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ABSTRACT

The Effect of Science Instruction Integrated with
Unplugged Computational Thinking Activities on
Students’ Academic Achievement and

Computational Thinking Skills

Ilayda KILIC

Department of Mathematics and Science Education

Master of Science Thesis

Advisor: Prof. Dr. Mustafa Sami TOPCU

Computational thinking (CT) is a significant competency of 21st-century skills.
The acquisition of computational thinking skills has become an important debate
in science, technology, engineering and mathematics disciplines. This study
enlightens the potentiality of computational thinking integrated instruction in K-
12 science classrooms. The purpose of this study is to find out the impact of
unplugged CT activities during the subject of pure matter and mixtures on
seventh-grade students’ academic achievement and CT skills. The study has a
quasi-experimental design with a non-randomized control group to which a pre-
test and a post-test were administered in two regular science classrooms in a
public middle school located in Uskudar/Istanbul. The experimental group was

xii



subjected to a treatment of unplugged CT based constructivist science instruction,
while the students in the control group were treated based on the constructivist
approach. Consequently, there were statistically significant differences between
before and after treatment in the experimental group regarding the achievement
in the subject of pure matter and mixtures and CT skills, with a large size effect
(d= 1.56) on achievement in the subject of pure matter and mixtures, and a large
size effect on CT skills (d= 0.95). CT skills of the control group did not show a
statistical distinction between pre-test and post-test, and academic achievement
in the control group elicited a statistically significant difference between pre-test
and post-test indicating a large size effect (d= 1.49) in favour of the post-test. It
was also found out that there was a meaningful difference between the post-test
scores of CT skills of the experimental and the control group. However, there was
no significant difference in the post-test scores of subject-specific success between
the experimental group and the control group. Finally, interpretation and

discussion were provided in line with research findings.

Keywords: Computational thinking, science education, academic achievement
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OZET

Bilgi Islemsel Diisiinme Etkinlikleriyle
Biitiinlestirilmis Fen Ogretiminin Ogrencilerin
Akademik Basarisina ve Bilgi Islemsel Diisiinme

Becerilerine Etkisi

Ilayda KILIC

Matematik ve Fen Bilimleri Egitimi Anabilim Dali

Yiiksek Lisans Tezi
Danigsman: Prof. Dr. Mustafa Sami TOPCU

Bilgi islemsel diisiinme 21. yiizyilin 6nemli becerileri arasinda yer alir. Bilgi
islemsel diistinme becerisinin itibaren kazanimi fen, teknoloji, mithendislik ve
matematik disiplinlerinde 6nemli bir tartisma konusu olmustur. Bu arastirma,
bilgi islemsel diisiinme ile biitiinlestirilmis Ogretimin K-12 diizeyindeki fen
bilimleri derslerine sundugu imkanlara 1sik tutmaktadir. Bu calismanin amaci
digital ara¢ kullanimini icermeyen bilgi islemsel diistinme etkinliklerinin yedinci
sinif 6grencilerinin saf madde ve karisimlar konusundaki akademik basarilarina
ve bilgi islemsel diisiinme becerilerine olan etkisini incelemektir. On-test ve son-
test kontrol gruplu yar1 deneysel desen Istanbul ili Uskiidar ilcesindeki bir devlet
ortaokulundaki iki sinifta uygulanmistir. Deney grubunda digital arag¢ kullanimini

gerektirmeyen bilgi islemsel diisiinmeyle biitiinlestirilmis yapilandirmaci fen
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0gretimi uygulanirken; kontrol grubunda yapilandirmaci yaklasim kullanilmistir.
Sonug olarak, deney grubunda uygulama 6ncesi ve sonrasi arasinda saf madde ve
karisitmlar konusundaki basarida ve bilgi islemsel diisiinme becerisinde
istatistiksel olarak anlamli fark bulunmustur. Bu farkin akademik basariya biiyiik
bir etkisi oldugu (d= 1.56) ve bilgi islemsel diisiinme becerilerine biiyiik bir etkisi
oldugu (d= 0.95) bulunmustur. Kontrol grubu bilgi islemsel diisiinme becerileri
On-test ve son-test puanlari istatistiksel olarak anlamli bir farklilik gostermemistir.
Kontrol grubunun akademik basarisinda 6n-test ve son-test puanlari arasinda son-
test lehine istatistiksel olarak anlaml bir fark cikmistir ve bu farkin biiyiik bir
etkiye sahip oldugu bulunmustur (d= 1.49). Ayrica deney ve kontrol grubunun
bilgi islemsel diisiinme becerilerine iligkin son test puanlar1 arasinda anlamli bir
farklilik oldugu bulunmustur. Fakat uygulama sonucunda gruplar arasinda saf
madde ve karisimlar konusundaki basarida istatistiksel olarak anlamli bir fark
yoktur. Son olarak ise arastirma sonuglarina uygun olarak yorum ve tartisma

yapilmistir.

Anahtar kelimeler: Bilgi islemsel diisiinme, fen egitimi, akademik basar1

YILDIZ TEKNIK UNIVERSITESI

FEN BILIMLERI ENSTITUSU
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1

INTRODUCTION

This study has five chapters starting with Introduction. The next chapters are
respectively the conceptual framework, methodology, findings, results and
discussion. Introduction has the following order: literature review, purpose of
thesis, original contribution, research question, hypothesis, assumption and

limitation.
1.1 Literature Review

Literature review of this study mentions the scholarly resources relevant to the
research context. This section mainly focuses on the definition and aspects of

academic achievement in science and computational thinking.
1.1.1 Academic Achievement in Science

Academic achievement refers to a measurement of students’ understanding, which
is the percentage of children at a school whose learning presently matches or
surpasses grade-level norms (Minnesota Department of Education, 2017).
Academic achievement in science education could be measured by in-class
assessments and international examinations. Even though there are several
reasons to measure academic achievement in classrooms, the classroom level
assessments would be particularly informative regarding at which points students

make mistakes and to what extent students are able to understand learning goals.

The assessment of a particular subject or unit in class may also help to detect the
misconceptions that students hold and let the teachers fix them with the help of
scientifically accurate explanations by using some specific techniques. Assessment
of learning outcomes after a particular treatment may be used to address the

impact of treatment in a relevant subject.



By doing so, the change in student success in the given topic can be interpreted
based on the treatment, and measurement of these aspects can give meaningful

information for future implications.

International examinations such as Trends in International Mathematics and
Science Study (TIMMS) and Programme for International Student Assessment
(PISA) reveal the academic performance in global scales, and the result of these
international tests report the participant countries’ educational facilities in many
ways. Academic achievement is a significant topic that researchers, policymakers,
and practitioners scrutinize since it is seen as an accurate indicator of academic
performances while enabling data to evaluate the educational rankings of
participant countries on global scales. It was stated that, despite the decrease in
Science, Engineering, Technology, and Mathematics (STEM) enrollment in the
United Kingdom (National Audit Office, 2018), student performance in PISA 2018
was high above the average score of the Organisation for Economic Co-operation
and Development (OECD) countries. The scores of the United States have similar
characteristics with the United Kingdom except for mathematics success. The
mathematics success of the United States in PISA 2018 was lower than the average
OECD score (OECD, 2019a). According to the results of the PISA 2018 test, the
scores of Turkey were below the general score of OECD countries on account of
mathematics and science success (OECD, 2019a). Although the comparison of
Turkish national scores in PISA 2015 and PISA 2018 has become better in favor
of the recent examination, the current place of Turkey in international rankings is
falling behind the top-performing OECD countries (Ministry of National Education
[MoNE], 2019).

International assessments show the global evaluation of educational quality
among participant countries. Their results necessitate changing educational
regulations, enacting new procedures, following trends for educating young
people since they evaluate educational policies of participant countries from many
perspectives. Fostering the implementation of recent educational movements in
classrooms is a way to meet desired levels at international rankings. Using novel

educational trends in classrooms may change the classroom culture.
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Therefore, researchers and policymakers should jointly regulate promising
approaches in order to reach demands. One of the recent movements is called the

STEM Movement, which is described below.
1.1.2 STEM Movement

The acronym “STEM” stands for Science, Technology, Engineering, and
Mathematics disciplines. White (2014) claimed that the STEM movement was
firstly encountered in the Sputnik era, and STEM was practiced without a certain
recognition at that time. According to other studies in literature, STEM was firstly
used by the National Science Foundation (NSF) of the United States in the 1990s
(Bybee, 2010; White, 2014). It was emphasized that STEM did not originate in
educational sciences, but it was the financial and industrial fluctuation in the
world that caused the appearance of STEM. The decrease in employment and
university enrollment in engineering and science disciplines impelled
policymakers to start initiatives and stakeholders to call for research, promotion,

and implementation in STEM disciplines (Williams, 2011).

The emergence of STEM in education has become a debate for many years, and
researchers could not give a solid definition. Bybee (2010) who points this issue
implies that STEM is a trend of science and mathematics disciplines in the last
decades, of which reflects global problems to be solved with techniques that
technology and engineering serve. According to another study, STEM consists of
any activity in which science, technology, mathematics, and engineering
disciplines are taught together regardless of the type of degree (Gonzales and
Kuenzi, 2012).

Fluctuation in enrollment to natural sciences in universities and the loss of STEM
workforce still maintain. Although there are enactments in line with recent trends,
the result of regulations has had little progression towards desired levels. National
Audit Office (2018) emphasizes that the decrease in enrollment in engineering
and computer science in the United Kingdom is remarkable. This decrease still
goes up in spite of the large-scale investments in the United Kingdom. Only 24%

of STEM graduates hold a job in their disciplines, which means STEM graduates



do not prefer to work in their work fields. Akgiindiiz (2016) reported that the
number of students who enrolled in STEM disciplines declined dramatically
among the ones who ranked at the top thousand list in National University
Examination in Turkey between 2000 and 2014. It means that students who get
the top degrees in the national university enrollment exam in Turkey do not prefer
to register in STEM fields. It was stated in a report of PricewaterhouseCoopers
Turkey and Turkish Industry and Business Association (TUSIAD) that the rate of
STEM graduates between 2013 and 2016 in Turkey was no more than 18% of
total university graduates of the country (PricewaterhouseCoopers Turkey and

TUSIAD, 2017).

Whereas there is a decrease in STEM enrollment in universities, the students in K-
12 grades should be orientated to STEM disciplines not only to prevent the loss
but also to start valuable experiences in STEM learning. Teaching in STEM
disciplines should be considered as a goal to promote 21st-century skills since
interdisciplinary learning environments enable enriched contexts for students to

become scientifically literate by experiencing real-world problems.

STEM competencies provide promising ways to acquire fundamental
qualifications and increase learning performances. Thus, STEM has been
promoted with financial investments and educational policies. Countries shape
their routes in education based on skills that universally accepted. Many
international organizations emphasize the importance of 21st-century skills in
terms of the demands of current qualifications. To elaborate, a number of

frameworks for current qualifications are discussed below.
1.1.3 Frameworks for current skills in demand

While there is a broad spectrum of competency in STEM disciplines, educating
young people to master the basic and complex skills may be carried out by
following trends in society. Most scholarly and government reports show the
indicators of capabilities for current and future skills; thus, some of them are

explained herein.



1.1.3.1 Partnership for 21st-Century Skills Framework

21st-century skills are qualifications that people should acquire so as to expertise
in their disciplines and regulate their daily routines successfully (Ananiadou and
Claro, 2009; Partnership for 21st century skills [P21], 2009). The implication of
these skills in pedagogical practices will enhance students’ engagement in science
and society since 21st-century skills are ubiquitous in daily life (E. Silva, 2009).
P21 Framework includes a set of categories in which a teaching subject may be
integrated with competencies. A network of Battelle for Kids called P21 focuses
on the development of 21st-century skills. These skills have been recently

documented as in the following (Battelle for Kids, 2019):

v Key Subjects and 21st Century Themes

v’ Learning and Innovation Skills

v Information, Communication and Technology Skills (ICTs)
v' Life and Career Skills

21st-century skills proposed by P21 present practice-oriented approach to
integrate these capabilities with an academic subject. (P21, 2019). In a similar
vein, OECD suggests the interdisciplinary learning environments to transfer
knowledge across the disciplines. It supports the mutual interaction of disciplines
and promotes interdisciplinary approaches to reach through 2030 (OECD, 2019b).
In a disciplinary perspective, training scientifically literate students is a goal in
science and mathematics classrooms. The disciplinary connection with some of
21st-century skills, such as collaboration, critical thinking, problem solving,
creativity, and ICT literacy which are categorized in sub-themes, may be drawn

upon in science and mathematics education substantially.
1.1.3.2 ISTE Standards

International Society for Technology in Education (ISTE) is a community that
promotes the integration of technology in education. The community guides
scientists, educators, teachers, and it plays a critical role for forming global
educational standards called ISTE Standards (ISTE, n.d). According to ISTE

standards, students who are educated in line with ISTE Standards will succesfully
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manage self-regulation in learning with the use of technological products. They
will consider the effectiveness of different tools whether these tools are useful for
them in learning process or not. ISTE Standards emphasize how technology-driven
instruction can contribute learning process effectively. Thus, the student
competencies in ISTE Standards have been substantially integrated with computer

science (ISTE, 2016).

Among the standards, ISTE acknowledges computational thinking (CT) as an
important competency. ISTE encourages to generate learning environments in
which students experience the inter-connection of disciplinary practices with a
strong technology-driven influence on learning process. The term CT is mentioned
as an important skill that students hold. Cultivating students to be computational
thinkers carries significant missions to enhance student development recently

(ISTE, 2016).
1.1.3.3 National Research Council K-12 Science Framework

National Research Council of the United States (NRC) published a framework of
major capabilities for science classrooms. The council reports that students in the
United States should be educated in light of recent and fundamental developments
in society and engineering. Qualifications in this framework shape the future labor
and cooperate with skills in demand (NRC, 2012). It lists the fundamental skills
that students ought to acquire, three of which are the inquiry of problems in
science and engineering, working on these problems with data modeling and
analysis with engineering and scientific perspective, and the usage of

computational and mathematical thinking (NRC, 2012).

1.1.3.4 Next Generation Science Standards

Next Generation Science Standards (NGSS) is a resource, namely curriculum for
science learning and performance expectations in the United States. NGSS covers
three major dimensions in science teaching, which are disciplinary science and
engineering practices, core ideas and croscutting concepts (NGSS Lead States,
2013). Among the science and engineering practices, CT is introducted with

mathematical thinking to understand how science and natural processes work.



The two major reports of the United States in education, Framework of NRC (NRC,
2012) and NGSS (NGSS Lead States, 2013), suggest to use CT in K-science

classrooms for educating students.

Since many international organizations and policymakers suggest to educate the
youth align with significant capabilities, learning the current skills and forming
learning environments in line with them are important factors for educating
students. Thus, CT as a critical thinking skill is introduced below, and its

importance in education is described thereafter.
1.1.4 Computational Thinking

CT is acknowledged as a 21st-century skill (Haseski et al., 2018; Tabesh, 2017;
Yadav et al., 2016); however, both the origin and definition of the term are major
debates among scholars. Researchers pointed out that CT was initially mentioned
by Seymour Papert, yet definition extended by Jeannette Wing was popularly
accepted by the scientific community (Rijke et al., 2018; Shodiev, 2015; Shute et
al., 2017). Wing defined CT by raising the significance of the term for all
disciplines as “Computational thinking is a fundamental skill for everyone, not just
for computer scientists.” (Wing, 2006, p. 33). The call of Wing (2006) has
gradually increased, and the term has been promoted across the disciplines. Wing
(2011) states that CT is problem-solving methodology in which artificial agents
take a role in the process to function at the problems and carry out precise
operations to corresponding tasks. A report of OECD indicates that CT integrates
natural and applied sciences that utilize ICT to practice inter-related skills

(Paniagua and Istance, 2018).

Scholars have noticed that there is no consensus for the definition of CT (Beecher,
2017; Garcia-Pefialvo and Mendes, 2018). After reviewing several studies, Shute
et al. (2017) referred to CT as an umbrella term to which a problem is solved with
different approaches and can be processed in several media. Despite the efforts in
literature, some of interpretations caused misconceptions. One of those common
misconceptions is that CT is computer programming. Instead, computer

programming is a wheel to solve a problem computationally.



Grover and Pea (2013) state that CT may cover the tasks which necessitate a
complicated syntax if a problem requires such to be solved. CT could be stated as
an approach which computer scientists prefer since it is appropriate and handy in
their disciplines (Grover and Pea, 2018). ISTE and the Computer Science Teachers
Association (CSTA) surveyed how people see CT, and they concluded that CT is
seen as a problem-solving process which covers many elements for a solution
(ISTE and CSTA, 2011). The scope of CT and its components are thus stated in

the following.
1.1.4.1 Computational Thinking Components

CT which is a problem solving method emerged from computer science has
conjunctive parts to handle the problems succesfully. CT uses computer-science
driven methodologies and perspectives to answers the problems. It is affirmed that
CT consists of several components that are practiced in this process (Fernandez et

al., 2018). These are stated below:
e Abstraction

Abstraction is described as the most critical CT feature which pays attention to the
core aspects of the problem. Its purpose is to detect anything out of the target and
then to remove it with the most effective way. Abstraction is ubiquitous. One
example of this is that computers can function at hard tasks simultaneously so that
users operate many commands at the same time (Wing, 2011). In daily life, people
may focus on a specific dimension of anything so that they spend less time on
unnecessary details. Abstraction could be identified as a way to reach the most

advantageous and simplified solution for the problem.
e Decomposition

Decomposition is a process of dividing the problem into smaller parts that are easy
to deal with. Firstly, the problem is viewed from a holistic perspective, then it is
broken down into smaller parts. It is explained in three steps: recognizing the
association of items, selecting a method to partially down the phenomenon, and

investigating the effectiveness of the method in other problems (Rich et al., 2019).



¢ Algorithmic Thinking

Denning and Tedre (2019) clarify algorithms as particular statements that
computers can function once they receive the command. Beecher (2017) notes
that algorithms consist of sequences that fulfill a flow of tasks, and they are
anticipated to work according to the procedures they are formed. Curzon and
McOwan (2017) place algorithmic thinking at the center of CT and state that CT
is a perspective to seek the truth similar to scientific thinking. In another study,
algorithmic thinking is explained as a way of using algorithms in a stepwise
process (Futschek, 2006). Given these points, algorithmic thinking should
comprise the procedures which provide consistency and accuracy to flows to work

in order.
e Logical Thinking

Beecher (2017) states that logic is the determination process of ensuring the
acceptability of statements. Computers require to receive clearly expressed
commands to interpret them accurately; thus, they need to be issued what to do
in case of an opposite situation occurs in the command sequences. In brief, logical

thinking is to tell the system “to do this; otherwise, to do that”.
e Debugging

Debugging is stated as the elimination of bugs and coding errors in computer
programs. It has several methods to revise and arrange algorithmic sequences

(McCauley et al., 2008).
e Pattern Recognition

Pattern recognition is to show specific themes in the underlying phenomenon and
to see the images, schemas, and loops which are iterative in it. It is a method to
find out hidden properties of data. Dasgupta and Purzer (2016) report that pattern
recognition has been slightly studied as a CT aspect even though it reflects several
CT dimensions. Grover and Pea (2018) expound that pattern recognition
streamlines the problem-solving process so that it takes less time to evaluate the

several aspects of the phenomenon.



e Computational Modeling and Simulation Practices

In computational science and most of the STEM fields, computational modeling is
used to visualize data and digital artifacts for research and development in STEM.
Clark and Ernst (2008) endorse the integration of data practices in engineering

and science education to develop systems and STEM scientist thinking for learners.

Weintrop et al. (2016) established a taxonomy of CT practices for mathematics
and science classrooms in their seminal paper. In the computational modeling and
simulation practices category, Weintrop et al. (2016) listed a number of tasks to
practice this competency such as understanding, testing, assessing, and designing
computational modeling and simulations. In another study, it was claimed that
computational modeling and simulations are the outputs of CT practices as a result

of the problem-solving process (Selby and Woollard, 2013).
e Data Practices

Weintrop et al. (2016) define the data practices in their CT taxonomy. Data
practices encapsulate steps such as generation, manipulation and evaluation of
data. Data practices reflect major CT aspects. The key abstraction here is to
demonstrate data simply and properly (Weintrop et al., 2016). Most K-12 science
and STEM classrooms implement core practices to collect data, demonstrate data
appropriately and evaluate data with a scientific perspective. Data practices are
shown and estimated with approaches that are driven by computer science in this

context.
e Iteration

Iteration defines the continual repetition of whole or partial algorithmic

sequences.
e Loop

It is a repetitive action, of which a process taking a start several times in order to

carry out a number of actions.
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e Evaluation

Evaluation is generally to critique several aspects of any assignment. Particularly,
evaluation in CT is to determine which parts of computational products, e.g codes,
computational models, are worth being acceptable in theory and practice. It is
emphasized that evaluation in CT is to assess the exactitude of representational
artifacts within their context or technical standards. Evaluation can also be

considered to decide the effectiveness of the solution (Grover and Pea, 2018).
1.1.4.2 Importance of Computational Thinking

Technology tools became indispensable products in life as a result of the
developments in ICT. Individuals correspond to their basic needs with few clicks
such as ordering food from a website and communicating with other people
online. Computers have a great capability to do tasks in seconds, and they are
configured to work effectively. The impact of computer systems will thrive in the
long run. Rotman (2013) doubts that artificial systems have a chance to replace
human power in near future. A majority of people may face losing their job or else
they need to acquire ICT skills. Pew Research Center (2014) stimulates
practitioners and policymakers to inform and cultivate people in line with 21st
century skills before this situation poses a threat to employment. On the contrary,
there is also a possibility that improvements in technology offer novel fields in

recruitment likewise in the previous years.

Vallance and Towndrow (2016) emphasize the importance of using technology as
a part of classroom practice instead of using its tools individually to achieve
learning goals. Integrating ICT into other disciplines is an essential step to
cultivate the young generation. In this regard, CT should be promoted in K-12

levels since it can develop several competencies.

CT comprises fundamental skills such as problem solving, logical thinking, and
21st-century competencies. Romdn-Gonzdlez et al. (2017) have analyzed the
cognitive skills which underlie CT and documented that CT was related to
reasoning and spatial skills. Another study on cognitive skills associated with CT

skills found that spatial skills, academic achievement, and intelligence were the
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indicators of CT skills (Ambrosio et al., 2014). As CT is the key feature in STEM
disciplines, the development of CT should be considered across the grades and
disciplines. Also, informing students about the potential threats of employment in
near future and cultivating them concerning these qualifications should become a
mission. Jeannette Wing also suggested the promotion of CT as problem-solving
and articulated that “it [CT] represents a universally applicable attitude and skill
set everyone, not just computer scientists, would be eager to learn and use” (Wing,

2006, p. 33).

While there is a significant influence of CT on STEM disciplines, students suffer
from the lack of capability to use CT in their disciplines. Qin (2009) states that
students who major in life sciences know little about computer science in spite of
the fact that there are implication fields of computing in life science disciplines
such as bioinformatics, biotechnology, and bioengineering. This may now seem to
be a disadvantage to drawing the attention of STEM undergraduates and
graduates; yet, recent research reported otherwise. Stefan et al. (2015) introduced
CT practices to biology students and concluded that students found it beneficial
to use CT in their disciplines. Researchers advised that incorporation with CT aids
students’ understanding of biology and guide them on how to take advantage of
computer science in their disciplines (Helikar et al., 2015; Rubinstein and Chor,
2014). Instead of exposing students in natural sciences to standalone
programming instruction, researchers suggest applying an integrated instruction
approach that connects programming with students’ professions (Rubinstein and
Chor, 2014; Stefan et al., 2015). By means of integral practice, students will
understand the affordances of CT in their disciplines, develop interest and

expertise in their area of research (Stefan et al., 2015).

Wong and Jiang (2018) studied with elementary students to raise their CT skills
and concluded that CT could be practiced from childhood education up to
undergraduate degrees. The introduction of CT in elementary education is a
critical step for engaging students in STEM disciplines either it is directly
implemented in introductory computer programming or it is integrated with other

disciplines. According to Tran (2018), introductory computer science education is
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a keystone for students’ early engagement so as to reach a broader population in
STEM disciplines as well as computer science. Barr and Stephenson (2011) exhort
practitioners from different disciplines to implement CT in learning environments.
In addition to core CT practices in computer science education, CT can be used in
mathematics, science, social science, language education and more. In this study,

CT in science education is investigated and used in a K-12 science classroom.
1.1.5 Computational Thinking Practices in Science Education

CT practices in science education may have twofold aspects to advance in student
profiles: improvement of CT skills and learning in science education. CT skills can
be developed by integrating them with science subjects in line with curricular
expectations, national standards and learning goals. Learning science subjects and
practicing CT should be mutually adjusted in line with the accurate connection of
pedagogical practices. There are a considerable number of studies in STEM
education that offer interdisciplinary learning environments to teach CT practices.
These studies are integrated with programming approaches including maker
movement or robotics (Alden and Tramonti, 2020; Juskevi¢iené et al., 2020a,
Leonard et al., 2016; Yang et al., 2021), design thinking and engineering design
process (Love and Griess, 2020) and augmented reality (Jesionkowska et al.,

2020).

Teaching computer programming as well as CT practices requires the classification
of teaching approaches in science education. Previous research has been limited
to discipline-specific teaching methods of programming in computer science
education. There are two studies in the current literature that articulate teaching
methods of programming and CT (Waite, 2017; Weinberg, 2013). Teaching CT
practices in science classrooms and computer science classrooms share core
pedagogical similarities. However, current research needs a categorization of CT
teaching methods in science education. It would be better to provide information
about CT practices in science and engineering curricula with a wide range of CT

teaching approaches.
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Students experiment in science subjects by practicing CT competencies in science
classrooms with different levels of programming involvement. CT practices are
generally performed in digital environments since the interaction with artificial
systems is considered a substantial engagement in computer science. Nevertheless,
computer-free environments could be representative to take an initiative for
introductory CT activities. This present study groups CT teaching methods in
science education whether there is an existence of a digital teaching tool, digital
(plugged-in), and computer-free (unplugged) approach. Since CT makes use of
any programming language as a way of practice, it may eliminate the main focus
on teaching a particular programming syntax but rather may emphasize
programming principles and perspective. Thus, the present research classifies CT
teaching approaches as plugged and unplugged methods in line with the scope of

the study. These approaches are discussed herein.
1.1.5.1 Plugged Approach

Plugged approach encapsulates computer-based interventions for students to
acquire CT skills. Several tools derived from different programming languages are
used with respect to learning goals and user profiles. The common programming
languages used for practicing CT skills in computer science education as well as
in STEM education are block-based programming, text-based programming,

agent-based programming, hybrid programming, and physical programming.

Different subjects in science are used as teaching contexts to practice CT skills in
classrooms. In chemistry subjects, students may design computational models of
chemical substances and chemical bonds since there are abstract concepts and
relationships in this topic to understand the subject. Students may create
simulations that depict chemical bonds between specific atoms and compounds. A
recent study used simulations, depicting chemical reactions of some well-known
compounds, to integrate CT practices with curricular goals (Bortz et al., 2020).
This particular teaching subject namely chemistry may remain uncertain in CT-
based science instruction whereas other science subjects are widely taught within

CT practices.
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Biology subjects are commonly practiced in classrooms by computational tools. It
is suggested to embody CT in K-12 biology classrooms since there is a thorough
connection between the logic of CT and biology (Peel and Friedrichsen, 2018). An
example of this instance is the illustration of viruses, bacterias and other
microscopic organisms in computational modeling tools. This practice is a
common approach to examine the biological processes in science education across
the grades. Digital visualization of organisms and the search of patterns on genetic
codes enable learners to understand abstract concepts and help to connect

interrelations among these subjects.

Many researchers chose environmental science subjects such as ecosystems,
population dynamics, evolution and ecology since these subjects have several
complex relationships that cause significant impact on the mechanism
(Arastoopour-Irgens et al., 2020; Basu et al., 2017; Peel et al., 2019; Pierson et al.
2020; Sengupta et al., 2013; A. Silva et al., 2020; Wagh et al., 2017; Wagh and
Wilensky, 2018; Waterman et al., 2020; Wilkerson-Jerde et al., 2015). Swanson
et al. (2019) incorporated CT practices that were associated with model-building
activities in science subjects and instructed dynamics of populations in different
contexts. In their study, students analyzed the mechanism of the natural
phenomenon that was represented in a digital system and carried out data
practices to observe feedbacks of the system based on changes in parameters and
variables. Thus, they gained an understanding of how similar that natural

mechanism works (Swanson et al., 2019).

As it is frequently seen in most engineering design tasks and robotics activities,
the physics subjects and concepts are leveraged by computing. Kinematics,
electricity, and mechanics are some of the common topics in which most
researchers implement physical programming. The enriched learning
environments like STEM classrooms thrive on programming knowledge and CT
skills altogether. Several studies (Litts et al., 2017; Yin et al., 2020) performed
physical computing activities which were integrated with electrical circuits, and a
few studies used kinematics to build either modeling or robotics artifacts (Aksit

and Wiebe, 2020; Hutchins et al., 2020; Merkouris and Chorianopoulos; 2018).
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Design-based learning involved in artifact building with a programming tool
frequently necessitates former experience and programming knowledge since
each of these requires knowing how to operate a programming tool. Students need
to possess both the knowledge of scientific phenomena and programming
language so as to transfer scientific knowledge into a visual environment.
Research on how students use disciplinary knowledge over another discipline
concludes that students have a difficulty in describing precise steps they should go
through (Taub et al., 2013). In the study of Taub et al. (2013), students were
expected to create a simulation that describes circular motion, and they struggled
to interpret theoretical physics knowledge in the way a computer could analyze.
The study of Aksit and Wiebe (2020) reported that students had challenges in
constructing and revising algorithms even though they were scaffolded both at the
beginning and during the classes. This evidence indicates that transferring
disciplinary knowledge into another discipline is a barrier for students to reach

the solution even though they are scaffolded during the lesson.

Although the digital approach is a common choice among scholars, it requires
critical inquiry of practice before implementation. Management of digital tools
influences the classroom. The heterogeneous structure of the classroom in terms
of students’ computer skills and profiles could become an issue that influences
engagement with digital tools. In spite of the fact that user-friendly digital tools
are mentioned as appropriate for students in K-12 grades, they raise debates about
the effectiveness of classroom implications. Students may have difficulty
understanding the functionality of the tool. Researchers categorized three major
aspects that students had challenges in CT practices, two of which emanate from
programming; agent-based thinking challenges, and modeling and simulation
challenges (Basu et al., 2016). The fact that involvement of programming tools
can increase competencies in programming skills, yet can also bring about
challenges for novices either. Nevertheless, the use of such tools to practice CT is

not compulsory.

Researchers move through the implementations where students do not necessarily

practice CT in computer based techniques. Instead they experience CT by playing
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games out of classrooms or doing regular practices based on paper materials.
Unplugged CT instruction is a way to conduct non-computer-based practices in

classrooms, and it is described below.
1.1.6.2 Unplugged Approach

The Unplugged approach was firstly initiated in the Computer Science Unplugged
project by a group of researchers at Canterbury University to teach how to solve
daily life problems by using fundamentals of computer science (Bell et al., 2009).
It is a method to teach programming concepts without the continuous use of
computers, and it encapsulates problem scenarios to raise awareness of the
computer science discipline (Aranda and Ferguson, 2018). The Unplugged
approach is feasible in a wide range of grade levels including pre-school education.
This instructional approach is an initiative to teach what programming is and to
shed light on how computer scientists construct logical statements in

programming.

There are several motives to promote an unplugged CT approach in compulsory
education. Taub et al. (2012) explored students’ intentions to participate in
computer science and views about computer science after a particular unplugged
computing educational program. It was concluded in their study, unplugged
coding reminded students that, it was possible to carry out computer functions
without computers (Taub et al., 2012). Besides, unplugged programming is
implemented in after-school and summer camp projects. One summer camp
project was reported to be successful in terms of teaching central computer science
vocabularies and increasing conceptual understanding in the middle school and
high school levels (Alamer et al. 2015). By and large, CT unplugged is used in
lower grades including pre-school education and it provides early engagement to
computer science since it is feasible in pre-school and K-12 grades. Serious games,
outdoor and in-class games at which students spend kinesthetic efforts to solve
the problem scenarios, paper, and pencil assignments, or embodied activities are
among the unplugged activities (Nishida et al., 2009). There is no need to teach
a specific programming language in unplugged approach. Besides, it creates an
opportunity to teach computer science concepts without computers and other
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technological tools when there is restricted or no access to them. The benefit of
the unplugged method is to understand tacit knowledge related to cognitive

processes in CT (Venkatesh et al., 2021).

Research proves that unplugged CT activities enhance CT skills (Brackmann,
2017; Looi et al., 2018). Brackmann et al. (2017) found out that the unplugged
CT method increased the CT skills of students aged between 10-12. Besides, there
are various alternative techniques of unplugged implications. Gardeli and
Vosinakis (2017) have created an ideal unplugged approach that presents a

transition phase through digital CT implications in a classroom environment.

The use of the unplugged CT approach is also performed in science classes. Since
unplugged CT-based practices in science education hold key goals through
development in science classrooms, they should be promoted in a sophisticated
manner. When CT is performed in the classrooms as a problem-solving method in
line with the literature (Bell et al., 2009; NRC, 2010; Wing, 2008), students have
a chance to practice not only authentic learning experiences but also problem-
solving strategies. Unplugged CT practices ease both development of students’
thinking skills and the classroom management of teachers. Whereas it is simple to
learn programming in an unplugged approach, digital approaches require
knowing or learning a programming language. It was reported that students found
tiring to detect and re-write accurate codes in a specific programming language
(Weintrop and Wilensky, 2015). The problems raised by technical errors and lack
of student capabilities in the classroom can be overcome by the application of the

unplugged method.
1.2 Objective of the Thesis

The aim of this study is to reveal the effect of constructivist science instruction
integrated with unplugged computational thinking activities on seventh-grade
students’ academic achievement in “pure matter and mixtures” subject and

computational thinking skills.
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1.3 Hypothesis

1.3.1 Alternative Hypothesis (H,)

Hai: There is a significant effect of constructivist science instruction integrated
with unplugged computational thinking activities on seventh-grade students’

academic achievement in “pure matter and mixtures” subject.

Hao: There is a significant effect of constructivist science instruction integrated
with unplugged computational thinking activities on seventh-grade students’

computational thinking skills.
1.3.2 Null Hypothesis (H,)

Ho;: There is not any significant effect of constructivist science instruction
integrated with unplugged computational thinking activities on seventh grade

students’ academic achievement in “pure matter and mixtures” subject.

Hy,: There is not any significant effect of constructivist science instruction
integrated with unplugged computational thinking activities on seventh grade

students’ computational thinking skills.
1.4 Research Question

What is the effect of constructivist science instruction integrated with unplugged
computational thinking activities on seventh-grade students’ academic
achievement in “pure matter and mixtures” subject and computational thinking

skills?
1.4.1 Sub-Questions

e What is the effect of constructivist science instruction integrated with
unplugged computational thinking activities on seventh-grade students’
academic achievement in “pure matter and mixtures” subject?

e What is the effect of constructivist science instruction integrated with
unplugged computational thinking activities on seventh-grade students’

computational thinking skills?
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1.5 Original Contribution

CT has been taught in computer science and STEM classrooms on many levels.
Despite the interest, many attempts fall behind because of curricular expectations
and time constraints. Earlier research on this topic initiated on how to perceive
CT in science education so as to establish a disciplinary background in STEM
education (Juskeviciené et al., 2020b; Sneider et al., 2014). Recent efforts have
been gradually expanding for the past decade. Since CT skills in K-12 science
classrooms have started to being implemented recently, a need for regular
classroom activities and materials has arisen. It may seem indispensable to teach
computer-science related skills without computers. However, unplugged CT
teaching provides feasible opportunities and practical affordances to foster CT
skills. The use of computers and other technology products so as to teach CT are
the common practices in learning environments; yet, there is not any method that
prevents barriers to programming languages and technical problems. Given these
points, this study proposes that unplugged CT practices can be effective in science
instruction. CT use in K-12 science classrooms can be increased with feasible
activities. Hence, the classroom activities in this study were organized with
unplugged CT practices in a chemistry subject. This study has been organized in
order to foster CT skills with the integration of feasible science assignments in a
regular seventh-grade science classroom. This present study contributes to the
current literature with an unplugged approach to practice CT and teach a

chemistry subject in a seventh-grade science classroom.

Previous work has primarily focused on teaching science and practicing CT skills
with programming tools, yet it has a limited understanding of how unplugged CT
practices provide meaningful learning outcomes in science and engineering
education. This study is a prior example of unplugged CT-integrated science
instruction in a chemistry subject with proposing and forming classroom activities
in the current limited literature. This study will contribute to the literature with
unplugged CT-based science instruction activities formed by the researcher. A
common way to implement CT in science classrooms is to focus on the

manipulation of scientific variables in science subjects with the use of digital
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platforms. There is little known how different CT practices could be performed in
other ways. The researcher has formed a number of science teaching activities in
which chemistry concepts are taught with CT components unlike current relevant

literature.

Pure matter and mixtures is a core chemistry subject taught in Turkish K-12
grades. Previous research investigated conceptual understanding of pure matter
subject using educational technology tools (Ural and Ercan, 2015) and traditional
instructional methods (Cojorn et al., 2012; Cavdar and Doymus, 2018; Ko¢ and
Simsek, 2016; Zorlu and Sezek, 2019); however, this study presents how this

subject can be taught in an interdisciplinary context with CT practices.

Earlier research aggregated on implementing CT practices in evolutionary biology
and ecology. Estapa et al. (2018) state that CT practices in science subjects mainly
use natural life cycles. This may strengthen the idea that chemistry subjects are
unpopularly taught with CT practices. Only a few studies could have been reached
to address this issue in this recent literature. Arastoopour-Irgens et al. (2019)
visualized chemical gases in a high school STEM unit to identify abstract
processes. Instruction of chemistry subjects practiced by CT skills is rare and the
research gap still enlarges. These unplugged CT-based chemistry activities will
decrease the gap in literature since it is an example of CT-based chemistry

activities for middle school students.

All things considered, the researcher decided to investigate academic achievement
in a middle school chemistry subject. There is no convincing result in the current
literature, which specifically examines the impact of unplugged CT-based science
education on seventh grade students’ academic achievement likewise the content
of this study. While there is little known about unplugged CT-based implications
in the science classrooms, it will be beneficial to understand to what extend
student academic performances in science education could be enhanced by
unplugged CT-based science instruction. The impact of unplugged CT practices on
science achievement in a chemistry subject is poorly investigated and understood.

Examining the influence of CT on academic achievement in a K-12 chemistry

21



subject will reveal the benefits of CT usage and pursue researchers why CT should

be promoted in K-12 science classrooms.

Another dimension of this study is to reveal how unplugged CT-based science
instruction affects seventh grade students’ CT skills and to enhance the CT skills
of seventh-grade students in science classrooms. The computer science community
has raised an interest to thrive CT skills in K-12 education. The development of
core CT aspects in education is a widespread interest aimed by researchers in
computer science. Many researchers successfully reached meaningful experiences
with unplugged coding activities in K-12 computer science classrooms (Delal and
Oner, 2020; Thies and Vahrenhold, 2013; Tonbuloglu and Tonbuloglu, 2019).
Since CT is a significant competency for the future workforce, it should be
promoted and practiced in other disciplines. A little has been studied on how
unplugged CT skills can be enhanced in science classrooms. CT competencies were
embedded into science curricular activities in this present study so that this
integrated instruction became a construct to actualize the promotion of CT skills.
Accordingly, the enhancement of CT skills should be one of the central research
fields among science educators. Science educators who are willing to practice CT
in the classrooms will have a chance to examine how CT-based science instruction

affects students’ CT skills.
1.6 Assumption

The responses given to data collection tools by participants were assumed to be

honest and candid.
1.7 Limitation

This study has been limited with the participants who were seventh-grade students
in a public middle school in Istanbul and with the instruction performed in

classrooms and laboratory in five weeks, of which 16 hour of class periods in total.
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2

CONCEPTUAL FRAMEWORK

This chapter explains the conceptual frameworks that guide the design of teaching
activities. There are two guidelines to prepare instructional activities in total. First,
a framework for computational thinking implementation in the experimental
group is explained; subsequently, the constructivist approach is presented for
science-related instructional activities in the experimental and control groups; this
step is followed by science learning standards for the experimental group and
control group. Finally, a comparison of classroom activities in both groups is

summarized.

2.1 Framework for Computational Thinking

Implementation in the Experimental Group

The design of CT-based science learning activities is twofold as it is a concurrent
approach to teaching science with a CT perspective. Articulation of science
learning standards and identification of CT practices may limit the teaching
context. Since it is critical to specify learning standards and performance
expectations before class time, practitioners should follow a framework that
addresses these questions. Thus, there was a need to review examples in the

literature before the design of activities.

Considering that little is known about how CT components may be used with
scientific phenomena, conceptual frameworks which show a thorough guideline
in the design process were significant. The researcher, as a science educator,
needed to arrange the harmony between the science subject and CT components.
The researcher critically examined computer science educators’ recommendations
about implementation strategies of CT in K-12 classrooms in order to offer CT
practices in curricular activities. After the review of the literature, the researcher

decided to perform CT in a way that enables one to understand scientific
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phenomena and to practice tacit knowledge instead of a stand-alone CT training.
The researcher decided to embed CT skills into a regular middle science classroom
in which CT is introduced as a problem-solving method to most computer
scientists’ practice. Thus, CT components were implemented and integrated into

the seventh-grade science classroom.

There are a number of frameworks for CT implementation in K-12 classrooms in
the current literature (Brennan and Resnick, 2017; Kalelioglu et al. 2016;
Kotsopoulos et al., 2017), which particularly focus on the development of CT skills
in computer science education. Weintrop et al. (2016) proposed a framework for
the implementation of CT skills in mathematics and science education which
particularly focused on data practices and systems thinking, nearly associated with
digital approaches. Curzon et al. (2014) developed a framework about how to
accommodate CT practices into classroom activities in several disciplines. Curzon
et al. (2014) guided this study to apply CT components in the classroom activities
of the experimental group and provided guidelines for the development of lesson

plans in this group.

The steps of framework development and design of lesson plans were intertwined,
that is, Curzon et al. (2014) suggested preparing lesson plans through 4 stages
which have 3 driving questions: “why, what, and how?”. These three questions

were answered in line with the content of this present study in the following.

1st driving question: Why do people need to solve problems with a computational

perspective? (Curzon et al., 2014)

It is important to serve authentic and real-world problem scenarios that require
computational solutions so that students will be aware of which scenarios can be
associated with CT practices (Curzon et al., 2014). Therefore, science learning
activities in this study were associated with CT components to raise and support
students’ engagement in CT. Students were asked to respond to thematic
questions related to scientific phenomena to address the reasons for using CT in

scientific problems.
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2nd driving question: How to place CT components in the lesson plans? (Curzon

et al., 2014)

Since this present study has twofold learning and practice foci, there are two main
principles to correspond to this question. In essence, there are two determiners in
the lesson activities for the experimental group, which are CT components and
science subjects. To select and apply CT practices in science subjects, CT pathways
stated in the study of Dorling and Walker (2014) were followed. The CT
components in this pathway are abstraction, decomposition, algorithmic thinking,
evaluation, and generalization, which are associated with a number of topics in

computer science (Dorling and Walker, 2014).

In addition to these CT components, pattern recognition is additionally integrated
with the predetermined science teaching subjects. Dorling and Walker (2014)
suggested teaching these CT components to align with major computer science
knowledge such as indicating data with different representations using symbols
and building logical and algorithmic sequences. On balance, these principals in
computer education are connected with science phenomena to teach science

subjects by means of CT practices in this study.

Besides, there is a need to arrange science learning standards as this study
integrates CT components with a science subject at a K-12 level. Learning
standards in Turkish science classrooms are present in the Turkish Science
Curriculum (MoNE, 2018). Thus, the researcher had to choose one of the teaching
subjects in the Turkish Science Curriculum which was published in 2018. There
were seven units in seventh-grade level (MoNE, 2018), and the teaching subject
of this study had to be one among them. Since previous examples of CT-based
science instruction included subjects from physics and biology, the researcher
decided to choose chemistry subject to enable an example of another discipline.
The only chemistry unit in seventh grade in the Turkish Science Curriculum
(MoNE, 2018) was Pure Matter and Mixtures; thus, it was decided to implement
CT practices into this subject. The Pure Matter and Mixtures unit has main 4

teaching topics.
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Considering that it is critical to provide harmony between CT components and
science subjects, out of four topics of the unit, three of them were mainly included
in the current study. Nevertheless, the researcher acknowledged the concepts of
the first topic to maintain consistency of this unit by recapping the learning
objectives to activate background knowledge. The three teaching topics and CT
components were expressed in the following sub-section and in the Lesson Plans

(Part A)

3rd driving question: What are learning performances students will gain? (Curzon

et al., 2014)

During the design of classroom activities, the researcher has taken the classroom
routines into account. The rapid change in classroom culture and lesson objectives
might damage the implication process; thus, the CT practices have been gradually
implemented to the activities. It was considered that students should learn
scientific phenomena while experiencing CT as a problem-solving method in line
with the scope of the study. Thus, these CT components were implemented from

simple to complex throughout the learning activities.

After the verdict of the science subject, CT components were associated with the
subjects. The classroom activities in the experimental group are -called
Computational Thinking Activities where this study takes its title from. Students
who are taught with these activities have had the opportunity to practice CT in
science classes. Finally, evaluation of classroom activities in this group were
carried out by integrated questions about CT skills and science subjects or

standalone disciplinary questions.
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Figure 2.1 below demonstrates lesson plan and classroom activities development

align with driving questions.

LESSON PLAN

WHAT? What are learning
’ performances students will

gain? (Curzon et al., 2014)

How to place CT
HOW? components in the lessons?
(Curzon et al., 2014)

Why do people need to solve

WHY? problems with a
) computational perspetive?

(Curzon et al., 2014)

Figure 2.1 Phases and driving questions of lesson plan development

2.2 Framework for Constructivist Science Instructional
Activities in the Experimental and Control Group

The regularly practiced teaching approach in Turkish science classrooms is
constructivist teaching. Students treated in this group were taught based on the

constructivist approach as they normally do in Turkish science classrooms.

Constructivism is a broad term that has been explained in various ways because
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of the core idea and perspective. For instance, constructivism is admitted as a
psychological theory of learning (Fosnot and Perry, 1996), pluralist theory of
science education (Bachtold, 2013), learning theory (Bada, 2015), an educational
theory (Taber, 2011) while Colburn (2000) accepted constructivism both as a
philosophy and learning theory. Although each definition of constructivism might

seem similar, each stands on a different theoretical framework.

In the constructivist perspective, social interaction is encouraged in order to create
a place where students discuss with peers or do group-working. Saunders (1992)
expresses four strands in constructivist science classrooms, which are the
organization of inquiry in the laboratory, mental readiness, peer collaboration,
and frequent assessments. The main perspective of recommendations in the study
of Saunders (1992) is to create real-world experiences and examine them by

eloquent thinking approaches.

With its consistent characteristics, the practice of constructivism entailed how to
implement it in classrooms across the disciplines. Therefore, it was needed to
create regular structures which could be standardized as instructional principals,
and the priority was given to these principals in order to design qualified learning
environments. There are various models and techniques constructed to help
learners to form, adapt and re-design content knowledge. 5E instructional model
was created in the 1980s as an adaptation of the science curriculum (Bybee et al.,
2006). It is a model consisting of learning steps, which is popularly used in science

classrooms.

Bybee et al. (2006) described the 5E model in five steps as engagement,
exploration, explanation, elaboration, and evaluation. Engagement is introducing
the topic, motivating students towards the topic, and giving daily life examples
and scenarios associated with the topic. Exploration is a phase at which students
actively engage in an activity that lets them explore the science behind the
problem and scenarios. The explanation is a phase at which the scientific
knowledge is correctly explained. Any related concept and process that students
previously experienced should be clarified in this step. Elaboration is a further
transfer of the topic in novel contexts. The advantage of this step is that it may
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enable students to create authentic experiences through previous learnings.
Evaluation composes the wrap-up questions and assessment of the topic during

and after the learning activities (Bybee, 2006).
2.3 Science Learning Standards

Learning standards stated in the Turkish Science Curriculum (MoNE, 2018) were
presented in Turkish and translated to English below in order to present the

learning goals in the experimental and the control group.

Pure Matters

“7.4.2.1. Saf maddeleri, element ve bilesik olarak siniflandirarak ornekler verir.”
[(Students) assort pure substances as elements and compounds by giving
examples] (MoNE, 2018, p.42)

“7.4.2.2. Periyodik sistemdeki ilk 18 elementin ve yaygin elementlerin (altin, giimiis,
bakir, ¢inko, kursun, civa, platin, demir ve iyot) isimlerini, sembollerini ve bazi
kullanmim alanlarini ifade eder.” [(Students) express the names, symbols and few
of usages of the first 18 elements and common ones (gold, silver, copper, lead,
mercury, platinium, iron and iodine)] (MoNE, 2018, p.42).

“7.4.2.3. Yaygin bilesiklerin formiillerini, isimlerini ve bazi kullantim alanlarini ifade
eder.” [(Students) express the formulas, names and few of usages of common

compounds] (MoNE, 2018, p.42).

Mixtures

“7.4.3.1. Karisimlary, homojen ve heterojen olarak siniflandirarak ornekler verir.”
[(Students) assort mixtures into homogeneous and heterogeneous mixtures by
giving examples] (MoNE, 2018, p.43).

“7.4.3.2. Giinliitk yasamda karsilastig1 ¢oziicii ve ¢ogiinenleri kullanarak c¢ozelti
hazirlar.” [(Students) prepare solutions by using solute and solvents that
encountered in daily life] (MoNE, 2018, p.43).

“7.4.3.3. Coziinme hizina etki eden faktorleri deney yaparak belirler.” [(Students)
experimentally test the factors which affect the rate of dissolving] (MoNE, 2018,
p.43).
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Separation of Mixtures
“7.4.4.1. Karisimlarin ayrilmast igin kullanilabilecek yéntemlerden uygun olani
secerek uygular” [(Students) select any appropriate method that can be used for

separation of mixtures and [students] apply that] (MoNE, 2018, p.43).
2.4 Comparison of Classroom Activities in Both Groups

In experimental group, the science instruction was integrated with unplugged
computational thinking activities. The classroom activities and lesson plans in the
experimental group were examined by a science education expert who holds a
doctoral degree in science education and a computer science educator who holds
a master’s degree in science education. They were invited to examine the
consistency of activities, compatibility of CT practices, and coherence among them
after the creation of the first draft of classroom activities. The classroom activities
revised and completed in line with their feedback during the design process.
Figure 2.2 indicates the design strategy of unplugged CT activities in science

instruction.

Unplugged CT

practices
e CT
Framework
(Curzon et
al., 2014)
Science
instruction

integrated
+ - with
unplugged CT
activities
Constructivist
Approach

e Science
Learning
Standards
(MoNE, 2018)

Figure 2.2 Design strategy of unplugged CT activities
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In the control group, lesson plans were prepared based on the 5E instructional
model. The science learning objectives in this group were the same as the ones in
the experimental group, which were presented in the previous subheading. The
classroom activities in the control group consisted of generally hands-on teaching
activities, peer-group activities, and individual assignments. The activities in this
group were checked by a science education expert who holds a doctoral degree in
the discipline and a science teacher who holds a master’s degree in science
education, and the activities were revised based on the feedback. Figure 2.3

depicts the design schema of classroom activities in the control group.

Constructivist
Teaching
*S5E
Instructional
Model Science
teaching
activities
+ - designed align
with 5E
instructional
. model
Science
Learning
Standards
(MONE,
2018)

Figure 2.3 Design of 5E activities in the control group

As shown in Figure 2.2 and Figure 2.3, students in the experimental group and
students in the control group were treated with constructivist science teaching
while the experimental group received unplugged CT training which was
integrated with the science subject. While the science curricular goals were the
same for both groups, instructional contexts differed. There were four lesson hours
each week for both groups; thus, the activities were explained in two-hour long
sessions in order to summarize the context. Since more details about each lesson
and implementation process will be articulated in the following chapter, brief

explanations are presented in this section.
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3

METHODOLOGY

The third section is structured as follows: the method of the study, participants,

data collection tools, implementation process, internal validity, and data analysis.
3.1 Research Design

The present study investigates the impact of unplugged CT-based instruction on
seventh-grade students’ academic achievement in the “pure matters and mixtures”
subject and CT skills. An experimental research design was utilized to carry out
the study. According to Frankel et al. (2012), the advantage of experimental
design is to be able to manipulate the variables directly when the research
question addresses a cause and effect relationship. This present study is a quasi-
experimental design with a pretest-posttest non-randomized control-group design.
Leedy and Ormrod (2015) describe that pretest-posttest control-group design
ensures the preliminary evaluation of differences between groups before any
intervention and estimates any statistical change based on dependent variables
after a particular treatment. Martin and Bridgmon (2012) explain that quasi-
experimental studies have no random participant assignment in contrast to true
experimental designs, and they aim to search causal inquiry of the research

phenomenon.

Guthrie (2010) explains that experiments in social sciences hold two main
variables called the independent variable and dependent variable. Experimental
designs directly attempt to investigate the impact of variables on research findings
(Frankel et al., 2012), the research design should be presented in a coherence to
the readers so as to provide a clear schema of research, starting with the
identification of wvariables (Guthrie, 2010; Martin and Bridgmon, 2012).

Dependent variables in this study subsequently are academic achievement in “pure
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matters and mixtures” subject and CT skills. The Independent variable in this study

is the instruction method.

The students in the experimental group received unplugged CT-integrated science
instruction, and the students in the control group received treatment with
constructivist science learning. Figure 3.1 depicts the treatment schema in both

groups.

Experimental Group

Unplugged CT integrated

Pretests . . . Posttests
constructivist science
instruction
Control Group
Constructivist science
Pretests Posttests

instruction

Figure 3.1 Treatment schema in both groups

3.2 Participants

Participants of this study were seventh-grade students. The first factor to choose
seventh-grade students as participants was that they did not specifically study to
national examinations for high school enrollment. The last grade of Turkish

middle schools is 8th grade, and students in this grade generally focus on high
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school enrollment tests. Therefore, factors such as stress and class attendance
could particularly affect their participation and motivation through the classroom
implementations. Secondly, fifth-grade and sixth-grade students are subjected to
learning principal concepts in contrast to upper-grade levels in science courses.
The science subjects taught in these two grades are limited to the primary
investigation of scientific phenomena. There was less opportunity to create and
manage classroom interventions in these grades since CT would elicit cognitive
load in addition to science learning. Also, learning and performance expectations
for these grades in the Turkish Science Curriculum (MoNE, 2018) are limited for
practicing CT-based science instruction satisfactorily. In conclusion, seventh-grade
students were decided to be the participant group for this study. The 65
participants who replied to both of the pretests and posttests were included in the
analysis. The number of students in each group and their genders were provided

in Table 3.1 below.

Table 3.1 Participants information

Gender
Groups Total
Female Male
Experimental Group 15 17 32
Control Group 16 17 33

Students in this middle school were placed in their classroom based on classroom
capacity and school facilities by the school administration. The science teacher
was teaching three different classrooms in the 2019-2020 academic year. Out of
three classroom sections, two of them were included in this study based on
students’ classroom attendance and general attitudes to science courses with the

aid of the consultation of the teacher.
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3.2.1 Role of the Science Teacher

Reaching to students who have never learned what CT is and to the teacher who
ought to be successfully handling the classroom organization are important factors
so as to select participants. Also, the teacher who will manage all classroom
activities has a critical role along the process because the change of teacher and
adapting new classroom culture might have a negative impact on students.
Managing classrooms for a period of time by the researcher may include
researcher positionality, and this may occur as an extraneous or confounding
variable in the study. The researcher chose one of the most appropriate schools
regarding the organization of the study and the location for the researcher. The
accessed population of the study is a public middle school located in Uskiidar

district of Istanbul.

The school is located at the center of the province, students came from socio-
economically diverse backgrounds and there were five different sections in each
grade. Before the implementation process, verbal confirmation for research
settings was obtained from the science teacher and the school principal in
September 2019. Subsequently, the official permission for implementation was
approved by MoNE in December 2019. One of the science teachers in the school
voluntarily implemented the teaching activities of the study. The teacher has
Bachelor’s degree in elementary science teacher education and has been working

in this middle school since 2017.

A professional development course was provided to the science teacher before the
implementation process began. This course included what computational thinking
is, how CT practices will be implemented in the classroom, what kind of
pedagogical strategies will be used in the present research, and the purpose and
design of the present study. The researcher prepared guidelines for the teacher in
order to conduct a successful implementation and gave them to the teacher a week

before the following lesson.

The teacher who applied these classroom interventions was scaffolded weekly

during the application process. Then, the researcher enabled lesson plans and data
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collection tools to the teacher, and they reached a consensus on applicability to
the regular classroom routines after discussions. The researcher organized
worksheets, the PowerPoint presentations, supplied materials for classroom

activities.
3.3 Data Collection Tools

The two instruments used in this study, “Computational Thinking Levels Scale
(CTLS)” and “Structure and Properties of Matter Unit Academic Achievement Test

(SPMUAT)”, were explained below.
3.3.1 Computational Thinking Levels Scale

This instrument is an adapted version of the Computational Thinking Skills Scale
(Korkmaz et al., 2017) both of which were prepared by the same authors
(Korkmaz et al., 2015). Computational Thinking Levels Scale (CTLS) measures
the level of CT skills of middle school students, and it is a five-point Likert-type
scale that has 22 items in total. The instrument has five factors, which are
creativity, algorithmic thinking, cooperativity, critical thinking, and problem-
solving. Cronbach alpha reliability coefficient of the instrument is 0,809. Students
could obtain a minimum of 20 points and a maximum of 110 points from the scale

(Korkmaz et al., 2015).
3.3.2 Structure and Properties of Matter Unit Achievement Test

This instrument (SPMUAT) was developed by Kizkapan and Bektas (2018) in
order to assess the science achievement of seventh-grade students in the structure
of matter and its characteristics subject. It has 21 items in total. Students can
receive a maximum of 21 points and a minimum of O points in this instrument.
The Cronbach alpha reliability coefficient is 0,874. This instrument was prepared
in line with the learning standards of the Turkish Science Curriculum published

in 2018 (Kizkapan and Bektas, 2018).
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3.4 Research Process

There were a number of procedures to organize and handle the study design and
implementation. These steps are described in Figure 3.2 in order to give precise

information about the flow of steps taken in this study.

Design of ] [ School ] [ Official ] [Implementation

Activities Organization Permission Procedure
Confirmation of Ethical Approval
Draft version Pprov Pretest
School of Yildiz Technical
Principality University
Expert Evaluation Participation of Permission of Implementation
the science iy of instructional
Ministry of .
teacher ; tivit
_ ) National activities
Final Version Consultation with Education
the science
teacher Posttest

Training the
science teacher

Figure 3.2 Flowchart of the study design

3.4.1 Implementation Process

Since the teaching subject and duration of implementation in both classrooms
were the same, all classes completed the implementation simultaneously
throughout the weeks. Besides, descriptions of each lesson hour are expressed

below.
3.3.1.1 Lesson Descriptions of the Experimental Group

Students in the experimental group were treated based on unplugged CT-
integrated science instruction. Table 3.2 represents the description of lesson hours
in this group. The lesson plans can be found in Part A and worksheets used in this

group can be found in Part C.
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Table 3.2 Implementation procedure in the experimental group

Duration | Topic Classroom Activities
Students learned elements and compounds. They
2 lesson were introduced to QR codes and given worksheets to
hours fulfill and draw QR codes related to elements and
(40+40 compounds.
minutes) Techniques/strategies: Word association test, Analogy
Corresponding Lesson Plan: Lesson Plan #E1
Students carried out an unplugged CT activity in
Pure
2 lesson which they bond QR codes of elements to a periodic
Matters
hours table. Students learned the usages of elements and
(40+40 compounds.
minutes) Technique/strategy: conceptmaps
Corresponding Lesson Plan: Lesson Plan #E2
2 lesson Students solved a number of questions to review what
hours they learned in previous lessons. Students practiced
(40+40 unplugged CT activities in the pure matters subject.
minutes) Corresponding Lesson Plan: Lesson Plan #E3
Students learned what mixture is, then gave several
examples of mixtures that they have used, eaten, seen
so far. They learned the properties and types of
2 lesson ) .
mixtures. Subsequently, they were introducted to
hours Mixtures
algorithms as a stepwise process of cooking pasta, and
(40+40
they were given assignments to write algorithmic
minutes)

sequences of mixtures.
Technique/strategy: Semantic feature analysis

Corresponding Lesson Plan: Lesson Plan #E4
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Table 3.2 Implementation procedure in the experimental group (continued)

Students solved problem scenarios, such as
2 lesson creating mixtures by passwords and symbols that
hours represent its components, which reflect CT skills.
(40+40 These enabled students to perform abstraction and
minutes) introduced them preliminary coding.
Technique/strategy: problem-based learning
Mixtures | Corresponding Lesson Plan: Lesson Plan #E5
The purpose of these two hours was to teach
scientific process skills by experimentation.
2 lesson Students designed and performed experiments
(40+40 related to the factors which affect the process of
minutes) dissolving.
Technique/strategy: hands-on experimentation
Corresponding Lesson Plan: Lesson Plan #E6
Students learned how to separate mixtures. Then,
they did role-playing activity adapting the
2 lesson collaboration of a computer engineer and chemist.
hours Students were awaited to collaborate with their
(40+40 peers to respond the questions in their
minutes) assignments. Techniques/strategies:  problem-
Separation | p,ced learning, peer-work, role playing
of Corresponding Lesson Plan: Lesson Plan #E7
Mixtures
In this lesson, students studied how to prepare and
re-separate their favorite drink using algorithms. In
2 lesson this activity, they had to consider writing,
hours debugging, reversing and evaluating their
(40+40 algorithms in the appropriate ways.
minutes)

Technique/strategy: problem-based learning

Corresponding Lesson Plan: Lesson Plan #E8
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3.3.1.2 Lesson Descriptions of the Control Group

Students in the control group were treated based on constructivist science

instruction. Table 3.3 represents the description of lesson hours in this group. The

lesson plans written in each column can be found in Part B, and worksheets used

in this group can be found in Part C.

Table 3.3 Implementation procedure in the control group

Duration | Topic Classroom Activities
Students learned elements and compounds. They used
2 lesson
play-doughs and felt-balls in order to create models of
hours elements and compounds.
(40 +40 _ _
minutes) Technique/strategy: Model-based learning
Corresponding Lesson Plan: Lesson Plan #C1
Students completed assignments to practice and
2 lesson Pure repeat what they learned in previous 2-hour lesson.
hours Matters | They prepared artifacts and presented them to the
(40+40 class.
minutes) Technique/strategy: Model-based learning
Corresponding Lesson Plan: Lesson Plan #C2
2 lesson Students learned the scientific demonstration of
hours elements and compounds, and matched them with
(40+40 their models from the previous lesson.
minutes) Corresponding Lesson Plan: Lesson Plan #C3
Students prepared different types of mixtures before
2 lesson the instruction. Subsequently, they learned its
hours Mixtures | characteristics and homogenization process in order
(40+40 to connect scientific knowledge with daily life
minutes) experiences.
Corresponding Lesson Plan: Lesson Plan #C4
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Table 3.3 Implementation procedure in the control group (continued)

Students prepared different mixtures to find out

2 lesson _ _
their components and learned the properties of
hours _ )
different types of mixtures.
(40+40 ) _ )
. Technique/strategy: hands-on experimentation
minutes) )
Corresponding Lesson Plan: Lesson Plan #C5
Mixtures
Students experimented factors that impact the rate
2 lesson of dissolution and examined the variables in the
hours lesson. They organized another experimental setup
(40+40 to test their problem scenarios.
minutes) Technique/strategy: hands-on experimentation
Corresponding Lesson Plan: Lesson Plan #C6
In order to engage students in this subject, students
read a text to find out scientifically inaccurate
2 lesson ) . .
explanations, then carried out experimental
hours . .
methods of separation of mixtures.
(40+40 . .
' Techniques/strategies: conceptual change text,
minutes) ) )
hands-on experimentation
Separation :
P Corresponding Lesson Plan: Lesson Plan #C7
of
. Students learned other methods to separate
Mixtures
mixtures and experimented them. Finally, they
2 lesson o .
learned distillation of crude oil, and they modeled a
hours .
production plant.
(40+40 . . . .
. Techniques/strategies: experimentation, model
minutes)

building

Corresponding Lesson Plan: Lesson Plan #C8
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3.5 Internal Validity

There are several factors to maximize internal validity in experimental research.
Frankel et al. (2012) listed 10 factors to consider as threats to internal validity.
Regarding the current research, these factors and how these factors could pose a

threat to internal validity are presented below.
Attitude of subjects:

Since it was important to enable similar learning facilities in both classrooms, the
researcher tried to create similar learning facilities with different approaches.
Therefore, participants were treated as usual by their teacher in a regular
classroom environment. A science teacher was the instructor of all classroom
activities in order to minimize the researcher’s positionality and bias to research

design.
Subject Characteristics:

The participants of this study were seventh-grade students of ages 12-13. Students
in both groups have never learned CT before treatment, and they showed similar
test scores on academic success and scores on CT skills before the implementation,

which were ensured by the pretests.
Implementation:

The science teacher who regularly instructed in both groups conducted learning
activities in order to minimize the threats to the implementation process such as
adaptation to a new class teacher, researcher positionality, and an unusual

classroom environment.
Mortality:

There were students in both groups who were absent on the days when data were
collected, and they could not be reached later due to time constraints and the
COVID-19 pandemic which resulted in lockdown in schools for nearly two
semesters. Frankel et al. (2012) stated that participant loss in two different groups
could be neglected when each group had a similar number of participants. The

participants who responded to pretests and posttests were similar in two groups.
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History:

There was no specific or unrelated event to the implementation process reported
to the researcher. Also, the researcher prepared a tentative schedule in case of any
cancellation during the implementation process. There were two additional weeks
added to the implementation process in case of any cancellation. The classroom

implementations were conducted as planned.
Maturation:

Frankel et al. (2012) stated that maturation could be best ensured by the selection
of group equally such as age, gender and other variables which may affect the
study outcomes. Before the implementation of activities, pretests data were
compared to ensure students’ disposition before the implementation in both
groups. The gender distribution and age intervals of students were similar in both

of the groups.
Instrumentation:

The authors of data collection instruments used in this study (Kizkapan and
Bektas, 2018; Korkmaz et al., 2015) individually ensured the validity of
instruments. The science teacher who conducted the implementation was the data
collector of this present study in order to minimize the impact of data collector
bias and data collector characteristics. The researcher graded students’ scores
individually, and intra-rater reliability was handled by grading student scores
twice in two different time intervals. Finally, there was no case for inter-rater

reliability issues in this present study.
Location:

Both groups were instructed in their local classrooms and laboratories. There was
no location change during the implementation. Also, students in both of the
groups had equal chances to access classroom facilities such as textbooks,

materials, and classroom equipment.
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Testing:

There was nearly more than 30 days difference between pretests and posttests in
order to prevent the possibility of a situation where students can remember the

questions and items in the data collection tools and their previous responses.
Regression:

Pretest scores, revealed in the next chapter of this study, presented that students
had similar performances in the instruments. There was no ceiling effect reported,

accordingly.
3.6 Data Analysis

The present study collected quantitative data in order to answer the impact of
unplugged CT-based instruction on seventh-grade students’ academic
achievement in a chemistry subject and CT skills. Students in the experimental
and the control group answered Structure and Properties of Matter Unit
Achievement Test (Kizkapan and Bektas, 2018), which abbreviated as SPMUAT
hereafter and Computational Thinking Levels Scale (Korkmaz et al., 2015), which
abbreviated as CTLS hereafter, as pretest and posttest. Data were analyzed in IBM

Statistical Package for the Social Sciences (SPSS) program (Version 23).

Korkmaz et al. (2015) stated that scores received from the CTLS scale should be
transformed to standard scores since the instrument has a different number of
items among its factors. X4 score equation stated in their study was used for
transforming students’ raw scores in both CTLS pretest and posttest (Korkmaz et

al., 2015).

Descriptive analysis was the first set of analyses. After the descriptive analysis, the
assumptions of normality were ensured. Biiyiikoztiirk et al. (2020) stated that
there are three assumptions for independent sample t-test. These are the normal
distribution of data, independence of data gathered by two different groups, and
whether the level of measurement should be interval or ratio. These assumptions
were checked and the normality of distribution was presented in the next chapter.

According to Biiytikoztiirk et al. (2020), there are two assumptions that should be
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ensured to perform a paired sample t-test. These are the normal distribution of
data and ratio level of measurement. These assumptions were also checked and
the normality distributions were addressed in the next chapter. When the
assumptions of normality were met, the parametric statistics tests were carried
out. For this purpose, two different Independent Sample t-tests were operated
between the groups in order to compare the pretest and posttest findings for each
variable. Lastly, two individual paired sample t-tests were performed to compare
the findings of the SPMUAT pretest and SPMUAT posttest in each group. The same
procedure was done between CTLS pretest and CTLS posttest in each group to
find out whether there is any increase after the implications in the classrooms. The

findings of these analyses are shown in the following chapter.
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4

FINDINGS

This chapter reports findings of the study. It is outlined as follows: descriptive
statistics, test of normality findings of pretests and posttests, the comparison of
pretests between groups, the comparison of posttests between groups and

comparison of pretest and posttests in two separate groups.
4.1 Descriptive Statistics

This title reveals the descriptive statistics of CTLS and SPMUAT on the pretests

and posttests.

4.1.1 Descriptives of Structure and Properties of Matter Unit

Achievement Test Pretest and Posttest Scores

Table 4.1 illustrates the descriptive statistics of SPMUAT pretest and posttest in

both groups.

Table 4.1 Descriptive statistics of SPMUAT on the pretest and posttest

Groups N M Mdn Min Max SD
Experimental SPMUAT Pretest 32 4.00 4.00 0 8 2.52
Group

SPMUAT Posttest 32 10.6 10.5 2 17 3.78

Control SPMUAT Pretest 33 3.57 2.00 0 11  3.56

Group SPMUAT Posttest 33 9.54 10 1 15  3.83

As shown in Table 4.1, the mean for experimental group was 4.00 (SD= 2.52)
and the mean for control group was 3.57 (SD= 3.56) before the treatment.

Students in the experimental group obtained scores between a minimum of O
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points and a maximum of 8 points before the treatment, and students in the
control group received a minimum of 0 points and a maximum of 11 points before

the treatment.

After the treament, the mean for experimental group was 10.6 (SD= 3.78) and
the mean for control group was 9.54 (SD= 3.83). Students in the experimental
group obtained scores between a minimum of 2 points and a maximum of 17
points after the treatment, and students in the control group received a minimum

of 1 points and a maximum of 15 points after the treatment.

4.1.2 Descriptives of Computational Thinking Levels Scale Pretest

and Posttest Scores

Table 4.2 provides the descriptive statistics of CTLS pretest and posttest in both

groups.

Table 4.2 Descriptive statistics of CTLS on the pretest and posttest

Groups N M Mdn Min Max SD
Experimental CTLS Pretest 32 53.6 545 282 68.1 8.91
Group CTLS Posttest 32 67.80 68.18 52.11 80.82 7.66
Control CTLS Pretest 33 54.6 56 34.5 77.2  9.20
Group

CTLS Posttest 33 56.07 58.18 39.67 77.55 8.56

According to Table 4.2, the mean of CTLS pretest in the experimental group was
53.6 with a standard deviation of 8.91, (M= 53.6, SD= 8.91) before the
treatment. The mean of CTLS pretest in the control group was 54.6 with a

standard deviation of 9.20 (M= 54.6, SD= 9.20) before the treatment.

Students in the experimental group received scores between a minimum of 52.11

and a maximum of 80.82 with (M= 67.80, SD= 7.66) and students in the control
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group received scores between a minimum of 39.67 and a maximum of 77.55 with

(M= 56.07, SD= 8.56) after the treatment.
4.2 Test of Normality Findings of Pretests and Posttests

This title reveals the normality results of SPMUAT and CTLS scores on the pretest

and posttest.

4.2.1 Test of Normality of Structure and Properties of Matter Unit

Achievement Test on Pretest and Posttest

Table 4.3 illustrates the skewness and kurtosis values, which present the normality

distribution of SPMUAT pretest and posttest results in the groups.

Table 4.3 Test of normality of SPMUAT on the pretest and posttest

Groups Skewness Kurtosis
Experimental SPMUAT Pretest -.294 -1.154
Group SPMUAT Posttest -.144 - 474
SPMUAT Pretest +.783 -.732

Control Group
SPMUAT Posttest -.564 -.142

The skewness and kurtosis values were within the normal distribution values
suggested by Tabachnick and Fidell (2013). The SPMUAT pretest in the
experimental group was normally distributed, with a skewness of -.294 and a
kurtosis of -1.154. The SPMUAT posttest in the experimental group was normally

distributed, with skewness of -.144 and kurtosis of -.474.

The SPMUAT pretest scores in the control group was normally distributed, with a
skewness of .783 and a kurtosis of -.732. The SPMUAT posttest scores in the
control group was normally distributed, with a skewness of - .564 and a kurtosis

of - .142.
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4.2.2 Test of Normality of Computational Thinking Levels Scale on

the Pretest and Posttest

Table 4.4 shows the normality distribution of CTLS pretest and CTLS posttest

findings according to skewness and kurtosis values.

Table 4.4 Test of normality on CTLS pretest and CTLS posttest

Groups Skewness Kurtosis
CTLS Pretest -.580 1.002
Experimental Group
CTLS Posttest -.111 .340
CTLS Pretest -.340 -.568
Control Group
CTLS Posttest -.101 -.253

The skewness and kurtosis values were within the normal distribution values
suggested by Tabachnick and Fidell (2013). The CTLS pretest in the experimental
group was normally distributed, with a skewness of - .580 and a kurtosis of 1.002.
The CTLS posttest in experimental group was normally distributed, with a

skewness of - .111 and a kurtosis of .340.

The CTLS pretest in the control group was normally distributed, with a skewness
of -.340 and a kurtosis of - .568. The CTLS posttest in the control group was

normally distributed, with a skewness of -.101 and a kurtosis of -.253.
4.3 Comparison of Pretest Scores between Groups

The SPMUAT pretest and CTLS pretest findings were compared to find out if there
was any statistically difference between experimental and control before the

implementation.

4.3.1 Comparison of Structure and Properties of Matter Unit

Achievement Test on Pretest Scores between Groups

An Independent Sample t-test was operated in order to find out whether there was

a statistically significant difference between groups or not in terms of SPMUAT
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pretest findings. Table 4.5 shows the findings of Independent Sample t-test on
SPMUAT pretest.

Table 4.5 Comparison of SPMUAT pretest between groups

Groups N M SD t P
Experimental Group 32 4 2.52
.552 .583
Control Group 33 3.57 3.56

Accordingly, an Independent Sample t-test found that there was not a statistically
significant difference in the scores of SPMUAT pretest between the experimental
group (M= 4, SD= 2.52) and the control group (M= 3.57, SD= 3.56) conditions;
t(63)= .552, p= .583. The magnitude of the differences in the means (mean
difference= 0.424, 95% CI: -1.11 to 1.95) was very small effect size (d= 0.13)
according to Cohen (1988).

4.3.2 Comparison of Computational Thinking Levels Scale on the

Pretest Scores between Groups

Since the student scores of CTLS pretest were normally distributed, an
Independent Sample t-test was carried out so as to find out if there was a
statistically significant difference between groups before the instruction. Table 4.6

provides the results of Independent Sample t-test applied on CTLS pretest

findings.
Table 4.6 Comparison of CTLS pretest between groups
Groups N M SD t P
Experimental Group 32 53.63 8.91
-441  .661
Control Group 33 54.62 9.20

Accordingly, an Independent Sample t-test found that there was not a statistically
significant difference in the scores of CTLS pretest between the experimental

group (M= 53.63, SD= 8.91) and the control group (M= 54.62, SD= 9.20)
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conditions; t(65) = -.441, p= .661. The magnitude of the differences in the means
(mean difference = .99, 95% CI: -5.48 to 3.50) was very small effect size (d=
0.10) according to Cohen (1988).

4.4 Comparison of Posttest Scores between Groups

This section demonstrates the comparison of SPMUAT posttest and CTLS posttest
findings between the experimental group and the control group. These
comparisons will help to draw conclusion on the impact of the particular

treatments in the groups.

4.4.1 Comparison of Structure and Properties of Matter Unit

Achievement Test on Posttest Scores between Groups

Since the SPMUAT posttest scores for both groups followed a normal distribution,
an Independent test was operated between SPMUAT posttest scores of the
experimental group and SPMUAT posttest scores of the control group. Table 4.7
presents the comparison of SPMUAT posttest findings between the groups in order

to report any statistically difference occurred between groups after the treatment.

Table 4.7 Comparison of SPMUAT posttests

Groups N M SD t P
Experimental Group 32 10.6 3.78
1.109 .271
Control Group 33 9.54 3.83

Accordingly, an Independent Sample t-test found that there was not a statistically
significant difference in the scores of SPMUAT posttest between the experimental
group (M= 4, SD= 2.52) and the control group (M= 10.6, SD= 3.78) conditions;
t(63)= 1.109, p= .271. The magnitude of the differences in the means (mean
difference = 1.06, 95% CI: -8.4 to 2.93) was small effect size (d= 0.27) according
to Cohen (1988).
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4.4.2 Comparison of Computational Thinking Levels Scale on

Posttest Scores between Groups

As the CTLS posttest scores in the experimental and the control group followed a
normal distribution, an Independent Sample t-test was carried out to compare the
CTLS posttest scores between the groups. Table 4.8 presents the comparison of

CTLS posttest scores between groups.

Table 4.8 Comparison of CTLS posttests

Groups N M SD t P
Experimental Group 32 67.80 7.66
5.81  .000%***
Control Group 33 56.07 8.56

Note: ***p < .001

An Independent Sample t-test was opeated to compare CTLS posttest findings
between the experimental group (M=67.80, SD= 7.66) and the control group
(M= 56.07, SD= 8.56). This test was found to be statistically significant, t(63)=
5.81, p< .001 with a Cohen’s effect size (Cohen, 1988) value (d= 1.44). It

indicated the large effect size on CTLS posttest between groups.

4.5 Comparison of Pretest and Posttest Scores in Two
Separate Groups

This section explains the pretest and posttest comparison performed within the

group so as to show if there is any statistical difference occurred after the

instruction in each group.

4.5.1 Pretest and Posttest Scores Comparison of Structure and

Properties of Matter Unit Achievement Test

A Paired Sample t-test test was performed in each group. The pretest and posttest
comparison in each group shows the impact of the instruction on students’ scores
of science success. Table 4.9 presents the comparison of pre and post treatment

findings of science success in the groups.
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Table 4.9 Comparison of pretest and posttest of SPMUAT

Groups N M SD t P

SPMUAT Pretest 32 4 2.52

Experimental
8.84 .000***
Group
SPMUAT Posttest 32 10.6  3.78
SPMUAT Pretest 33 3.57 3.83
Control
8.58 .000***
Group

SPMUAT Posttest 33 9.54 3.56

Note: ***p < .001

The student scores were compared before and after treatment in the experimental
group. On average, students in the experimental group performed worse before
(M= 4, SD= 2.52) than after the treatment (M= 10.6, SD= 3.78). A Paired
Sample t-test revealed a statistically significant increase in academic success of
statistics following unplugged CT integrated science instruction, t(31)= 8.842,
p< .001 with a Cohen’s effect size (Cohen, 1988) value (d= 1.56). This increase

shows a large size effect.

The student scores were compared before and after treatment in the control group.
On average, students in the control group performed worse before (M= 3.57, SD=
3.83) than after the treatment (M= 9.54, SD= 3.56). A Paired Sample t-test
indicated that this difference was statistically significant, t(32)= 8.582, p< .001
with a Cohen’s effect size (Cohen, 1988) value (d= 1.49). This increase shows a

large size effect.

4.5.2 Pretest and Posttest Scores Comparison of Computational

Thinking Levels Scale

Since the CTLS scores followed the normal distribution in each group, Paired
Sample t-test was carried out to compare the CTLS pretest and CTLS posttest

scores in the experimental and the control group.

53



Table 4.10 documents the comparison of CTLS pretest and CTLS posttest findings

in each group.

Table 4.10 Comparison of pretest and posttest of CTLS

Groups N M SD t P
) CTLS Pretest 32 53.6 8.91
Experimental
-5.37 .000%**
Group
CTLS Posttest 32 67.8  7.66
CTLS Pretest 33 54.6  9.20
Control Group -.748 460
CTLS Posttest 33 56 8.56

Note: ***p< .001

The CTLS scores in the experimental group were compared before and after the

unplugged CT based science instruction. On average, students performed worse

before (M= 53.6, SD= 8.91) than after the unplugged CT-based science

instruction (M= 67.8, SD= 7.66). This increase, 14.2, 95%CI, was statistically

significant, t(31)= -5.37, p< .001. Cohen’s d statistics (Cohen, 1988) indicated a

large size effect (d= 0.95)

The CTLS scores in the control group were compared before and after the

constructivist science instruction. A Paired Sample t-test was found to be

statistically non-significant, t(32)= -.748, p= .460, with a small size effect (d=

0.13).
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o

RESULTS AND DISCUSSION

The final chapter of this study consists of the results and discussion. Throughout
this chapter, readers will find out the final representation of research findings,
discussion of findings, and recommendations to the scholarly community for

future research in unplugged CT-integrated science instruction.
5.1 Results

This study aimed to measure the impact of science instruction integrated with
unplugged CT activities on seventh-grade students’ academic achievement on the
pure matter and mixtures subject and CT skills. It was found that students’ CTLS
and SPMUAT scores in the experimental group increased after the treatment. The
impact of unplugged CT integrated science instruction on science achievement in
this subject was measured in the experimental group with an effect size of Cohen
(1988) (d= 1.56), which indicated a large effect size. Students in the control
group received constructivist science instruction, and they gained higher SPMUAT
test scores after the treatment, with a large effect size (d= 1.49). The statistically
significant difference of SPMUAT scores on posttest between groups was not found
between groups. Despite the statistically no significance, the students in the
experimental group enhanced their performance on SPMUAT concerning their
posttest scores better than students in the control group, which resulted in higher

science achievement performance scores and higher effect size.

On account of CT skills, after the unplugged CT integrate science instruction,
students’ CT skills performances in the experimental group increased in favor of
posttest with an effect size of d= 0.95. This indicated the large size impact of
unplugged CT-based instruction on seventh-grade students’ CT skills. A statistical
difference was found, revealing that students in the experimental group

performed better CT skills than students in the control group after treatment.
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CTLS scores of students in the control group, who did not receive unplugged CT-
integrated science instruction, did not show a statistically significant difference
before and after treatment. Consequently, the alternative hypothesizes (H,, and
H,,) in this study are accepted in line with research findings, indicating that there
is a statistically significant impact of unplugged CT-integrated science instruction
on success in the pure matter and mixtures subject and CT skills of seventh-grade

students.
5.2 Discussion

Research results were discussed in line with the sub-research questions below.

5.2.1 Interpretation of Findings related to Academic Achievement in

Science

This present research found out that students in the experimental group increased
their success in pure matter and mixtures subject and CT skills in favor of posttests.
Students in the experimental group showed better performance on the SPMUAT
posttest than the SPMUAT pretest. It is possible to state that unplugged CT-based

instruction leverage learning in pure matter and mixtures subject.

Literature on CT-based science instruction offers similarities with this present
study. A growing body of literature has examined science learning performance in
CT integrated science instruction. That is to say, science instruction integrated
with CT practices increases learning scores in science learning tests. Aksit and
Wiebe (2020) and Sengupta et al. (2013), whose studies taught kinematics
concepts and principles of Newton’s laws to K-12 students with modeling and
simulation practices, concluded that student scores on science learning test
increased after the instruction. Other studies in the literature which incorporate
with CT practices to teach science subjects, with different level of complexity of
CT practices and teaching approaches, share similar affordances and draw parallel
conclusions on the enhancement of learning performance in science with this
present study. There are similar interpretations between the present study and
those revealed by Swanson et al. (2017) and their follow-up paper (Swanson et

al., 2019). Students in these studies examined the reflections of a computational
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system that depicts the process of cloud-climate feedback and the impact of gas
concentration on the climate. This natural mechanism and underlying variables of
this phenomenon are addressed through CT practices. It was concluded in their
study that students enhanced their performances in science learning with an
approach that embodied computational modeling and simulation practices in the
context of greenhouse aspects (Swanson et al., 2017; 2019). It can be commented
that computational modeling and simulation practices can deepen understanding

in science.

The abstract and complex scientific phenomena such as ecology subjects can be
modeled through CT practices. Studies that applied modeling, simulation, and
automation components in CT practices in the ecology topic supported the view
that students’ knowledge in this subject increased after the instruction. Instruction
of ecology unit through investigating the complex and abstract relationships in an
ecosystem provided an effective approach to clarify both behaviors of the
computational system and natural processes in an ecosystem (Arastoopour Irgens

et al., 2020; Basu et al., 2017, Pierson et al., 2020; Zhang et al., 2020).

The study of Waterman et al. (2020), where CT practices were integrated with
curricular goals and fifth students played outdoor games to make models of
evolutionary mechanism, examined the unplugged CT-based science instruction
on science learning. According to Waterman et al. (2020), students demonstrated
meaningful learning experiences in science with the discussion of natural
phenomena through modeling and role-playing. As seen in previous papers, this
present study leads similar conclusion which is CT-based science instruction

enhances learning performances in science in K-12 classrooms.

The creation of good teaching practices can support valuable learning experiences
and contribute to learning through different learning dimensions such as
psychomotor, logical-mathematical, and visual learning. In addition to general
teaching strategies, elements and compounds have been taught within QR codes
in this present study. Indeed, QR codes can identify specific item and property of
a product and has a number of cells indicating data patterns. This unique
identification of QR codes can deepen the idea that elements have specific ID
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numbers (atomic numbers) which are coded with symbols, and the chemical
compounds have specific formulas which can be detected by the structure of
chemical bonds and models. It can be interpreted that the bridge between QR
codes and the matter concept in chemistry provided meaningful learning

experiences to students.

In spite of the fact that there was statistically no difference in SPMUAT posttests
between groups after the treatment, students in the experimental group increased
academic achievement in the SPMUAT posttest. This raise in the experimental
group showed a higher increase of SPMUAT posttest scores than the control group,
indicating a higher effect size. Accordingly, the increase between SPMUAT pretest
and posttest scores of the control group was less in the control group. Students in
the experimental group learned the science subject through CT practices and
completed all assignments even though they were not given additional classroom
hours. It can be stated that unplugged CT integrated science instruction may
provide similar opportunities in comparison to constructivist teaching. Provided
that CT practices enhanced learning performances in science subjects under time
restrictions, exposure to CT practices may have had an influence on carrying out
CT tasks with science subjects contemporaneously. Students in the experimental
group needed to understand the logic of writing algorithms; express scientific
knowledge computationally; design computer science-based artifacts associated
with science subjects. In either case, this present research reached a shred of
significant evidence for feasible implementation of CT practices in science

curricular activities.

5.2.2 Interpretation of Findings related to Computational Thinking
Skills

Students’ CT skills were assessed by CTLS, and it was found that there was no
statistically significant difference between the experimental and the control group
before the implementation of classroom activities in the present study. After the
classroom interventions in both groups, on which unplugged CT practices were
implemented in the experimental group while students in the control group were
exposed to no training, it was detected by a statistical test that students in the
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experimental group developed their CT skills after treatment. On contrary, CT
skills of students in the control group who did not receive unplugged CT-based

instruction remained at similar levels before and after treatment.

In the present study, students in the experimental group engaged in problem
scenarios in which they used computationally-oriented problem-solving
approaches to solve questions related to science fields. Students’ understanding of
the science phenomenon was supported through CT practices. For example,
students solved a number of problems using analytic thinking, logical thinking,
and algorithmic thinking. There were worksheets in the experimental group that
included algorithmic thinking and abstraction. Students needed to not only
articulate concepts in the subject scientifically accurate way but also explain them
through CT practices. For example, students explained pure matters through QR
codes, and they learned how they can differently represent variables of a
hypothesis through different data patterns. They tried to represent them with
different representational graphics in addition to symbols and formulas. In
another subject, students used algorithmic sequences to describe the process of
mixture composition and separation. They built an experimental setup to test the
hypothesis based on these practices. These activities let them demonstrate a

number of CT competencies, which helped to improve CT skills.

This study estimated the impact of unplugged CT-enriched science teaching on CT
skills. The increase in the scores of CTLS in favor of the posttest in the
experimental group indicated the statistically significant impact of CT-based
science instruction in the seventh-grade science classroom. Students in the
experimental group developed their CT skills with (d= 0.95) a large size effect. In
light of this finding, it can be inferred that unplugged CT-based science teaching
enhances the CT skills of seventh-grade students. This concurs well with earlier
findings in K-12 literature. Peel et al. (2018; 2019; 2021) and Waterman et al.
(2020) found similar advantages of unplugged CT-based science teaching on K-
12 students’ CT skills. Peel et al. (2021) prove that incorporation of CT skills with
science subjects elaborate understanding in science and CT skills, and argue that

these affordances can be advanced without the use of computers. A similar
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conclusion was reached by Waterman et al. (2020). Accordingly, unplugged CT
practices embedded into the subject of natural mechanisms contributed to

students’ CT understanding and competencies.

Extensive results show that plugged CT integrated science instruction improves
CT skills in line with the findings of this study. Zhang et al. (2020) designed
engineering design and computational modeling tasks, implemented them in a
science classroom, and concluded that sixth-grade students’ CT skills showed an
incremental difference between the score of pretest and posttest with a large size
effect. Garneli and Chorianopoulos (2018; 2019) reported that middle school
students showed significant CT competencies to describe and analyze electric

circuits in Scratch.

As stated in Shodiev (2015), digital tools undoubtedly contribute to the
development of CT competencies in schools. CT practices are performed in
programming tools which are namely digitally-represented platforms in science
classrooms. Given these good results, it can be concluded that this present study
shares and point out a robust understanding of how well CT practices leverage CT

skills in K-12 science classrooms.
5.3 Recommendation and Implication

Although CT usage can build crossroads in K-12 classrooms, the current CT
literature shares common pedagogical practices. In order to shed precise light on
future research in CT-integrated science education, the researcher shares some
recommendations in light of the research lens in the following order: science
instruction with computational thinking practices in K-12 levels and development

of CT skills in K-12 science classrooms.

5.3.1 Science Instruction with Computational Thinking Practices in

K-12 levels

This present work has shown that the unplugged CT-based science teaching
approach has the potential to improve science understanding and increasing
achievement in science subjects. The results of this present work validate the
possibilities of how unplugged CT integrated science teaching can be brought into
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K-12 science classrooms. The unplugged CT-based science instruction, where CT
was presented as a problem-solving method to understand science subjects in this
study, served as a teaching approach to enhance learning performances in science
and widened the current understanding of science instruction. The
recommendations are shared with the scholarly community in light of the results
and the researcher’s self-experience in designing the unplugged CT-based science

teaching activities.

The effectiveness of unplugged CT-based science instruction on science
achievement in the subject of pure matter and mixtures were assessed after the
particular treatment in the experimental group, and the impact of these curricular
materials on seventh-grade students’ academic performance in science elevated
statistically. In light of this finding, it can be recommended to practitioners and
teachers to implement CT practices in science curricular activities with a holistic
instructional pedagogy. As mentioned by Lu and Fletcher (2009), there are
specific challenges to design and identify CT practices in curricular activities.
Instructional techniques and approaches have been questioned so long to address
this problem; however, Lu and Fletcher (2009) argued that CT aspects had better
be infused into spoken language and characterized in well-structured settings.
This finding is deemed as a CT language that included an empirical and active use
of computer science vocabularies. In a similar vein, CT competencies and
vocabularies can be implemented in science curricular activities. In this discussion
from the perspective of a science educator, the problem-solving aspect of CT may

be the central idea to elicit a meaningful experience in science classrooms.

Proficiency in CT practices would bring a richer understanding of the scientific
phenomena. Student success in science learning can be connected with CT
practices, and this can stand for scientifically supportive engagement in science
and engineering fields. Park and Green (2019) suggest that CT should be
understood from a disciplinary perspective. Given this background, they explain
CT in the frame of scientific literacy which is a mainstream purpose of science
education. Conjecturing CT into different disciplinary aspects can help the

resurgence of the term in the subject field. Narrowing down the definition of the
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term limits the applicability of the practices in different contexts, and this may
cause a monolithic perspective of understanding the term. Thus, researchers can
articulate CT components in a sophisticated disciplinary perspective, which may
not be associated with conceptualization in computer science education in future
research. For instance, abstraction is delineated as removing minutiae of logical
and algorithmic statements in computer science. In the present study, abstraction
has been taught and practiced as separating mixtures through algorithmic
sequences and deciding the concentration of mixture components in a problem
scenario. Likewise, abstraction can be taught and exemplified within science
subjects. In this way, students do not particularly learn the conceptual definition
of CT components in computer science since they deduce disciplinary meaning
from CT-based science practices. In this way, the interpretation of CT components
in science subjects could reduce the cognitive load of students, which may help to
associate theoretical stances of CT components with conceptualization in

computer science.

Interdisciplinary educational experiences provide rigorous and effective outcomes
in learning. Moreover, recent endeavors of research in science education
encourage the versatile development of student competencies in formal and
informal settings. In school environments, unplugged CT integrated practices can
be taught through different science subjects. Since CT can enhance academic
success and students’ understanding of scientific phenomena, CT should be
promoted across the grades in science classrooms. There is a need to show
rigorous examples for other science subjects taught within CT practices in future
research. Researchers can organize and exemplify how CT can be taught in science
subjects in written documents to guide teachers and practitioners. In future
research, scholars may design problem scenarios related to science subjects and
let students explore the connections between the nature of science and CT
practices in order to impel students to realize how CT practices are connected to
nature. For instance, students can join some outdoor activities such as orienteering

and outdoor walking to solve scientific problems with CT practices. Through these
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practices, students can gain an analytic perspective, and they will be able to use

CT competencies strategically and effectively.

5.3.2 Development of Computational Thinking Skills in K-12 Science

Classrooms

This present work has concluded that unplugged CT-based science instruction
helped seventh-grade students to enhance their CT skills. Students in the
experimental group improved their CT skills (d= 0.95), which is a large size effect.
This result affirms a strong impact of unplugged CT integrated science instruction
on the development of CT skills. It is estimated in this study that transmitting
unplugged CT practices can be enough in terms of attaining thorough proficiency

in CT skills.

While many see unplugged CT instruction as disadvantageous to have less
emphasis on computer science, this may be influential to construct an engagement
in science subjects. A group of researchers recounted how to identify and evaluate
unplugged CT practices in student artifacts (Looi et al., 2018). Provided that
unplugged CT instruction is the technically valuable experience in order to yield
easy engagement to novice programmers, the introduction of technical aspects
with feasible projects in science classrooms should be taken into consideration.
Reducing cognitive load with easier CT tasks can provide higher academic
performances in science. Thus, unplugged CT can bring advantages for instructors
who may plan to introduce CT as a problem-solving approach in science problems.
Implementation of CT practices through different assignments in science
classrooms supports the development of CT skills instead of using the assignments
in programming tools. At this point, unplugged CT practices can provide a clear

understanding as similar as to the ones digital CT approaches present.

Those who have technically enriched facilities in schools can also use unplugged
CT integrated science instruction. CT competencies have been long taught in
computer science education. As there are schools in low-income countries which
suffer from restricted access to digital and technological facilities and where

technological devices are not ubiquitous, it is much more important to provide
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technical and technological aspects to student learning there. Education is a major
and critical human right and every child should be educated aligning with the
competencies and skills the current standards require. With this aim, students can
be taught computer science and also science subjects, which require
experimentation in science and solid technical support, through an unplugged CT
integrated science instruction approach. Practitioners can provide
interdisciplinary learning experiences to students with CT competencies in science

education.

In addition to unplugged CT instruction, a hybrid approach which includes both
unplugged and digital CT practices can be implemented in K-12 classroom to
foster CT skills and have a further engagement in CT practices. This can help to
warrant attention among students while orientating them from simple to complex
processes, starting with unplugged interventions. A study indicated that students
were able to transfer written algorithmic sequences to visual programming
language, which made it easier for them to deal with the codes and gave hints to
remember the algorithmic operations (Gardeli and Vosinakis, 2017). As a result,
CT in the science classrooms can serve an integrated instructional method and it
could boost student engagement in science classrooms in collaboration with

computer science and engineering education.
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A

LESSON PLANS OF THE EXPERIMENTAL
GROUP

LESSON PLAN #E1

Subject: Pure Substances

Duration: 2 lesson hours (40+40 minutes)
Objectives of lesson:

Science Learning: Students assort pure substances as elements and compounds by

giving examples (MoNE, 2018).

CT practices: Students find out to different data types, and their representation in
various ways that a program run through (Dorling and Walker, 2014).
Resources: play dough, felt balls, marbles, chopsticks, adhesive, and student

textbook, Worksheet #1, Worksheet #2 and Worksheet #3.
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Instructional Sequences:

Duration

Dimension of Science

Learning

Dimension of CT

(practices, components)

25

minutes

Impel students to think
about what kind of matters
are called pure substances.
(Worksheet #1) Have
students read a text about
the atoms and collect their
responses. Explain  the
meaning of elements and
compounds.  (Worksheet

#2)

Introduce the QR codes (unique

materials that hold specific
information) and draw an analogy
between the QR codes and models
of elements & compounds. Ask
whether it is possible to present
models of pure substances within
the QR Codes or not. (CT
Components: Abstraction, Pattern

recognition and Generalization)

25

minutes

the
the
elements and compounds

the

Explain  students

differences between
through  showing
scientific models. Create
the models of elements and

compounds.

Remind students that both of the QR
codes and models of elements &
compounds have unique scientific
representations (e.g chemical bonds
(CT

or binary numbers).

Component: Abstraction)

(Worksheet #3)

20

minutes

Draw an analogy to

differentiate the atomic

elements and molecular

elements. (Worksheet #2)

Let students create the QR codes of

elements and compounds. (CT

Components: Pattern Recognition,

Decomposition)

10

minutes

Evaluation: Evaluate the answers given to Worksheet #2 and

Worksheet #3 for science understanding and CT skills.
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LESSON PLAN #E2

Subject: Pure Substances
Duration: 2 lesson hours (40+40 minutes)

Objectives of lesson:

Science Learning: Students express the names, symbols and some usages of first

18 elements and the common ones (gold, silver, copper, lead, mercury, platinium,

iron and iodine). Students express the formulas, names and some usages of

common compounds (MoNE, 2018).

CT skills: Students understand the logic of indicating digital content in different

types such as symbols, formulas, visuals. (Dorling and Walker, 2014).

Resources: Sticky notes, adhesive, student textbook.

Instructional Sequences:

Dimension of CT

(practices, components)

Have students accommodate
previous QR codes representing
elements in the periodic table.
(CT Components: Abstraction
and Generalization)

Show several QR codes related
to elements and compounds and
ask the names, structures, usages
of pure substances.

Duration Dimension of Science
Learning
Start with the warm up
10 questions about previous
. lesson. Lead students to
minutes
discuss the need of categories
to identify elements.
Explain few of usages of
30
_ aforementioned elements and
minutes
compounds.
30
minutes
10
minutes o )
acquisition of CT skills.

Evaluation: Assess science learning with the concept map and

examine the representational accuracy of QR codes for the
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LESSON PLAN #E3

Subject: Pure Substances

Duration: 2 lesson hours (40+40 minutes)

Objectives of lesson:

Science Learning: Students express the names, symbols and some usages of first

18 elements and common ones (gold, silver, copper, lead, mercury, platinium,

iron and iodine). Students express the formulas, names and some usages of

common compounds (MoNE, 2018).

CT skills: Students find out to different data types, and their representation in

various ways that a program run through. Students understand the logic of

indicating digital content in different types such as symbols, formulas, visuals

(Dorling and Walker, 2014).

Resources: Worksheet #4 and student textbook.

Instructional Sequences:

Duration

Dimension of Science Dimension of CT

Learning (practices, components)

80 minutes

Distribute Worksheet #4 to practice and review the previous
lessons. Worksheet #4 includes questions about pure
substances subject which also have computational problem

solving processes.

(CT components: Problem solving, abstraction,

decomposition, generalization)

Evaluation: Worksheet #4 is used as evaluation of the
subject and the additional exercises in student textbook are

carried out to assess the learning acquisitions.
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LESSON PLAN #E4

Subject: Mixtures
Duration: 2 lesson hour (40+40 minutes)
Objectives of lesson:

Science Learning: Students assort mixtures into homogeneous and heterogeneous

mixtures by giving examples (MoNE, 2018).

CT skills: Students understand algorithms and write simple steps in a given
context to articulate sequences using conditionals and loops (Dorling and Walker,
2014).

Resources: Worksheet #5 and student textbook

Instructional Sequences:

Duration

Dimension of Science

Learning

Dimension of CT

(practices, components)

25 minutes

Give examples of well-

known mixtures in daily life.
feature

Use a semantic

analysis to describe the
components of  them.

(Worksheet #5)

Let students to find out the

hidden  concepts about
mixtures in a reading text to
engage them at a simple level
of  abstraction

(Worksheet #5)

process.

40 minutes

Define the properties of
mixtures as the
homogeneous mixtures
(solutions) and

heterogeneous mixtures.

Have students write a

stepwise process of their
favorite food, which is a type

of mixture.

CT Components: Algorithms,

Algorithmic thinking)

15 minutes

Evaluation:

Complete the questions in the student

textbook for assesing conceptual learning in science, and

evaluate the accuracy of students’ algorithms for CT skills.
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LESSON PLAN #ES

Subject: Mixtures

Duration: 2 lesson hour (80 minutes)

Objectives of lesson:

Science Learning: Students assort mixtures into homogeneous and heterogeneous

mixtures by giving examples (MoNE, 2018). Students prepare solutions by using

solute and solvents that can be used in daily life (MoNE, 2018).

CT skills: Students use the logical statements and debugging to calculate

probabilities in algorithmic statements (Dorling and Walker, 2014).

Resources: Worksheet #6,

student textbook, water, salt, sugar, and other

accessible or edible materials.

Instructional Sequences:

Duration

Dimension of Science Dimension of CT

Learning (practices, components)

80 minutes

Let students prepare the solutions using daily life materials.
Distribute the worksheet to practice the previous lesson
(Worksheet #6). This resource includes the questions about
writing algorithms, abstraction, data types, and

decomposition in the mixtures subject.

(CT Components: Algorithms, data & data representation,

pattern recognition, decomposition.)

Evaluation: Worksheet #6 is used and additional exercises
in the student textbook are carried out to assess the

acquisitions of science learning.
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LESSON PLAN #E6
Subject: Mixtures
Duration: 2 lesson hours (40+40 minutes)

Objectives of lesson:
Science Learning: Students experimentally test the factors which affect the rate of

dissolving (MoNE, 2018).

CT skills: Students make sense of human and computer collaboration and
exemplify impact of ICT on social and classroom life (Dorling and Walker, 2014).

Resources: Student textbook, EBA.

Instructional Sequences:

Duration Dimension of Science Dimension of CT

Learning (practices, components)

Have students to prepare
40 minutes different kind of mixtures to
test factors affecting the rate

of dissolving process.

Show a video of graph to

Use graphs to visualize the stimulate different sort of

. data representation. Address
30 minutes data received from

experiments. Symbolize data and discuss the need of

with variables. virtual representations to
deal with complex data. (CT
Components: Data
representation and

abstraction)

. Evaluation: Let students to complete the questions in their
10 minutes
textbook.
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LESSON PLAN #E7

Subject: Separation of Mixtures

Duration: 2 lesson hours (40+40 minutes)

Objectives of lesson:

Science Learning: Students select any appropriate method that can be used for

separation of mixtures and students apply that (MoNE, 2018).

CT skills:

Students make sense of human and computer collaboration (...)

Students understand algorithms and write simple steps in a given context to

articulate sequences using conditionals and loops (Dorling and Walker, 2014).

Resources: Worksheet #7, Worksheet #8

Instructional Sequences:

Duration Dimension of Science Dimension of CT
Learning (practices, components)
Get students to read a | Students will learn how the
. conceptual change text to find | STEM scientists collaborately
20 minutes
out  misconceptions  about | work to carry out a project.
melting and dissolving.
(Worksheet #7)
Let students do a role playing
20 + 30 in which a chemist and
computer engineer
minutes Let students to form basic
collaborate to produce
mixtures and then separate with
shampoo. (CT Components:
hysical methods.
Py Algorihms, debugging,
abstraction, decomposition)
(Worksheet #8)
10 minutes Evaluation: Evaluate students’ projects in terms of the scientific
and representational accuracy.
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LESSON PLAN #ES8

Subject: Separation of Mixtures

Duration: 2 lesson hours (40+40 minutes)

Objectives of lesson:

Science Learning: Students select any appropriate method that can be used for

separation of mixtures and students apply that (MoNE, 2018).

CT skills: Students create algorithms so as to solve a problem using if-else

statements (Dorling and Walker, 2014).

Resources: Worksheet #9

Instructional Sequences:

Duration Dimension of Science Dimension of CT
Learning (practices, components)
In this lesson, students are given Worksheet #9 to follow
instructions to build up various algorithms which specify the
formation of different sorts of mixtures, e.g their favourite
80 minutes

drinks.

Evaluation: Worksheet #9 is used as assesment of

learning performances.
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B

LESSON PLANS OF THE CONTROL GROUP

Lesson Plan #C1

Subject: Pure Substances

Duration: 2 lesson hours (40+40 minutes)

Objective of lesson: Students assort pure substances as elements and
compounds by giving examples (MoNE, 2018).

Resources: Play doughs, chopsticks, pipettes, marbles, felt wool balls, adhesive,
Worksheet #10

Lesson Description:

Duration Instructional Sequences

Engagement: Have students in an activity whose aim
_ is to find students’ cognitive schemas about elements
10 minutes L.
and compounds. Use a word association test to address

questions. (Worksheet #1)

_ Exploration: Guide students to classify the elements
20 minutes . .
and compounds based on their properties.

Explanation: Explain the characteristics of pure
15 minutes matters, also consider common misconceptions to

clarify students’ understanding.

Elaboration: Help students to create the models of
20 minutes elements and compounds in order to grasp the

differences between them.

' Evaluation: Use Worksheet#10 to assess students’
15 minutes )
learning.
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Lesson Plan #C2

Subject: Pure Substances

Duration: 2 lesson hours (40+40 minutes)

Objective of lesson: Students assorts pure substances as elements and
compounds by giving examples (MoNE, 2018).

Resources: Play doughs, chopsticks, pipettes, marbles, felt wool balls, adhesive,
Student textbook, Worksheet #2

Lesson Description:

Duration Instructional Sequences
_ Engagement: Remind and ask wrap-up questions
10 minutes )
about previous lesson.
Exploration: Re-use the scientific models of pure
_ matters from previous lesson to guide and discuss their
20 minutes .
matter properties. Let them prepare poster
presentation.
_ Explanation: Enlighten the basic characteristics of
15 minutes
elements and compounds.
Elaboration: Distinguish the differences between
20 minutes atoms, elements and compounds. Remind the chemical
bonding.
' Evaluation: Distribute Worksheet #2 to students to
15 minutes . )
assess their learning.
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Lesson Plan #C3

Subject: Pure Substances

Duration: 2 lesson hours (40+40 minutes)

Objectives of lesson: Students express the names, symbols and some usages
of first 18 elements and common ones (gold, silver, copper, lead, mercury,
platinium, iron and iodine). Students express the formulas, names and some
usages of common compounds (MoNE, 2018)

Resources: Adhesive, sticky note papers, student textbook, workheet #11

Lesson Description:

Duration Instructional Sequences

Engagement: Ask a question if there is any
10 minutes relationship between daily products and compounds.

Start a discussion aligning with students’ responses.

Exploration: Give students the adhesives to stick
their element models on periodic table so as to identify

their places. This will enable students to associate

20 minutes ) .
symbols, formulas with representational models.
Highlight the difference between elements and
compounds.
' Explanation: Give explanations of aforementioned
15 minutes
18 elements and few of compounds.
' Elaboration: Show and present a simulation to
20 minutes ) )
extend their learning.
_ Evaluation: Ask and review the questions from
15 minutes

student textbook.
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Lesson Plan #C4

Subject: Mixtures

Duration: 2 lesson hours (40+40 minutes)

Objective of lesson: Students assort mixtures into homogeneus and
heterogeneus mixtures by giving examples (MoNE, 2018).

Resources: Water, sugar, salt, oil, sand, soil, chalk, and other safe and daily
used materials, Worksheet #11, Worksheet #12,

Lesson Description:

Duration Instructional Sequences

Engagement: Ask driving questions to address the
today’s discussion. Ask about any resemblance of
10 minutes matters they have confronted so far (such as greensalad,
nailpolish, sand, gasoline etc.) to inquiry their

components.

Exploration: Invite students to prepare mixtures
' without a certain recognition of the scientific
20 minutes o ) )
categorization of mixtures. Let them guess about their

physical properties such as color, texture, apparence.

Explanation: Inform students about the concept of
15 minutes mixture. Give explanation about homogeneity and

heterogeneity.

Elaboration: Extend the topic by discussing the
20 minutes production process of milk. Inform students about the

homogenization process. (Worksheet 11)

_ Evaluation: Ask wrap-up questions with true-false
15 minutes
statements. (Worksheet #12)
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Lesson Plan #C5

Subject: Mixtures

Duration: 2 lesson hours (40+40 minutes)

Objective of lesson: Students prepare solutions by using solute and solvents
that can be used in daily life (MoNE, 2018).

Resources: Worksheet #13, student textbook, water, salt, sugar, and other
accessible or edible materials.

Lesson Description:

Duration Instructional Sequences

Engagement: Ask driving questions about solutions
10 minutes ) )

and their properties.

Exploration: Let students prepare several solutions
20 minutes . ) . o

using materials used in daily life.

Explanation: Describe the concept of mixture
15 minutes including solutions and heterogeneous mixtures and

their characteristics.

Elaboration: Support the learning acquisitions with a
20 minutes ) .

structured grid activity. (Worksheet #13)

. Evaluation: Review the questions from student

15 minutes

textbook.
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Lesson Plan #C6

Subject: Mixtures

Duration: 2 lesson hours (40+40 minutes)

Objective of lesson: Students experimentally test the factors which affect the

rate of dissolving (MoNE, 2018).

Resources: Worksheet #14, water, salt, sugar.

Lesson Description:

Duration Instructional Sequences
Engagement: Review the concepts of previous lesson and
10 minutes motivate students that they will make experimentation at
today’s class.
20 minutes Exploration: Carry out experiments with students.
_ Explanation: Discuss the findings from students’
15 minutes _ ) o i
experiments and give scientifically accurate explanations.
. Elaboration: Impel students to complete an assignment
20 minutes _ ) )
which designs an experiment. (Worksheet #14)
15 minutes Evaluation: Evaluate students’ responses in their tasks.
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Lesson Plan #C7

Subject: Separation of Mixtures

Duration: 2 lesson hours (40+40 minutes)

Objective of lesson: Students select any appropriate method that can be used
for separation of mixtures and students apply that (MoNE, 2018).

Resources: Worksheet #7, water, oil, salt, sugar, soap, etc.

Lesson Description:

Duration Instructional Sequences

Engagement: Have students to read a conceptual change
10 minutes text that consists of the misconception about dissolving and

melting. (Worksheet #7)

Exploration: Let students prepare mixtures based on their
20 minutes choices. Then, request them to separate their mixtures if it

is possible do it with physically.

Explanation: After the investigation of previous activity,

15 minutes o _
teach students the categorization of separation methods.
_ Elaboration: Differentiate the variations in atomic
20 minutes ) ) ) ) ) )
dimension and physical dimension of mixtures.
15 minutes Evaluation: Ask wrap-up questions about whole subjects.
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Lesson Plan #C8

Subject: Separation of Mixtures

Duration: 2 lesson hours (40+40 minutes)

Objective of lesson: Students select any appropriate method that can be used

for separation of mixtures and students apply that (MoNE, 2018).

Resources: water, oil, salt, sugar, soap, etc.

Lesson Description:

Duration Instructional Sequences
Engagement: Remind students the change in different
10 minutes dimensions, and ask them what to do if there is not any
other method to separate mixtures physically.
Exploration: Carry out experiments about evaporation,
20 minutes distillation, and density separation. Then, show
simulations if possible.
Explanation: Explain the stepwise process of mixture
15 minutes elimination and clarify the differences between different
mixture separation methods.
_ Elaboration: Have students watch a video about oilgase
20 minutes )
production.
_ Evaluation: Let students to design a production site for
15 minutes )
oilgase.
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C

WORKSHEETS

WORKSHEET #1

Asagida yer alan anahtar kavramlari verilen ciimlelerle tamamlayalim.

s Safmaddeler. .. ....... .

e Safmaddeler....... ... ... . .
e Safmaddeler....... ... ... . .
wSafmaddeler.......... ... . . ..
Safmaddeler........ ... ... . ...

< Safmaddeler. .. ...... .. ...
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WORKSHEET #2

Asagida yer alan metni okuyunuz ve simnifta tartisiniz. Ardindan kutucuklarda

istenen yapilar ciziniz.
OKSILJEN ILE ALUMINYUMUN HIKAYESI: “SEN TEK BIZ iKIiMiz”

Oksijen ve Hidrojen elementi ve bazi diger elementler dogada molekiiler halde
bulunmaktadirlar. Ornegin oksijen elementinin olusturan molekiillerin her birinde
2 tane oksijen atomu yanyana bulunur. Tipk: yapisik ikiz kardesler gibi.

Sodyum, Klor, Berilyum gibi elementler ise dogada atomik yapida bulunurlar.
Ornegin Sodyum elementini olusturan binlerce atom, tek baslarina birarada
durabilirler. Aslinda her biri tek yumurta ikizleri gibidirler.

Oksijen atomunun Oksijen Iyonu Oksijen Oksijen Elementi
elektron katman Molekiilii
dizilimi
Aluminyum Aluminyum Aluminyum Aluminyum
atomunun elektron Iyonu Molekiilii Elementi

katman dizilimi
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WORKSHEET #3
Karekod nedir?
Karekodun icinde ne sakli olabilir?

Sizce elementlerin ve bilesiklerin karekodu olabilir mi?

Karekodlar aslinda icerigindeki bilgiye kisa siirede ulasmamaizi saglayan 2 boyutlu
araclardir. Karekodun sahip oldugu bilgi, karekod okuyucular tarafindan islenince
bize sahip oldugu icerigi gormemizi saglar. Ornegin marketten aldigimiz herhangi

bir iiriinii kasadan gecirirken iiriiniin karekodu okutulur ve fiyati aciga cikar.

Elementlerin sembolleri ve bilesiklerin formiilleri de bize onlarin isimlerini verir.
Elementlerin ve bilesiklerin modellerini ¢izmek ise bize onlarin hangi birimlerden
olustuklarini ve kimyasal bag tiirleri gibi bircok 6zellikleri hakkinda bilgi sahibi

olmamizi saglar.

Simdi hep birlikte, 6gretmeninizin sOyledigi element ve bilesiklerin modellerini
cizelim ve arkadasininkiyle karsilastiralim! Cizdiginiz her bir yapi, sizin

olusturdugunuz 6zel karekodlar olsun!

Karekodlarini asagidaki bosluga cizebilirsin!
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Cizdiginiz modellerden yola cikarak asagidaki bosluklar

dolduralim.

% Elementler ile ilgili benzerlikler sunlardir

........................................................

........................................................

........................................................
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WORKSHEET #4

1. Elifin biraz kafasi karismis. Ona yardim eder misin? Hatali oldugunu
diisiindiigiintiz fikri siyaha boyayiniz. Dogru olani kirmiziya boyayiniz.
Yanlis olanlarin ifadelerin dogru seklini Elif'e nasil anlatirdiniz?

Bilesikler saf
degildir iyonik bag ve
kovalet bag
elementlerde
bulunur
Atomlar saf
rmaddedir

Saf maddeler
atomik ya da
molekiiler yapida
olabilir

Elementlerin
sadece hir
atomlari vardir

2. Asagida yer alan 6nermeleri dikkatlice okuyalim ve dogru olan ¢ikisa dogru

ilerleyelim.

Elementler biraraya
gelince yeni bir
element olustururlar

D

Maddeler saf olan ve
olmayanlar olarak ikiye
ayrilir.

Elementler ve D
bilesikler saf
maddelerdir. -

Bilesikler ayn veya
farkl thr atomlardan
elusur.

Bilesikler kendilerini
olusturan stomisrin
Szeliliklerinii
kaybetmelerivlie olusur.

Elementler atomik
yapida olamaz.

GOnomibzde 118

p—
- —
—

3. Asagida yer alan modellemelerin tiirlerini tespit ederek altindaki yaziniz ve

genel Ozelliklerini belirtiniz.

Derste yaptiginiz karekod etkinligini hatirlayin. Karekodlart nelere benzetebiliriz?

4. Asagida yer alan modellemelerin tiirlerini tespit ederek altindaki yaziniz

ve genel Ozelliklerini belirtiniz.

Q@ O

S @ H e
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5. Asagida yer alan elementlerin her biri bir heceyle eslestirilmistir.

Elementleri atom numaralarina gore siralarsaniz kuralli ve anlamli bir
ctimle bulacaksiniz.

AL ment
4
7 ik 'y

M ren | lar

B b 0 }» o ‘ £ [ we ‘

Mg }‘dik ‘
He Le
" “}
128l &l

JBe Ve

6. Asagida yer alan labirentte cikisa ulasimz. Cikisa giderken tizerinden
gectiginiz saf maddeleri yapilarina gore siniflandiriniz.

or — No_|_

He

L

"r[i% M=

Element kutusu Bilesik Kutusu
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WORKSHEET #5

Asagida yer alan metni okuyalim ve Aslan Dede’nin bulmacasini ¢ozelim.

Sevgili cocuklar,

Ben Aslan Dede. Sizlere bir hikaye anlatacagim. Bu hikayede gecen kavramlardan
bazilar1 derste islediginiz kavramlarla ortiistiyor ama bazilarinin alakasi yok.

Sizden istedigim bu hikayedeki gizli kavramlari ve olaylar:1 bulmanizdir.

Glinlerden bir giin torunum Elmas ile vakit gecirirken o kadar yorulmustuk ki
kosturmaktan, susamis hissettik ve soguk bir seyler icme ihtiyact duyduk. Elmas
ile birlikte mutfaga gidip soguk bir seyler icmeye karar verdik. Buzdolabinda
donmus 5 tane limon, soguk su ve yogurt vardi. Kendim i¢in ayran yapmaya,
Elmas icin limonata yapmaya karar verdik. 5 tane limonun 6nce ¢6zlinmesini
bekledik, 10 dakika gecti baktik olmuyor, kaynamis bir siirahi suyun icine atip
daha hizli ¢o6ziinmesini sagladik. Daha sonra limonlarin suyunu siktik, {izerine
biraz seker ve su ekleyince yeni bir karisim elde ettik. Ismi tabii ki limonata!
Kendim i¢in de ayran yapmaya basladim. 2 kasik yogurda 100 ml su ilave ederek
karistirdim. Sogumasi icin dolapta bekletmeye basladim. 10 dakika gecti ve yogurt
bardagin tabaninda su ise bardagin istiinde birikmeye baslamisti. Sanki tekrar
yogurt olmustu. Tekrar yogurt ve suyu bir kasik yardimiyla karistirdim ve tekrar
bir biitiin goriintii elde ettik. Daha sonra Elmas ile birlikte iceceklerimizi ictik ve

serinledik.

% Hikayede yer alan 6grendigimiz kavramlar:
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% Aslan Dede’nin hikayesinde gecen karisimlarin isimleri ve tiirleri:

Karisimu  Coziinen Coziicii Cozelti Coziinme
n Ismi nasil
gerceklesir?

% Aslan dedenin yaptig1 ayranin bir siire gectikten sonra sanki yogurt gibi

olmasinin nedeni ne olabilir?

.............................................................
.............................................................
.............................................................
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WORKSHEET #6

Algoritmalar her yerde HER YERDE!

Kukla Kermit asagida yer alan malzemelerden homojen ve heterojen karisimlar
olusturmak istiyor ama bunu sifrelerle yapmak istiyor. O ylizden farkli géziikmeli!

Asagida gordiigliniiz tabloda bazi maddeler ve yanlarinda onlari temsil eden

sekiller bulunmaktadir.

Piring O

N NN NN NN NN NN N N NN NN NN N N s o ~
~ ~ ~
~ ~ ~
: Talas N :
~ ~ ~
~ ~ ~
N N

B T P

Kum - A
su o

N T XA AN
~ ~ ~
~ . [v) ~ ~
N Zeytinyagl N N
~ ~ ~
~ ~ ~
~ ~ ~
~ ~ ~
~ ~ ~
: Seker .
~ ~ ~
~ ~ ~
R T T N O O T T T T S Ny ) /.

Ornegin piring ve sudan olusan bir karisim olusturmak istiyorsaniz su sekilde ifade

edebilirsiniz:
TN NN NN N N N N N N N S
Karisim 1 = . + °
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Yukarida yer alan malzemelerden karisim olusturmaniz isteniyor. Bu karisimi
olusturan c¢oOziicli, ¢oziinen ve karisim tiiriinii de belirtmeliniz. Bunun icin
yanlarinda bulunan sembollerle kodlar olusturun ve modeller {iretin. Sizin
irettiginiz bu kodlar tipki fen bilimlerinde element ve bilesiklerde oldugu gibi 6zel

bir adlandirma sistemi olacak.

Olusturdugunuz karisimlari ve karisiminizi simgeleyen
kodlarimizi  sinifta arkadaslariniza gosteriniz.  Sizce
semboller kullanarak ifade etmek fen ve teknolojide bize ne

katki saglayabilir? Ornekler veriniz.

Asagida karisimlari basamaklar halinde olusturamaniz icin gereken adimlar yer

aliyor.

2 kat1 ve 1 sivi maddeden olusan bir karisim olusturmak icin gereken malzemeleri

kutulara yaziniz. Ancak unutmayin ki ilk 6nce basla komutuna ihtiyaciniz var.
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WORKSHEET #7

Asagidaki metinde Esra ile Tuncay’in arasinda gecen konusmalari okuyalim.

Esra ve Tuncay sira arkadaslaridir. Esra o giin hasta oldugu icin okula gelememisti
ve ertesi glin sinifa geldiginde Tuncay’a diin fen bilimleri dersinde hangi konuyu
ogrendiklerini sordu. Tuncay’in cevabi “karisimlardi”. Tuncay, Esra’ya karisimlarin

ne demek oldugunu soyle acikladi:

---------------------------------------------------------------------------------------------------------

..........................................................................................................

Bunun {izerine Esra soyle dedi:

- Yani bir bardak caya seker atinca seker icinde eriyor muymus?

Tuncay:

- Hayir, ona bilimsel olarak eriyor demiyoruz. Evet, evde, sokaktaki herkes seker
eridi diyebiliyor ama oOyle degilmis. Seker, cayin icinde ¢oziiniiyormus. Aslinda
sadece bizim goziimiizden kayboluyor, ¢ayin yapisina katiliyor. Buna da ¢o6ziinme

deniyormus. Biliyor musun? Bazi yontemlerle, istersek, sekeri eski gortinen haline

getirebilirmisiz. Onu da bir sonraki derste 6grenecekmisiz.

Soru 1: Tuncay'in cevabinda yer alan “bilimsel acgidan” ifadesiyle neler

anliyorsunuz?

Soru 2: Giinliik hayatta kullandigimiz ifadeler bilimsel gerceklerle uyusmuyorsa

ne yapabiliriz?

Soru 3: Karisimlar konusunu o6grendikten sonra, gilinlilk hayatta sik sik
karsilastigimiz ancak yanlis olarak ifade ettigimiz baska olay veya durumlar

olabilir mi? Diistinelim.

Soru 4: Karisimlar bilesenlerinin eski haline geri dondiirtlebilirle r mi? Tuncay’a

katiliyor musunuz?
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WORKSHEET #8

Bir sampuan firmasinda, arastirma ve gelistirme boliimiinde calisan bilgisayar
mithendisi oldugunuzu diistiniin. Calisma arkadaslarimizdan kimyager Deniz
Hanim, sampuani olusturacak A B C D E maddelerinden olusan bir karisim
hazirlamistir, yapilan 6n denemelerde insan sagligina zararli herhangi bir etkisi
bulunmadig1 anlasilmistir. Bunun {izerine firma yonetimi sampuanin seri iiretime
gecmesine izin vermislerdir. Siz de bu sirketin bilgisayar miihendisi olarak, bu
sampuanin seri iiretime gecmesi icin fabrikadaki bilgisayar sistemine uygun

algoritmay1 yazmaniz isteniyor.

(Ilk 6nce sunu diisiinelim: Baz seyler ilk kez okudugumuzda karmakarisik goziikse
de dikkatli davranir ve adim adim ilerlersek sonuca daha kolay ve hizli bir sekilde

ulasabiliriz. Mesela yukaridaki sorunu ¢ozmek icin)

ise koyulmadan 6nce hemen plan yapalim! Bu sayede hata yapma

olasiligimiz azalir.Soyle yapmay1 planliyorum:

~N
Neden
yapacagim? Y,
~N
Nasil
yapacagim? Y,
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Asagida yer alan Deniz Hanim’in size gondermis oldugu bilgileri

dikkate alarak islem basamaklarimi yazalim.

e A maddesi: 1 cm® hacme sahip kati taneciklerden olusan maddedir ve B
maddesi ile karistirildiginda homojen olarak dagilmaktadir.

e C maddesi: Akdeniz Bolgesinden topraktan cikarilmaktadir. Kullanilmadan
once uygun yontemlerle ayristirilmasi gerekmektedir. Kii¢iik numunelerde elle
ayiklanabilir ancak biiyiik numunelerde baska yontemler kullanilmalidir.

e B maddesi: Sivi halde bir maddedir.

e D maddesi: Bir alkol cesidir ve ¢6ziicii olarak kullanilmaktadir.

e E maddesi: Gaz haldedir ve parfiime giizel koku vermesi icin kullanilmaktadar.

Programi calistirmaya basladiktan sonra her turda 50 ml sampuan iiretilmektedir.

Sirketin seri iretim yapmasi i¢in 5000 ml sampuana ihtiyaci vardir.

1.adim: C maddesini kati-kat1 karisimlarin ayrilma yontemleriyle ayristirin.
2. adim: A ile B maddesi ile homojen ¢6zelti olusturun.

3.Adim: A ve B maddesinden olusan ¢ozeltiye C maddesini ekleyin.

4 adim: D maddesini en son elde ettiginiz karisimda ¢oziicii olarak kullanin.

5.adim: E maddesini en son adimda ekleyin.
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Asagida yapman gereken adimlari adim adim gosteren bir algoritma
var. Sirayla ne yapman gerektigini yaz. Daha sonra algoritmanda

istedigin ve uygun olan degisikleri yap!

Basla

Islemin tiimiinii .......... kere tekrar et

Bitir
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WORKSHEET #9

Bugiin simifimizda etkinlik giinti! Sen ve 2 arkadasinla birlikte nefis bir icecek
yapalim mi?

Smoothie yapalim!!

Fakat once ne yapmak istedigine karar ver.
Secebilecegim malzemeler:

(Yaptigim islemin adi: ........c.covieiiiniiinannnn.. "dir)

Mesela lezzetli bir yemek mi yapmak istiyorsun yoksa sicak/soguk bir icecek mi
yapmak istiyorsun? Ama sunu unutma, suan yaptigin o ilgin¢ karisimi daha sonra
bilesenlerine ayirmaya calisacaksin...

Yukarida se¢mis oldugun malzemeleri degistirmek istersen buraya son halini yaz.
(Yaptigim islemin adi...........c.coeveveiienenen.. dir)

Simdi geldik ayristirmaya. Karisimlari nasil ayristirdigimizi hatirliyor musun?
Hazirladigin karisimda asil olarak elde etmek istedigin malzemeyi sec ve onu diger
maddelerden ayirmaya calis.

(Yaptigim islemin adi, bilgi-islemsel diisiinme basamaklarindan........... "dir.)

Sectigin malzemeler ve kullacagin tekniklerden eminsen, haydi bunlarin hepsini
basamaklar halinde kodlayalim.
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WORKSHEET #10

1. Asagidaki sorular1 yanitlayiniz.

e Maddeler ......c.cocveviininnnnn.e ’dan meydana gelir.
O e maddeleri ... ve
...................... olarak 2’ye ayirabiliriz.
e Maddeler eger aym taneciklerden olusuyorsa .................... farkh
ﬁtaneciklerden olusuyorsa .................. diye adlandirilirlar.
N A

2. Kutulardaki ifadeleri okuyun ve hangi cikistan ¢iktiginizi soyleyin.

Bilesikler ayni veya
farkl tur atomlardan
olusur.

Elementler biraraya

gelince yeni bir
element olustururlar

D [ Bilesikler kendilerini
glusturan stemlann
- n Szeliliklerinii
Maddeler saf olan ve . kavbetmelerivle olusur.
olmayanlar olarak ikiye S

ayrilir.

P — Elementler atomik
Elementler ve D yapida olamaz.
bilesikler saf
maddelerdir.

| bilinmekradir. J

3. Asagida verilen ifadeyle katiliyorsaniz EVET katilmiyorsaniz HAYIR deyip,
nedeninizi aciklayiniz.

*Bilesiklerin en kii¢iik yap1 tasi elementlerdir.
Evet. GUNKT. . c.euenenii e

Hayir. GUNKI. ....ninin e e e
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*Elementler ve bilesikler cesitli amaclarla amaclarla kullanildig: gibi, yiyeceklerde
de bulunurlar ve viicudumuzun yapisina katilirlar.

4. Asagida yer alan elementlerin her biri bir heceyle eslestirilmistir. Elementleri
atom numaralarina gore siralarsaniz kuralli ve anlamli bir ciimle bulacaksiniz.

4L mant
“
M K
! § uNa ren

B bi 40 }> " ‘ P | |t ‘
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5. Asagida yer alan labirentte ¢ikisa ulasiniz. Cikisa giderken {izerinden gectiginiz
saf maddeleri yapilarina gore siniflandiriniz.

8] — Fe MNO — —

|
-
—

=
Ll e i

Element kutusu Bilesik Kutusu
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WORKSHEET #11

Glinliik olarak tiiketmemiz gereken proteinlerden siitii diisiinelim. Her sabah
kalktigimizda kahvaltida, yiyeceklerimizin icinde ya da aksam yatmadan once
tiikettigimiz siit acaba homojen midir, heterojen midir? Cevabinizi nedenini

belirterek yaziniz

...........................................................................................................

Marketlerden aldigimiz “uzun Omiirlii siit” olarak gecen siit ile ciftliklerde,

koylerde sagilan ve hemen tiiketilen siit arasinda ne gibi farklar olabilir?

...........................................................................................................

...........................................................................................................

Genel olarak siitte protein, yag seker gibi temel kimyasal bilesenler biiyiik miktarda
yer alir. Koylerde ve ciftliklerde ineklerden sagilan siite baktiginizda veya bir siire
dinlendirip beklettiginizde siitiin lizerinde yag damlalarint goriirsiiniiz. Bu yag
damlalarina “siit yag” denir. Hicbir islem yapiumamuis siite baktigimizda onun
heterojen bir karisim oldugunu anlayabiliriz. Ancak marketlerde satilan siitlere
baktigimizda bunu anlayamayiz. Giinkii marketlerde satilan bu “uzun 6miirlii” ya
da “pastorize edilmis” stitler birtakim islemlerden gecmistir ve siitiin icerisinde yer

alan o yag damlaciklart homojenize edilerek gozle goremeyecegimiz hale getirilmistir.

Siitiin ilk hali ile marketlerden aldigimiz son hali arasindaki farkin sebebi ne

olabilir?

...........................................................................................................
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WORKSHEET #12

1. Asagida verilen ifadeleri okuyalim. Yanina dogru ise D, yanlis ise Y yazalim.

Cooenenn ) Birden fazla maddenin bir araya gelmesiyle olusan yapilara karisim denir.

Cooenenn ) Cozeltilere heterojen karisimlar da denir.

Cooenenn ) Bir karisitmin homojen olup olmadigini anlamak icin rengine bakmak
yeterlidir.

Cooenenn ) Caya seker attigimizda seker icinde erir.

Cooenenn ) Bir karisimin icinde ¢6ziinen madde yok olur.

Coevenenn ) Bir ¢ozeltiyi karistirirsak icindeki ¢oziicii madde daha hizli ¢oziiniir.

Covennn ) Cozelti, ¢coziinen ve ¢Oziicliden olusur.

(T ) Sicaklik artarsa ¢oziinme hizi azalir.
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WORKSHEET #13

1. Asagida yer alan yapilandirilmis gridde, karisimlarla ilgili bazi

kavramlar,

durumlar ve en altta

ise bazi

sorular yer

almaktadir. Sorular1 gridde yer alan kavram ve durumlarin

numaralarini kullanarak cevaplayiniz.

1. Homojen 2. Heterojen 3. Coziicii 4. Element
Karisim Karisim
. 1 .. 8. Coziinme
5. Cozelti 6. Derisik 7. Saf madde
Hizi
9. Seyreltik 10.Coziinme 11.Coziinen 12.Bilesik

13.Temas
ylzeyini
degistirmek

14.Karnistirmak

15.Erime

16. Sicaklig1
degistirmek

1. Hangisi ya da hangilerinde saf maddelere ait kavramlar yer alir?

2. Hangisi ya da hangilerinde bir homojen karisimi olusturan bilesenler yer alir?

3. Hangisi ya da hangilerini yaparsak ¢oziinme hizina etki etmis oluruz?

4. Hangisi ya da hangilerinde c¢6zeltideki madde miktariyla ilgilidir?

5. Hangisi ya da hangilerinde karisimin fiziksel 6zelligi ile ilgilidir?

6. Hangisi ya da hangileri bilesenlerine ayrilamaz?
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WORKSHEET #14

Cemre’nin fen bilimleri dersinde karisimlar konusunu 6grendikten sonra
ogretmeni Cemre’den bir deney tasarlamasini istemistir. Asagidaki yonergeleri
okuyup Cemre’ye yardim edelim.

Cemre, ilk 6nce bir karisim olusturmak istemektedir.

* Bu karisim su maddelerden olusabilir:

*  Olusturdugu karisimda sicakligin c¢oziinme hizina etkisini test etmek
istemektedir. Yapacagi deneyde goz Oniine almasi gereken degiskenler
sunlardir:

Bagimli degiskeni: Bagimsiz degiskeni:

* Cemre’nin kurmasi gereken deney diizenegini ciziniz.

* Deneyin nasil yapilabilecegini yaziniz.

* Tasarladigin deney diizeneginde eksiklik var mi, tekrar kontrol et.
Arkadagslarinin yaptiklariyla karsilastir.

» Elde ettiginiz sonuclan grafik iizerinde gosteriniz.
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