groups were
assigned randomly. There were 30 eighth-grade students (between the ages of 14-15)

in both the experimental group and the control group.

Table 3.1. Distribution of the study group.

Gender
Groups Grade level Total
Female | Male
Experimental | 8 15 15 30
Control 8 20 10 30

Total 35 25 60
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3.3. Definitions of Key Terms, Concepts, and Variables

This section consists of two parts. The first part indicates the conceptual def-
initions, and the second part describes the operational definitions of the terms and

variables of this study.

3.3.1. Conceptual Definitions

e Computational Thinking: “solving problems, designing systems, and understand-
ing human behavior by drawing on the concepts fundamental to computer sci-
ence.” (Wing, 2006, p. 33).

e STEM Education: “teaching and learning in the fields of science, technology, en-
gineering, and mathematics. It typically includes educational activities across all
grade levels -from pre-school to post-doctorate- in both formal (i.e., classrooms)
and informal (i.e., afterschool programs) settings” (Gonzalez and Kuenzi, 2014,
p. 1).

e Integrated STEM: “the ability to identify, apply, and integrate concepts from sci-
ence, technology, engineering, and mathematics to understand complex problems
and to innovate to solve them” (Balka, 2011, p. 7).

e (Climate Change: “Climate change refers to a change in the state of the climate
that can be identified (i.e., by using statistical tests) by changes in the mean
and/or the variability of its properties, and that persists for an extended period,
typically decades or longer” (IPCC, 2018, p. 544).

e LabStar™: “It is a simultaneous data collection device that offers the opportu-
nity to clean the data before analyzing without the limitation of environment and
distance, allows the sharing of the analyses made, and makes comments on daily
life.” (Yabag et al., 2020).

e Decomposition: “Evidence that a complex problem is deliberately being broken
down into less complex sub-problems. The goal is to reduce the main problem
into manageable steps or subproblems” (Peters-Burton et al., 2022, p. 11).

e Pattern recognition: “The identifying, clustering, and modularizing of steps or
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parts that repeat or can be repeated. Evidence that the individual is identifying
repeated sequences or patterns.” (Peters-Burton et al., 2022, p. 11).

e Abstraction: “Clarify the problem and generate generalizable solutions - evidence
that the individual has created a “high-level” or generalized representation of the
structure of a problem/solution. Maintain relevant information while removing as
much unnecessary or distracting information from the problem.” (Peters-Burton
et al., 2022, p. 11).

e Algorithmic thinking: “The creation of a series of precisely defined steps or rules
to use to solve a problem. It could be steps to collect certain data, steps to
analyze that data or any other defined process.” (Peters-Burton et al., 2022, p.
11).

3.3.2. Operational Definitions

e Computational Thinking Skills: The summated score of responses to the Compu-
tational Thinking Skill (CTS) test, based on a five-point summated rating scale
identifying the degree of computational thinking and given a numerical value
ranging from 1 to 5.

e Understanding of Climate Change: The summated score of responses to the Cli-
mate Change Knowledge Test (CCKT) based on a true/false/don’t know response
format and given a numerical value of 1 for a correct response, whereas given a

numerical value of 0 for incorrect, “don’t know”, and blank response.

3.3.3. Variables

There are two dependent variables in the study that are computational thinking
skill scores and climate change knowledge test scores. The methods of teaching climate
change topics are independent variables of the study that are traditional and STEM-
integrated.
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3.3.4. Hypotheses

H.1. The Climate Change Knowledge Test (CCKT) scores of eighth-grade stu-
dents in the experimental group differ significantly after the intervention.

Ho.1. The Climate Change Knowledge Test (CCKT) scores of eighth-grade stu-
dents in the experimental group do not differ significantly after the intervention.
H.2. Experimental group will differ significantly from the control group in un-
derstanding climate change.

Ho.2. Experimental group will not differ significantly from the control group in
understanding climate change.

H.3. The computational thinking levels (CTS) scores of the eighth-grade students
in the experimental group differ significantly after the intervention.

Ho.3. The computational thinking levels (CTS) scores of the eighth-grade stu-
dents in the experimental group do not differ significantly after the intervention.
H.4. Experimental group will differ significantly from the control group in com-
putational thinking skills.

Ho.4. Experimental group will not differ significantly from the control group on

computational thinking skills.

3.4. Data Collection Instruments

Data was collected using four different tools: The Computational Thinking Skill

(CTS) Scale (Korkmaz et al., 2015), The Climate Change Knowledge Test (CCKT)

Scale (Gezer and Ilhan, 2021), student worksheets, and individual interviews.

3.4.1. Demographic Form

The demographic form was developed to collect participant information (see Ap-

pendix B). There are questions about the participants’ gender, information about tak-

ing courses on environmental education and belonging to an environmental group or

organization.
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3.4.2. Quantitative Data Collection Tools

Quantitative data collection tools were implemented as pre-test and post-test to

both experimental and control groups.

3.4.2.1. Computational Thinking Scale (CTS). The computational thinking scale (CTS)

was originally developed to measure the CT abilities of university students (Korkmaz
et al., 2015). Korkmaz and colleagues (2015) adapted the CTS Scale to middle school
students (see Appendix C). The instrument has twenty-two items that participants
can rate each item on a five-point Likert scale (1 = never, 2= rarely, 3= occasionally,
4=generally, 5 = always). The scale consists of five factors that are the following:
creativity, algorithmic thinking, collaboration, critical thinking, and problem-solving.
The minimum score is 22, which represents the lower computational thinking skill and
the maximum score is 110, which represents the higher computational thinking skill for
the instrument. The adapted scale was applied to 241 students studying in the 7th and
8th grades in a middle school, and Cronbach’s alpha reliability value of the instrument

was obtained as 0,8 (Korkmaz et al., 2015).

For the current study, the reliability of the scale was checked. The data’s internal
consistency and stability were analyzed to determine the scale’s reliability. The Cron-
bach Alpha reliability coefficient was used to calculate the scale’s reliability analysis.
Table 3.2 provides a summary of the reliability analysis of each factor and the entire
scale. The scale, which had 22 items and five sub-factors, has a Cronbach Alpha re-
liability coefficient of .878, as can be shown in Table 3.2. On the other hand, factor
Cronbach alpha values range from .714 to .864. All of the factors and CTS’s Cronbach
alpha values are greater than .70, which shows that the scale has sufficient internal

consistency.
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Table 3.2. Reliability analysis.

Factors Number of items | Cronbach’s Alpha
Creativity 4 .803
Algorithmic Thinking 4 776
Cooperativity 4 .864
Critical Thinking 4 714
Problem Solving 6 844
Computational Thinking Skills 22 878

3.4.2.2. Climate Change Knowledge Test (CCKT). This scale was adapted from the
climate change knowledge test (CCKT) developed by Dijkstra and Goedhart (2012)

and translated into Turkish (Gezer and Ilhan, 2021). The test could distinguish the
levels of climate change knowledge. The knowledge test about climate change contains
12 items (see Appendix D). The instrument consists of two factors theoretical and
newsworthy. The theoretical factor reflects the knowledge acquired through courses at
school or environmental programs. On the other hand, the newsworthy factor reflects
the knowledge about climate change acquired in daily life, on social media or in written
or visual media. On the other hand, The 12 items have a true/false/don’t know
response format. The ‘don’t know’ option was included to minimize random guessing.
The knowledge items were assigned a score of 1 for a correct response and a score of
0 if incorrect. ‘Don’t know’ responses and blank responses are scored as incorrect and
assigned a weight of 0. Correct answers were summed and expressed in percentages
correct answers, with a minimum-maximum score range of 0-100 percent. The internal
consistency coefficients of the instrument were obtained as .85 and .84, respectively, in

theoretical and newsworthy factors (Gezer and Ilhan, 2021).
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3.4.3. Qualitative Data Collection Tools

The qualitative data was evaluated by student worksheets and individual inter-

views.

3.4.3.1. Student Worksheets. In this study, activities were developed to teach middle

school students climate change topics by using computational practices, specifically,
abstraction, pattern recognition, algorithmic thinking, and decomposition concepts.
The activities were designed to enable students to solve problems by using computa-
tional practices and computational tools. The computer science concepts utilized in
the activities for data practices include creating, collecting, manipulating, visualizing,
and analyzing data. According to Peters-Burton et al. (2020), collecting data entails
obtaining or recording data, whereas creating data is generating data through tools or
observation. Additionally, analyzing data entails making inferences from a data collec-
tion to draw a conclusion, while manipulating data entails sorting, filtering, cleaning,
and combining data. Visualizing data entails creating representations like graphs or

charts to explain results (Peters-Burton et al., 2020).

Examination of the learning process with data practices was done with the anal-
ysis of the questions in the worksheets (see Appendix F). For every step in the STEM
framework, questions were matched with computational practices (see Table 3.3 and
Table 3.4) and assessed using a rubric developed by the researcher (see Table 4.4).
The lesson plans and questions in the worksheets were organized with an emphasis on
data practices in STEM education, using Weintrop et al.’s (2016) framework in the
context of data practices. Students were dealing with data practices, but they did
not aware that they were using computational practices while answering questions. In
contrast, the researcher focused on computational practices to analyze questions in the
worksheets. In other words, the questions about data were organized so that each data
practice includes the use of specific computational practices. Students were expected to
benefit from questions embedded into worksheets throughout the lessons. For instance,

students were asked to conduct research on weather and climate change concepts using
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data provided by LabStar™. For creating data, students benefited from questions
that encouraged decomposition as a computational practice. It was crucial to identify
the steps to carry out research by breaking down the problem into manageable parts.
For that purpose, the following questions were asked: “If you were to carry out re-
search to explain the concepts of climate and weather events, which steps would you
follow? Explain with justification.” and “What information should you use to under-
stand whether there is climate change in your region?”. The computational practices
embedded in the questions would improve answering questions throughout the lesson
while making inferences from data. For the analysis of the student worksheets, each
step in the STEM Integrated Teaching Framework (ITP) was examined for specific
computational practices. The questions in the worksheets and the way of analysis were

given in Table 3.3. and Table 3.4.
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Table 3.3. The outline of worksheet 1.
Lesson . Computational | Data
Worksheet Questions
contents Practices Practices
1.APoKS and o
la, 1b Decomposition Creating Data
constraints
2a, 2b,
Worksheet 1: | 2.Fact-finding | 2¢, 2d, Abstraction Creating Data
weather and 2e, 2f
climate 3a, 3b,
concepts ) 3c, 3d, Pattern Analyzing Data,
3.Ideation
3e, 3f, recognition Collecting Data
3g, 3h
4a, 4b,
Pattern )
4e, 4d, Analyzing Data,
4.Product recognition
Af Manipulating
development
A Algorithmic Data,
e
thinking Visualizing Data
Abstraction
4g
Analyzing Data,
) 5a, 5b, Pattern
5. Testing Visualizing Data
ac recognition
_ ) Abstraction
6.Disseminate | 6a
Visualizing Data
and
Algorithmic
reflect 6b

thinking
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Weintrop et al. (2016) emphasized that computational applications include data
applications. From this point of view, during the lesson, the students would use both
data practices and computational practices, but they would not learn definitions of
them. Previously, they had only learned data practices in science and graph analysis
in mathematics. Computational practices include data practices. In the APoKS part,
there were 2 questions to assess students’ decomposition skills. In the fact-finding part,
there were 6 questions to assess students’ abstraction skills. In the ideation part, there
were 8 questions to assess students’ pattern recognition skills. Students were asked
to compare the average temperatures of different cities in Turkey (see Appendix J).
In the product development part, students would use pattern recognition to answer 5
open-ended questions, which directs students to analyze the collected data and com-
pare it with previous data to create meaningful graphs in the next question. Also,
students would use algorithmic thinking to create a graph of concepts and abstraction
to write a report. Although three different types of questions (i.e., comparing, drawing
a graph, and creating a report) were in the product development part, computational
practices were assessed separately. In the testing part, there were 3 questions and 1
self-assessment rubric for students to use the pattern recognition practice. However, the
self-assessment rubrics were not included in the analysis of this study. Students only
used the rubrics to assess their product and change some parts to finalize it. Finally, in
the disseminate and reflect part, students used abstraction to answer one open-ended
question about their understanding of the lesson. Students would remove the unnec-
essary details to answer the question briefly. The actual final product was the poster
which included the necessary steps from the lesson, graphs, and report. Students used
their algorithmic thinking practices to create a poster by including information from

previous lesson parts.
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Table 3.4. The outline of worksheet 2.
Lesson . Computational | Data
Worksheet Questions
contents Practices Practices
1.APoKS and
la, 1b Decomposition Creating Data
constraints
2a, 2b, 2¢, 2d,
Worksheet 2:
2.Fact-finding | 2e, 2f, 2g, 2h | Abstraction Creating Data
human-
. 2i
induced
3a, 3b, 3c, 3d,
CO2
L ) 3e, 3f, 3g, 3h | Pattern Analyzing
emissions 3.Ideation
3i, 3j, 3k, 31 recognition Data
3m
4a, 4b, 4c, 4d, | Pattern _
Analyzing
4.Product 4f, 4g recognition
Data,
development _ Algorithmic i .
4i Manipulating
thinking
Data,
Abstraction ) o
4h Visualizing Data
Analyzing
Data,
. Pattern
5.Testing 5a, bb, 5¢, bd Visualizing
recognition
Data
_ ) Abstraction ) o
6.Disseminate | 6 Visualizing
and Data
Algorithmic
reflect 6a, 6b, 6¢, 6d

thinking
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In the LP2, there were 2 questions about planning research steps to show carbon
emissions in the APoKS to assess students’ decomposition skills. In the fact-finding
part, there were 9 questions about understanding climate change and carbon emissions
to assess students’ abstraction skills. In the ideation part, there were 13 questions to
assess students’ pattern recognition skills. They were asked to compare the carbon
emissions of different countries and continents (see Appendix J). In the product devel-
opment part, students would use pattern recognition to answer 7 open-ended questions
which directs students to create a report. They would use algorithmic thinking prac-
tice to create a graph of carbon emissions in their country and abstraction to write a
report. Each practice was assessed separately in the same part of the lesson. In the
testing part, there were 3 questions and 1 self-assessment rubric for students to use the
pattern recognition practice. The self-assessment rubrics were not assessed. Finally,
in the disseminate and reflect part, students used abstraction to answer 4 open-ended
questions about their understanding of the lesson and elaboration. The final product
was the poster which included the necessary steps from the lesson, graphs, and report.

Students used their algorithmic thinking practices to create a poster.

3.4.3.2. Individual Interviews. The interview questions were formulated by consider-

ing both the questions asked in the literature and the content of this study. Expert
opinion was taken about the questions. The interview questions were prepared in line
with the CT framework of Weintrop and colleagues (2016). Interviews reflected on
which computational practices have emerged during the implementation of the lesson
plans from the perspective of students. The scores obtained from the CTS (raw scores)
were transformed into categorical scores in the same way as used by Korkmaz and
Xuemei (2019). The lowest categorical score was 20, and the highest categorical score
was 100. The levels of the scale were as follows: 20-51: low level; 52-67: Medium level,
68-100: High level. The individual interview was conducted with 6 students, pur-
posefully selected from the experimental group according to three levels of CT skills
(low-moderate-high). The individual interviews were conducted face-to-face after the
intervention and lasted on average 20 minutes. The interviews were audio-recorded

and then transcribed by the researcher.
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3.5. Procedure

After the review of the literature, the topic was selected, and the research ques-
tions were determined. By reviewing the literature, the demographic information form
was composed, and the instruments were chosen to answer the research questions. Ex-
pert judgments were obtained to confirm the face and content validity of the lesson
plans. Before data collection, the required permission for conducting research was
taken from the Ethical Committee of Bogazici University, and participants were asked
to sign the consent form (See Appendix A). After making the proposed changes, the
pilot study was conducted to test the psychometric properties of the instruments. Fol-
lowing the data collection, the data was coded and entered into the statistical analysis
software program (Statistical Package for the Social Sciences, SPSS), and the psycho-
metric properties of the instruments were tested. The required time for implementation
of the instruments was about twenty minutes and the researcher was present in the
classroom during data collection to briefly explain the study and clarify the confiden-

tiality of information.

3.6. Intervention

3.6.1. The Pilot Study

In this study, two lesson plans developed by the researcher were implemented
for 8th-grade students. The pilot study was conducted informally with middle school
students to increase the feasibility of the study. The aim was to get feedback about the
instruction, questions, lesson design, and contents. Also, the time necessary to imple-
ment the lesson plan and instruments was monitored. The pilot study was implemented
in the summer term with a group of 7th-grade students. It was implemented during

six lessons to apply pre and post-tests as well as the intervention for the experimental

group.
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3.6.2. Main Study

Following the implementation of the pilot study, the main study was revised in
line with the preliminary findings. The study was implemented in the first semester of

the 2022-2023 academic year in a public middle school with 8th-grade students.

Two lesson plans in this study were developed by the researcher according to
the STEM Integrated Teaching Framework (ITP). The first lesson plan focuses on the
weather and climate concepts, whereas the second lesson plan focuses on carbon dioxide

emissions as human-induced climate change (see Table 3.5).



Table 3.5. Groups and planning of the implementation.
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Week 1 Week 2
Groups Pre-test Lesson Lesson Post-test Interview
Computational Computational
Thinking Thinking _
o, Lesson Lesson Interview
3 Skill Skill )
& Plan 1 Plan 2 with
= Scale (CTS) ' . Scale (CTS)
< with with 6 students
g Climate Climate
= STEM STEM from low,
5 Change _ ) Change ) )
S, integrated | integrated intermediate
5 Knowledge ) . Knowledge
teaching teaching and
Test Test
framework | framework high level
(CCKT) (CCKT)
of CT
Computational Computational
Thinking o o Thinking
- Traditional | Traditional
3 Skill Skill
& Lecture 1 Lecture 2
et Scale (CTS) Scale (CTS)
S
= Climate Climate
3
© Change Change
Knowledge Knowledge
Test Test
(CCKT) (CCKT)
3.6.2.1. Implementation with Experimental Group. The main study was implemented

over two weeks. In the first week, the pre-tests were given to all groups. Then, the

LabStar™ introduction and information about the use of the tool were given to the

experimental group. Since group work is crucial for the end product, every lesson plan

was applied during 6 lessons to the experimental group. Apart from the lesson content,

students were asked to fill out the worksheets as a group. For that reason, students

had enough time to discuss with their peers and write their ideas into the worksheets.
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The students in the experimental group engaged with APoKS in the first lesson and
fact-finding in the second lesson on the same day, which means related contents were
paired for the flow of the lessons. At the end of the second week, post-tests were ap-
plied to both control and experiment groups (see Table 3.5). Table 3.6 and Table 3.7
present the outlines of the lesson plans and computational practices, including data

practices and computational practices. Appendix E presents the lesson plans.



Table 3.6. The outline of lesson plan 1.
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) Lesson o _ Computational
Time Activity Data Practices
contents Practices
Finding evidence
] 1.APoKS and | from the regional ] o
30 mins Creating Data Decomposition
constraints data and illustrating
it by using LabStar
Searching
_ ) for relevant answers _ .
50 mins | 2.Fact-finding Creating Data Abstraction
for understanding
the topic
Collecting local
) _ Analyzing Data, Pattern
30 mins | 3.Ideation data by using
Collecting Data recognition
Labstar
Using collected
Pattern
data and creating
Analyzing Data, recognition,
) 4.Product a report about
50 mins Manipulating Data, | Algorithmic
development | the effects
Visualizing Data thinking,
of climate change
Abstraction
on the region
Testing data and
) ) graphs, calculation Analyzing Data, Pattern
40 mins | 5. Testing
of temperature Visualizing Data recognition
changes
Abstraction,
) 6.Disseminate | Sharing o
40 mins Visualizing Data Algorithmic

and reflect

the products

thinking,
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Table 3.6 shows the outline of the LP1. In the first lesson hour of the implementa-
tion, the APoKS content of the lesson plan was given. First, students were introduced
to the daily life problem of global warming with an example reading. The daily life
problem was understanding the difference between climate and weather events as well
as climate change. Then, the researcher showed visual representations and videos about
the signs of climate change. Finally, students were asked to determine a research ques-
tion, steps to follow, and necessary information to conduct this research. The answers
of students in the la and 1b in the worksheet were matched with decomposition for
the analysis of the question because this step included breaking down a huge problem

into manageable parts to conduct research.

In the second lesson, the fact-finding content of the lesson plan was given. Stu-
dents were asked to find appropriate answers to the given questions in the second part
of the worksheet using the suggested sources. They were searching for relevant answers
by removing unnecessary information from the selected sources, and they wrote briefly
in the worksheet. For that reason, the second part of the lesson plan was matched with

abstraction. Students started to collect data with LabStar™ to use in the next parts.

In the third lesson, the students were given different sets of data created by
LabStar™ so that they could infer from the graphs, tables, and visual representations
to explain the relationship between the data in the worksheets (see Appendix J). This
part of the lesson was crucial for understanding the patterns, similarities, and differ-
ences to draw a graph in the next lesson. The questions in the third part were matched

with pattern recognition in the worksheet analysis.

In the fourth lesson, students answered the questions in the worksheet to prepare
their product. They were asked to remember findings and patterns from the ideation
part so that they use pattern recognition practice during product development. So,
the answers to the questions in the worksheets in the fourth part were matched with
pattern recognition, while creating a graph was matched with algorithmic thinking and

summarizing understanding for the report as an abstraction.
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In the fifth lesson, the products were tested by the groups. They assessed the
graph with their report by using a performance assessment rubric. In that part, they
were asked to read critically the points stated in the rubric to test their product. This
lesson content was matched with pattern recognition. In line with the assessment, they
could improve their work. But, their first product and report were kept the same while

they could improve it in the next lesson, to disseminate and reflect the content.

In the sixth lesson, every group was asked to review their products to final changes
and prepare a poster presentation with their graph and report (see Appendix H). This
part was matched with abstraction since they used only necessary information for
summarizing their understanding. In contrast, the steps of the poster and using all of

the information learned so far were matched with algorithmic thinking.



Table 3.7. The outline of lesson plan 2.
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) Lesson o ) Computational
Time Activity Data Practices
contents Practices
Finding evidence
from the graphs
by interpreting
) 1.APoKS and _ .
30 mins and creating Creating Data Decomposition
constraints
graphs using
LabStar with the
downloaded data
Searching for
) i relevant answers _ .
50 mins | 2.Fact-finding Creating Data Abstraction
for understanding
the topic
Creating a graph
) ] ] Pattern
30 mins | 3.Ideation by using LabStar Analyzing Data
recognition
and analysing data
Using collected
Pattern
data and creating
Analyzing Data, recognition,
] 4.Product a report about the
50 mins Manipulating Data, | Algorithmic
development | CO2 emissions
Visualizing Data thinking,
of assigned
Abstraction
country
Testing data and
) ) Analyzing Data, Pattern
40 mins | 5. Testing graphs, running
Visualizing Data recognition
the simulation
Abstraction,
) 6.Disseminate | Sharing the ) o
40 mins Visualizing Data Algorithmic

and reflect

products

thinking,
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Table 3.7 shows the outline of the LP2. In the first lesson of the second lesson
plan, the APoKS content of the lesson was given with a story and a task. The problem
was the increase in global carbon emissions. The researcher showed visuals and videos.
Students were asked to create a plan to achieve net zero emissions by 2050. Students
worked in groups, and each group represented a country to present some possible
actions and their action plan with a graph. After students read the story, countries
were assigned to groups. Graphs were distributed to students before deciding on a
research question (see Appendix J). Students’ answers in worksheet 1 were collapsed

to analyze the question.

In the fact-finding part, students were asked to find answers to given questions
about carbon dioxide emissions in order to better understand the concept and to be able
to include necessary parts of their research. This part was paired with an abstraction,
which required students to remove details from the findings and set out the essential

ones in the worksheet.

In the third lesson, the students were given the graphs of the selected countries.
All the questions in the worksheet were to be answered: making inferences from the
graphs, stating the trend of the graph, explaining the meaning of the trends, finding
similarities and differences between the graphs of two countries, understanding the
changes over time, identifying the repetitions in the graphs and making a prediction
for the future plan. This step was crucial in determining the steps to be used in their
product in the next lesson. The questions in this section were combined with pattern

recognition to analyze the answers.

The fourth lesson was about product development. For this reason, the questions
in the worksheet were asked to guide the students in producing the report and the
graph. For the report, students answered the following questions: an action plan
to reduce carbon emissions, the impact of population, construction, use of private
cars, and the amount of waste on carbon emissions. Students were then asked to

include in the report their targets for reducing carbon emissions by 2050 and, using
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this action plan, the possibility of achieving net zero emissions by 2100. The questions
in the worksheet were associated with pattern recognition, the creation of a graph with
algorithmic thinking, and highlighting the significant part of the whole lesson in the

report with abstraction.

In the fifth lesson, students were asked to test their report and graph by answering
questions in the worksheet, using the interactive climate tool to see the visualization of
their action plan, and evaluating their report using a rubric. This lesson content was

linked to pattern recognition.

In the dissemination and reflection part, all groups finalized their products and
presented them with the poster presentation (see Appendix H). This part was asso-
ciated with abstraction, as they used only the necessary information to summarise
their understanding, whereas the steps of the poster and the use of all the information

learned so far were associated with algorithmic thinking.

3.6.2.2. The Traditional Treatment. The traditional instruction was used for the con-

trol group. It was designed as structured and curriculum-based (MoNE, 2018) instruc-

tion using the textbook distributed by MoNE (2018).

In the first week, the students in the control group learned the concepts of climate
and weather events through the information in the textbook. Firstly, the definitions of
the concepts in the text were found. Based on these definitions, they were asked to fill
in the climate vs. weather events table drawn on the board. The students were asked
to say the appropriate ones from the information they found in the book. Then, the
students were asked to read the activity in the book in which a dialogue between the
teacher and the students was stated in speech bubbles. In this activity, the teacher
asked the students to explain the difference between climate and weather events. Thus,
the students repeated the difference between the two concepts. Students were given
time to complete the end-of-chapter evaluation questions. In the questions, students

were asked to indicate which of the sample sentences given from daily life were weather
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events and which were climate. Then the answers were repeated with the students.

Video about climate and weather events were shown.

In the second week, climate change and the effect of greenhouse gases were cov-
ered. In this lesson, carbon emission and its effects were emphasized. Firstly, a video
about climate change and carbon emissions was shown. Then, students were asked to
read the definitions in the book first. Students were asked to match the definitions
given on the board with the correct concept. The gaps in the definitions written on
the board were completed. The reading passage about the importance of weather fore-
casts in our daily lives was read. Then, the students were shown graphs describing
the temperature increase in Turkey in the last few decades and the increase in carbon
emissions. As an end-of-lesson activity, students were asked to summarise in a few

sentences about climate, weather events, climate change, and carbon emissions.

3.7. Data Analysis

3.7.1. Statistical Analysis

In order to address the research questions, the SPSS statistical program was used
for all statistical analyses required during the analysis processes of the Computational
Thinking Skill (CTS) Scale and the Climate Change Knowledge Test (CKT). Before
the data analysis, the data were examined for each dependent variable (computational
thinking skills and climate change knowledge) regarding descriptive statistics such as

normality, kurtosis, skewness coefficients, and homogeneity:.

Research question 1: Are there any significant differences in eighth-grade stu-

dents’ understanding of climate change after the intervention?

To answer the first research question, the difference between the scores of the pre
and post-tests was calculated with paired samples t-test. To apply the paired samples

t-test in dependent groups, it was examined whether the Climate Change Knowledge
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test scores within the group showed a normal distribution (see Figure 3.1 and Figure
3.2). The homogeneity of variances of scores relating to the dependent variable for
each group was tested by Levene’s test. In this test, if the p-value is higher than .05
(p>.05), the variances are regarded as homogenous (Field, 2009). To statistically check
for normality, the Shapiro-Wilk test was run. The observed p-value was significant
(p> .05). Since there is normal distribution, the paired samples t-test was used. The

following results were obtained for CCKT (see Table 3.8, Figure 3.1 and Figure 3.2).

Table 3.8. The normality table of experimental group.

N | Min | Max M SD | Skewness | Kurtosis
Pre-test | 30 | 33.30 | 75.00 | 51.66 | 9.6 | .156 .126

Post-test | 30 | 58.30 | 100.00 | 81.95 | 13.0 | -.410 -.847

Figure 3.1 and Figure 3.2 show the graph of normal distribution for the pre-test
scores and post-test scores of the experimental group on CCKT. Since the assumption
for normal distribution was met, paired sample t-test was used to compare the differ-

ence between the pre and post-scores of the experimental group on CCKT.
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Figure 3.1. Distribution of pre-test for CCKT.
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Figure 3.2. Distribution of post-test for CCKT.

Research Question 2: Are there any significant differences in eighth-grade stu-

dents’ understanding of climate change between the control and experimental group?

To answer the second research question, whether there is a significant difference
between the post-tests of each group for the understanding of climate change was
explored. In order to avoid the effect of the existing difference between the pre-test
scores of the groups, the differences between the pre and post-test, which is the gain
scores, were calculated. Because the data were not normally distributed for the control

group, the Mann-Whitney U test was performed as a non-parametric test.

Research Question 3: Are there any significant differences in eighth-grade stu-

dents’ computational thinking skills after the intervention?

To answer the third research question, the normal distribution was checked. The
difference between the pre and post-test scores was calculated with paired samples
t-test. When one of the main assumptions of paired samples t-test as a normal distri-
bution is violated, Wilcoxon signed ranks will be run as a non-parametric test (Pal-
lant, 2013). To apply the paired samples t-test in dependent groups, it was examined
whether the Climate Change knowledge test scores within the group showed a normal
distribution (see Figure 3.3 and Figure 3.4). Pre-test scores were not normally dis-
tributed and assumptions of the paired t-test were violated. Wilcoxon signed ranks
test was run as a non-parametric test. The following results were obtained for normality

check (see Table 3.9, Figure 3.3 and Figure 3.4).



Table 3.9. The normality table of the experimental group.

N | Min | Max M SD Skewness | Kurtosis
Pre-test | 30 | 43.60 | 94.54 | 77.99 | 13.97 | -.966 172
Post-test | 30 | 55.45 | 100.00 | 83.69 | 13.38 | -.823 -.342
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Figure 3.3 and Figure 3.4 show the graph of distribution for the pre-test scores

and post-test scores of the experimental group on CTS. Since the assumption for nor-

mal distribution was not met, Wilcoxon signed ranks test was used to compare the

difference between pre and post-scores of the experimental group on CTS.

100

80

0

30

100

30

70

30

Figure 3.3. Distribution of pre-test for CTS.

Figure 3.4. Distribution of post-test for CTS.
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Research Question 4: Are there any significant differences in eighth-grade stu-

dents’ computational thinking skills between the control and experimental group?

To answer the fourth research question, whether there is a significant difference
between the post-tests of each group for the computational thinking score was explored.
In order to avoid the effect of the existing difference between the pre-test scores of the
groups, the differences between the pre and post-test, which is the gain scores, were
calculated. Because the test was not normally distributed, the Mann-Whitney U test

was performed as a non-parametric test.

3.7.2. Qualitative Analysis

Research Question 5: Which computational thinking skills do eighth-grade stu-

dents use throughout the intervention?

To answer the last research question, student worksheets and individual inter-
views were analyzed according to qualitative analysis techniques. Content analysis was
performed to determine the existence of specific words, patterns, categories, themes,
or concepts within the qualitative data (Cresswell and Cresswell, 2018). On the basis
of the literature, deductive content analysis was used to construct the current study
as consistent with the computational practices of Weintrop and colleagues (2016).
Through interpretations and generalizations, inductive content analysis was utilized
to make inferences from students’ responses in order to extract concepts, patterns, or

themes (Cresswell and Cresswell, 2018).

3.7.2.1. Worksheet Analysis. Given the analysis of computational processes in the

literature, the most appropriate method for the current study was the use of open-ended
questions (Tang et al., 2020). Considering the framework, the open-ended questions
in the worksheets guided the students to think about the process. The answers given
to the questions in every part of the worksheet as well as the end product, reflect how

students use computational practices during the implementation.
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All questions were linked to CT practices to assess the process. For example, in
the worksheets, each part of the STEM lesson plan (i.e., ideation, fact-finding) was
linked to specific CT practices. For example, in the fact-finding part, students were
asked to answer the questions in the worksheet by using selected resources. By doing
this, they were expected to write only related information by removing unnecessary
details from the sources. This practice was matched with abstraction as a CT prac-
tice, and their level of such practice was determined by assessing students’ answers for
this part in line with the rubric. This rubric was developed by the researcher. While
CT practices were only used for assessment of students’ CT practices, the students
used data practices during the courses. According to the framework, each data prac-
tice includes different CT practices, showing that both practices were paired in the

framework.

For the assessment of each part of the lesson plan, Peters-Burton et al.’s (2022)
rubric and Ceyhan et al.’s (2021) rubric were used to create a new rubric (see Table
3.10). Every question in the lesson parts was assessed separately. Also, the rubric
was used to determine the level of the practices from 0 to 4 after calculating the
average scores for all of the lesson parts for related CT practice. For instance, the
APoKS part was only considered for abstraction as a computational practice, and
both questions in this part were assessed separately from 0 to 4. The average score of
every lesson part was determined for selected computational practices. Then, the level
of computational practices was determined in line with the rubric (see Table 3.11). By
doing this assessment, the researcher could understand which computational practices
students were good at in which part of the lesson plans and how their progress was

going during the lesson plan and between the lesson plans.

Responses were scored from 0 to 4 according to the overlapping codes from the
definitions (see Table 3.10). If there were no relevant answers, the score was 0. If
the students gave partially correct answers, 1 point was given. If students wrote the
necessary information without explanation, the score was 2. If students included both

the relevant information and explanation, but further explanation was needed, 3 points
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were given. Finally, 4 points were given if the relevant information, explanation, and

examples were included as well as necessary connections from previous parts.

Table 3.10. The rubric used for worksheet assessment.

Score | Description

4 Correct answer with correct explanations
3 Correct answers with some explanations
2 Correct answers without explanations

1 Partially correct answer

0 Incorrect or Blank

Table 3.11 explains the categories for the lesson parts. After calculating the
average score for all parts of the lesson separately, the categories were determined from
level 4 to level 0. For example, if the average score in the ideation part of the lesson
was 4, the level for that part was considered 4. If the average score in the fact-finding

part was 1.3, the level was 1 in line with the rounding to the nearest whole number.
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Table 3.11. Rubric used for determining the level.

o Average
Category Level Description
Score
The explanations in general
Proficient contain correct relationships
(Critical) Level 4 | and interpretations with 3.5-4
Explanation evidence from data and
elaboration
The explanations in general
Relational contain correct relationships
Level 3 2.5-3.5
Explanation in data, but additional
evidence is needed
The answers in general contain
Descriptive
Level 2 | correctly interpreting data 1.5-25
Answer
without stating a relationship
The answers in general contain
Beginning incorrect relationships or
Level 1 0.5-1.5
Answer incorrect descriptions with
partially correct information
) The answers in general contain
No basis Level 0 0.0 - 0.5
incorrect information or blank

3.7.2.2. Interview Analysis. The entire data set was read and coded several times

with open coding to ensure that all emergent codes and categories were identified. A
rigorous external review of the data collection, analysis, and interpretation process
was conducted. The researcher carried out the data analysis individually. Vertical
and horizontal analyses were carried out. Then the common codes and categories
were determined with the expert view. For example, the vertical internal analysis of
the interview questions was done by comparing all the decomposition codes within a

participant’s data source to check the internal consistency of the assigned code. This



20

process was repeated for all codes. Vertical and horizontal analysis continued until
stability of the results was achieved. The reliability of the analysis was promoted.
Two researchers discussed the coding of results and categories until full agreement was
reached to ensure the intersubjectivity of the data and to facilitate the confirmability of
the analysis. The dependability and confirmability of the codes and categories were also
ensured by the researcher. Predetermined concepts were based on the computational

thinking framework used to analyze the data.

3.8. Role of the Researcher

Based on the research strategy chosen for the current study, the researcher can
be considered both a researcher and a teacher. In this study, computational practices
were applied during the process, using the stages of the STEM Integrated Teaching
Framework (ITP), and a CT tool for applying data practices was included in the in-
tervention. There was a risk that a teacher other than the current researcher might
change the process unwillingly, as the method was different from previous teaching
methods in that classroom. For this reason, the researcher intervened in the teaching
process. In addition, the researcher took an elective course to learn CT during her
undergraduate years. During her master’s degree, she participated in Bahgesehir Uni-
versity BAUSTEM Center. The center also created the ITP and LabStar™, which
were used in this study. In this center, the integrated STEM approach was learned,
and lesson plans were developed. Therefore, the conduct of this study was influenced

by the researcher’s previous practical and research experiences.

3.9. Data Collection Procedures

After receiving approval from the Provincial Directorate for National Education
of Edirne to conduct the study, the data of the study were gathered in November of
the 2022-2023 academic year. The tests were administered to a group of eighth-grade
students for pilot testing, and the lesson plans were revised in line with the imple-

mentation. The main study consisted of 60 eighth-grade students in the experimental
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and control groups. The implementation for both of them occurred during the science

courses.

All participants in the experimental group were trained in the use of the computa-
tional tool, LabStar™, as a one-hour session prior to the study. During the implemen-
tation of the first and the second lesson plan (see Appendix E), the students worked
in 5 groups with 6 students in each group. The worksheet exercises were made to help
students create a report using computational practices. Students were asked to fill in
the blanks in each worksheet containing questions designed with CT practices, namely
abstraction, pattern recognition, algorithms, and decomposition. The framework de-
veloped by Weintrop et al. (2016), which includes the data practices of creating data,
collecting data, manipulating data, visualizing data, and analyzing data, was taken into
consideration when applying the computational practices associated with data science.
Although the students were not given the names of the computational practices, they
used all of them during the implementation. They were only aware that the lesson

included data practices.
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4. RESULTS

This chapter presents the results of the data analyses used to investigate the
research questions. Firstly, the demographic information of the study sample is pro-
vided. Secondly, the descriptive statistics for the scores from the instruments, including
range, mean, and standard deviation, are presented. Thirdly, a statistical analysis of
the scores and comparison between group and within-group scores of the experimen-
tal and control groups on the computational thinking scale and the climate change
knowledge test will be presented. Finally, the results of the worksheet analysis and the

interview findings are presented as qualitative data.

4.1. Demographic Information

In this study, both the experimental and control groups included 30 students.
There were 15 males and 15 females in the experimental group. In the control group,
there were 10 males and 20 females. Among 30 students in the experimental group,
one of them indicated s/he took a course about environmental education, whereas
four students reported they participated in an environmental organization. On the
other hand, among 30 students in the control group, none of them took a course
about environmental education, whereas three of them participated in an environmental
organization. For that reason, both of the groups were almost equal in the aspect of

environmental knowledge before the intervention.

4.2. Descriptive Characteristics of the Participants

Totally 60 eighth-grade students participated in the study (30 control and 30
experimental). The Climate Change Knowledge Test (CCKT) and Computational
Thinking Scale (CTS) were given to two groups of participants who were assigned to
the control and experimental group as pre and post-test. The mean, standard deviation,

minimum and maximum scores were calculated for the participants’ test scores obtained
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from CCKT and CTS. The distribution of the total score of all students in both the
experimental and control group on the pre-test were illustrated in Table 4.1, and the
post-test were illustrated in Table 4.2. Table 4.1 shows the pre-test scores of students
in both the experimental and control group on CTS and CCKT. The mean score of
students in the experimental group was 77.99, while it was 71.43 in the control group
on the CTS scale. The experimental group has a slightly higher mean score than the
control group with a difference of 6.56. On the other hand, the mean score of students
in the control group was 53.32, while it was 51.66 in the experimental group in CCKT.
The control group has a slightly higher mean score than the experimental group, with

a difference of 1.66.

Table 4.1. Descriptive statistics of the pre-test.

Instrument Group n | Mean | SD Min | Max | Range

Computational | Experimental Group | 30 | 77.99 | 13.97 | 43.60 | 94.54 | 50.94
Thinking Skill

Scale (CTS) Control Group 30 | 71.43 | 10.85 | 49.00 | 95.45 | 46.45

Climate Change | Experimental Group | 30 | 51.66 | 9.63 | 33.30 | 75.00 | 41.70

Knowledge Test
(CCKT) Control Group 30 | 53.32 | 16.02 | 16.70 | 91.70 | 75.00

Table 4.2 shows the post-test scores of students in the experimental group after
the CT-integrated instructions and the control group after the traditional lecture on
CTS and CCKT. The mean score of students in the experimental group was 83.69,
while it was 69.92 in the control group on the CTS scale. The experimental group
has a higher mean score than the control group with a difference of 13.77. Also, the
mean score of students in the experimental group was 81.95, while it was 60.83 in the
control group in CCKT. The control group has a slightly higher mean score than the

experimental group, with a difference of 21.12.
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Table 4.2. Descriptive statistics of the post-test.

Instrument Group n | Mean | SD Min | Max | Range

Computational | Experimental Group | 30 | 83.69 | 13.38 | 55.45 | 100.00 | 44.55
Thinking Skill

Scale (CTS) Control Group 30 | 69.92 | 11.41 | 50.00 | 95.45 | 45.45

Climate Change | Experimental Group | 30 | 81.95 | 13.00 | 58.30 | 100.00 | 41.70

Knowledge Test
(CCKT) Control Group 30 | 60.83 | 16.10 | 16.70 | 91.70 | 75.00

4.3. Statistical Analysis

4.3.1. Research Question 1

- Are there any significant differences in eighth-grade students’ under-

standing of climate change after the intervention?

CCKT with true/false/don’t know choices was administered to the experimen-
tal groups before and after the interventions. Throughout the lesson, activities were
carried out to investigate the questions that students did not know in this test and to
understand how much students could change their pre-knowledge about climate change
concepts with the help of interventions. In other words, to learn whether the teaching
method is sufficient to conceptual change about climate change concepts, the pre and
post-test scores were compared. Comparing the pre-test and post-test scores of the

students in the experimental group, all students have increased their scores.

Table 4.3 shows the paired samples t-test. The sig. value for the comparison
of the pre and post-test was p=.020. Thus, the null hypothesis is rejected, and the

difference between the pre and post-test is statistically significant. The score of the
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pre-test climate change knowledge test is lower (M=51.66, SD=9.632) than the score of
the post-test (M=81.95, SD=12.97). A t-test for dependent samples showed that this
difference was statistically significant, (t (29) = 13.30, p < .001, d = 2.21), 95 percent
confidence interval [25.63, 34.94]. According to the means, post-test mean scores are
higher than pre-test mean scores. The effect size is d=2.21 which means the effect size

is very large (Cohen, 1988).

Table 4.3. Results of dependent-sample t-test of the experimental group.

n | Mean | SD t P

Pre-test Experimental Group

30 [ 29.73 | 13.43 | 12.12 | .000

Post-test Experimental Group

4.3.2. Research Question 2

- Are there any significant differences in the eighth-grade students’ un-

derstanding of climate change between the control and experimental group?

Because the variances were unequal, the Mann-Whitney U test was performed
to compare experimental and control groups as a non-parametric test. According to
the Mann-Whitney U test, the mean ranks of the groups differ significantly on the
CCKT. The post-test mean scores of the experimental group (M=81.95, SD=13.00) are
significantly higher than the control group (M= 60.83, SD=16.10) on CCKT. According
to Table 4.4, the gain scores of students in the experimental group have significantly
higher mean ranks (42.18) than students in the control group (18.82) on the test, U =
99.5, p < .01, r = —.67, which, according to Cohen (1988), is a large effect size.
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Table 4.4. Results of Mann-Whitney U test.

Mean | U Z p

Experimental Group (n = 30) | 42.18

Control Group (n = 30) 18.82 | 99.5 | -5.220 | .000
Total (n = 60)

4.3.3. Research Question 3

- Are there any significant differences in eighth-grade students’ com-

putational thinking skills after the intervention?

The raw CT'S scores were converted into categorical scores using the same method-
ology as Korkmaz and Xuemei (2019). The 20 categorical score was the lowest, and
the 100 standard score was the highest. The scale had the following levels: Low level:
20-51; medium level: 52-67; high level: 68-100. In the pre-test of the experimental
group, there were 24 high levels, 4 medium levels, and 2 low levels. In the post-test, on
the other hand, there was no low level, whereas there were 25 high levels and 5 medium
levels. Comparing the pre-test and post-test scores of the same students, 25 students
in the experimental group increased their CT scores, while 3 students’ CT scores de-
creased. The scores of 6 students remained the same. The score of the pre-test CTS is

lower (M=77.99, SD=13.97) than the score of the post-test (M=83.69, SD=13.38).

The pre and post-test of the experimental group on the CTS test were compared
to understand whether there was a significant difference between the CT skills of stu-
dents. Since data were not normally distributed, the assumption for the t-test has been
violated. Wilcoxon signed rank as a non-parametric test was used to compare pre and
post-scores of students. 24 post-tests had higher mean ranks than pre-tests, whereas
3 pre-tests had higher mean ranks than post-test. There were 3 ties. This difference
indicates the mean rank differences between pre and post-test are significant, N=30,

z=-3.42, p= .001, r= -.62, a medium to large effect size (Cohen, 1988).



Table 4.5. Results of Wilcoxon Signed-rank test.

Ranks n z P
Negative Ranks | 3%

CTS Post-test
Positive Ranks | 24P

scores- CTS -3.424 | .001
Ties 3¢

Pre-test scores
Total 30

4.3.4. Research Question 4
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- Are there any significant differences in the eighth-grade students’

computational thinking skills between the control and experimental group?

Because the variances were unequal and the assumptions for normal distribution

were violated, the Mann-Whitney U test was performed as a non-parametric test to

compare experimental and control groups’ CT skills. The post-test mean scores of the

experimental group (M=83.69, SD=13.38) have significantly higher than the control
group (M= 69.92, SD=11.41) on CTS. The mean ranks of the groups differ significantly

on the computational thinking skills test. According to the Mann-Whitney U test,

students in the experimental group have significantly higher mean ranks (41.93) than

students in the control group (19.07) on the test, U = 107.0, p <.01, r = —.66, which,

according to Cohen (1988), is a large effect size.

Table 4.6. Results of Mann-Whitney U test.

Total 60

n | Mean | U z 9]
Experimental Group | 30 | 41.93
Control Group 30 [ 19.07 | 107.0 | -5.078 | .000




o8

4.4. Qualitative Analysis

4.4.1. Research Question 5

- Which computational thinking skills do eighth-grade students use

throughout the intervention?

As seen above, when the CCKT and CTS tests of the students were compared,
the experimental group’s results were found significant. In order to determine the skills
in the process, 2 worksheets were analyzed, and the interview results of 6 students were
examined. First, the lesson plan analysis and then the interview analysis were given

below.

4.4.1.1. Worksheet Analysis. The fifth research question was about the CT skills that

students used throughout the intervention. To answer this question, students’ perfor-
mance on the worksheets in each step for each question was assessed to understand
their level of computational practice and learning progression on climate change con-
cepts. Students’ CT skills for this part were assessed as a group, as STEM lesson plans
include task sharing and group work. Students were randomly assigned to each group.
The graphs to be interpreted were distributed specifically to each group to avoid copy-
ing the explanations of other groups. Two worksheets were qualitatively assessed using
a rubric developed by the researcher. The expert view was obtained throughout the
rubric development and data analysis parts. Table 4.7 shows the description of the
scores in the rubric as well as examples of participants’ responses. Each lesson plan
included the same steps as mentioned in the ITP (i.e., ideation, fact-finding). Each
step in the lesson plan was paired with a computational exercise through questions.
Open-ended questions in these steps were scored separately according to the rubric (see
Table 4.7). The average score for each step was used to determine the students’ level
of computational practice in each step (i.e., ideation, testing) for qualitative analysis.

Table 4.7 shows examples from the worksheets to illustrate how responses were scored.
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Table 4.7. Rubric for worksheet analysis.

Example from

Example from

Score | Description
worksheet 1 worksheet 2
Group 2: “I collect annual | Group 5: “The similarities
and daily air temperatures. | in the carbon emission
I look at the differences graphs of different
between the past and the countries are mostly the
present and see whether increase in carbon
this weather phenomenon emissions. The differences
is constant on average or are that it remains constant
Correct
whether it varies for a while in Switzerland
answer with
4 continuously.” but not in Turkey.”
correct
(Yillik ve giinliik hava (Farkl tilkelerin karbon
explanations
sicakliklarim emisyon grafiklerindeki
toplarim. Gegmig ve benzerlikler ¢cogunlukla
simdiki zamanin farklarina | karbon emisyonunun
bakarim. Bu hava olay1 artmasidir. Farkhiliklar
ortalama olarak sabit midir | ise Switzerland’da bir
ya da stirekli degiskenlik siire sabit kalip
mi gosterir bakarim.) Tiirkiye’de kalmamasidir.)
Group 5: “Once we have Group 3: “There are ups
done some research and and downs between
gathered the data, we countries. This may be
Correct
will compare and because the country is
answer with
3 interpret them all.” developing or not.”

some

explanations

(ilk biraz aragtirma yapip
verileri toparladiktan
sonra hepsini

kargilagtirip yorumlariz.)

(Ulkeler arasinda inis
gikiglar vardir. Bunun
sebebi tilkenin geligip

geligmemesi olabilir.)
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Example from

Example from

Score | Description
Worksheet 1 worksheet 2
Correct Group 1: “Increased at
Group 5: “Population
answer different rates.” (Farklh
2 affects negatively.”
without oranlarda artig
(Niifus kotii etkiler.)
explanations | gOstermistir.)
Group 3: “ The fixed
lines were the same, there
were no emissions during
these dates and they
Partially Group 4: “I look it up on continued to increase
1 correct Wikipedia.” at a constant rate.”
answer (Wikipedia’dan bakarim.) | (Sabit ¢izgiler aym

oldugunu, bu tarihlerde
emisyon olmamig ve
sabit oranda artmaya

devam etmis.)

Incorrect or

Blank

Group 1: “Yes.
Temperatures change,

it demonstrates climate
change.” (Evet. Sicakliklar
degisir bu iklim

degisikligini ispatlar.)

Group 3: “It affects
positively.”

(Olumlu etkiler.)

The 6 steps of the STEM lesson plan were matched with different computational

practices. But, product development and disseminate and reflect parts of the work-

sheets include more than one computational practice. In the worksheets created by

considering I'TP, each step includes questions of varying levels of difficulty. For in-

stance, the questions in the APoKS and fact-finding are easier to answer than ideation



61

and product development which includes data analysis. Also, after creating a product
on the product development part, it was easier to answer questions on testing parts.
Due to this, the content cannot be used to examine how the same computational prac-
tices develop over the course of this study. Thus, each step of the lesson plan was
assessed separately in terms of the level of computational practices. The levels were

determined according to their suitability to the desired answer in that section.

In this section, STEM lesson plan steps were evaluated separately. Below, the
analysis of six steps which were APoKS, fact-finding, ideation, product development,
testing, and disseminate and reflect parts, were shown by giving the scores with exam-

ples from students’ responses and average scores of the computational practices.

The first step in the STEM lesson plans was APoKS, which requires the introduc-
tion of a real-life problem. In LP1, the problem was climate change due to the increase
in global temperatures. In LP2, the problem was human-induced carbon emissions.
The students were asked to create a research plan and define the necessary informa-
tion to show the differences between weather events and climate change in LP1 and to

create a carbon emission plan in LP2.

Table 4.8 shows examples from students’ responses. The sample question was
about the steps to research climate and weather events. Group 3 got 4 points because
they explained the research process with enough explanations, from researching similar
studies to visualizing data, which were also included in the lesson plan activities. Group
5 got 3 points because although they explained what they should do for the research,
they need to explain more about how they will interpret and reflect at the end of
the research. Group 1 mentioned the lower-level research process because they only
mentioned writing similarities and differences on a table, which was already used in
traditional lectures. They did not mention the research process other than highlighting
differences between definitions. They got 2 points because some explanation is required.
Group 4 got 1 point because they only stated that they would look at Wikipedia, which

is not a credible source. Their answer could be accepted as partially correct.



Table 4.8. Example student responses (APoKS).

Decomposition
Sample
Score | Examples from Worksheet 1

Question

Group 3: “After deciding on the subject and field of

the research, I would examine the related similar

researches and make notes. Based on the notes,

I would create a draft for myself. Then I would

support my notes and draft by doing research

myself. I would make graphs from the data on the
. A subject, I would support the research visually.”

a.

(Aragtirmanin konusunda ve alanina karar verdikten
If you were

sonra ilgili benzer arastirmalar: inceler, notlar
asked to do

gikarirdim. Notlardan yola ¢ikarak kendime bir
a research on

) taslak olugtururdum. Sonra kendim arastirmalar

climate and

yaparak notlarimi ve taslagi desteklerdim. Konu
weather

hakkindaki verilerden grafikler ¢ikarir, aragtirmayi
events,

gorsel olarak desteklerdim.)
how would

Group 5: “Once we have done some research and
you start your

gathered the data, we will compare and interpret
research? )

3 them all.” (Ilk biraz arastirma yapip verileri
toparladiktan sonra hepsini karsilagtirip
yorumlariz.)

Group 1: “I write the definition of climate and
weather events. I table their common aspects

2 and non-common aspects.” (Iklim ve hava
olaylariin tanimini yazarim. Ortak yonlerini ve
ortak olmayan yonlerini tablolarim.)

) Group 4: “I look it up on Wikipedia.”

(Wikipedia’dan bakarim.)

62
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To determine the level of computational practices, the average scores for each les-
son step were assessed. In the APoKS part of Lesson Plan 1 (LP1), the decomposition
levels of groups were listed in Table 4.9 from group 1 to group 5 as 3, 4, 4, 2, and 3
respectively. In Lesson Plan 2 (LP2), levels were 3, 4, 3, 1, and 2. In the APoKS part,
the lowest level was 1, whereas the highest level was 4. Except for group 4 and group

5, they are mostly at level 3 and level 4.

Table 4.9. Average scores for decomposition in the APoKS.

APoKS

Group 1 Group 2 Group 3 Group 4 Group 5
Lp1 |LP2 |LP1 |LP2 |LP1 |LP2 |LP1 |LP2 |LP1 |LP2

Decomposition

Level | Level | Level | Level | Level | Level | Level | Level | Level | Level

3 3 4 4 4 3 2 1 3 2

Group 1 and Group 2 were at the same level within the group in LP1 and LP2,
whereas Group 3, Group 4, and Group 5 were at a higher level in LP1 for decomposition.
It shows that groups might decrease their level in another topic depending on the
questions. On the other hand, Group 4 had the lowest levels in the decomposition.
They might have problems breaking down the complex problem into manageable steps
for an unfamiliar topic. The topic in LP1 was climate and weather events, whereas
the topic in LP2 was carbon emissions. Students can predict research steps for the
former, but the latter is not predictable for most students. This situation shows that
the decomposition practices of the groups may be different in the APoKS step of two
different lesson plans depending on whether they are familiar with the topic or not. To
conclude, the average decomposition level for APoKS was 3, which indicates students

showed high skills in relational explanation of dividing problems into manageable parts.
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The second part of the lesson plan was fact-finding, which involved briefly answer-
ing the questions about the problem and concepts by removing unnecessary information
from useful resources. In this part, it is important to answer the specific questions cor-
rectly. For that reason, it differs from other parts of the lesson plan, which require

explanation and examples from data.

Table 4.10 shows students’ responses to the definition of climate change. Students
were expected to highlight dramatic changes in average weather conditions over several
decades or longer. This definition would contribute to students’ understanding that
it is the longer-term trend differentiating climate change from natural weather events
at the end of the lesson. In this section, since the students searched the answers on
the internet and tried to answer the questions most shortly and descriptively, in the
high-level score, the answers were evaluated according to the fact that they included

all the words that should be in the definition rather than explaining relationships.

There were some keywords to define climate change, so students were expected
to use the required words for the answer to the sample question. Group 3 got 4 points
because they used the most important words for defining climate change, which were
“changes in average” and “over decades”. Also, they are aware that climate change
can occur due to humans and natural causes. This definition was the closest answer to
the expected answer. Group 2 also gave the definition and got the 3 points, but they
did not mention that changes should be over decades to define the changes in average
temperatures as a climate change. Group 4 mentioned the causes of the change as
various reasons, but they did not explain the reasons for acceptable answers, so they
get 2 points. Group 5 had a misconception about what climate change is because the

anomalies in weather events do not directly indicate climate change.



Table 4.10. Example student responses (fact-finding).

Abstraction

Sample

Question

Score

Examples from Worksheet 1

2.b. What is

climate change?

Group 3: “Changes in the average state
or variability of climate over decades

or longer due to human-induced

or natural causes.”

(insan kaynakli veya dogal nedenlerle
iklimin ortalama durumunda veya
degigkenliginde onlarca yil ya da daha
uzun siire boyunca gergeklegen

degisiklikler.)

Group 2: “Climate change is the increase
or decrease in average temperature
caused by humans.”

(iklim degisikligi, insanlarin neden
oldugu ortalama sicaklik artisi veya

diigtisii.)

Group 4: “Changes in climate over time
due to various reasons.”
(Iklimin zaman i¢inde cesitli

sebeplerle degigmesi.)

Group 5: “It is colder or warmer
than normal.”
(Normale kiyasla daha soguk

ya da daha sicak olmasidir.)

65
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In the fact-finding part of the LP1, abstraction levels were listed in Table 4.11
from Group 1 to Group 5 as 4, 4, 4, 3, and 3, respectively. In LP2, levels were 3, 4,
3, 4, and 3. It demonstrates that students got level 3 and level 4 in the fact-finding
part. Group 2 and Group 5 were at the same level within the group in LP1 and LP2.
Group 4 increased their level from 3 to 4, whereas Group 1 and Group 3 decreased
their level from 4 to 3 between the two lesson plans. In this step, the reason why
some students’ levels dropped in the second lesson plan may be due to the fact that
they answered questions on a subject they were not familiar with. In general, there
is no level below 3, which indicates that the student’s ability to find the answers to
the questions from the sources is high. This may be due to the fact that at the end of
the traditional lectures, success is measured with open-ended questions. Overall, the
average level for fact-finding was 4. The levels of the groups in the fact-finding part
were proficient (see Table 3.11), which means they completed the process successfully

by reducing complexity to define the main idea.

Table 4.11. Average scores for abstraction in the fact-finding.

Fact-finding

Group 1 Group 2 Group 3 Group 4 Group 5
Lp1 |LP2 |LP1|LP2 |[LP1|LP2 |LP1 |LP2 |LP1 |LP2

Abstraction

Level | Level | Level | Level | Level | Level | Level | Level | Level | Level

4 3 4 4 4 3 3 4 3 3

The third part of the lesson plan was ideation, which included questions about
comparing data sets, finding patterns, making sense of the patterns, and developing
ideas before creating a product. Questions in this part required explanations with ex-
amples from the data to understand similarities and differences. In this part, students
who had begun to analyze data were asked to demonstrate how well they could explain
relationships between concepts using data. But, giving examples from data without
explanation was not a complete answer for this part of the lesson plan since the re-

searcher would assess students’ explanations of the data. In LP1, the data included
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the average temperature graphs, which belong to different cities in Turkey, created by
LabStar™. Also, there were some regional data and graphs from weather events and
climate to do comparisons. The aim was to compare different data and prepare for
using collected data in the product development part. In LP2, the data included the

carbon emissions from different countries created by LabStar™.

The sample question was about using the average temperatures of the region to
understand the concept of climate. Table 4.12 shows the students’ responses to explain
the data with average temperatures from different cities in the same region. Group 3’s
explanation was acceptable as 4, with explanations of the differences and similarities of
regional data. However, Group 5 only gave an example from the data rather than an
explanation of the data, which equals 2 points. The explanation is not enough to answer
a question in the Idea part, because the relationships and trends are important in this
part. The answer contains only descriptive data, but there should be explanations of
the data. Group 2 made a comparison between two cities from the data, but they
used the concept of climate for the data, which includes weather events. This response
showed the students’ misconception about the use of climate concepts. Although three
cities have the same climate as a region, they said the climate of Istanbul and the
climate of Edirne. Although their description is partially correct, the misconception
meant that the answer was not accepted as fully correct. Also, none of the groups got
3 points in this part. Students either answer the questions in this section completely
correctly or give incomplete answers without explanation. The reason might be that
although they know the definitions and differences of the concepts, they might not
be able to answer correctly the questions that require comparison. Students may find
it difficult to write the expected explanations. Students are not used to explaining
concepts with data. So the students answered some questions in the idea part with

higher scores.



Table 4.12. Example student responses (ideation).
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Pattern recognition

Sample

Question

Score

Examples from Worksheet 1

3.c. What can
you conclude
when you
examine the
average
temperatures
of the
provinces in
the Marmara
Region in
September
according to
years?
Explain with

justification.

Group 3: “When we look at the temperature values
of different provinces of Marmara, it is understood
that the temperature values are close to each other.
In other words, we understand that climates are
formed regionally. Different climates occur in
different places. But the climate of that region is
the same. This can only change with global
warming.” (Marmara'nin farkl illerinin sicaklik
degerlerine baktigimizda sicaklik degerlerinin
birbirine yakin oldugu anlagilir. Yani bolgesel
olarak iklimlerin olustugunu anlariz. Farkli yerde
farkli iklimler olugur. Ama o bélgenin iklimi ayni

olur. Kiiresel isimmayla ancak bu degisir.)

Group 5: “The city with the highest temperature in
September is Edirne with 23.7 degrees.”

(Eyliil ayinda en fazla sicakliga ¢ikan gehir 23.7
dereceyle Edirne’dir.)

Group 2: “The climate of Edirne is warmer than
the climate of Kirklareli and also the climate of
Istanbul is warmer than the others.”

(Edirne iklimi Kirklareli'nin ikliminden daha
sicaktir ve ayrica Istanbul iklimi digerlerinden

daha sicaktir.)
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In the ideation part of the LP1, pattern recognition levels were listed in Table
4.13 from group 1 to group 5 as 2, 3, 3, 2, and 2, respectively. In LP2, levels were 2,
4,2, 3, and 4. The levels for pattern recognition were changing between 2 and 4. This
result reflects that students do not have the highest level of pattern recognition, which
requires identifying, clustering, and modularizing steps as well as finding repeated
sequences to analyze the data. On the other hand, the lowest score was 2, which is
better than decomposition in the first part. The average level for pattern recognition in
the ideation part was 3, which means students show relational explanations by finding

similarities, differences, and trends in data.

Table 4.13. Average scores for abstraction in the ideation.

Ideation

Group 1 Group 2 Group 3 Group 4 Group 5
Lp1 |LP2 |LP1|LP2 |[LP1|LP2 |LP1 |LP2 |LP1 |LP2

Level | Level | Level | Level | Level | Level | Level | Level | Level | Level

2 2 3 4 3 2 2 3 2 4

Pattern Recognition

During the transition from the first to the second plan, group 3 decreased its
level, while group 2, group 4, and group 5 increased it for ideation part. Group 1
remained at the same level. This may be due to the students’ general misconception
of the concepts of climate, weather events, and climate change in LP1. Therefore,
it may have been more difficult for them to understand the difference between these
concepts in the graphs in LP1. The difference between the trends in carbon emissions
may be easier to recognize as LP2 focuses on a single concept. It is also possible that
they progressed more easily in this part of LP2 because they understood how to follow
a path in LP1. In general, when compared to the fact-finding part, students have a
lower level in LP1 and LP2. For the ideation part, they were expected to write correct
relationships and interpretations by using data and evidence. For that reason, the level

of difficulty of the ideation part is higher than the other two parts of the lesson plans.
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The fourth part of the lesson was product development, which involved briefly
answering the questions to identify the human activities responsible for the increase in
greenhouse gases in the atmosphere in recent decades and to discuss how they affect
carbon emissions. In this part, there were three tasks to complete including different
types of questions that were answering the open-ended questions (pattern recognition),
creating a report (abstraction), and drawing a graph (algorithmic thinking). Every
task was assessed separately. Firstly, students were expected to identify the patterns
or examples from the previous parts to answer the questions about actions that increase
carbon emissions. Secondly, they were asked to write a report on their understanding
so far. Finally, they were expected to draw a graph to suggest future projections for
carbon emissions by supporting the precautions written in their reports. Table 4.14
indicates the responses to the question about the effects of waste on carbon emissions
with scores. The expected answer to the question was that more solid waste produces
more methane, which directly contributes to the release of greenhouse gases. However,
students only research the fact-finding part of the lesson, so they were not expected to
answer completely correct. Both in ideation and product development, students would
use their pattern recognition practice to answer the questions in product development.
The main idea of pattern recognition is to detect, group, and modularize repetitive

procedures.

According to Table 4.14, the sample question requires an explanation of the effect
of the amount of waste on carbon emissions. Group 1 answered that the amount of
waste increases carbon and pollutes the environment. Although this explanation does
not include any additional explanation, it was acceptable for this part as it scored
4 points. Group 2 mentioned the excessive amount as having a negative impact on
the global climate, but they did not explain the negative impact required for this
question. Group 2 was therefore awarded 3 points. Group 4 got 2 points because they
only mentioned that the amount had a negative impact. They should include carbon
emissions or global climate change to show the relationship. There is no point 1 for

the sample question because students’ answers were correct in general.
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Table 4.14. Example student responses (product development).

Pattern recognition

Sample
Score | Examples from Worksheet 2

Question

Group 1: “The amount of waste increases carbon

and pollutes the environment.”
4.e. How does | 4

(Atik miktar1 karbonu artirir hem de
the amount of
cevreyi kirletir.)
waste affect

Group 2: “Excessive amounts of waste material

carbon
oo have a negative impact on global change.”
emissions? 3
. (Fazla atik madde miktar: kiiresel degisikligi
Explain.

olumsuz etkiler.)

Group 4: “The amount of waste has a negative

effect.” (Atik miktar1 kétii etkiler.)

In the LP2, even though students’ answers met the requirements of the rubric,
they generally responded to the same ideas both in this question and other questions in
this part. It suggests that in order to provide persuasive reports on carbon emissions,
students need to improve their products. For that reason, in the next lesson part,
which is testing, students would assess their product and make improvements by using

a simulation tool.

In the LP2, the creation of a report outlining the limitations for the nation’s
carbon emissions was the second type of question in the product development part.
Students were asked to assess what knowledge was essential to completing their task and
what was unnecessary to answer this question. Since the report requires summarizing
what they have learned by taking the answers that are necessary from the different
parts of the lesson, students filtered the extra information to answer this question.
Table 4.15 shows students’ answers for product development by using abstraction.

Since students were asked to include only significant information, some students did
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not include an explanation of the action plan in their reports. It shows that students
regarded explanations as unnecessary in the abstraction practice. For that reason, their
answers were similar to each other, and most of them got 2 points on this question.
However, to get the point 4 from the creation report, they were expected to briefly
explain what they have learned so far with the necessary explanations. The group either
wrote necessary explanations or did not write any explanations. Group 5 included the
necessary precautions with the reason, so they got 4 points. Group 4 wrote only the
precautions without explanation, so they got 2 points. On the other hand, Group
1 wrote information from the introduction but did not write any precautions and

explanations, which they were asked to include.



Table 4.15. Example student responses (product development).

Abstraction
Sample
Score | Examples from Worksheet 2
Question
Group 5: “Filters can be installed in the factory
chimneys to reduce the CO2 rate as in the table.
Electric vehicles can be built instead of
gasoline vehicles. We can avoid cutting down
trees unnecessarily. Renewable energy sources
can be made instead of coal. We must ensure
that factory waste flows to other places instead
of the seas. We should warn people about
4.h. Write a | 4 throwing garbage on the ground.”
report (Tablodaki gibi CO2 orani azaltmak igin
including fabrika bacalarina filtre takilabilir. Benzinli
action plan araclar yerine elektrikli araclar yapilabilir.
based on the Gereksiz agac kesimini onleyebiliriz. Komiir
information yerine yenilenebilir enerji kaynaklar1 yapilabilir.
you learned Fabrika atiklarimin denizler yerine bagka yerlere
in the lesson, akmasini saglamaliyiz. Insanlar yerlere ¢p atma
what was konusunda uyarmaliyiz.)
discussed in Group 4: “Reducing the use of coal, increasing
the group the use of electric vehicles, reducing public
discussions 2 transport.” (Kémiir kullammim azaltmak,
and your elektrikli arac kullanimimi arttirmak, toplu
evaluations. tagima araclarin azaltmak.)
Group 1: “In the 1900s, there was a significant
. increase in human-induced carbon emissions.”

(19001 yillarda insan kaynakh karbon saliminda

ciddi artiglar olmus.)
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The third type of question in the product development part was drawing a graph
to show future projections for carbon emissions in their country. Table 4.16 shows the
description of scores for assessing students’ graphs created in the product development
step of the lesson plans. Drawing graphs was matched with algorithmic thinking since
this practice requires the analysis of data and defining a process by using a series of
steps. The rubric used for assessing open-ended questions in the worksheets (see Table
4.7) was adapted to the graph assessment and created a new rubric for this question
(see Table 4.16). A correct graph includes the title (offers a short explanation of the
graph), the label of the x-axis and y-axis (offers which data you include), equal intervals
(writing continuous sets of real numbers on the graph), and data (the information that

the graph contains). Graphs were scored from 0 to 4.

The graphic analysis took into account the ability to explain a concept with
the graph (i.e., climate change, weather event, climate or carbon emissions), writing
the components of the graph, its relevance to the previous graphs, and the rules for
drawing graphs. 4 points if the graph contains all of the necessary steps given above,
3 points if it can explain the concept but some components are missing, 2 points if the
graph components were not specified but a concept was partially explained, 1 point if a
partially correct graph was created but the graph was insufficient to explain a concept

covered in the lesson plans, 0 points if it was blank or incorrect.

Table 4.16. Rubric used for assessing the graphs.

Score | Description

4 Correct drawing with correct components and heading, explain a concept

Correct drawing with some correct components, explain a concept

Correct drawing without components or partially explain a concept

Partially correct drawing/ not enough to explain a concept

S | | N | W

Incorrect or Blank
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Table 4.17 shows examples from students’ worksheets with scores in LP1, and
Table 4.18 shows examples from students’ worksheets with scores in LP2. According
to Table 4.17, group 4 got the highest score with the graph to explain the climate change
concept, including the heading, graph components, and the drawing in accordance with
the sample graph. It shows that they were good at algorithmic thinking in product
development for LP1. Group 2, on the other hand, drew a weather event graph with the
drawing in accordance with the collected data, but they included graph components
in the graph rather than on the y-axis. Group 1 only drew a graph without any
components. Since it explains a concept, it was regarded as acceptable. Group 5 got 1
point because their graph was not completed to explain any concepts in the questions,

which means the graph was partially correct.



Table 4.17. Example student responses (product development) in LP1.

Algorithmic Thinking

Sample

Question

Score

Examples from Worksheet 1

4.e. Create
your graphs
explaining at
least two of
the concepts
of climate,
weather
events or
climate

change.

Group 4:

Group 2:

Group 1:

Group 5:
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Table 4.18 indicates the graphs created by students during the product devel-
opment part of the LP2 with scores. In this graph, the trends in future projections
were significant to represent. Students used algorithmic thinking during drawing their
graph because the process requires to create of a series of defined steps like analyzing
given data, determining components to create a graph, writing headings for graphs,
placing the data correctly, and meaningful trends in the graphs, and being related to

previous graphs or data.

Table 4.18. Example student responses (product development) in LP2.

Algorithmic Thinking

Sample

Score | Examples from Worksheet 1
Question
4.i.In line with | 4 Group 5:

the measures,
show your
projections
for the future

carbon emission

level of your 3 Group 1:
country by
drawing graphs.

2 Group 4:
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In the product development content of the LP1 and LP2, levels were listed in
Table 4.19 from Group 1 to Group 5. In LP1, the lowest level was 3 for pattern
recognition, 1 for algorithmic thinking, and 3 for abstraction. In LP2, the lowest level
was 2 for pattern recognition, 2 for algorithmic thinking, and 1 for abstraction. The
highest level was 4 for three of the computational practices in both LP1 and LP2.
The average level for pattern recognition, algorithmic thinking, and abstraction was 3,

which means students generally used relational explanations.

Table 4.19 shows that Group 2, Group 3, and Group 4 lowered their levels in
the second plan for pattern recognition. Group 1 increased its level, while Group 5
remained stable. In LP1, the emphasis was more on presenting a report with a graph,
whereas in LP2, students were expected to explain the precautions that could be taken
and the effects of these measures. However, as students did not provide a sufficient
explanation in their answers, they were at a low level in LP2 for pattern recognition

practice.

The drawing a graph task was new for students in LP1, so they were lower lever
except for Group 2 and Group 5. However, in LP2, Group 1 and Group 4 increased
their level of algorithmic thinking, while other groups remained at the same level. In

the second plan, it was observed that the level of pattern recognition decreased.

In the abstraction part, students generally tend to write answers without expla-
nation. The abstraction also became lower level since they did not include necessary
information on open-ended questions in this part. To conclude, students were not good
at explanations for creating a report if there were no representations to explain, whereas
they could use data to write the explanation of the graph in LP1 in abstraction. In the
second plan, the report focused on precautions and reasons for carbon emissions that
students are unfamiliar with. If they did not look for the necessary information in the
fact-finding part to use in the next parts, their scores showed the missing information
even though they got enough points on the fact-finding part. It shows the effect of

the algorithmic thinking process throughout the lesson plans to support the level of
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practice. For that reason, Group 1, Group 2, Group 3, and Group 4 decreased their

level in LP2, whereas Group 5 remained at the same level.

Table 4.19. Average scores in the product development.

Product Development

Group 1 Group 2 Group 3 Group 4 Group 5
Lp1 | LP2 |LP1| LP2 |LP1| LP2 |LP1| LP2 | LP1 | LP2

Level | Level | Level | Level | Level | Level | Level | Level | Level | Level

Level | Level | Level | Level | Level | Level | Level | Level | Level | Level

Level | Level | Level | Level | Level | Level | Level | Level | Level | Level

Abstraction | Algorithmic Thinking | Pattern Recognition

Moreover, in the product development part of the second lesson plan, the stu-
dents were asked to explain the effects of population, construction, use of vehicles, and
amount of waste on carbon emissions. However, it was observed that the students gave
similar answers to these questions, even if their answers were correct. The originality of
the reports they create using this information would be low. Therefore, a new testing

tool was presented to the students. They were expected to develop their answers.
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The fifth part of the lesson was testing, which included critically reviewing the
current product and comparing this product to specific criteria using pattern recog-
nition practice. In LP1, the questions were about the trends in the data for the last
decade in the current region and the trends in the data for different cities. In LP2, the
questions were about the precautions taken to prevent carbon emissions in the country,
the global contribution of the report, the impact of the report on achieving zero emis-
sions, and the possibility of achieving zero emissions. According to Table 4.20, in the
testing part, Group 3 gave short answers and got 2 points for all questions in the LP1.
Group 4 got 3 points because they explained why they stated no difference. Group 2

got 4 points because they stated the explanations with reasons.

Table 4.20. Example student responses (testing).

Pattern Recognition
Sample
Score | Examples from Worksheet 1

Question

Group 2: “Yes. According to our graph, temperatures

are higher in November. In other

words, the climate of our region will

change and there will be hotter summers
5.b. When you | 4 and winters without precipitation.”
compare your (Evet. Bizim grafigimize gore kasim ayinda
graph with sicakliklar daha yiiksek. Yani bulundugumuz bélgenin
the data of the iklimi degisecek daha sicak yazlar ve
last 10 years, kiglar yagigsiz mevsimler olacak.)
can you see a Group 4: “The data is similar.
significant 5 So there is not much difference.”
difference in (Benzer veriler oldugu igin ¢ok
the climate of fark yok.)
your region? 5 Group 3: “It has increased continuously.”
Explain. (Stirekli artmus.)
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In the testing part of the LP1 and LP2, students were asked to assess their
products by answering the questions. In LP1, pattern recognition levels were listed in
Table 4.21 from group 1 to group 5 as 2, 4, 2, 3, and 3, respectively. In LP2, scores
were 2, 3, 4, 2, and 3. The highest level was 4, whereas the lowest level was 2 in both
LP1 and LP2. The average level for pattern recognition was 3, which means students

generally used relational explanations to test.

According to Table 4.21, as the students started to write shorter answers, a lower-
level score was obtained in the testing part. Even though they seem to be at a low
level for pattern recognition, when considered as an algorithmic process throughout
the course, the product has been improved thanks to the testing part. Especially for
LP2, with the climate interactive tool, students included explanations and additional
information. Group 1 and Group 5 remained at the same level. Group 2 and Group
4 decreased their level, while Group 3 increased the level from 2 to 4, which was the
highest level in LP2 in the testing part. The results show that intragroup consistency
was not observed in the testing part. According to the question, the groups gave

answers on different scores.

Table 4.21. Average scores for pattern recognition in the testing.

Testing

Group 1 Group 2 Group 3 Group 4 Group 5
Lp1 | LP2 |LP1| LP2 |LP1| LP2 |LP1| LP2 | LP1 | LP2

Level | Level | Level | Level | Level | Level | Level | Level | Level | Level

Pattern Recognition
[\
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The last part of the lesson plan was disseminate and reflect, which required the
presentation of the products developed during the lessons. In this part, students were
expected to use abstraction to summarize and elaborate on what they had learned
and algorithmic thinking to create a poster that included the necessary steps from the
lesson parts. Students created a poster using algorithmic thinking to include the most
important parts of the lessons by explaining the concepts and using a series of expla-
nations from the lesson. Since what has been done throughout the process should be
brought together in algorithmic thinking practice, it is necessary to evaluate the ex-
planations and information obtained from all the steps separately. Then, the separate
steps are expected to form a whole. In this part, students’ posters (see Appendix H)
were assessed using the codes from explanations in the lesson parts (see Appendix G).
After the codes were determined, all lesson parts (i.e., ideation and pattern recogni-
tion) were assessed separately using the same rubric throughout the worksheet analysis
(see Table 4.7). For example, in LP1, posters were expected to include explanations
and information from APoKS, fact-finding, ideation, and product development parts.
All parts were assessed with the rubric (see Table 4.7), then the average score was de-
termined as the algorithmic thinking score. The same process was done for LP2 after
including the testing part for assessment. Therefore, in LP2, posters were expected
to include explanations and information from APoKS, fact-finding, ideation, product

development, and testing.

In the disseminate and reflect part in LP1, abstraction levels were listed in Table
4.22 from Group 1 to Group 5 as 2, 4, 3, 4, and 4, respectively. In LP2, scores were
4,4, 2, 4, and 2. The lowest level was 2, whereas the highest score was 4 in both LP1
and LP2. Group 2 and Group 4 had the highest abstraction level in lesson plans. The
average level for abstraction was 3. Secondly, in LP1, algorithmic thinking levels were
listed in Table 4.22 from Group 1 to Group 5 as 3, 3, 3, 2, and 3, respectively. In
LP2, scores were 3, 4, 3, 2, and 3. The lowest level was 2, whereas the highest score
was 4 in both LP1 and LP2. Group 2 had the highest level in LP2, whereas Group 4
had the lowest algorithmic thinking level in both lesson plans. The average level for

algorithmic thinking was 3, which means students used relational explanation.
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Table 4.22. Average scores in the disseminate and reflect.

Disseminate and Reflect

Group 1 Group 2 Group 3 Group 4 Group 5
Lp1| LP2 |LP1| LP2 |LP1 | LP2 |LP1 | LP2 | LP1 | LP2

Level | Level | Level | Level | Level | Level | Level | Level | Level | Level

2 4 4 4 3 2 4 4 4 2

Level | Level | Level | Level | Level | Level | Level | Level | Level | Level

Algorithmic Thinking | Abstraction

The codes obtained from posters for each group are similar to the questions in
the worksheet (see Appendix G). These codes help to decide which codes come from
which steps of the lesson plan to give scores for information in the posters. The analysis
supports the idea that computational practices develop students’ deeper understanding
of a concept in order to create a product. In the poster analysis, apart from codes, the
levels were determined by using a rubric. For LP1, students were expected to include
what they consider significant from APoKS, fact-finding, ideation, and product devel-
opment in the poster. The information taken from the different steps (i.e., ideation,
fact-finding) was assessed with the same rubric used throughout the lesson plans. Af-
ter determining a score for four different steps, the average score was calculated, and
the level was determined. In LP2, students were expected to include information from
APoKS, fact-finding, ideation, product development, and testing parts. In LP2, the
testing part was included because they developed a poster in line with the climate inter-
active tool. Each step was scored using a rubric, and the average score was calculated

to determine the level. Except for Group 4, all groups created higher-level posters,
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which means that the instructional steps complete the development of the product at

the end by improving algorithmic thinking (see Table 4.19).

Overall, groups received points at different levels for the same computational
practices in different lesson plans. This was an expected result as practices require an-
swering questions using specific computational practices at each step of the lesson plan.
It was also expected that the same computational practice would appear at different
levels for different lesson plans. According to the results of this study, computational
practices do not have a certain level for the same groups. They can change accord-
ing to the information requested in the question. In general, it can be said that the
ability of eighth-grade students to explain concepts such as climate, weather events,
climate change, and carbon emissions using computational practices in lesson plans
with integrated data practices is at the average Level 3. Even though students have an
average level, they were expected to be able to explain the similarities and differences

and trends in the data or analyze data with better examples.

On the other hand, the whole lesson plan steps were assessed separately to de-
termine the levels of groups in different computational practices. The average level of
the groups was highest at the fact-finding step in general, while the other steps were
at the same level as 3. On the other hand, the whole lesson plan steps were assessed
separately to determine the levels of groups in different computational practices. The
average level of the groups was highest at the fact-finding step in general, while the
other steps were at the same level as 3. If all the steps of the STEM lesson plan are seen
as algorithmic thinking, the average level of the levels in these steps and the posters
shared in the disseminate and reflect part was found to be the same, that is, 3. This

shows that the overall average in the process is consistent.

4.4.1.2. Interview. In the interview, it was aimed that students would determine the

computational practices that they use unconsciously, by summarizing what they have
done throughout the process (see Appendix I). The codes were determined by eval-

uating the students’ views on teaching climate, weather events and climate change
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with CT-integrated lesson plans as well as the computational practices and data prac-
tices determined by Weintrop et al. (2016) used as codes. 6 participants answered
the twelve semi-structured interview questions. Only three questions were analyzed to
answer the fifth research question on students’ perspectives, while others were used to
understand students’ thoughts toward CT-integrated instruction. The analysis of the

main interview questions is given below.

In response to three main interview questions were given as follows: “Can you
briefly summarise what you remember from what you did in our class?”, “What did
you do in the group work? Can you explain in the order you remember? At what
stages did you contribute to the group work? Can you explain the parts of your
contribution?”, and “What activities can you remember related to the definitions?”
(see Appendix I). Students’ responses to the main questions were analyzed to create
codes considering computational practices from the literature (Weintrop et al., 2016).
Questions focused on highlighting the unconsciously used computational practices from
the students’ explanations. For the question about the definition, students were asked
to give examples from lessons after giving the definition of all four computational

practices.

There were four categories which were decomposition (see Table 4.23), abstrac-
tion (see Table 4.24), pattern recognition (see Table 4.25), and algorithmic thinking
(see Table 4.26) with codes and examples from the interview. Table 4. 23 shows the
codes highlighted by students from activities in the lessons at the interview. Decom-
position means reducing a main problem or idea into manageable steps (Peters-Burton
et al., 2022). This computational practice was included in the APoKS steps of both
lesson plans. The emerging codes from students’ examples were creating data, deter-
mining the important data to use, interpreting data, planning data, distributing the
roles, determining the research question, determining the method /necessary steps, and
manipulating data. Since the decomposition step was included in LP1 and LP2 in
APoKS part of the lesson plans, students gave expected answers for this CT practice.

The codes highlighted by 6 participants were 3 for P1, 5 for P2, 3 for P3, 1 for P4, 4 for
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P5, and 0 for P6, which means except for P6, all participants gave an example about
a code related to decomposition throughout the interview. Overall, 15 codes emerged
from students’ responses. Emerging codes were grouped into 7 codes. P2 mentioned 5
codes as the highest number, while P6 did not mention any of the codes related to the

decomposition practice.

Table 4.23. Codes of decomposition category.

decomposition

Codes Examples from the interview

P1: “Firstly, we observed weather forecast data. ...
Creating data We underlined important parts of the assigned
(determining the | reading passage.”

important data
to use) P2: “... We chose a country and determined what

needs to be done to reduce carbon emissions.”

P2: “We did activities such as visual and graphic

interpretation.....”

Interpreting

1 P5: “My friends and I have analysed and interpreted

ata

these data respectively based on the graphs, tables
and information given to us by making use of the
presentation opened to help us.”
P1: “At the beginning, we planned what to do as a
group.”

Planning
P2: “Planning.”

data

P3: “ We planned in advance how we should

proceed.”
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Table 4.23. Codes of decomposition category (cont.).

Decomposition

P1: “Then we shared our tasks according to

professions.”
Distributing
P2: “I distributed the tasks to my friends.”
the roles
P5: “....Then we determined who would work on
which topic.”
Determining

P4: “After reading the text and identifying our
the research
research question, we proceeded more easily.”
question

P3: “At first, we planned which steps we would
follow to conduct the research.”
Determining the

method /necessary | P2: “I created a road map at the beginning.”

steps
P5: “Once we had determined what needed to
be done, it was easy.”
P3: “We sorted the questions according to our
Manipulating occupational groups.”
data

P5: “Firstly, we cleared the given data.”

Table 4.24 shows the codes highlighted by students from activities in the lessons
at the interview. Abstraction means using necessary data while eliminating as much
irrelevant or distracting data as possible from the problem (Peters-Burton et al., 2022).
This computational practice was included in fact-finding and disseminate and reflect
steps of both lesson plans. The emerging codes from students’ examples were creating

data/doing research, identifying common answers/ exchange of ideas, making infer-
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ences from data, summarizing what has been learned/learning process, and focusing

on important data.

Table 4.24. Codes of abstraction category.

Abstraction

Codes Examples from the interview

P2: “Visual and graphic review... In the animation, we
examined the color representation of carbon emissions in
Creating data the world according to years.”

(doing research)
P4: “We examined the results and effects of global warming

from different sources.”

P1: “In the questions, we wrote down our common thoughts
Identifying common | on the topics.”

answers/ exchange
of ideas P4: “We made a common decision. .. We exchanged ideas and

produced common results.”

P1: “We made predictions about climate change... We were

expected to anticipate how things would develop years later.”

P2: “In recent years, we realized that more releases were

made because it was redder.”
Making inference

from data
P3: “We have summarised the information we have obtained

and created our graph.”

P4: “We processed the information given to us according to

different areas.”
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Table 4.24. Codes of abstraction category (cont.).

Abstraction

Summarizing what
has been
learned/learning

process

P1: “We spent this process as a learning process, as if the first
stages of the lesson were enabling us to learn. Then we
determined the parts we could use from what we learned as a

group.”

Focusing on

important data

P1: “We found out what information was useful to us and

write down shared decisions in the reports we produced.”

P2: “Identifying and presenting key ideas for the presentation.
We discussed what information to include in the poster
presentation. Our friends and I had different ideas about some
parts. I tried to explain to them that we should not put
everything. We had a discussion about what information

should be written in our report.”

P3: “We searched for useful information on the internet and
noted it down. Also, when we collected temperature data,
we did not use all the data. In order to share what we have
learned about this subject with our friends, we put the

important parts of our research on a poster.

P4: “We determined the information that should be used in our
report from the sections we all wrote. Since we cannot write
everything, we may have done this when determining which
sentences to write. We shared the important parts.”

P5: “We tried to write important information.”

P6: “We did research and noted down what was useful to us.”
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Although this computational practice was analyzed in the lesson plan only for
the fact-finding and disseminate and reflect parts, the students gave an example from
the activities they made throughout the lesson. This shows that some practices were
used during the lessons by students even though such practices were not scored by the
researcher. The codes highlighted by 6 participants were 4 for P1, 3 for P2, 2 for P3, 4
for P4, 1 for P5, and 1 for P6 which means all participants gave an example of a code
related to decomposition throughout the interview. Overall, 15 codes emerged from
students’ responses. Emerging codes were grouped into 5 codes. P1 and P4 mentioned
4 codes as the highest number, while P5 and P6 mentioned 1 code as the lowest number

related to the abstraction practice.

Table 4.25 shows the codes highlighted by students from activities in the lessons
at the interview. Pattern recognition involves recognizing recurring trends and creat-
ing more effective algorithms by grouping and modularizing steps (Peters-Burton et
al., 2022). This computational practice was included in the ideation, product develop-
ment, and testing steps of both lesson plans. The emerging codes from students’ exam-
ples were manipulating data/organizing data, analyzing data/making inferences using
data, examining the changes in data over time, adapting the common ideas to answer
questions, comparing the data (understanding similarities and differences), drawing a
graph/understanding the changes on data over time, taking notes from data, analyzing
the data/graph to find patterns or repetitions, critical thinking, making an appropriate
plan or program, and following the patterns. The codes highlighted by 6 participants
were 5 for P1, 2 for P2, 3 for P3, 1 for P4, 3 for P5, and 1 for P6, which means all
participants gave an example of a code related to pattern recognition throughout the
interview. Overall, 15 codes emerged from students’ responses. Emerging codes were
grouped into 11 codes. P1 mentioned 5 codes as the highest number, while P4 and P6

mentioned 1 code as the lowest number related to the pattern recognition practice.



Table 4.25. Codes of pattern recognition category.

Pattern Recognition

Codes Examples from the interview
P5: “After everyone took on their duties,
Manipulating we organized the information we had cleared
data/organizing on that subject and shared our thoughts. ..

data

We took notes for the important

information we see and organise it later”

Analyzing data/
making inferences

using data

P3: “Interpretation.”

P5: “I contributed to the graph
interpretation phase. I analyzed the

weather averages of the past 30-40 years.”

Examining the
changes on data

over time

P1: “In the graph, I have analyzed
how the temperature of

our region changes in a week.”

Adapting the
common ideas
to answer

questions

P4: “I rather evaluated our
common ideas and adapted

them to the given questions.”

Comparing the data

(understanding
similarities

and differences)

P1: “Comparing rates of

climate change in different countries.”

P3: “Understanding similarities
and differences was something we did

over and over again.”

Drawing a graph/
understanding the
changes on data

over time

P1: “drawing a graph of

temperature change.
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Table 4.25. Codes of pattern recognition category (cont.).

Pattern Recognition

P1: “Noting down all data.”

Taking notes
P5: “We took notes of the important

from data
information and utilized notes
during practice.”
P2: “Analysing weather patterns, temperature
graphs and carbon emission graphs are something
Analysing the we do over and over again.”

data/graph to
find patterns P3: “In the graphs, we have determined that average
or repetitions temperatures are gradually increasing.

In the one about countries, we tried to find out

in which years carbon emissions were higher.”

Critical o

P1: “Thinking too much.”
thinking
Making an P6: “We made a proper program
appropriate plan and planning.”

P2: “Since we followed the same steps
Following the
in both lessons, we better understood
patterns
what to do in the second lesson.”

Table 4.26 shows the codes highlighted by students from activities in the lessons
at the interview. Algorithmic thinking means creating a set of detailed instructions
to follow in order to address a problem (Peters-Burton et al., 2022). According to
Peters-Buton et al. (2022), these steps might include collecting necessary data for
problem-solving, analyzing data, or any other defined process which results in the cor-
rect explanation of the problem with possible solutions. This computational practice

was included in product development and disseminate and reflect steps of both les-
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son plans. The emerging codes from students’ examples were analyzing data, drawing
graphs, creating posters, creating/using a series of steps to solve problems, reusing sim-
ilar processes, putting jigsaw puzzle pieces together, and following a certain sequence.
The codes highlighted by 6 participants were 5 for P1, 3 for P2, 2 for P3, 5 for P4, 0
for P5, and 0 for P6 which means except P5 and P6, all participants gave an example
about a code related to algorithmic thinking throughout the interview. Overall, 15
codes emerged from students’ responses and were grouped into 7 codes. P1 and P4
mentioned 5 codes as the highest number, while P4 and P6 did not mention any of the

codes related to the algorithmic thinking practice.

Table 4.26. Codes of algorithmic thinking category.

Algorithmic Thinking

Codes Examples from the interview

P1: “In general, we worked on graphic analysis
and drawing conclusions.”

Analyzing data
P4: “I suggested solutions to my friends
about this issue and explained to them

what we could do.”

P1: “We analyzed the graphs and created

our graphs.”

P2: “We tried to draw graphs similar

) to the graphs we have already analyzed.”
Drawing graphs
P4: “We have drawn the temperature change
graph according to days and the carbon

emission graph of the selected country

according to years.”




Table 4.26.

Codes of algorithmic thinking category (cont.).

Algorithmic Thinking

Creating posters

P1: “We measured the weather in Edirne.
We analyzed the graphs and created graphs according
to ourselves. In general, we prepared a poster by

working on graph examination and conclusion.”

P4: “We measured the temperature of our

region to see if we could understand climate change.
We tried to examine the damage caused by different
countries in the world from the graphs.

We tried to reduce the damage by planning for the
future. We created a poster according to the

questions on the worksheet.”

Creating/using
a series of steps

to solve problem

P1: “According to our measurements and the
information found by my friends in the

previous sections, I helped to draw a common graph.”

P3: “We followed the necessary steps by looking
at the graph and then wrote it on paper. ..

We exchanged ideas with our friends,

produced solutions, discussed what could be done,

and answered questions using scientific data.”

P4: “We tried to reduce damages by planning
for the future. We created a poster according to the

questions on the worksheet.”
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Table 4.26.

Codes of algorithmic thinking category (cont.).

Algorithmic Thinking

Reusing

similar processes

P1: “ We tried to include what we paid attention to
in the previous sections as problem-solving in the
report preparation part. We followed similar
processes in both of our reports. The second

report was easier because we more or less
understood what we had to do in the first one.

We created an order and used it again.”

P3: “We had no difficulty drawing the other
one because we had developed our drawing
skills beforehand. We analyzed the graphs
given to us and tried to create similar ones,

and it was not difficult.”

Putting jigsaw
puzzle pieces

together

P2: “We tried to write the important ones from

the information we wrote on the worksheet.”

Following a

certain sequence

P2: “We took care to make the report in order.
First, we determined the titles of the report.

I listed the events one by one. One of my
friends visualized the results while others

tried to deduce from the graphs.”

P4: “We drew a meaningful conclusion from
activities. We stated these observations in the

report by listing them in chronological order.”
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Findings also showed that P2 expressed all subthemes with examples from the
process. It means that even though the computational practices and definitions were
unfamiliar to students, the participant internalized the processes they used throughout

the lessons. The description of the steps was essential for the use of such practices.

Participant 2: “I remembered the activities and the presentations. We did
activities such as visual and graphic interpretation. We interpreted the increase
in climate change from past to present through graphs, we examined the situation
of our region and measured the temperature, and we discussed whether it was
climate change or a weather event. In the animation, we examined the color
representation of carbon emissions in the world according to years. Since it was
red in recent years, we understood that more emissions were made. Then we
tried to draw graphs similar to the graphs we examined before. We discussed
what information to add to the poster presentation and made a presentation.
In another lesson, there was a study on the global temperatures of countries.
We chose a country and determined what needs to be done to reduce carbon
emissions.”

On the other hand, not all of the participants described an activity that matched with
all of the computational practices. The frequency of codes for each computational prac-
tice are: decomposition (7), abstraction (5), pattern recognition (11), and algorithmic
thinking (7) in line with the answers of 6 participants. It means that the most inter-
nalized code was pattern recognition, whereas other codes have almost equal numbers

of codes.

But, some participants might not include all of the practices during the interview.
P5 gave an example of decomposition, abstraction, and pattern recognition. It means
that this participant did not remember the steps for algorithmic thinking even though
the most outstanding part was that. In general, the participant mentioned the activities
at the beginning of the lesson plan. The other steps and practices were missing in the

explanation or they were not stated clearly.

Participant 5: “My friends and I have analyzed and interpreted these data
respectively based on the graphs, tables, and information given to us by making
use of the presentation opened to help us. I contributed to the graph interpreta-
tion phase. I analyzed the weather averages for the past 30-40 years. Then we
determined who would work on which topic.”



97

Even though some of the examples given by the students were not evaluated with
the rubric during the lesson process, they were added to the relevant codes because
they were stated by the students. For example, P5 stated the task distribution to make

a plan for the research, but the researcher did not assess this process.

Another example was the codes, including the process of both lesson plans. Even
though the researcher did not evaluate the practices from the different lesson plans,
students highlighted the codes that emerged during the process. For instance, P1 and
P3 mentioned that using a similar path on the LP1 helps them to understand what
they should do in the LP2. So, in algorithmic thinking, the code that reuses similar

processes emerged from students’ explanations.

Participant 1: “We followed similar processes in both of our reports. The
second report was easier because we more or less understood what we had to do
in the first one. We created an order and used it again.”

Participant 3: “We did not have any difficulty in drawing the other one
because we had developed our graph drawing skills beforehand. We analyzed the
graphs given to us and tried to create similar ones and it was not difficult.”

Overall, as a result of the answers given by students from their perspective to
the question of which computational thinking skills eighth-grade students used during
the intervention, it was also emphasized which practice matched which data practice.
Throughout the process, computational practices and data practices were shown from
the students’ perspective. However, different numbers of codes could be extracted for
different computational practices from the answers of different students. For example,
the total number of codes extracted from all categories from the participant with the
highest number of codes to the participant with the lowest number of codes were P1
(17), P2 (13), P4 (11), P3 (10), P5 (8), and P6 (2), respectively. In addition, P6 did
not mention any codes related to decomposition and algorithmic thinking practices,
while P5 did not mention only algorithmic thinking practice. At least 1 code example
for each practice was extracted from the answers of other participants. On the other

hand, all computational practices had 15 codes that were extracted from different
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participants, which means even if not all students, according to the general answers,

it was concluded that students were aware of the data practices they used during the

process.

4.5. Summary of Results

(i) There was a significant difference in eighth-grade students’ understanding of cli-

mate change after the intervention.

(ii) There was a significant difference in eighth-grade students’ understanding of cli-

mate change between the control and experimental group.

(iii) There was a significant difference in eighth-grade students’ computational think-

ing skills after the intervention.

(iv) There was a significant difference in the eighth-grade students’ computational

thinking skills between the control and experimental group.

(v) Findings of worksheet analysis, including computational practices used through-

out the lesson plans as follows:

The average decomposition level for APoKS was 3, which shows students
have nearly higher skills in dividing problems into manageable parts.

The average abstraction level for fact-finding was 4, which shows students
have higher skills in reducing complexity to define the main idea.

The average pattern recognition level for ideation was 3, which shows stu-
dents have nearly higher skills in comparing data sets, finding patterns,
making sense of the patterns, and developing ideas with explanations.

The average pattern recognition, algorithmic thinking, and abstraction levels
for product development were 3.

The average pattern recognition level for testing was 3.

The average abstraction and algorithmic thinking levels for disseminate and

reflect were 3.

(vi) According to the interview results, the codes highlighted by the participants
from the highest to the lowest number of codes are P1, P2, P4, P3, P5, and P6,

respectively. Findings from the interviews in different categories are as follows:
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Decomposition: 15 codes emerged from students’ responses. P2 mentioned
5 codes as the highest number, while P6 did not mention any of the codes
related to the decomposition practice. Emerging codes were grouped into 7
codes.

Abstraction: 15 codes emerged from students’ responses. P1 and P4 men-
tioned 4 codes as the highest number, while P5 and P6 mentioned 1 code as
the lowest number related to the abstraction practice. Emerging codes were
grouped into 5 codes.

Pattern recognition: 15 codes emerged from students’ responses. P1 men-
tioned 5 codes as the highest number, while P4 and P6 mentioned 1 code
as the lowest number related to the pattern recognition practice. Emerging
codes were grouped into 11 codes.

Algorithmic thinking: 15 codes emerged from students’ responses. P1 and
P4 mentioned 5 codes as the highest number, while P4 and P6 did not men-
tion any of the codes related to the algorithmic thinking practice. Emerging

codes were grouped into 7 codes.
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5. DISCUSSION

Daily life challenges require interdisciplinary problem-solving skills by utilizing
critical connections between the disciplines. It is crucial to understand how one disci-
pline can support the learning of the other (Frykholm and Glasson, 2005). In the 21st
century, students should learn disciplinary knowledge with interdisciplinary knowledge,
skills, and practices. The Ministry of National Education (MoNE, 2018) has published
a flexible curriculum that highlights the importance of STEM and engineering imple-
mentations to science objectives. Teachers should find an interesting and authentic way
to integrate STEM education into science lessons. STEM Integrated Teaching Frame-
work (ITP) is one of the effective ways to create authentic lesson plans by integrating
more than one discipline (Corlu, 2017). The framework is used to create STEM lesson
plans that are primarily focused on one STEM subject while also taking into consid-
eration other STEM disciplines as means of developing creativity and doing research
(Abanoz and Yabas, 2022). Using ITP, teachers can incorporate global perspectives,
themes, challenges, and concerns into their subject areas (Yabag and Bozoglu, 2022).
Global Climate Change is an issue that all disciplines should address in their objectives

using interdisciplinary knowledge and skills.

A quality educational experience entails more than just learning content, so stu-
dents’ classroom experiences should enable them to acquire a variety of thinking skills
(Peters-Burton et al., 2015). In the literature, it is emphasized that not only those who
are interested in computer science but also every child should develop computational
thinking (CT) skills (Wing, 2006). Many studies supported the idea that CT can be
integrated into science learning (Sengupta et al., 2013; Weintrop et al., 2016; Rich et
al., 2020). As Kite and Park (2021) stated, although teachers know that CT integra-
tion for K-12 students was broadened in the core curriculum, CT integration remains

uncominoin.
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There are different ways of using computational practices to teach a topic. Some
are learning to use computational practices through block-based applications (Boulden
et al., 2018; Aksit and Wiebe, 2020; Rodriguez-Martinez et al., 2020) while others
involve teaching a subject in such a way that computational practices overlap the
activities during teaching a topic (Arik and Topgu, 2022). If we want to popularise
CT in all courses, it is necessary to demonstrate the integration of CT into science
classrooms and the effects of using CT skills on students. Some teachers do not want
to use block-based applications with computational thinking, which leads to avoiding

including these skills in the teaching process.

There were mainly two aspects of this study: the former is to measure the differ-
ence between both CT skills and climate change knowledge of students in experimental
and control groups as well as the difference between these groups, and the latter is to
investigate the computational practices used during the learning process for the exper-
imental group. The researcher designed the lesson plans to integrate computational
practices in different parts of I'TP. Thus, the study shows how to use computational
practices in science classrooms using STEM as a roadmap. It was crucial to focus on

teaching a science topic without highlighting C'T concepts or definitions.

Just as writing down operations step by step in mathematics, developing think-
ing techniques in other disciplines allows us to answer questions more precisely and
meaningfully. According to Rachmatullah and Wiebe (2021), students may engage
cognitively in brainstorming various circumstances, potential outcomes, and potential
solutions to solve certain challenges. The current study enables students to improve
their skills by scaffolding them to use these skills with questions that target computa-
tional practices integrated with questions and activities. Thus, it supports the idea that
computational practices could be applicable as unplugged. When students were asked
to write a report or explain the relationship between concepts, they could not decide
how much to explain. However, thanks to a lesson plan prepared with CT exercises,
they produced a meaningful product at the end of the lesson. The study conducted by
Arik and Topgu (2022) stated that students need to be able to identify relationships to
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make sense of this complexity to create models. They found that the pre-models of the
experimental and control groups were identical, but the post-model of the experimen-
tal group included more precise explaining processes. Although the same group was
explored in the current study, students’ reports on product development and questions

on different parts became more detailed in poster explanations.

Computational practices can be integrated into lesson plans when they show
certain features (Weintrop et al., 2016). Integrating data practice also shows how it can
be used in interdisciplinary studies. Students can learn how to analyze data in science
topics using computational thinking techniques (Burton et al., 2020). This study is a
lesson plan application that evaluates process skills by examining how students respond
to each question using computational practice throughout the lesson. Students were
not directly aware of the computational practices they used, as the aim was not to
teach the definition of computational practices but to teach a topic using a step-by-
step procedure. Students completed the steps of data analysis using computational
practices. Students in the experimental group used ITP as a roadmap during the

lessons.

With the help of CT integrated questions and lesson plan steps, the CT integra-
tion process and students’ learning were analyzed by comparing with the control group.
Students in the control group received traditional classroom learning based on lectures.
The results showed that the post-test scores of the experimental group increased after
the intervention. Also, students in the experimental group got higher scores than the
control group. Although each sub-question instructed the students to use a specific
computational practice, some of the students did not follow the instructions given with
such questions. Therefore, they were considered lower-level practice. But, as a whole,
all of the groups develop their product throughout the lesson with algorithmic think-
ing. The study proves that every step in the lesson plan contributes to algorithmic

thinking.



103

In the lesson plans, even if each part includes a computational practice, they
were evaluated independently since, as a process, some parts require answers with
evidence-based explanations. In contrast, others only need to be brief explanations.
When we compare ideation, product development, and testing, these sections have
different requirements to answer the questions in that section. Thus, we cannot directly
relate the progress in the same practice to different lesson parts. In this study, the
fact that different scores were obtained in different sections within the same group
indicates that a subject should be taught using different computational practices to
understand the concept deeply. Because in this way, different data can be compared,
and different results can be drawn instead of only reaching the definition of the concept
and general inference. After a week-long intervention in science classrooms, Aksit and
Wiebe (2020) highlighted that engaging computational models facilitates crucial gains
in the conceptual learning of middle school students by encouraging them to observe
and interact with the phenomenon. Similar to such findings, the current study also
supports the idea that students can construct meaningful learning when they deal with

the target phenomenon.

Christensen and Lombardi (2023) investigated that the interventions improved
students’ biological evolution and computational understanding. The current study
also found that students’ climate change knowledge was developed, which demonstrates
the efficacy of CT. Arik and Topgu (2021) showed that CT could be integrated into sci-
ence learning with model-based explanations to teach the digestive system. Similar to
this study, they explored both experimental and control groups to show the strengths
and weaknesses of integrating CT into science teaching. As they pointed out, it is
important to show how CT integration contributes to science teaching, which is sup-
ported by a few studies so far (Sengupta et al., 2013; Arik and Topcu, 2021). They
found that with the help of CT activities, students were enabled to use mechanistic
reasoning to explain scientific concepts, which enhanced their understanding of science

content.



104

Moreover, students’ misconceptions can be revealed by using computational prac-
tices during instruction. Breslyn and McGinnis (2019) explore the ways to help get
preservice teachers ready to teach climate change concepts using CT with a system
thinking approach. Even though the sample of the study was different from the cur-
rent study, the findings were similar in that participants were confusing weather events
and climate since they had a limited understanding of climate concepts. So, compli-
cated concepts like climate change might be taught by using computational practices
to decrease misconceptions. It has been shown that computational practices can pre-
vent misconceptions or naive conceptions since the process enables students to think
deeply about the relationship between concepts, like similarities and differences. On
the other hand, using CT integrated lessons, students’ misconceptions might be de-
tected. In this study, some students had misconceptions about climate and weather
event concepts. With the help of CT instructions, teachers might enable students to
learn by questioning. While looking at the first part of the lesson plans, misconception
did not occur. But, throughout the lesson, the misconceptions were revealed. It shows
the importance of CT instructions to understand students’ way of thinking. According
to Rich et al. (2022), CT integration is a higher-level thinking process that enables
students to concentrate on broad ideas while directing teachers to anticipate student

thinking and consider the connections between scientific and student thinking.

When students were asked to find relevant information from selected links, they
used the given resources and focused on what was important for the answer (abstrac-
tion). The level was high for abstraction practice because students are used to an-
swering questions in the exam-based school culture in the country. In another step,
students used pattern recognition skills to draw their own graphs using the similari-
ties, differences, and trends from the ideation part. However, in general, they created
a graph by copying the ones they were given to check on the ideation part. Therefore,
although the average pattern recognition level was 3 when assessed according to the
rubric, students did not create authentic products in both lesson plans. This result
could be seen as a reflection of the science objectives and curriculum, as they did not

expect students to create authentic products. On the other hand, in the mathematics
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curriculum, the eighth graders learned the topic of data analysis at the same time
as the implementation of this study. However, they were not good at data practices
because the curriculum focused mostly on multiple-choice questions rather than imple-
menting such practices in other lessons. If the lesson plans were developed in a similar
way as in the current study, all students could develop their thinking processes with
the help of computational practices. This study supported that as the different com-
putational practices are well aligned with most data practices, combining them could
provide students with a metacognitive roadmap for decision-making when conducting
scientific investigations (Burton et al., 2020). Similar to the findings of Rich et al.
(2022), examining CT in terms of data practices acts as a curriculum-embedded way

to develop high-level skills during training.

The result that the same groups got different scores when different lesson plans
were applied is due to the fact that the students responded to subject-specific com-
putational practices integrated questions. Since the aim of this research is to provide
a better understanding of the concepts with computational practices and to create a
learning scaffold for students by creating a road map, it is not within the scope of
this research that they are at different levels in different lesson plans or steps. The
development of CT skills depends on the process. In this study, science subject was
learned by using CT steps with STEM integrated teaching method for only 2 weeks.
With this kind of application and rubric evaluation, students may be at different levels

on the basis of different subjects, which is an expected situation in this study.

It has been concluded that all lesson plan steps in this study (i.e., fact-finding,
ideation) contribute to developing algorithmic thinking separately. For instance, the
end product as a poster was more detailed than the answers to the questions. In
LP2, in the pattern recognition section of product development, students wrote similar
examples to the same questions. However, with the help of the climate interactive tool
in the testing part, they included more detailed precautions in the poster. For that
reason, STEM Integrated Teaching Framework is a decent road map for integrating

unplugged computational practices into science classrooms. Computational practices
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enriched questions in the STEM framework enabling students not only to learn a
concept but also to gain a new skill. Rich and colleagues (2020) identified ways to
integrate CT into science and mathematics lessons by inviting students to reflect on
how they had already used computational practices in lesson activities. It is similar
to the current study that aims to use already used practices with various activities to

improve content knowledge and CT skills.

Lesson plans in the study incorporate cognitive process outcomes, social product
outcomes, and planning instruction, the same as ITP (Ask et al., 2017). Since the
social product outcomes were determined as teamwork, collaboration, sharing mate-
rials and knowledge, distribution of tasks, product development, and ability to make
effective presentations, groups were the focus of the study, in line with I'TP, as consider-
ing the understanding of the groups about the climate change concepts throughout the
lessons. The underlying framework of the STEM learning cycle includes (1) Engage, (2)
Explore, (3) Explain, (4) Extend, and (5) Evaluate, which are necessary steps for un-
derstanding a concept (Corlu, 2017). When such steps are aligned with computational
practices, students’ thinking processes can be monitored. The current study shows
how computational practices could be integrated into I'TP and which computational

practices students used throughout the intervention.

Although it may seem easy to teach some concepts by memorizing, understanding
the concepts deeply requires different approaches that need to be supported whether
the concepts are understood or not. The control group revealed that students expressed
the concepts simply with a few sentences from the book and made visual interpreta-
tions based on rote memorization in traditional lectures where learning does not occur
by understanding the connections. The current study is significant as it enables the
thinking analysis of students in the experimental group throughout the instruction
with CT riched activities. Using computational practices integrated approach to teach
science concepts enables students to think through and understand how various scien-
tific ideas are connected (Sengupta et al., 2013). This study found that when science
is taught utilizing CT activities and STEM Integrated Teaching Approach rather than
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traditional methods, middle school students learn about themes and concepts linked
to climate change more effectively. As this study’s findings support, all learners are
expected to be able to synthesize a lot of information by changing and applying con-
cepts to produce new knowledge and solutions, which is a required skill not just for the
current age but also for future ages (Nadelson and Seifert, 2017). Given the importance
of CT, students can engage in more detailed thinking processes in STEM-integrated

mstruction.

In line with the philosophy of STEM education, students can acquire knowledge
more easily if they have experienced it themselves. However, the questions in the lessons
should encourage students not only to create a product and conduct an experiment but
also to understand the process and the overreaching idea. Rich and colleagues (2022)
found that computational practices were incorporated into disciplines to provide a more
deliberately designed process for students. This learning process can be supported by
more planned instructions, like in STEM education. The current study highlighted the
connections between I'TP and CT by integrating computational practices into different
steps of the lesson plan for the purpose of clarifying steps, understanding the necessary

information to use, recognizing the trends in data, and making inferences from data.
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6. LIMITATIONS

This study has some limitations. The study was implemented only with the
8th-grade students of a public middle school who are used to STEM activities. It was
applied in the first semester of the 2022-2023 academic year. Different results are likely
to be obtained when applied to students from disadvantageous schools. For example,
when the instruction was implemented in a school without access to computers, in that
case, students might have difficulty in creating a product because they had not created
posters with digital tools before. It might cause the practice levels to be low regardless

of the lesson plan teaching process and content.

Also, the intervention of the current study for the experimental group consisted
of twelve lessons. After the intervention, the post-test on CTS and CCKT was used
to understand the differences within and between the groups. The current study does
not measure the long-term effects of the implementation. Future studies could focus

on long-term effects on students.

This study used the CTS scale, which is used in the literature on the integration of
CT in different disciplines and was developed by Korkmaz et al. (2015). The results of
the study were interpreted according to this scale. However, this scale is a self-reported
scale that only explains the improvement in students’ CT skills to what the students
reported. Thus, CTS doesn’t measure skills developed throughout the lesson plans.
Future studies can investigate whether the skills increase with the lesson plans that

integrate CT skills, using scales that measure skills in direct interdisciplinary studies.
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7. CONCLUSION

This study played a crucial role in showing how to use crosscutting concepts in
learning processes. Although there are many studies in the literature on the importance
of CT and its integration in the classroom, there are few studies on how this integration
should take place in the context of interdisciplinary studies. Integration into science
teaching, especially at the secondary level, is important to enable students to develop
these skills at an earlier age. Applications in this area continue to be made abroad. In
our country, although STEM applications are mentioned in the curriculum, there are
practical shortcomings in their application. It is important to prepare programs that
develop computational thinking skills together with STEM applications. In addition,
more research should be done on courses that incorporate computational practices into

the teaching process.

There should be examples of how using computational practices enable students
to understand a science concept with gaining new procedural skills. This study dif-
fers from the studies in the literature both as an example of teaching science subjects
with computational practices and as an example of lesson planning. Since the parts
of the STEM lesson plan, which are APoKS, fact-finding, ideation, product develop-
ment, testing, and disseminate and reflect, were also planned as an algorithmic way
of teaching interdisciplinary concepts. This study proves that students could develop
more complicated products at the end of the intervention with the scaffold of questions

developed for specific computational practice.
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APPENDIX A: CONSENT FORM

Consent form was obtained after getting the ethical permission from the university

ethical committe.

Evrak Tarnh ve Saoyvisc 18.05 202266287

VN BOGAZICI UNIVERSITESI REKTORLOGU
H Fen Bilimleri ve Mishendislik Alanlan Insan Araghrmalan Etik Kunal
vaes (FMINAREK)
Say  : E-B4301427.050.01 .04.56287 18.05.2022

Eom : 2022/16 Eayit noTa bagvanunns hakkimda

Saym Dr. Ogr. Uyesi Gaye Defne CEVHAN i
Matematik ve Fen Bilimleri Efitins Bébim Baskanlif - Ofretim Uyesi

"Using a STEM Education Approach with a Computational Teol: The Impact on Students’
Computational Thinkmg Skills and Understanding of Climate " baghikh projeniz ile Bog
Universitesi Fen Bilimleri ve Mihendislik Alanlan Insan mmm&w‘iﬁg
yapufimz 2022716 kayit mumarah bagvura 02.05.2022 tanhli ve 2022/05 Nolu kil toplanhsmds
meelenerek onay verilmesi uyzm buhmmustur. Bu kamar tim iiyelerm toplantiya on-line olark
katilimuyla ve ovbirliE ile alinmstir,

COVID-19 Snlemlen nedenryle iyelerden wlak imza almamadsfindan bu onam meknibu tim
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Figure A.1. Consent form.
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APPENDIX B: DEMOGRAPHIC FORM

The following questions are designed to get information about who has taken this

survey.

1. Student Number

2. Gender
a) Female b) Male

3. Have vou ever taleen a course about environmental education?
a) Yes b) No
If yes, please indicate the course(s):

4. Do vou belong to, or have you ever belonged to an environmental organization or
group?

a) Yes b) No
If yes, please indicate the name(s) of the organization(s):

Figure B.1. Demographic form.
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C1

Kararlarinin cogundan emin olan insanlan severim.

C4

Yem bir durumla karsilagtifimda ortayva cikabilecek
sorunlan ¢dzebilecefime inancim vardir.

Bir sorunumu ¢dzmek tzere plan vaparken o plam
viiriitebilecegime giivenirim.

C8

Bir sorunla karsilagtifimda, bagka konuva gegcmeden
once durur ve o sorun lizerinde diigiiniirim.

Al

Bir problemin ¢ozimini wverecek denklemi hemen
kurabilirim.

A3

Matematiksel sembol ve kavramlar yvardimivla vapilan
anlatimlar: daha kolay 6@rendigimi digiintirim

A4

Savilar arasindaki ligkilern kolayvlikla

vakalavabilecegime inanirim.

Ag

Sdzel olarak ifade edilen bir matematik problemim
sayisallastirabilirim.

01

Grup arkadaglanmla birlikte 1gbirlike1  &grenme
deneyimler: vasamaktan hoglanirim.

02

Isbirlikci 6arenmede grupla calistigim icin daha bagaril
sonuglar elde ethifimi/edecegimi diigiiniivorum.

03

Isbirlikci 6arenmede grup arkadaglarimla birlikte grup
projesi ile ilgili problemlen ¢dzmekten hoglaninm.

04

Isbirlikci 68renmede daha cok fikir ortava cikrvor.

T1

Karmasik problemlenn ¢ézimiine vyiénelik diizenh
planlar gelistirmede 1yrvimdir.

T2

Karmasik problemlen ¢ézmeye galismak eglencelidir.

T3

ZLorlavici sevler dgremeve 1steklivimdir.

Figure C.1. Computational thinking skill scale (CTS).
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T5 Elimdelka seceneklen: karsilastinitken ve karar verirken 1 ) 5
kullandigim sistematik bir yéntem vardar.
Problenun ¢dzimiini zihnimde canlandirma konusunda

P1 1 2 5
sikant1 yvasarim.

P2 Problem ¢éziiminde XY gibi defiskenleri nerede ve 1 7 5
nasil kullanmam gerektifi konusunda sikint vasarm.
Tasarladigim c¢dzim vollarini sirasivla asamali bir

P3 . 1 2 5
sekilde uygulavamam
Bir soruna vénelik olas: ¢cdziim vollarnm diisiintirken 1 2 5

P4 cok fazla segcenek iiretemem.

P5 Isbirlikci 63renme ortaminda kendi diisiincelerimi 1 2 5
geligtiremem.

Pa Isbirlikci 6grenmede grup arkadaslarima bir seyler 1 2 5
Baretmeve calismak beni yvoruyor.

Figure C.1. Computational thinking skill scale (CTS) (cont.).
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APPENDIX D: CLIMATE CHANGE KNOWLEDGE TEST

(CCKT)

Dogru

Yanlig

Bilmiyorum

1. Ginimizdeks iklim degigikliginin biiyvik bar kismn
insanlar tarafindan firetilen sera gazlarindan dolay: meydana
gelmektedir.

2. Eger bu yaz vasadigimiz sehirde sicak bir hava dalgas:
olugursa bu durum tklimin degistigi anlamina gelir.

3. Iklim degisikligi sadece yeryiiziindeki sicaklik artisa
olarak tanimlanir.

4. Tklim degisikligi ozon tabakasimn incelmesinin bir
sonucudur.

5. Iklim degisikligi kismen agir metal emilimindeki artistan
kaynaklanmaktadir.

6. Deniz seviyesinin vilkselmesi ve kuraklik artis1 iklim
degisikliginin sonuclarindan bazilaridir.

7. Iklim degisikligi ile cilt kanseri arasinda dogrudan bir
1ligk1 vardar.

8. Okyanuslar, insanlar tarafindan tiretilen karbondioksitin
emilimini gerceklestirebilir.

9. Iklim degisikligi sebebivle oksijen vetersizligi ortaya
cikabilir.

10. Iklim degisikligi nedeniyle deniz ve okyanus sularimn
kapladig alan gemislevebilir.

11. Orman asitlenmesi iklim degisiklifimin bar sonucudur.

12. Iklim degisiklig: viiziinden baz: bitki ve hayvan
tirlerinin nesli tikenebilir.

Figure D.1. The climate change knowledge test (CCKT).
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APPENDIX E: LESSON PLANS

STEM Lesson Plan 1

Date: Subject:Science Topic: Climate and Weather Events
Grade:8 Duration:80+80+80 Teacher: Dilara Kara Zorluoglu

1. Target Outcomes:
1.1 Cognitive process Outcomes:
Outcomes related to the main discipline:
SCIENCE
F.8.1.2.1. Students will be able to explain the difference between climate and weather events.

F.8.1.2.2 Students will be able to define that climate science (climatology) 1s a branch of science and
experts working in this field are called climate scientists (climatologists).

. Students will be able to collect local weather data for a defined period of time, and then

compare these data with longer-term climate data for their community.

MATHEMATICS
Students will be able;

. to find the answers to questions related to the interpretation of data shown with pie charts
and graphs.

Figure E.1. Lesson plan 1.
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TECHNOLOGY
Students will be able;

s to use simple steps in designing solutions (1.e., problem description and exploration, review of
case studies, design, implementation, testing, and evaluation) when solving algorithmic problems.

s to use visual representations of problem statements, structures, and data (1.e., graphs, tables,
network development charts, concept maps, and flowchart)

Outcomes of other STEM disciplines:

To do measurements about weather
To solve problems about weather
To compare the temperature in different weather types

1.2. Social Product Outcomes:
Students will be able;

® to realize the importance of working in a team.

® to create a product based on creativity.

e to present the designed product to their classmates in a clear and understandable way.

e o express and discuss their 1deas and findings both to their teammates and to their friends in

other teams clearly and consistently by using visual, written, and verbal communication methods.

Teamwork, collaboration, sharing matenals, sharing knowledge, distribution of tasks, product
development and prototype, ability to make effective presentations

Figure E.1. Lesson plan 1 (cont.).
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2. Materials Used:

¢ Smartphone
¢  LabStar App: LabStar 15 used to support students’ claims with data-based explanations to

realize the difference between weather and climate change.

¢ Computer
¢ Smartboard
3. Resources:

. Appendix 1: hitps/‘'www_google. com/maps

Suggestions:

https-//public. wmo int/en

https-/'www_climate_gov/

https://climate nasa sov/evidence/’

https://climatescience.org/courses

https-//bilimgenc_tubitak gov.tr/makale/kuresel-1sinma-ve-1klim-demsikliklen

https-//trends. soogle com/trends/7oeo=TE.

https-//bilimgenc. tubitak. gov tr/gelecekte-vaz-mevsimi-alti-ay-surebilir

NASA: Indicators of climate change

https=//climate nasa.cov/interactives/climate-ime-machine

Weather Data set:

https-/www kasole com/davidbnn92/weather-data/data

Weather data for Turkey (October):

http:/"www.emcc.mem . sov.tr/monitoring-data. aspx

*Internet access needed

Figure E.1. Lesson plan 1 (cont.).
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4. Authentic Problems of Knowledge Society (APoKS):

4.1. Authentic Problems of Knowledge Society:

Latest News

Global climate change 15 one of the most challenging 1ssues for a few decades. According to the
IPCC report, Since the Industrial Revolution, global temperatures have increased by about 0.2°C
per decade. Global surface temperatures in 2021 are about 1.1°C warmer than in 1880. This trend
of temperature rise iz expected to rapidly grow, and will very likely rise above 1.5°C above by
2040, according to the landmark IPCC report. The impacts of the climate crisis are far-reaching,
sparing no one. They include more frequent and intense weather phenomena such as floods,
greater sea-level nise, threatened ecosystems, food insecurity, and adverse health effects. The
urgency of climate mitigation led to the formulation of the Paris Agreement in 2015, Its objective
1s clear: to keep global warming to well below 2°C above pre-industnal levels by 2100 while
pursuing a limit of 1.5°C global temperature increase.

The World Meteorcological Organization (WNMO) is looking for a team to teach the world the

difference between climate and weather events. Can you help us communicate these concepts

effectively by joining the WHO team?

Welcome, yvou are one of the team now!

. Compare the past and present graphs of vour local region.
. Generate an argument for your observations
. Support vour claim with evidence-based explanations

. Collect the data by using LabStar and analyze 1t

. Determine how vour city has been affected by climate change over the years by making

measurements.

. Create a report for Brief Executive Summary to Citizens.

Figure E.1. Lesson plan 1 (cont.).
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The evaluations you make with your friends are very important to create a local climate change report.
Let’s do this together!

(As a result of the evaluations, the amount of increase or decrease according to the vears will be

calculated and various measures will be taken.)
4.2. Constraints:

e Students will be divided into groups of 4-5.

® Each group must have a smartphone, computer, and the LabStar app installed on the phone.
o LabStar devices and app should be used for representations.

® The report that students will develop should show clearly weather and climate data.

4.3, Occupation, Duty, and Responsibilities:

o Climate Scientist: Investigates climate data in the region

® Weather Specialist: Investigates weather events in the region

o Earth Scientist: Investigates the climate change in different regions and explain 1t by using
evidence

o Data Analvsis Specialist: Interprets the huge amount of data and makes explanations

e Histrorian: Predicts the changes in temperatures in time

o Environmental journalist: Presents the results of the report to the society

5. Lesson Content:

5.1. APoKS5S and Constraints:
At the beginning of the lesson, the teacher asks daily life questions to take students” attention.

¢ How 15 the weather today?

® Do you follow the weather forecast? How does a weather specialist predict the weather events?

Figure E.1. Lesson plan 1 (cont.).
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e What was the weather like this time last year?

e How has the weather been for a few years?

¢ Have you noticed a change in the weather in the last few years?

¢ How do yvou think scientists evaluate the change in weather? How can changes in weather be

determined by scientists?
The lesson starts with a video that gives the daily weather events of the region.

After stating the climate and weather events by answering questions, students’ pre-knowledge about
climate change will be assessed by following questions.

. Imagine that last summer was much hotter than vsual where you live. Is this a sign of
climate change? Why? (NO)

. Imagine that almost every summer for the past decade has been hotter than usual. Is this a
sign of climate change? Why? (YES)

The teacher presents the story of the World Meteorological Organization to the students and asks them to
create a report. Students are introduced to the occupational duties and they are asked to assign every

member within the groups with one of these occupations.
5.2. Fact Finding:
Useful links:

e https/farchive epa sov/chimatechanse/lads/basics/concepts html

o https://archive_ epa.gov/climatechange/lads/scientists/clues hitml

® hitpsfarchive.epa.gov/climatechangekids/impacts/signstemperature. html

Figure E.1. Lesson plan 1 (cont.).
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The teacher asks open-ended questions.

* How do scientists gather information about the Earth’s current weather and past climate? (Agag
halkalar, okyanuslar vs.)

* How does climate change occur?

s  What are the clues of Climate Change?

*  Why 1s 1t important to collect information about past climate?

s  Which country’s greenhouse gas emissions are the highest and lowest? What could be the reason?

5.3. Ideation:

Students reflect on the question of the difference between climate and weather events. They will use
already collected data from the LabStar. By using graphs of different countries, they will define climate
and weather events. Then, they will prove it by showing evidence from data next week.

Students will collect data for the temperature of their city by using LabStar during the week. They will
also find the data for previous years to compare the temperatures. Students are expected to fill in the
blanks 1n the report by showing evidence from data. Students will make an observation about temperature
differences. They will plan to use LabStar to collect data during the week for product development
(Preparation for the next class).

5.4. Product Development:

According to the occupations, duties, and responsibilities, every group member will contribute to the
product development. Students will create a report for their city by uvsing collected data with LabStar.
They will show relationships between the graphs. Students are expected to create a product to show the
effects of climate change on their region. They will create a report for Brief Executive Summary to

Citizens.

. How could you use data sets to show the difference between climate and weather events?
. How 1s your city affected by climate change?

Figure E.1. Lesson plan 1 (cont.).
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s Imagine that last summer was much hotter than usual where you live. Is this a sign of climate
change? Why? (NO)

o Imagine that almost every summer for the past decade has been hotter than vsual Ts this a sign of
climate change? Why? (YES)

5.5. Testing:

Students will test their data and graphs. They will calculate the temperature increased by every decade for
their region and compare the results. They will change some steps according to the teacher’s questions.

Elaboration:
s According to your data, which trend have vou observed in vour region's climate 1n the last decade?

Students will analyze data of their city collected by LabStar. They will test the credibility of their reports
by peer assessment. It should be mcluded data, graphs, and scientific explanations.

Rubric: (Peer assessment)

The report 15 dual. 1 2 3 4 5
The report 15 effective. 1 2 3 4 5
The report provided evidence-based explanation. | 1 2 3 4 5
The report 15 authentic 1 2 3 4 5

5.6. Disseminate and Reflect:

After the peer assessment, students can change their reports in line with the feedbacks. They will create a
poster with a new report to reflect it. They are expected to include data-based explanations about climate
and weather events. Students combine what they have learned during the lesson about the topic and
summarize 1t in the poster. The posters will be shared on Padlet. Every group will present their reports in

a minute. The environmental journalist will be responsible for the presentation.

Figure E.1. Lesson plan 1 (cont.).
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STEM Lesson Plan 2

Date: Subject:Science Topic: Environmental Problems

Grade:8 Duration:80+80+80 Teacher: Dilara Kara Zorluoglu

1. Target Outcomes:
1.1 Cognitive process Outcomes:
Outcomes related to the main discipline:
SCIENCE:
F.8.6.3.3. Students will be able to discuss the causes and possible consequences of global climate change.
a. Students will be able to explain the greenhouse effect.

b. Students will be able to question how environmental problems can affect the future of the world
and human life in the context of global climate change.

c. Students will be able to calculate their ecological footprint (the extension can be used from
secure sttes such as edu, org, and mal).

MATHEMATICS:
Students will be able;

® to find the answers to questions related to the interpretation of data shown with pie charts and
graphs.

e to do mathematical calculations and measurements.

Figure E.2. Lesson plan 2.
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TECHNOLOGY:

Students will be able;

. to use simple steps in designing solutions (1.e., problem description and exploration, review
of case studies, design, implementation, testing, and evaluation) when solving algorithmic
problems.

. to use visual representations of problem statements, structures, and data (ie., graphs,
tables, network development charts, concept maps, and flowchart)

1.2. Social Product Outcomes:

Students will be able;

to communicate effectively with groupmates and share their ideas.

to actively participate in group work.

to think and express ideas on current problems in the world.

to have an 1dea about the areas where technology and industry meet (artificial intelligence, coding
applications, etc.).

to behave respectfully and tolerantly towards teammates for group work.

Teamwork, collaboration, sharing materials, sharing knowledge, distribution of tasks, product
development and prototype, ability to make effective presentations.

2. Materials Used:

Smartphone
LabStar App
Computer
Smarthoard

*Internet access needed

Figure E.2. Lesson plan 2 (cont.).
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3. Resources:

Appendix 1: Video about climate change

e hitps:/youtun be b WarWavEImQ

Appendix 2: Google Trends

o hitps:/trends google com/trends/7gec=TR

Useful Links:

https:/'www_climate. gov/

https://climate nasa gov/evidence/

https://climatescience.org/courses

hitps://bilimeenc. tubitak. gov. tr/makale/kuresel-1sinma-ve-tklim-degisikliklen
https://bilimgenc.tubitak gov.tr/makale/insanlar-mi-voksa-vanardaglar-mi-daha-fazla-
karbondioksit-salimina-sebep-olur

CO2 emission

o hitps:/"www . economist.com/science-and-technologyv/2020/07/11/emuszions-slashed-today-wont-
slow-warming-until-mid-
century?echd=Cj0EC Q1A ToyNBhD1ARTs ADtGR ZaAklkeL pGvntPBoadd SHE sa0F L Mlo023v
vNTQUDUNmSM1uFt01tFEMaApd EALw wcBé&goclsre=aw.ds

IPCC

o hitpswww.ipce.ch/2021/08/09/ar6-we1-20210809pr/

NASA CO?2 emission data:

o hitps://climate nasa gov/vital-signs/carbon-dioxide/

CO2 change in time 2002-2016:

o hitps://climate nasa sov/interactives/climate-time-machine

Annual CO2 emission from fossil fuels

o hitps‘ourworldindata org/srapher/annual-co-emissions-by-region

Figure E.2. Lesson plan 2 (cont.).
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4. Authentic Problems of Knowledge Society (APoKS):

4.1. Authentic Problems of Knowledge Society:

The urgency of climate mitization led to the formulation of the Paris Agreement in
2015. Tts objective is clear: to keep global warming to well below 2°C above pre-
industrial levels by 2100 while pursuing a limit of 1.5°C global temperature increase.
Achieving this entails halving global anthropogenic CO2 emissions by 2030 and

reaching net-zero by 2050.

The first meeting after the Paris agreement will be at this meeting. If the countries continue with their
actions without taking any precautions, emissions are expected to increase significantly. Imagine that you
are representatives from different countries. Prepare a report on what can be done about the way your

country 1s coping with the climate crisis.

The task: Assume that yvou are delegates from different countries coming to the COP 2022 You are
expected to set a target plan to reduce the CO2 emission of your country until this meeting. You can
decide in your report what is the current situation, when to start decreasing emissions, what rate to

decrease emissions, and when to stop emissions.

4.2, Constraints:
e Students have to present a poster with graphs created by LabStar.
e Students can use only given data to create graphs.
e Students should use the given websites to search for research questions.

¢ The poster they presented should show clearly the relationship between climate change
concepts.

Figure E.2. Lesson plan 2 (cont.).
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4.3. Occupation, Duty, and Responsibilities:

o Climate scientist (Climatologist): Interprets and explains the climate change by using evidence
¢ Paolicymaker: Decides the proposal

® Agricultural Engineer: Deals with forest, agriculture, water management systems

e Environmental Engineer: Deals with transport, buildings, environmental planning

o Industrial Engineer: Deals with finance, strategy, consumption, technology

* FEconomist and data scientist: Makes the balance between economy and emvirommental

precautions.

5. Lesson Content:

5.1. APoKS and Constraints:

At the beginning of the lesson, students™ pre-knowledge will be assessed by a quiz. Then, students will
watch a video about climate change (Appendix 1: https/voutn be/bWzrWaqvRImQ ). The teacher will give
information about COP (Appendix 2) and introduce the daily life problem.

o How does the Earth's temperature change over time?
® When did the earth reach the highest historical CO2 level?

o [s there any relationship between temperature nse and CO2 emission in graphs? Please explain.

(hitps://climate.nasa.gov/vital-signs/carbon-dioxide/ )

After the engagement with the topic, the teacher recalls the use of LabStar. Students will look at the google
trends (Appendix 2) for “climate change™ to determine the period that global climate change occurs. The
data taken from google trends will be visualized as graphs by using LabStar. Students are expected to induce

from the graph and share their ideas in classroom discussion.

® When did people first become aware of climate change and start researching this word?

® Which actions of people in history might cause climate change?

Figure E.2. Lesson plan 2 (cont.).
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Students will be divided into five groups by the teacher. APoKS 13 presented to students. The teacher will
explain the procedure during the group work. The teacher introduces the procedure so that every group
creates graphs using LabStar from the downloaded data and makes inferences about carbon emissions on a
country basis or around the world with these graphs. They are expected to fill their worksheet with the
information they will leamn by searching the given websites to answer the research questions. Then, the
teacher introduces the occupational jobs and their duties i group work. Students start group work by

assigning responsibilities for every group member related to the selected occupation.
5.2. Fact Finding:-

The teacher asks open-ended research questions so that students can start working independently. They are
expected to make predictions about the topic depending on their research. Also, they will look for what they
are curious about the topic. Useful links will be used to search.

Questions

® What are the primary cavses of human-induced carbon dioxide emissions?
e How are emissions expected to change over time if nothing 1s done?

e What are the poszible actions to reduce human-induced carbon emissions?
® What does zero carbon emission mean?

o How do countries reach the target of zero carbon emissions by 20507

5.3. Ideation:

Students will work with their groups to determine the carbon emissions of their assigned countries. They
will create a graph by using LABSTAR. Students are expected to answer the following questions by using
data. Different occupations will determine the ideation part in line with their responsibility {(economic

effects, environmental effects, eic.).

hittps://data worldbank. org/indicator/ EN_ATM.CO2E PC7end=2018 &start=2018 &view=map&vear=1980

Figure E.2. Lesson plan 2 (cont.).
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Students will answer the questions with the help of the data created by LabStar.

® “What is the carbon emission trend in your country?

e Are carbon emissions balanced in your country?

® How are emissions expected to change over tume if nothing 15 done?

e What would be the impact of such a carbon emission on the earth?

® What are the possible actions to reduce human-induced carbon emissions?

o What target will vou set by 2022 to reduce your country's CO2 emissions by 20507
5.4. Product Development:

Each group will prepare a report to determine the steps to be taken regarding the situation they have
wdentified regarding the data created by LabStar. The teacher will share a useful link to create an outline of
the task. Students are informed that they will use this tool to assess their reports and decide on a global plan.
In the report, students will work in line with their occupations and duties.

o Write the sub-heading of your report.
¢ Which vanables should be changed?
o How much should the variables that your profession deals with change?

5.5. Testing:

Use Climate Action Tool to test your report. htips://www.climateinteractive.org/tools/

e What could your country do to prevent carbon emissions?
¢ What are the global contributions of your plan?
® [s that possible to reduce CO2 emission to zero point with your report?

® Does your report meet the needs for net-zero emission? Check vour report.

Figure E.2. Lesson plan 2 (cont.).
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Students should test their country's reports considering the balance of benefit and harm.

The economic and social interests of the country were taken into account. 1 2 3 41 35
The use of 21st-century technologies was taken into account. 1 2 3 41 3

Giving priority to green areas by protecting the interests of the country. 1 2 3 4 | 5
Planning the use of renewable and non-renewable energy, taking into account 1 2 3 4 | 3

the factors such as climate and population of the country.

Environmentally friendly building and city planning 1 2 3 41 35

Taking measures that will not affect the production activities of the factories 1 2 3 41 5

Recognition of the steps that will prevent the development of the country 1 2 3 4 | 5

Taking care that the measures taken by the country are not at a cost that exceeds 1 2 3 4 | 3
the level of economic development

5.6. Disseminate and Reflect:

Students will present their reports. To use simulation, they are asked to make a global assessment Legal
representatives of each country negotiate with other countries by defending their reasons. As a result,
students are expected to understand that countries should act together. The proposal of the countries will be

assessed in different categories.

o How does the CO2 emission of developing countries and developed countries change over time?

o How do the low income and high income affect the change 1n CO2 emuissions over time?

Figure E.2. Lesson plan 2 (cont.).
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APPENDIX F: WORKSHEET 1 AND WORKSHEET 2

CALISMA KAGIDI 1
VERILERLE iKLiM VE HAVA OLAYLARI
Baglamadan &nce cevaplayalim:

+ Gecen yaz yasadifimz yerde normalden cok daha sicak oldugunu hayal edin. Bu iklim
degisikliginin bir isareti mi? Neden?

+ Son onyilda neredeyse her yazin normalden daha sicak oldugunu hayal edin. Bu iklim
degisikliginin bir isareti mi? Neden?

1) Giinliik Hayat Ornepi

Son Dakika Haberler
Kiiresel iklim degisikligi, son ywllarin en zorlu sorunlarindan biridir. [PCC raporuna
gore, Sanayi Devrimi'nden bu yana kiiresel sicakliklar her on ylda yaklasik 0,2°C arttw
2021'deki kiiresel sicakliklar, 1880 yilindan yaklasik 1,1°C daha sicak. Bu sicaklik artisi
egiliminin hizla artmas: bekleniyor ve [PCC raporuna gore, 2040 yilina kadar biyiik
olasilikla sicakhiklar 1,5°C'nin fizerine cikacak. [klim krizinin etkileri cok genis
kapsamh ve biitiin canhlan etkiliyor.
Sel, deniz seviyesinin yilkselmesi, tehdit albindaki ekosistemler, gida giivensizligi ve
olumsuz saglik etkiler], daha sik ve yogun hava olaylaru...
[klim krizi ile miicadelenin aciliyeti, 2015 yihnda Paris Anlagmasimin formiile
edilmesine yol actr. Bu anlasmanin amaci aciktir: 1,5°C'lik bir kiiresel sicakhk artisi
siurimi takip ederken, 2100 yilina kadar kiiresel 1sinmay1 sanayi éncesi
seviyelerin 2°C'nin ¢ok daha altinda tutmalk.

Diinya Meteoroloji Orgiitii (WMO), diinyaya iklim ve hava olaylar arasmdaki fark: dgretecek ve iklim
degisikligi konusunda biling olusturacak bir ekip aryor. Ekibe katilarak bu kavramlan etkili bir sekilde
gostermeye yardimel olabilir misiniz? Arkadaslarimzla yapacagimz degerlendirmeler yerel iklim
degisikligi raporu olusturmak icin cok 6nemli. Her béliimde yer alan sorulara verdiginiz cevaplar ile
raporunuzu olusturmaya baslayacaksimz.

Aragtirma Sorusu:

a) Iklim ve hava olaylar: kavramlarim aciklayacak bir arastirma vapacak olsaniz hang
adimlari izlersiniz? Gerekcelendirerek apiklayiniz.

b) Bulundugunuz bélgede iklim degisikligi olup olmadigim anlayabilmek icin hangi bilgileri
kullanmamiz gerekir?

Figure F.1. Worksheet 1.



»  Giinliik Hayat Ornesi béliimiinde hangi adim veya adimlan takip ettiginizi

diigiiniiyorsunuz? Yuvarlak icine alarak isaretleyiniz.

Veri
bulma/inceleme

Veri Veri
toplama | diizenleme

Veri
gorsellestirme

Veriyi analiz
etme /yorumlama

Hichiri

2) Bilgi Edinme

a) Bilim insanlan, Diinya'min meveut hava durumu ve gecmis iklimi haklanda nasil bilgi

toplar?

b) iklim degisikligi nedir? Aciklayimz.

¢) Iklim Degisikliginin ipuglari nelerdir?

d) iklim degisikligini belirleyebilmek icin hangi verilere ihtiyac duyarsimz?

e) Gecmis iklimler haklinda bilgi toplamak neden dnemlidir?

f) Bulundugunuz bblgenin gecmiste ve simdiki hava durumm arasinda fark var mi? Nasil?

Figure F.1. Worksheet 1 (cont.).
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+ Bilgi Edinme boliimiinde hangi adim veya adimlar takip ettiginizi diisiiniiyorsunuz?
Yuvarlak icine alarak isaretleyiniz.

Veri Veri Veri Veri Veriyi analiz Hichiri
bulma/inceleme | toplama | diizenleme | gérsellestirme | etme/yorumlama

3) Fikir Gelistirme

a) Tirkiye'de farkh sehirlerin aylara gore sicaklik verilerini nasil degerlendirirsiniz? Bu
verilerden iklim degisikligi ile ilgili bir sonuca ulasabilir misiniz? Neden?

b) Farkl sehirler icin 2022 wyil1 aylara ait sicaklik ve yagis bilgileri ile bu bélgelerin iklimi
veya hava olaylari ile ilgili bir sonuca varabilir misiniz? Tablodan 6rnek vererek
aciklayiniz.

¢) Marmara Bolgesi'nde bulunan illerin yillara gore eyliil ay1 ortalama sicakhklanm
incelediginizde nasil bir sonuca varabilirsiniz? Gerekcelendirerek aciklaymiz.

d) Labstar ile olusturulmus Tiirkive'deki sehirlerin yillara gére sicakhik degisimi
grafiklerini incelediginizde nasil bir sonuc ¢ikarirsimz? Bu grafiklerin benzer ve farkl
yonleri neler? Farkh sehirlerden 6rnekler vererek agiklayimz.

Figure F.1. Worksheet 1 (cont.).
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e)

h)

Labstar ile olusturulmus Diinya geneli yillara gire ortalama sicakhk degisimi grafigini
incelediginizde nasil bir sonuc cikarirsimz? Aciklayimiz.

Labstar ile olusturulmus yillara gére sicaklik degisimi grafiklerinden Diinya geneli,
Tiirkiye geneli ve Edirne icin olusturulmus grafikleri inceleyiniz. Bu grafiklerin benzer
ve farkli ydnleri neler?

Farkli yillara gore kiiresel sicakhik grafigi incelendiginde 2020yl ile 2022 yillarim
kargilastirdiginizda nasil bir sonug elde edersiniz? Kiiresel sicakliklar artmaya devam
ediyor mu, azalms i veya degismemis mi?

New York, Los Angeles ve Houston icin verilmis olan yillara gore ve aylara gbre 2 farkh
sekilde cizilmis grafikleri inceleyerek iklim, hava olaylar veya iklim degisikligi ile ilgili
nasil bir gikarm yapabilirsiniz?

Figure F.1. Worksheet 1 (cont.).
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+ Fikir Gelistirme boliimiinde hangi adim veya adimlan takip ettiginizi diistiniiyvorsunuz?

Yuvarlak icine alarak isaretleyiniz.

Veri
bulma/inceleme

Veri
toplama

Veri
diizenleme

Veri
gorsellestirme

Veriyi analiz
etme /yorumlama

Hichiri

4) Uriin Gelistirme

Gorev: LabStar kullanarak bulundugunuz bélgenin sicaklik verilerini toplayin.

a) Toplanan verileri Labstar'm olusturdugu grafik tizerinden inceleyerek yorumlayimez.

Grafik hangi verilerden clusuyor?

b) Bu grafikteki biitiin veriler tutarh goriiniiyor mu? Deney hatalarni gz énfinde

bulundurarak inceleyiniz ve grafikten cikarmak istediginiz bir kisim varsa belirtiniz.

c) Grafikte tekrar eden bir durum gériiyor musunuz? Aciklayimiz.,

d) Buverilerden nasil bir sonug gikardimiz? Arastirma sorunuzu destekleyebiliyor

musunuz?

Figure F.1. Worksheet 1 (cont.).
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e) Labstar ile topladifimiz verilerle elde eftiginiz grafik, grafigin elemanlarimn
belirlenmesi, hatal verilerin gikarilmasi, belirli bir driinti olusturulmas: gibi adimlar
takip ettikten sonra kullanmak istediginiz veri arali@im secerek iklim, hava claylar
veva iklim degisikligi kavramlarndan ikisini agiklayan grafiklerinizi olusturunuz.

Figure F.1. Worksheet 1 (cont.).



f) Bulundugunuz bolgenin gecmis ve simdiki sicaliklarini inceleyerek cikarimlarimzi

VAZINIZ.

g) Ders boyunca her b8liimden &grendiklerinizi 1-2 climleyle dzetleyiniz. Verilen

grafikleri goz dnilinde bulundurarak bulundugunuz bdlgenin ikliminde gelecek yillarda

bir degisiklik olup clmayacagma dair tahminlerinizi yazimz.

RAPOR:

» Uriin Gelistirme baliimiinde hangi adim veya adimlar takip ettiginizi diigiiniiyorsunuz?

Yuvarlak icine alarak isaretleyiniz.

Veri
bulma/inceleme

Veri
toplama

Veri
diizenleme

Veri
gorsellestirme

Veriyi analiz
etme fyorumlama

Hicbiri

Figure F.1. Worksheet 1 (cont.).
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5) TestEtme

a) Verilerinize gore, son on y1lda bélgenizin ikliminde hangi egilimi gézlemlediniz?
Aciklaymmiz.

b) Son 10 yilin verileri ile sizin grafifinizi karsilastrdigimzda bulundugunuz bélgenin
ikliminde anlaml bir fark gérebiliyor musunuz? Agklayimz.

c) Bulundugunuz bdlgenin verileri ile diger sehirlerin gegmis verileri incelendiginde her
bolgenin aym sekilde etkilendigini sdyleyebilir misiniz? Aciklayiniz.

+ Test Etme bolimmiinde hangi adim veya adimlar takip ettiginizi diistintiyorsunuz?
Yuvarlak icine alarak isaretleyiniz.

Veri Veri Veri Veri Veriyi analiz Hichiri
bulma/inceleme | toplama | diizenleme | gérsellestirme | etme/yorumlama

6) Paylasim Yapma

a) Iklim degisiklig ile ilgili yaptifimz derslerden cikardifimz sonucu kisaca aciklaymiz.

b) Iklim degisikligi ile ilgili yaptigimz derslerdeki calismalar diistinerek iklim degisikligi
ve hava olaylan arasindaki farki nasil agiklarsimiz? Derslerden érnekler sunarak
posterde anklayinz.

+ Paylasim Yapma béliimiinde hangi adim veya adimlan takip ettiginizi
diigiiniiyorsunuz? Yuvarlak icine alarak isaretleyiniz.

Veri Veri Veri Veri Veriyi analiz Hichiri
bulma/inceleme | toplama | diizenleme | gorsellestirme | etme/yorumlama

Figure F.1. Worksheet 1 (cont.).
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CALISMA KAGIDI 2
VERILERLE KARBON SALIMI

1) Giinlik Hayat Ornegi

Hatirlayalim

iklim degisikliginin etkilerinin hafifletilmesinin aciliyeti, 2015 yilinda Paris Anlasmasi'nin
formiile edilmesine yol act.. Bu anlasmanin amact acikhir: 1,5°C'lik bir kiiresel sicaklik artisi
st takip ederken, 2100 yilina kadar kiiresel 1sinmayi sanayi dncesi seviyelerin 2°C'nin
cok altinda tutmak. Bunu basarmak, kiiresel antropojenik CO2 emisyenlanm 2030 yilina
kadar yariya indirmeyi ve 2050 yilina kadar net sifira ulasmay1 gerektiriyor.

Paris anlasmasindan sonraki ilk toplanti bu yil olacak. Ulkeler herhangi bir &nlem almadan
eylemlerine devam ederse emisyonlarin dnemli dlgiide artmas: bekleniyor.

+  COP 2022'yve davetli farkl iilkelerden tiyeler oldugunuzu diisiiniin. Bu toplantiya
kadar iilkenizin CO2 emisyonunu azaltmak icin bir hedef plan belirlemeniz bekleniyor.
Ulkenizin iklim kriziyle nasil basa ikt konusunda neler yapilabilecegine dair bir
rapor hazirlayin.

Gorev: Raporunuzda meveut durumun ne olduguna, hangi eylemlerin emisyonlar:
arttirdifina ve bu eylemleri nasil ssmrlamamez gerektigine, emisyonlar: ne zaman
azaltmaya baslayacagimza, emisyonlar: hangi oranda azaltacafimza ve emisyonlar ne
zaman durduracagimza karar verebilirsiniz.

Arastirma Sorusu:

a) Farkhilkelerdeki karbon emisyonu seviyeleri nasil farkhilik gdsteriyor?
Gerekcelendirerek apiklayiniz.

b} Karbon emisyonu ile ilgili vapilacak olan ¢alismalarda hangi alt bashklara ver verilmeli?

» Giinliik Hayat Ornegi béliimiinde hangi adim veya adimlan takip ettiginizi
diigliniiyorsunuz? Yuvarlak icine alarak isaretleyiniz.

Veri Veri Veri Veri Veriyi analiz Hicbiri
bulma/inceleme | toplama | diizenleme | gorsellestirme | etme/yorumlama

Figure F.2. Worksheet 2.
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2) Bilgi Edinme

a) Diinya tarihi en yiiksek CO2 seviyesine ne zaman ulast?

b) Grafiklerde sicaklik artist ile CO2 emisyonu arasinda bir iliski var nm? Acklayiniz.

¢) Insanlariklim degisikliginden ilk ne zaman haberdar oldu ve bu kelimeyi arastirmaya

basladi?

d) Tarihte insanlarin hangi eylemleri iklim degisikligine neden olabilir?

e) insan kaynakh karbondioksit emisyonlarinmn bashca nedenleri nelerdir?

f) Highir sev yapilmazsa emisyonlarm zaman iginde nasil degismesi bekleniyor?

g) Insan kaynakli karbon emisyonlarnm azaltmak icin olas1 eylemler nelerdir?

h) Sifir karbon emisyonu ne anlama geliyor?

i) Ulkeler 2050 yilina kadar sifir karbon emisyenu hedefine nasil ulasir?

+ Bilgi Edinme béliimiinde hangi adim veya adimlan takip ettiginizi diistiniiyorsunuz?

Yuvarlak icine alarak isaretleyiniz.

Veri
bulma/inceleme

Veri
toplama

Veri
diizenleme

Veri
gorsellestirme

Veriyi analiz
etme /yorumlama

Hicbiri

Figure F.2. Worksheet 2 (cont.).
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3) Fikir Gelistirme

a)

o)

d)

€)

Diinya lizerinde farkh ktalarin LabStar ile olusturulmus grafiklerini incelediginizde
karbon emisyonu ile ilgili ne sdylevebilirsiniz? Varsa farkhhklarm sebepleri neler

olabilir?

Farkl iilkelerin karbon emisyon grafikleri LabStar ile gorsellestirilmistir. Sectiginiz

iilkenin karbon emisyonu egilimi nedir?

Ulkenizde karbon emisyonlar dengeli mi? Aciklayimiz.

Hichir sey yapilmazsa ilkenizdeki emisyonlarin zaman iginde nasil degismesi

bekleniyor?

Béyle bir karbon salinimimin diinya iizerindeki etkisi ne olur? Agklayniz.

Sectiginiz tilke ile diger tilkelerin karbon emisyonlan arasinda benzerlik ve farklihklar

nelerdir? Varsa farkliliklarin sebepleri neler olabilir?

Farkh iilkelerin grafiklerinde karbon emisyonu egilimi nasil? Her zaman artis mu

yasaniyor?

Figure F.2. Worksheet 2 (cont.).
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h) Farkh iilkelerde artislar hangi oranlarda gerceklesmistir? Karsilatirdigimz iilkeler

arasindan hangi iilke daha fazla karbon salimu yapiyor?

1) Grafikte ne zaman ani bir artis yasannmustir? Bu artisin nedenleri neler olabilir?

i) Grafikte azalma varsa bunun sebepleri neler olabilir?

k) Grafikte sabit cizgiler ne anlama gelivor olabilir? Bu tarihlerde karbon emisyonu

olmamis m1 yoksa sabit oranda artmaya devam ettigini mi gosteriyor?

) Farkh {ilkelerin grafiklerinde ortak olarak gdzlemlediginiz artma veya azalma olan

yillar hangileri? Bu yillar herhangi bir anlasma dncesi veya sonras: olabilir mi?

m) Bu grafikler dikkate alindiginda, se¢mis oldugunuz iilkenin gelecege yonelik karbon

emisyon seviyesini nasil olabilir?

+ Fikir Gelistirme b&liimiinde hangi adim veya adimlan takip ettiginizi diisiinliyorsunuz?

Yuvarlak icine alarak isaretleyiniz.

Veri
bulma/inceleme

Veri
toplama

Verl
diizenleme

Veri
gorsellestirme

Veriyi analiz
etme /yorumlama

Hicbiri

Figure F.2. Worksheet 2 (cont.).
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4) Uriin Gelistirme

Gorev: LabStar tarafindan olusturulan verileri dikkate alarak secmis oldugunuz iilkede dnlem
alinmasi gereken durumlarla ilgili atilacak adimlan belirlemek iizere bir rapor hazirlayn.
Rapor basamaklarini daha dnce cevapladigimiz sorular dogrultusunda belirleyin, Onlemler
dogrultusunda iilkenizin gelecege yonelik karbon emisyonu seviyesi ile ilgili tahminlerinizi
grafik cizerek gisterin,

a) Insan kaynakl karbon emisyonlarim azaltmak icin olasi eylemler nelerdir?

b) Niifus karbon emisyonunu nasil etkiler? Aciklayimz.

c) Yapilasma karbon emisyonunu nasil etkiler? Aciklayimz.

d) Tasit kullamm karbon emisyonunu nasil etkiler? Aciklayiniz.

e] Atk miktan karbon emisyonunu nasil etkiler? Acklayimez.

f] Ulkenizin karbon emisyonunu 2050 yilina kadar azaltmak icin hangi hedefi
belirleyeceksiniz?

g) Ulkenizde belirlediginiz hedefler dogrultusunda 2100 yilina kadar Sifir Karbon
emisyonu hedefine ulasmak miimkiin miidir? Agiklayimez.

Figure F.2. Worksheet 2 (cont.).
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h) Ders boyunca edindiginiz bilgiler, grup tartismalarinda konusulanlar ve
degerlendirmeleriniz sonucunda bir rapor olusturunuz. Raporunuzda derste
vaptigimiz farkh béliimlerden gerekli gdrdiigiiniiz cevaplar: alarak dgrendiklerinizi

dzetleyiniz.

Rapor:

i) Onlemler dogrultusunda iilkenizin gelecege yénelik karbon emisyonu seviyesi ile ilgili
tahminlerinizi grafik cizerek gdsterin.

» Uriin Gelistirme bélimiinde hangi adim veya adimlari takip ettiginizi diistiniiyorsunuz?

Yuvarlak icine alarak isaretleyiniz.

Veri
bulma/inceleme

Veri
toplama

Veri
diizenleme

Veri
gorsellestirme

Veriyi analiz
etme /yorumlama

Hichiri

Figure F.2. Worksheet 2 (cont.).

156



5) Test Etme

Raporunuzu test etmek icin [klim Eylem Aracim kullanin. Burada verilen degiskenleri goz
oniline alarak raporunuzu tekrar degerlendirerek eklemeler yapin.
https:/ /fwww.climateinteractive.org/tools

a) Ulkeniz karbon emisyonlarim dnlemek icin ne yapabilir? Agklaymiz.

b) Plammzin kiiresel katkilan nelerdir? Aciklayimez.

c] Raporunuzla CO2 emisyonunu sifira indirmek miimkiin mii? Agklayimz.

d) Raporunuz net sifir emisyon ihtiyaclarim karsihyor mu? Aciklayimz.

Raporu asagidaki rubrik ile degerlendirin. Yeniden diizeltilecek yerleri belirleyin.

Raporu olustururken:

1. Ulkenin ekonomik ve sosyal ikarlan dikkate alinds. | 1 2 3 4

2. 21.yiizy1l teknolojilerinin kullanmn dikkate alinds. 1 2 3 4

3. Ulke gikarlarimi koruyarak yegil alanlara éncelik 1 2 3 4
verildi.

4, Ulkenin iklimi ve niifusu gibi faktérleri dikkate 1 2 3 4
alarak yenilenebilir ve yenilenemez enerji kullaninm
planland.

5. Cevre dostu bina ve sehir planlamas: dikkate alinds, | 1 2 3 4

6. Fabrikalarmn diretim faaliyetlerini etkilemeyecek 1 2 3 4
tedbirler dikkate alindi.

7. Ulkenin kalkinmasimi engelleyecek adimlar dikkate 1 2 3 4
alindi.

8. Ulkenin aldif: tedbirlerin ekonomik geligmislik 1 2 3 4
diizevini asan bir malivette clmamas dikkate alind.

¢ TestEime béliimiinde hangi adim veya adimlan takip ettiginizi disiiniiyorsunuz?
Yuvarlak icine alarak isaretleyiniz.

Veri Veri Veri Veri Veriyi analiz Hicbiri
bulma/inceleme | toplama | diizenleme | gérsellestirme | etme/yorumlama

Figure F.2. Worksheet 2 (cont.).
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6) Paylasim Yapma

6.

Gorev: Test etme béliimiinde yaptiginiz calismalar: da dikkate alarak COP22'de iilkenizin

alacag onlemleri aciklayan bir poster hazmrlayarak arkadaslarimzla paylasimz. Posterinize

iklim Eylem Araci'nda clusturdugunuz grafigi, kendi cizdiginiz grafigi ve raporunuza
yvazdiklarmizi ekleyerek bu derslerden &grendiklerinizi dzetleyiniz.

Asamdaki sorular sunumlar sonrasinda cevaplayimiz.

Farkh gruplar tarafindan sunulan raporlar incelediginizde,

a) Gelismekte olan iilkelerin ve gelismis tilkelerin karbon emisyonu zaman icinde nasil

degisivor? Aciklayimniz.

b) Diisiik gelir ve yiiksek gelir, zaman iginde COZ emisyonlanndaki degisimi nasil etkiler?

c) Karbon emisyonunu azaltmak amaciyla céziim odakl okulda ne yapilabilir?

d) Il bazinda ne yapilabilir?

+ Paylasim Yapma béliimiinde hangi adim veya adimlan takip ettiginizi
diisiiniiyorsunuz? Yuvarlak icine alarak isaretleyiniz.

Veri
bulma/inceleme

Veri

Veri

toplama | diizenleme

Veri
gorsellestirme

Veriyi analiz
etme /fyorumlama

Hichiri

Figure F.2. Worksheet 2 (cont.).
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APPENDIX G: POSTER ANALYSIS FOR
ALGORITHMIC THINKING

Poster 1in 1P 1 Poster 2in 1P 2
Group 1 -Inference -Current situation of the country
-Concepts -What emissions did the country make in
-Definitions history
-Comparisions -Comparison with emissions from other
-Graph descriptions countries
-How many targets planned
-How will actions be hmited?
-Chart drawing
-Action plan image
-Zero carbon target
-By what percentage will it be reduced?
-Sanctions for the implementation of
targets
Group 2 -Concepts -What actions of the country in the past
-Definitions have contributed to this increase?
-Research method -Current situation
-Graphs -Problem sentence
~-Graph descriptions -Solutions/actions
-By what percentage will it be reduced?
-When will emissions be reduced
-The current chart of the country and
inference
-Future planning
-Action plan image
-Graph
Group 3 -Concept -Graph
-Research method -Status of the country's carbon emissions
-Inference compared to other countries (current
-Graphs situation)
-Graph titles -How should we limit actions (measures)
-When will emissions be reduced

-The effect of measures on global
temperature increase

-Zero emissions target

-Action plan image

Figure G.1. Poster analysis.
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Group 4 -Concept -Causes of carbon emissions
-Research steps -Suggestions for solutions to reduce
-Inference EIMiSS100S
-Graphs -Sharing the future scenario
-Graph titles -Comparison of the amount of carbon
emissions of the two countries
-Compared and inferred the carbon
emissions of different continents
-Emphasizing that climate change 15 a
common problem of countries
-When will emissions be reduced
-Graph
Group 5 -Concept -The current situation
-Definition -8ince when is 1t considered
-Graph interpretation -What actions should be considered for
-Graphs this country
-Graph descriptions How should we limit actions?

-By what percentage will it be reduced?
-Graphic drawing
-Action plan image

Figure G.1. Poster

analysis (cont.).
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APPENDIX H: POSTERS CREATED BY STUDENTS

Figure H.1. Posters



Figure H.1. Posters (cont.).
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Figure H.1. Posters (cont.).
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Rusya'da Karbon Salimi

" 1. Problem

Autya'nin dunpay en cok
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Figure H.1. Posters (cont.).
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Ispanya Grubu Tiirkiye Grubu

Insan kaynakl

(40 T
Fosil yakit dlim degriklioe
neden olur.
Bilingsiz tidoetim ve ierafa son
vermemiz gerekin 13800 yillardan sonfa
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Figure H.1. Posters (cont.).




APPENDIX I: INTERVIEW QUESTIONS

1. Bu derslerde yaptiklanmzdan aklinda kalanlan kisaca dzetleyebilir misin?
2.Grup calismasinda neler yaptimz? Sirasiyla aklinda kalan gekilde agiklayabilir misin?

*  Grup galismalannda hangi asamalarda katkin oldu? Senin katkimn oldugu kisimlan
agiklayabilir misin?

3. Burlikte vaptigumiz bu derslen faydal: buldun mu? Nasil? (Kendin igin veya arkadaglann
icin)

4 Asamda venilen ifadeleri derslerimiz boyunca yaptigimiz etkinliklerden Gmekler
vererek aciklayabilir misin?

“karmagik bir gérevi alt siireclere bélmek™ (Decomposition)

¢ Yaptiklanmz arasinda sence karmasik bir gbrev var muydi? Ona gore nasil bir ¢dziim
firettiniz?

“vinelenen dgelerin belirlenmesi” (Pattern Recognition)

o Etkinlik boyunca tekrar tekrar vaptigimz seyler nelerdi?

“varari genellemeler olugturmak icin ayrmiilar: gikarma sireci” (dbstraction)

¢ Topladifimz venlerden anlamli bir sonug ¢ikarana kadar yvaptigimz agamalar nelerd?

“belirli dizilerin olugturulmas:” (dlgorithmic thinking)

¢ Grup olarak olugturdugunuz raporda verilerden anlamli bir sonug ikarmamizi saglayan
sireclerden bahseder misin? Rapor olustururken nasil bir planlama yaptimz? Bu
sonuglan raporda hangi ditzende belirttiniz?

5. Birlikte yvaptifimiz derslerde en kolay gelen kisim hangisivdi? Aciklar misin?
a-Grup olarak
b-Bireysel olarak

6. Birlikte vaptifimiz derslerde en cok zorlandigimz kisim hangisivdi? Aciklar misin?
a-Grup olarak
b-Bireysel olarak

Figure I.1. Interview questions.



7. En zor yorumladigimz kisim sizce nasil daha kolay vorumlayacagimiz hale getinlebalur?

Zorlandim ¢iinkd talimatlar eksik/hataliyds
Zorlandim ¢iinki sirec ok karmasikt
Zorlandim ¢onkd bu konuya ilgim yok
Zorlandim ¢inkd gok fazla agama vard:

3 Bu derslerin iklim degigikligi hakkinda bilginize katly sagladigini digiiniyor musun?

Agiklar misin?

Bu derslenn iklim degisikligi verilen: kullanarak vorumlamana etkisi oldu

mu? Nasil?

9. Bu dersler bilimsel digiinme becerilerini etkiledi mi? Nasil? Etkilemediyse neden?

10. Birlikte vaptigimiz dersler verileri anlama, analiz etme ve yorumlama becerilerini etkiledi

mi7? Nasil?

11. Bu derslerde dgrendiklenin veva kullandigin araglar bundan sonra bilimsel diigiinme
siirecleninde kullanacagin yentemlere herhangi bir katk sagladi m? Agiklar musin?

12. Son olarak galigmayla ilgili eklemek istedigimz bir sey var ma?

Figure I.1. Interview questions (cont.).
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APPENDIX J: GRAPHS CREATED BY LABSTAR™

Figure J.1. LabStar™ graphs.
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Figure J.1. LabStar™ graphs (cont.).
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Figure J.1. LabStar™ graphs (cont.).
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Figure J.1. LabStar™ graphs (cont.).



