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ABSTRACT

The Effects of Block-Based Programming Environments
on Middle School Students’ Computational Thinking and

Science Achievement

Stikran SUNGUR

Department of Mathematics and Science Education
Science Education Program

Master of Science Thesis

Supervisor: Assoc. Prof. Dr. Giilbin OZKAN

In this study, one of the block-based programming environments, Scratch, was
integrated into education. The purpose of this study was to investigate whether
providing science education to middle school sixth-grade students with a block-
based programming environment would improve students’ CT and science
achievement. The study also aimed to investigate the opinions of students who

receive science education through block-based programming about Scratch.

A quasi-experimental research design was used in the study. Participants were 51
sixth grade students in a public middle school selected according to the convenience
sampling method. In the experimental group, teaching was carried out using Scratch
programming environments; in the control group, teaching was carried out in
accordance with the teaching method recommended by the Ministry of National

Education. Three different data collection tools were used. These are computational



thinking test, academic achievement test, and activity evaluation form.
Computational thinking test and academic achievement test were applied to both
groups as pre and post-test. In addition, the activity evaluation form was collected
from the students in the experimental group after the intervention. In this study, the
researcher administered the computational thinking test to 353 middle school
students, carried out validity and reliability analyses, and adapted the test from

English to Turkish.

The findings indicate that block-based programming environments are effective on
students' computational thinking and science achievement. When the groups'
computational thinking was analyzed, there was a significant difference in favor of
the experimental group. Although there is no significant difference between the
groups in the achievement test, the average score of the experimental group is
higher than the control group. Additionally, most of the students expressed positive

opinions about Scratch programming activities.

Keywords: Computational thinking, science education, Scratch, computational

thinking test, force and motion.

YILDIZ TECHNICAL UNIVERSITY
GRADUATE SCHOOL OF SCIENCE AND ENGINEERING
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OZET

Blok Tabanh Programlama Ortamlarimin Ortaokul
Ogrencilerinin Bilgi islemsel Diisiinme ve Fen

Basarilarina Etkileri

Stikran SUNGUR

Matematik ve Fen Bilimleri Egitimi Anabilim Dali

Yiiksek Lisan Tezi

Danisman: Dog. Dr. Giilbin OZKAN

Bu calismada blok tabanli programlama ortamlarindan biri olan Scratch egitime
entegre edilmistir. Calismanin amaci ortaokul altinci sinif &grencilerine blok-
tabanli programlama ortami ile fen bilgisi egitimi vermenin 6grencilerin bilgi
islemsel diisiinmelerini ve fen basarilarini gelistirip gelistirmedigi aragtirmaktir.
Calismada ayrica blok-tabanli programlama yoluyla fen egitimi alan 6grencilerin

Scratch hakkindaki goriislerinin arastirilmast da amaglanmistir.

Calismada yar1 deneysel arastirma deseni kullanilmistir. Katilimcilar, uygun
ornekleme yontemine gore secilen bir devlet ortaokulundaki 51 altinct sinif
ogrencisidir. Deney grubunda Scratch programlama ortamlari kullanilarak, kontrol
ogretim gerceklestirilmistir. Ug farkli veri toplama aract kullanilmistir. Bunlar,
bilgi islemsel diisiinme testi, akademik basari testi ve etkinlik goriis formudur. Bilgi
islemsel diisiinme testi ve akademik basar1 testi On-test ve son-test olarak iki gruba

uygulanmigtir. Ayrica uygulama sonrasinda deney grubundaki 6grencilerden

Xii



etkinlik goriis formu toplanmistir. Calismada kullanilan bilgi islemsel diisiinme
testi aragtirmaci tarafindan 353 ortaokul Ogrencisine uygulanmis, gecerlik ve

giivenirlik calismalari yapilmis ve Ingilizce’den Tiirkge’ye uyanlanmistir.

Calismanin sonuglaria gore blok tabanli programlama ortamlar1 6grencilerin bilgi
islemsel diisiinmeleri ve fen basarilar1 lizerinde etkilidir. Gruplarin bilgi islemsel
diisiinmelerine bakildiginda deney grubunun Iehine anlamli bir farklilik
bulunmustur. Basar1 testinde gruplar arasinda anlamli bir fark ¢itkmamasina ragmen
deney grubunun puan ortalamalar1 kontrol grubuna goére daha yiiksektir. Ayrica
ogrencilerin ¢ogu, Scratch programlama etkinlikleri hakkinda olumlu goris

belirtmislerdir.

Anahtar Kelimeler: Bilgi islemsel diisiinme, fen egitimi, Scratch, bilgi islemsel

diisiinme testi, kuvvet ve hareket.

YILDIZ TEKNIiK UNIiVERSITESI
FEN BILIMLERI ENSTITUSU
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1

INTRODUCTION

With technology playing a significant and bigger role in both our daily lives and
the classroom, it is obvious that students need to be equipped with the skills needed
to think critically and use new technologies to suggest solutions to difficult
problems. Although it is widely accepted that teaching students to solve problems
and think critically is important, there does not seem to be a consensus on the best
ways to teach these vital abilities in the classroom, including when and how to
utilize instructional resources. However, studies have shown that (Yadav et al.,
2014) one way to teach these abilities is to use computational thinking (CT), which
has received attention for being a method to teach the fundamental 21st-century

skills that each student requires for success in a world that is changing.

The process of problem-solving and decision-making that incorporates concepts
and methods from computer science is known as CT (Wing, 2006, 2008). It entails
dividing difficult problems into pieces, recognizing patterns and trends, creating
algorithms, and applying abstraction to make solutions simpler and more universal
(Wing, 2006). Many educators, researchers, and policymakers found significance
in Jeannette Wing's article (Wing, 2008), which underlined the significance of CT
in preparing children for the difficulties of the digital age. Moreover, CT aims to
improve students' thinking skills on a qualitative level rather than just using digital

technologies (Li et al., 2020; Moreno-Leon et al., 2018).

To meet the demands of 21st-century skills, students must be prepared with
analytical, interpersonal, creative, and innovative abilities (Geng, 2021). But above
all, they must be able to think critically to deal with the difficulties of this era. In
addition, Nurhayati et al. (2020) stated that students need to develop the ability to
think critically and learn efficiently to meet the demands of an evolving world. In
accordance with the demands of the future world, CT is essential to equip students
with the skills they require for success in the 21st century. CT improves students'
capacity to solve complicated issues, facilitates creative thinking in a
technologically advanced environment, and equips them to effectively adjust to new

challenges in a variety of fields (Fraillon et al., 2019; Ogegbo & Ramnarain, 2022).



The increasing significance of CT in various aspects of life has enhanced the
relevance of incorporating CT into educational practices (Giiven & Gulbahar,
2020). Introducing CT into education is crucial (Moreno-Leon et al., 2018) as it
provides students with vital skills required in the 21st century. Critical thinking,
problem-solving, creativity, and analytical reasoning are some of the essential
abilities. Studies have indicated that (Barr et al., 2011; Li et al., 2020) the
integration of CT into the classroom enhances student achievement, especially in
mathematics and science courses. In addition, students who engage in CT have a
deeper understanding of the world and are better equipped for professions in a
variety of topics beyond computer science and technology. Furthermore,
incorporating CT into education provides more than just preparing students for
future careers. It gives individuals the ability to take an active role in a world that
is changing quickly, giving them the ability to adapt, produce, and make significant
contributions to society (Higgins, 2014). Moreover, incorporating CT into the
classroom is consistent with the Next Generation Science Standards (NGSS), which
place a strong emphasis on the application of computational tools and techniques
in scientific and engineering processes. According to the NGSS, students learn
more about complex systems, human behavior, and scientific ideas when CT is
incorporated into the classroom. Through this combination, students are given the
tools to become active problem solvers and contributors of society as well as

prepared for future professions.

The improvement of CT might be aided by a variety of interventions and
technology, which can enhance academic performance as well as soft skills
development. One way of incorporating CT into the classroom is by using block-
based programming tools (Aksit & Wiebe, 2020). These tools are made especially
to help beginners learn CT and programming concepts, which will facilitate their
understanding and program-making abilities. MIT (Resnick & Siegel, 2007)
created the well-known block-based programming tool Scratch. With Scratch, users
may drag and drop code blocks to construct their own interactive stories, games,
and animations. Therefore, students can interact with problems in a way that can be
solved through CT and are actively involved in the creation and exploration process
when wusing Scratch. Studies have demonstrated that these block-based

rogramming environments can enhance students' achievement of ke
y



programming principles, including conditional, loops, and variables (Saez-Lopez et
al., 2016). Furthermore, there is empirical evidence suggesting that block-based
programming approaches can positively influence students' comprehension of
scientific and mathematical concepts (Lai & Lai, 2012; Rodriguez-Martinez et al.,

2020).

There are examples of how lessons incorporate CT in the literature from recent
studies (Gliven & Gulbahar, 2020; Ogegbo & Ramnarain, 2022). In this study,
Scratch was used as a block-based programming tool to enhance students' CT
within the CT framework developed by Brennan & Resnick (2012) and students’
success in science topics. As Cetin (2016) stated that the incorporation of Scratch
in educational settings improves students' understanding of programming concepts,
encourages their enthusiasm for coding and computer science, and enhances their
CT. In this context, integrating Scratch into science education not only fosters
learning of programming skills but also acquires essential CT skills used in
scientific inquiry (Lai & Lai, 2012). Incorporating Scratch, a block-based
programming tool, into science instruction helps improve students' CT by
introducing them to essential concepts like logic and sequence (Aksit, 2018) so this
will enable students to solve problems and create interactive media in an organized

and rational way.

The current study investigated integrating CT into science lessons for sixth grade
students using a block-based programming environment. In a public middle school,
a six-week classroom intervention was designed and then implemented to assist
students understand concepts of CT as well as force and motion concepts using
block-based programming tools. The current research adopts a quasi-experimental
design, the force and motion unit was taught using Scratch in the experimental
group, while the Ministry of National Education's recommended approach
(supported by examples and activities from the Science 6 textbook) was followed
in the control group. The Computational Thinking Test (CTt) (Roman-Gonzélez et
al., 2017) and The Force and Motion Knowledge Test (FMKt) (Cimentepe, 2019)
were applied as pre and post-test to the control and experimental groups. It was
investigated whether the effects of the interventions caused a statistically significant
difference in force and motion achievement and CT between the experimental and

control groups. Additionally, the opinions of students in the experimental group



regarding the integration of Scratch programming activities into science class were

obtained qualitatively through an activity evaluation form.

1.1 Original Contributions

Research indicates that CT has not been adequately addressed in science classrooms
or successfully incorporated into K—12 science curricula, even though it seems that
everyone agrees that these practices and concepts are essential to
education (Wilensky et al., 2014; Wilson, 2013; Yadav et al., 2016). This is a result
of the lack of clear instructions that make it difficult to integrate CT into the
classroom (Barr et al., 2011). In this context, this study contributed to the literature
on (1) presenting empirical data on the usage of block-based programming tools,
allows middle school students improve their CT and achievement, (2) adaptation of
a valid and reliable computational thinking test (CTt) from English to Turkish (3)
integrating block-based programming environment with science education to
achieve interdisciplinary objectives, (4) bringing block-based programming tools
into science class in order to improve students’ CT and achievement to expand the
literature on these applications, (5) sharing the opinions of students about Scratch
who obtain science lessons integrated with block-based programming environment,
(6) showing how activities prepared in Scratch can be integrated with science
education. In this study, it has been observed that when science education integrated
with one of the block-based programming programs, Scratch, students’ CT and
achievement improved. Also, this study demonstrated that students who get Scratch

integrated science education have positive opinions about Scratch.

1.2 Significance of the Research

In classrooms, it is crucial that students interact with computer science because
technological advancements have made them more widely available for use.
Therefore, it should be possible for students to gain a fundamental comprehension
of CT, which is necessary for contributing to the modern world (Angevine et al.,
2017). In addition, CT promotes creativity and innovation, helps students become
more critical thinkers and problem solvers, improves their academic achievement
in disciplines like math and science, and gets them ready for professions in a

technologically advanced society (Hurt et al., 2023; Li et al., 2020). For a variety



of reasons, CT has not been effectively taught in schools or included into K—12
curricula. It's possible that many educators lack enough professional development
or training in CT, or teachers frequently have the misconception that CT is just
about using computers, which makes them hesitant to include it in the curriculum
(Giiven & Gulbahar, 2020). Additionally, it has been challenging to include CT into
education due to a lack of definition and instruction on how to incorporate it into
the curriculum (Lee et al., 2011). Using block-based programming tools (Aksit &
Wiebe, 2020) is one way to integrate CT into the classroom. However, block-based
learning environments are restricted to specific subjects (like computer science) and
are typically continued as extracurricular activities (clubs and workshops,
specialized course training, etc.) because they cannot be completely integrated with
the curriculum. Thus, to facilitate the integration of education, this study will
demonstrate to teachers how block-based learning environments affect students' CT

and achievement in science teaching.

The significance of improving CT in children at a young age is becoming
increasingly apparent, particularly considering the quickly evolving technological
environment (Grover et al., 2015). Introducing CT to children at a young age can
provide them with essential skills and a mindset needed to navigate the complexities
of the digital environment and creatively solve problems (Voogt et al., 2015). In
this regard, academic studies have been carried out to examine the most effective
methods for integrating CT into education, such as involving specific educational
approaches, instructional resources, coding languages, and curriculum
classifications (Ogegbo & Ramnarain, 2022). In addition, CT is essential for getting
the fundamentals of computer science and solving problems, which are useful in a
variety of educational fields (Pietros et al., 2022). Consequently, there is a strong
need to design curricula and learning environments by integrating block-based
programming environments with science education to enhance students' CT and
achievement. This study provides understanding on how instructional methods that
use block-based programming environments, Scratch, might help students develop
CT, which is regarded as necessary for success in the digital era and their

achievement.

The current study investigated integrating block-based programming environments

into science lessons for sixth-grade students to enhance students’ achievement and



CT. In this study, the researcher administered the CTt (Roman-Gonzalez et al.,
2017) to middle school students, carried out validity and reliability analyses, and
adapted the test from English to Turkish. The study employed a quasi-experimental
research design. The control group received instruction in line with the Ministry of
Education’s (MoNE) suggested teaching methodology, whereas the experimental
group used Scratch programming environments. In a public middle school, a six-
week classroom intervention was designed and then implemented to assist students
understand concepts of force and motion as well as CT concepts with block-based
programming tools. The study also investigated the opinions of students who
receive science education through block-based programming about Scratch.
Recently, there has been a lot of interest in integrating block-based programming
environments into science education as researchers and educators look for methods
to improve students' achievement and CT (Lee et al., 2020; Weintrop, 2019). This
study found that students' CT and success increased when science education was
combined with Scratch, a block-based programming tool. Additionally, this study
showed students who receive integrated science education using Scratch have
positive opinions of Scratch. Therefore, the current study offers educators new
techniques and materials for education by providing information about efficient

teaching methods that foster the growth of CT and achievement of science topics.

1.3 The Purpose of the Study

The purpose of this study was to investigate whether providing science education
to sixth grade students with a block-based programming environment would
improve students’ achievement of science concepts and CT. The study also aimed
to investigate the opinions of students who receive science education through block-

based programming environments about Scratch.

1.4 The Research Questions

I.  Are there any significant differences in the computational thinking of sixth-
grade students after the intervention?
II.  Are there any significant differences in the computational thinking of sixth-

grade students between the control and experimental groups?



I1I.

IV.

Are there any significant differences in the achievement of force and motion
unit of sixth-grade students between the control and experimental groups?
Are there any significant differences in the achievement of the force and
motion unit of sixth-grade students after the intervention?

What are the opinions of students studying science education integrated

with block-based programming environments about Scratch?

1.5 Limitation and Assumption of the Study

The limitations and assumptions of the study should be considered when

interpreting the findings. There are some limitations on this study.

A particular sample of sixth-grade students from a public middle school
with a computer laboratory participated in the study. Because the sample
size is small, it may be challenging extending the results to a larger
population.

The experimental group in the current study receives an intervention that
lasts for six weeks. After the intervention, differences within and between
groups were examined using the CTt and FMKt post-test. The practice's
long-term impacts are not examined in this study. Long-term consequences
on students could be the subject of future research.

It is assumed that the Scratch programming intervention was directly
responsible for the observed gains in students’ achievement and CT. The
results might have been impacted by other external factors that were not
included in the research.

The research was carried out in a particular type of classroom. In other
circumstances, variables including student demographics, school
atmosphere, and instructor experience may have distinct effects on the
results.

The assessment tools used to measure CT and force and motion achievement
may have limitations, so it is assumed that students provided honest and
accurate responses on the assessment tool. Moreover, alternative or

additional measures could enhance validity.



2

LITERATURE REVIEW

2.1 Computational Thinking

The idea of CT has been extensively debated in academics, but there is still
disagreement regarding its precise definition. CT is an approach that makes use of
fundamental computing concepts to understand human behavior and solve
problems (Wing, 2008). According to Wing it is the process includes employing
logical thinking, algorithmic reasoning, abstraction, and identifying patterns to
examine issues and formulate resolutions. The concept of CT involves the capacity
to engage in logical reasoning, problem-solving, and creating solutions using

computational approaches (Selby & Woollard, 2013).

Being able to comprehend and make sense of processes and systems, both artificial
and natural, CT uses ideas from computer science in a wide range of fields. For
example, CT concepts can be introduced to students without computer
programming. Peel et al. (2019) conducted one of the types of research in this field.
In this research they investigated how introducing CT concepts to secondary school
biology students can help them understand natural selection better. Students were
taught CT concepts apart from computer programming (often known as
"unplugged" CT) in a mixed methods research design. Students used these concepts
to provide algorithmic explanations for the natural selection process. The key
findings showed that following the intervention, students' understanding of natural
selection increased, misconceptions decreased, and they were able to successfully
explain natural selection using CT principles. The findings also demonstrated that
teaching natural selection to students using CT not only improved their knowledge
of the subject matter but gave them a transferable understanding that they could use
in a variety of biological contexts. Another study conducted by Aytekin & Topcu
(2023) designed plugged and unplugged courses that incorporated CT elements into
the circulatory system topic. A quasi-experimental design was used to examine the
effect of these instructional modules on sixth-grade students' CT abilities and

achievement. The study's findings demonstrated that both experimental groups with



plugged and unplugged courses had noticeably greater achievement in CT abilities

and achievement of the circulatory system compared to control group.

Studies have indicated that CT is crucial during the preschool years as well. One of
these studies was conducted by Kotsopoulos et al. (2022). To identify instances of
CT in children's casual play, researchers examine images and recordings of kids in
school. The researchers and teachers used a range of frameworks to examine the
children's interactions and behaviors to search for signs of CT. Additionally, the
researchers observe images and videos of children in educational settings. The
study's outcomes emphasize how play-based and unplanned activities can involve
CT even in the absence of technology, demonstrating the potential for early
childhood educators to support young learners in acquiring CT. The study
demonstrates that it is possible to integrate CT into unplugged activities in early
childhood education settings. Another study on the application of CT in early
primary education is conducted by Boticki et al. (2018). Students in the first grade
of a primary school were utilizing a specially created CT tool in their classes. To
determine how successfully students perform such tasks, the program made it
possible to build and distribute digital assignments using CT content from three
topic areas. The program made it possible for automatic task solution evaluation,
including animations and visualizations that showed the precise steps that the
students had selected and gave them the option to change their selection if
necessary. Results indicate that early primary kids' performance on CT tasks across

school topics is influenced by their past reading and math skills.

Studies also have been done on how to use programming tools to introduce CT into
the classroom. An early childhood STEM magnet school conducted an intense
robotics workshop for a week, organized by Kazakoff et al. (2013). 27 students
participated in a robotics and programming class that lasted one week. Children in
the workshop programmed robot behaviors using the tangible programming
language CHERP. A picture-story sequencing task was used in the study to assess
the participants' sequencing skills, one of the CT concepts, both before and after the
intervention. In comparison to their pre-test results, students who took part in the
one-week robotics and programming session had a substantial improvement in their
post-test sequencing scores. This demonstrates that in comparison to a control

group, the children's sequencing skills increased greatly after the workshop.



2.2 Computational Thinking in Education

CT can enhance students' problem-solving skills and critical thinking as well as
their general digital technology competency when it is incorporated into the
classroom environment (Giiven & Gulbahar, 2020). Therefore, according to Voogt
et al. (2015), CT is a "universal competence" that needs to be a part of each child's
cognitive toolset. Nevertheless, there have been difficulties with integrating CT into
educational curricula, with an ongoing gap between the acceptance of its value and
its general implementation in educational institutions. The lack of a clear and
unified understanding of CT's components and the best ways to teach and evaluate
it is one of the main causes of this gap (Ogegbo & Ramnarain, 2022; Yadav et al.,
2014, 2016). Consequently, the development of curricula, materials, and
professional development programs to facilitate the incorporation of CT into the
classroom has been the focus of numerous educational organizations and efforts

(Aksit, 2018; Grover et al., 2015).

To find out how CT modules affect preservice teachers' attitudes toward computing
and their comprehension of CT Yadav et al. (2014) organized quasi-experimental
research. A CT module was given to the treatment group while it was not given to
the control group. The findings showed that the CT program had an impact on
preservice teachers' comprehension of CT concepts and their ideas about
incorporating CT into their own classrooms. Preservice teachers who completed the
module specifically perceived CT as a method of problem-solving that generates
general principles through abstraction and algorithmic reasoning. Another research
conducted with pre-service teachers by Mouza et al. (2017) designed an educational
technology course aimed at teaching pre-service teachers how to incorporate CT
into K-8 instruction. Then investigated how the course affects the attitudes and
understanding of CT principles among pre-service teachers, as well as how to
integrate this knowledge with content and methodology to support effective
learning outcomes for students. The instruction had a positive impact on pre-service
teachers' comprehension of CT ideas, methods, and resources, according to the

results.

A study carried out in the fields of mathematics for grades K—12, which aims to
determine whether teaching students to use coding in the classroom might improve

their learning outcomes, is presented. For this reason, Calao et al. (2015) have
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planned a quasi-experimental study. The experimental group, which received
training in Scratch, exhibited a statistically significant gain in their comprehension
of mathematical processes, according to the results. Additionally, according to
another study’s findings conducted by Tsarava et al. (2022) CT was positively
correlated with verbal reasoning, nonverbal visuospatial abilities, and complicated
numerical abilities. In addition, Hsu & Liang (2021) conducted in the domains of
English to help students enhance their multidisciplinary competencies in both
English and CT, carried out both plugged and unplugged approaches. In the plugged
strategy, educational robots were adopted to improve CT and offer practice with
English vocabulary and sentences through a board game. While it was intended for
studying conversational sentences and some foreign language vocabulary, the
unplugged version of the educational board game featured playing a standard board
game without a computer. The findings demonstrate that both strategies were
beneficial for raising students' CT competency and English proficiency in target

vocabulary and phrases.

Ciftci & Topgu (2023) conducted experimental research with pre-service teachers
about CT instruction in STEM courses that incorporate CT. Looking at the post-test
scores on the scale of self-efficacy beliefs towards CT, the study's findings showed
a substantial difference in favor of the experimental group, which received STEM
education that included CT. The improvement of the pre-service teachers' attitudes
about their ability to teach CT was found to be enhanced by the incorporation of
CT within STEM education. One of the other studies carried out with CT and
STEM was done by Hutchins et al. (2020). To develop, assess, and improve the
Collaborative, Computational STEM (C2STEM) learning environment, they used
a design-based methodology to learn about physics and CT principles. Students in
this study constructed models that explain how objects move. Hutchins et al. (2020)
examined student learning over the course of a semester-long study done in a high
school physics classroom. It has been observed that even when students ran into
problems, they generally appeared to be more encouraged and worked deeper on
their physics assignments. Due to the studies carried out in the field of CT and
STEM Basu et al. (2013) have created CTSiM, visual-programming, scaffolded, a
cross-domain, and agent-based learning environment for middle school science, by

taking use of the synergies between STEM fields and CT. They introduce and
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explain the CTSiM architecture and its methodology. The research is a case study
outlining the difficulties that a student with high grades and low grades had when
using CTSiM for ecological and kinematics lessons. Their study demonstrated the
efficacy of CTSiM in enhancing learning outcomes for both science areas using a

kinematics and ecology unit.

One of the ways to integrate CT into education is Scratch. Scratch was used in the
mathematics class at the secondary school level (Rodriguez-Martinez et al., 2020).
This experimental investigation suggests that Scratch can be used as an efficient
teaching tool to assist students in understanding CT and mathematical concepts.
Based on assessments conducted before and after the teaching, the sixth-grade
students who engaged in the study showed increases in their comprehension of
mathematical topics and their development of CT. According to the study, studying
with Scratch can improve students' understanding of mathematical concepts and
enhance their CT. Another study conducted by Marcum-Dietrich et al. (2024)
created a four-week middle school curriculum unit that involved research,
development, and implementation over the course of a five-year project. The project
was an innovative computational weather forecasting attempt that integrated
students' knowledge of meteorology with CT concepts and practices. To improve
students' scientific understanding and their proficiency with CT abilities and
procedures, the project resulted in the development of a deliberate instructional
sequence incorporating disciplinary science and CT practices. Students' scientific
understanding of CT practices and content considerably improved because of
having the opportunity to use their CT abilities in class discussions. Therefore,
teaching at all levels, including middle school, preschool, and elementary school,
can benefit from the integration of CT as a desirable ability. Students can acquire
higher-order thinking skills and learn how to use digital tools efficiently by
integrating CT into classes (Ogegbo & Ramnarain, 2022).

2.3 Block-Based Programming Environment in Education

Block-based programming environments are becoming more and more common in
classrooms. Instead of entering code, students may construct and interact with
visual programming blocks in environments like Blockly, Scratch, and MIT App

Inventor, which enhance the accessibility and engagement of the programming
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process for learners (Dutta & Mathur, 2011). When studying block-based
programming, which demonstrates code using drag-and-drop blocks, offer a more
engaging and readily available way than traditional text-based approaches
(Weintrop, 2019). Scratch is an online visual block-based programming language
developed by MIT Media Lab (Resnick & Siegel, 2007). Students can create
projects online and make them into anything using fundamental block coding in
Scratch. In addition, students can utilize their problem-solving abilities to produce
interactive media, including animations, games, stories, and simulations, by using
Scratch (Séez-Lopez et al., 2016). Through these activities, students not only
enhance their CT skills but also get a deeper understanding of scientific subjects as

they use these skills in real-world situations (Cetin, 2016).

Aksit & Wiebe (2020) examined the effects of teaching simulation-based modeling
to middle school students using CT and block-based programming on their
comprehension of CT abilities and force and motion principles. The study
investigated how seventh-grade students' achievement of force and motion concepts
and CT skills were affected by a week-long intervention course that introduced
simulation-based model building and CT practices through a block-based
programming environment in middle school science classrooms. The study
included qualitative data from student interviews, classroom observations, and
reflections from 82 seventh-grade students in addition to quantitative data from pre
and post-tests. The findings showed that students' CT and achievement of force and
motion concepts had significantly improved. Another study created with Scratch by
Saez-Lopez et al. (2016) evaluated how a visual programming language is used in
the classroom by examining the attitudes and results of primary school children in
the fifth and sixth grade from five different schools in Spain. The goal of the project
is to assess the efficacy of visual blocks programming and coding integration in the
setting of elementary education in science and art lessons throughout a two-year
academic period. According to the study, elementary school students who used
Scratch made considerable progress in their understanding of computational
practices, logic, and programming ideas. Along with increases in CT and
computational practices, students showed greater motivation, enjoyment, passion,
and commitment. The findings highlight the value and efficacy of employing active

learning strategies like project-based learning to integrate visual programming
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languages like Scratch in elementary education. Another study designed by Tucker-
Raymond et al. 2019) computer games addressing climate change with a curriculum
that was based on the triadic game design framework, emphasizes play, reality, and
meaning for eighth-grade students. Using field notes, screen capture software,
video, and audio recordings, teachers watched and recorded student interactions
during both planned critique sessions and unplanned, student-initiated critique
sessions. According to the study, middle school students engaged more in CT skills
when creating games, particularly in student-driven critique sessions where they
examined user experience, problem-solving techniques, modeling, and elegant
solutions. This suggests that although the unplanned criticisms focused more on the
gameplay aspect, they nevertheless gave students a chance to interact with and
consider significant aspects of CT. Additionally, by reviewing games, students were
able to interact with fundamental ideas in CT and use those ideas to iteratively

enhance their own designs.

According to Ardito et al. (2014) students who took part in a robotics intervention
and those who did not did not show statistically significant differences in their state
mathematics test scores. However, they did discover that a greater number of
children who took part in the robotics intervention outperformed their classmates
in the subjects of measurement, statistics, and algebra. Additionally, the teacher
noticed that students participating in this study had improved in both their
teamwork and problem-solving skills. In another study, (Nugent et al., 2016) middle
school students who took part in robotics competitions, clubs, or camps showed
improvements in programming, engineering design, and achievement in addition to
higher levels of self-efficacy compared to a control group. In the setting of robotics
summer competitions, clubs, or camps Nugent et al. (2016) observed greater
success in raising kids' STEM self-efficacy. Another study studied how the Dash
robot and Blockly software may be used to incorporate CT into elementary science
instruction over a four-week summer camp program. Important CT ideas like loops,
sequences, and conditionals were included into a lesson on the reproductive cycle
of flowerless plants in this program. Based on participant drawings and Blockly
code analysis, their findings revealed significant improvements in the children's CT

techniques. Additionally, the participants' effective participation highlights the
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possibility that science units with CT integration could engage students and

promote cognitive learning outcomes.

Eriimit (2020) designed three distinct kinds of Scratch exercises to study 423 sixth-
grade students' attitudes toward algorithmic thinking skills, computer technologies
and reflective thinking skills in problem-solving. Results show that students' views
toward computer technology were improved by animation activities. The problem-
solving abilities of reflective thinking and algorithmic thinking were enhanced by
the mathematical and game-planning exercises. Another study (Cetin, 2016) used a
mixed-method design that combined quantitative and qualitative approaches to
discuss preservice teachers' learning and attitudes toward programming to assess
the effects of Scratch-based instruction. The findings showed that preservice
teachers who were taught using Scratch had a considerably greater comprehension
of computational concepts than those who were not. Additionally, they were more
enthusiastic about programming. The findings indicated that preservice teachers'
programming skills were improved and their attitudes about programming were

positively influenced by Scratch-based instruction.

Grover et al. (2015) created a seven-week Scratch-based CT course for seventh and
eighth students to develop algorithmic thinking through Scratch. The findings
demonstrate that the progress in programming skills from the pre-test to the post-
test was used to measure CT gain. This quasi-experimental research investigated
whether teaching methods, face-to-face versus face-to-face + online, supported
deep learning regarding computational concepts including decomposition,
algorithms, loops, and conditionals. The results showed that students in the face-to-
face + online group outperformed those in the face-to-face group, and both methods
result in much higher CT improvements. Additionally, both groups were able to
effectively apply their programming knowledge and abilities to problems using text.
Another study (Oluk et al., 2018) investigates how the use of Scratch can help with
algorithm development and enhance CT abilities. The study, a quasi-experimental
research task, was created during six weeks in the fifth-grade software and
computer technology course. In this process, the students in the experimental group
were taught the algorithm using Scratch, whereas the students in the control group
were taught the algorithm using the current curriculum. The study's findings

showed that the experimental group's students' abilities in algorithm development
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and CT improved noticeably more than those of the control group. Both studies
(Grover et al., 2015; Oluk et al., 2018) reveal that Scratch is a learning tool that can

be used to improve CT skills.

2.4 Using Block-Based Learning Environments for Achievement

Using block-based programming environments in the classroom is one strategy to
improve students' achievement. The potential advantages of these block-based
programming environments for improving students' achievement have been
investigated in recent studies. Enhancing students' achievement of scientific
phenomena is one of the main advantages of implementing block-based
programming in science classes. Students can experience and explore complex
scientific subjects in a more practical and engaging way by developing interactive
models and simulation (Weintrop, 2019) so, deeper understanding and better

learning outcomes could arise from this programming environment.

In this respect, studies have shown that programming environments based on blocks
can have a favorable effect on students' achievement of scientific ideas. For
instance, a study by Adler & Kim (2018) revealed that learners who were introduced
to programming through a block-based platform exhibited a superior understanding
of specific scientific concepts, such as Newton's laws of motion. Another study (Lai
& Lai, 2012) examined how well Taipei fifth grade students learned science with
the use of Scratch programming. This study employed a single group in a quasi-
experimental design. For enhancing students’ knowledge with computer science,
96 fifth graders at an elementary school engaged in 15 weeks of Scratch
programming programs. According to the study's findings, students preferred
creating their own Scratch programming projects during their science classes and
said they would be open to doing more of these kinds of computer programming

activities for future science units.

Encouraging students to use block-based programming environments like Scratch
in science classes can have a big impact on their scientific literacy. A critical
educational goal is scientific literacy, which is described as the knowledge and
comprehension of scientific ideas and processes necessary for individual decision-
making, involvement in social and cultural issues, and economic growth (Roberts,

2013). Additionally, children that participate in science education using block-
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based programming are exposed to multidisciplinary learning, which combines
scientific inquiry with computational thinking. This multidisciplinary strategy is in
line with the goals stated by groups like the NGSS Lead States (2013), which
supports integrated learning as a means of developing a flexible and adaptable
scientific literacy. Students practice developing hypotheses, testing theories,
evaluating evidence, and refining answers through programming exercises such as
those offered by Scratch. These are fundamental scientific processes described in

the NGSS Lead States (2013).

Researchers investigated how block-based programming environments might
improve students' learning and understanding in a variety of subject areas. For
example, Tabach et al. (2008) conducted research with seventh-grade students in a
computer-intensive setting throughout a one-year basic algebra course. The results
showed that block-based platforms empower students to freely experiment with and
explore mathematical concepts through programming, which can help them build a
more sophisticated knowledge of equation solving, grammatical principles, and
symbolic abstractions. Furthermore, students' understanding of how to interpret and
relate mathematical ideas to real-world situations may be improved using graphical
representations and virtual instruments made possible by block-based programming
(Minda et al., 2015). The data points to the possibility of greatly improving students'
achievement of mathematics using block-based programming environments
(Goldenberg & Carter, 2021; Kajander, 2018; Minda et al., 2015; Tabach et al.,
2008; Zhong & Xia, 2020). Additionally, some studies show that using block-based
programming environments in the classroom not only assist students by improving
their achievement of programming, but also help students build cognitive abilities
that are directly related to learning a language (Sands, 2019; Scherer, 2016; Yusoff
et al., 2020). Also, according to the results of a study conducted in social studies
(Luxton-Reilly et al., 2018) students can design a game that examines the
difficulties faced by various parties in a dispute resolution scenario, or they might
develop a simulation that simulates how government policies affect the distribution
of wealth within a nation. In conclusion, through the process of creating and
implementing these interactive projects, students get an in-depth understanding of
the fundamental concepts and principles that influence political, social, and

economic structures.
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2.5 Theoretical Framework

It has become clear that introducing CT is a vital ability that should be included in
the curriculum. This ability includes methods for solving problems, logical
reasoning, and algorithmic thinking that are applicable in a variety of contexts and
fields. Seymour Papert first proposed the idea of CT in 1980, According to Papert,
CT involves using computers as a tool to encourage creative thinking and provide
students the opportunity to study in a more engaged and adventurous way (Papert,
1980). According to Papert, the concept of "computational thinking" refers to
assisting students in expressing themselves via the "language" of computers, thus
encouraging a kind of problem-solving that makes use of computer science ideas

like abstraction, coding, and algorithms.

Papert's constructionist educational theory is the basis of his perspective on CT.
Constructionism is derived from Piaget's theory of constructivism, which assumes
that people create their own knowledge and connect experiential learning to active
engagement (Chuechote et al., 2020). Piaget's theory of constructivism supposes
that meaningful experiences and prior knowledge influence how people respond to
new situations and environments, which helps people develop achievement (Fosnot
& Perry, 1996). Constructionism theory states that (Halverson & Sheridan, 2014)
when students produce physical items, schemas are progressively built. Papert
(1980) thinks that for students to properly understand programming and
computational concepts, they need to be actively involved in generating artifacts,
and that social and affective involvement is critical to the learning process. His
theory is that students might have a deeper and personal understanding of the
subject by creating something. According to Papert’s (1993) theory of
constructionism, children will do better if they create the specialized knowledge
they need to complete tasks on their own. Additionally, when children actively
participate, they will cognitively construct knowledge based on the information that

they learn from activities and teachers (Papavlasopoulou et al., 2019; Papert, 1993).

Jeanette Wing popularized the term in 2006, leading to its wider use (Wing, 2006),
He argues that CT goes beyond programming and encompasses system design,
problem solving, and understanding human behavior by utilizing computer science
principles. Wing states that (Wing, 2008) CT is a mindset and set of skills that can

be applied universally, and which individuals from various fields would be
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motivated to acquire and apply, not just those in the computer science field. CT is
emphasized by Wing's method as a necessary ability not just for computer scientists,
but also for everyone. It views CT as a collection of techniques and strategies for
solving problems that come from the study of computer science and can be widely
used in all areas. Wing promotes the incorporation of CT in school curricula as a
means of giving students the tools they need to comprehend and create in the digital

world.

While CT has gained a lot of attention in recent years, there is not enough agreement
on what CT involves (Barr et al., 2011; Selby & Woollard, 2013). The definition of
CT that Brennan & Resnick (2012) developed while working with Scratch includes
three essential dimensions which are computational perspectives, computational
practices, and computational concepts. To explain the perspective shifts observed
in young individuals working with Scratch, Brennan & Resnick (2012) introduced
the dimension of perspectives designers create about themselves and the world
around them. The researchers propose that these CT perspectives are questioning,
connecting, and expressing. Brennan & Resnick (2012) framework consisted of CT
practices they saw children participating in while working on their projects. Instead
of focusing on "what you are learning," the authors propose that these
computational exercises focus on "how you are learning." Four main categories of
practices were identified by Brennan & Resnick (2012) as being iterative and
incremental, abstracting and modularizing, remixing and reusing, testing and
debugging. Seven computational concepts were found by Brennan & Resnick
(2012) to be extremely helpful when using Scratch programming language in their
research. They also propose that these concepts are applicable in non-programming
and other programming contexts. Sequences, parallelism, loops, operators,

conditionals, data, and events are all included in these concepts.

CT frameworks associated with Scratch (Brennan & Resnick, 2012) Agent Sheets
(Repenning et al., 2000) and Weintrop et al. (2016). In this study, the block-based
programming tool, namely Scratch, was incorporated into science class to improve
students’ CT by incorporating the CT concepts of the Brennan & Resnick (2012)
framework. This study provides an understanding on how instructional methods
that use a block-based programming environment, Scratch, might help students

develop their CT. CTt was used to examine students' CT. Definitions of the
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concepts of CT, which are the subfactors of CTt, namely, sequences, parallelism,

loops, operators, conditionals, and events are given below.

2.6 Definition of Terms

This section consists of definitions of the key terms associated with this study.
2.6.1 Computational Thinking Concepts

CT concepts are the basic building blocks of computer programming (Brennan &
Resnick, 2012), which are employed in data manipulation and problem-
solving. These concepts include loops, sequences, events, parallelism, operators,
conditionals, and data. These concepts are crucial (Bian et al., 2022) for creating
and executing algorithms and programs that are both effective and efficient. Each

of these CT concepts is defined in the following sections.
2.6.1.1 Sequences

In computer programming, sequences (Brennan & Resnick, 2012) define the
precise order in which actions or instructions are carried out. This order is essential
for managing a program's flow and ensuring that tasks are completed in an
appropriate order. For example, the pen on the screen can be programmed to draw
triangles following the sequence of instructions. A set of instructions for drawing a

triangle in a Scratch is shown in Figure 2.1. The steps are given below.

Move the pen down
Move 120 steps

Turn left for 120 degrees
Move 120 steps

Turn left for 120 degrees
Move 120 steps

AU o A

Turn left for 120 degrees

20



Figure 2.1 Example of a sequence of orders that create a triangle in Scratch

2.6.1.2 Loops

Loops (Brennan & Resnick, 2012) are necessary to repeat a given set of instructions
until the specified requirement is met. They offer an efficient way to manage
frequently running programs. Loops are represented by "repeat" blocks in Scratch
which is a block-based programming language. In the previous example, to create
a triangle, the pen had to move 120 steps and turn left for 120 degrees, and this was
repeated three times. In total, rather than giving all these code blocks one by one, it
can be stated how many times these blocks were repeated. Figure 2.2 shows how a

loop can be used clearly and concisely to draw a triangle.

move@steps
mm')@dogm

Figure 2.2 Example of a loop that creates a triangle in Scratch.

2.6.1.3 Parallelism

Parallelism is the capacity to carry out several tasks at the same time. It enhances
efficiency and speed by using the capabilities of multi-core processors. This makes

it possible to significantly increase productivity and performance (Zendler &
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Spannagel, 2008). Parallelism (Brennan & Resnick, 2012) across objects is
supported by Scratch. Parallelism within a single object is also supported by
Scratch. In Figure 2.3 the sprite is designed to respond to the when green flag
clicked event by carrying out three sets of actions simultaneously: (1) set to; (2) ask

and wait; and (3) continuously repeat.

P

0 ‘ ——————
. (\_/‘\what is the length of the road?)
ti(wnm is the speed of the car? ) ]
e
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Figure 2.3 Example of parallelism within a single object in Scratch

2.6.1.4 Events

In a programming environment, events (Brennan & Resnick, 2012) are triggers or
occurrences that start a reaction or an action. These events may be the result of
system notifications, user activities, or the occurrence of certain circumstances. An
event will result in an action in several conditions, as shown in Figure 2.4: (1) the
object will turn forever in 15-degree increments when the green flag is clicked, and
it follows the ongoing sequences. (2) when the space key is pressed, the object will
change its position y by -10 and it follows the ongoing sequences. (3) when this
sprite clicks, the object will go to x:0, y:0 and it follows the ongoing sequences. (4)

when I receive a message, say hello for 2 seconds.
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Figure 2.4 Example of code blocks representing types of events in Scratch

2.6.1.5 Conditionals

Statements known as conditionals (Brennan & Resnick, 2012) give the program the
ability to decide depending on specific circumstances. They are necessary for
regulating a program's flow and running code blocks in response to different
circumstances. Scratch that makes use of the "if" block introduces this concept. In
other words, a specific sequence of instructions is followed if a given condition is
met. If not, an alternative set of instructions might be provided. In the example
below, you could find the if conditional used in the balloon-popping game in Figure

2.5.

Figure 2.5 Example of conditionals in Scratch determining the behavior of the

Sprite
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2.6.1.6 Operators

Operators are keywords or symbols that manipulate data (Brennan & Resnick,
2012). They can be applied to several tasks, such as logical comparisons and
mathematical computations to alter the data as needed. Numerous mathematical
operations, such as subtraction, addition, division, and multiplication, as well as
functions like sine and exponents, are supported by Scratch. It also supports string

operations. The operator blocks used in Scratch are shown in Figure 2.6.

Ao ap Ao Ao

@ e» e I

ED exD E&D

Figure 2.6 The operator blocks used in Scratch
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3

METHODOLOGY

This chapter provides details regarding the study's design, the study's sample, the
instruments used for data collection, the treatment administered, and the analysis of

the gathered data.

3.1 Design of the Study

The current research adopts a quasi-experimental design, which is utilized when an
experimental design is impractical. This design is commonly employed in
educational settings where researchers may need to utilize existing groups. While
quasi-experimental design involves assignments to groups, they lack random
assignment of participants to these groups (Creswell-John & Creswell-David,
2017). The effectiveness of the intervention given to the experimental group was
assessed in this study using a quasi-experimental approach with a pretest-posttest
control group design. Two different groups were chosen for the study, one to be
used as the experimental group and the other as the control group. Through
conducting pretest and posttest assessments, it enabled a comprehensive
examination of the intervention's effect on the experimental group in comparison to

the control group.

Table 3.1 Phases of the Experiment

Group Pre-test Lesson Post-test Activity
Evaluation
Form
Experimental Lesson Activity
Group CTt and FMKt 1ntegrated CTt and FMKt Evaluation
with Form after
Scratch implementation
Control Lesson
Group | cTgand PMKt | WHHOUL | o7 and FMK(
Scratch

Before the implementation, the researcher provided 2-week Scratch training to the

science teacher at the school where the research was conducted. Data were obtained
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from both groups as a pre-test prior to implementation on the FMKt and CTt.
Subsequently, the force and motion unit was taught using block-based
programming environments through Scratch activities in the experimental group
designed to enhance students' CT and achievement, while the control group
received instruction using the Ministry of National Education's recommended

teaching method (utilizing examples and activities from the Science 6 textbook).

At the end of the four-week intervention period, the FMKt and CTt were
administered to both groups as a post-test. Additionally, the opinions of students in
the experimental group regarding the integration of Scratch programming activities
into science class were obtained through an activity evaluation form. Throughout

these processes, the researcher remained in an observer position.

Two dependent variables are in the study CTt scores and FMKt scores. The methods
of teaching force and motion topics are block-based programming environments,
and the teaching method recommended by MoNE are independent variables of the

study.

3.2 Sample of the Study

The participants in this study were two separate sixth-grade classes studying at a
public middle school in Istanbul. The sample selection process was impacted by the
research's goal. This school was selected because it has a computer laboratory, and
all computers are functioning smoothly, with each student having access to a
computer. Therefore, to identify the participants, purposive sampling was employed

because it is based on the goal of the study (Fraenkel-Jack et al., 1993).

Two classrooms, one for experimentation and the other for control, were chosen at
random. Groups defined as control and experimental were chosen at random. 23
sixth-grade students ranging in age from 11 to 13, were placed into the experimental
and 28 sixth-grade students ranging in age from 11 to 13 were placed into the
control groups. Gender equality was not taken into consideration because a

comparison by gender was not included in the study problems.
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Table 3.2 Distribution of the groups.

Grade Level

Experimental group

Control group

23

28

3.3 Data Collection Instruments

The instruments used to collect data for the study are described in this section. Data
was collected using three different tools: The Computational Thinking Test (CTt)
(Romén-Gonzalez et al., 2017), The Force and Motion Knowledge Test (FMKt)

(Cimentepe, 2019) and the activity evaluation form.

The data analysis approach, data collection time, and data collection instruments

for each sub-problem are presented in Table 3.3.

Table 3.3 Data collection instruments, data collection time, and data analysis

between the control and

experimental groups?

Sub-Problems Data Data Data
Collection Collection Analysis
Instrument Time Approach
S
Are there any significant CTt pre-test and Paired
differences in sixth-grade post-test sample t-
students’ computational thinking test
after the intervention?
Are there any significant CTt post-test and | Independent
differences in the sixth-grade post-test sample t-
students’ computational thinking test
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Table 3.3 Data collection instruments, data collection time, and data analysis

(continued...)

Are there any significant FMKt pre-test and Paired
differences in sixth-grade post-test sample t-
students’ understanding of the test
force and motion unit after the
intervention?
Are there any significant FMKt post-test and | Independent
differences in the sixth-grade post-test sample t-
students’ understanding of force test
and motion unit between the
control and experimental
groups?
What are the opinions of Activity at the end of Content
students studying science Evaluation | the research analysis
education integrated with block- Form
based programming environment
about Scratch?
3.3.1 Computational Thinking Test (CTt)

The CTt was developed by Roman-Gonzalez, Pérez-Gonzédlez and Jiménez-

Fernandez (Roman-Gonzales, 2015; Roman-Gonzalez et al., 2017). The purpose of

the test is to evaluate the level of CT among students. Originally, the CTt was

designed as a 40-item test (Roman-Gonzales, 2015). Following that, CTt is given

to 1,251 Spanish students ranging in grade levels from fifth to tenth. The test's

validity and reliability were examined, and its item count was lowered to 28

(Roman-Gonzélez et al., 2017). Cronbach's Alpfa reliability as the internal

consistency of the CTt is a=0.793, which is regarded to be high reliability (Nunnally
& Bernstein, 1994). With a range of p=0.16 (item 23, very high difficulty) to p=0.96

(item 1, very low difficulty), the average rate of achievement for the 28 items is

p=0.59 (medium difficulty).
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The test consists of 28 multiple-choice questions. To introduce students with the
test questions and the characters used in them, they are provided with three example
questions along with their right responses prior to the exam. Seven basic CT
concepts are covered in the questions on the CTt. Simple functions (4 questions),
basic sequence structure (4 questions), while type loop (4 questions), repeat... times
type loop (4 questions), simple (if) decision statement (4 questions), repeat until

type loop (4 questions), and complex (if-else) decision statement (4 questions).

The researcher adopted the CTt from English to Turkish that can be used by students
in secondary school across all grade levels by organizing the test according to the
recommendations of two faculty members with expertise in science education, one
faculty member with expertise in educational sciences, and a language expert.
Furthermore, to ensure the test's language validity, it was translated from English
to Turkish and back again from Turkish to English. After the appropriate
verifications were completed, the test was then given its final version (see

APPENDIX A).

The adapted test was applied to 353 students studying in the fifth, sixth, seventh,
and eighth grades in two secondary schools in Istanbul for validity and reliability
studies. The data was collected in the fall semester of the 2022-2023 academic year.
The SPSS program was used to analyze the data collected from the student group.
As aresult of the adaptation of the test to Turkish, while the original version of the
test had 28 questions, the number of questions was reduced to 25 in the Turkish

version. Cronbach Alpha reliability coefficient of the entire adapted test is 0.832.

Normality distribution of CTt is given in Figure 3.1.
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Figure 3.1 Histogram of the CTt Score

A histogram illustrating the distribution of the CTt score throughout the sample is
shown in figure 3.1. The distribution stated above, as can be observed, fits the
normal curve quite well because according to Hair et al. (2010), Skewness values
between -1 to +1 indicate a normal distribution if the sample size (n>300).

Corrected item-total correlations of CTt are given in Table 3.4.

Table 3.4 Corrected Item Total Correlations

# of Questions Corrected # of Questions Corrected Item

Item Total Total Correlation
Correlation

1 325 15 129

2 371 16 415

3 462 17 326

4 470 18 370

5 .563 19 .349

6 406 20 385
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Table 3.4 Corrected Item Total Correlations (continued...)

7 393 21 303
8 325 22 343
9 423 23 406
10 377 24 358
11 383 25 303
12 079 26 281
13 349 27 252
14 337 28 328
#: Number

Since corrected item-total correlations with scores lower than .30 (items numbered

12, 15, 26, and 27) reduce the reliability of the test, it was predicted that removing

them from the test would increase the reliability of the test. However, these items

were not removed from the test without performing factor analysis.

Table 3.5 I[tem Statistics

# of Item Item # of Item Item
Item | Difficulty | Discrimination | Item | Difficulty | Discrimination
1 .82 0.35 15 .36 0.13
2 .70 0.53 16 31 0.55
3 .60 0.69 17 40 0.53
4 38 0.64 18 42 0.61
5 .65 0.81 19 35 0.47
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Table 3.5 Item Statistics (continued...)

6 .67 0.56 20 43 0.58
7 53 0.57 21 49 0.49
8 44 0.49 22 25 0.43
9 55 0.62 23 .30 0.52
10 55 0.59 24 46 0.55
11 .64 0.48 25 32 0.43
12 .26 -0.01 26 47 0.40
13 52 0.48 27 48 0.41
14 48 0.46 28 Sl 0.45

The second challenging question of the test is the twelfth question, and its item
discrimination index is negative. Therefore, the children in the higher score group
and the lower score group are not significantly distinguished from one another. The
difficulty index of the fifteenth item was determined to be .36. Item number fifteen
is categorized as a medium-difficulty item. However, it was discovered that the
item's discrimination index was .13. Despite being about a medium hard item, this
one does not successfully distinguish between students in the upper and lower score

groups. It was thought that taking them out of the test would improve test reliability.

Descriptive statistics for the items before questions 1,12, and 15 are removed from

the test and are given in Table 3.6.

Table 3.6 Descriptive Statistics

# of Mean | SD | Variance | Lowest | Highest | Kurtosis | Skewness

students

353 13.35 | 5.69 32.40 1 28 -22 .30
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Descriptive statistics for the items after questions 1,12, and 15 are removed from

the test are given in Table 3.7.

Table 3.7 Descriptive Statistics

# of Mean | SD | Variance | Lowest | Highest | Kurtosis | Skewness

students

353 11.90 | 542 | 29.38 1 25 -311 .303

In line with the validity studies of CTt, the content validity and construct validity
of the test were examined. To test the construct validity of the test, the Kaiser-
Meyer-Olkin (KMO) value and Bartlett Sphericity Test were applied to the data
obtained from the group. KMO value was calculated as .798. In addition, Bartlett's
Test of Sphericity was found to be significant [X=2134.756 p<.001]. When
considering whether the data is appropriate for factor analysis, the KMO value is
greater than 0.60 and the Bartlett Test demonstrates significance (Biiyiikoztiirk et
al., 2020). While the mean of the original test was 16.38, the mean of the Turkish
adaptation was 11.9. The reason for this difference may be cultural factors, the

education they receive at school or the activities they do in their free time.

When considering the test was modified for use in secondary school, exploratory
factor analysis was used to analyze the data and determine the type of factor
structure that emerged from the information gathered from the student group that

can be seen in figure 3.2.
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Figure 3.2 Exploratory factor analysis eigenvalue Scree plot for CTt

The Varimax orthogonal rotation technique was used to apply principal component
analysis to the data (Biiyiikoztiirk et al., 2020). Following examination of the first
analysis results, it was observed that the test's eigenvalue was gathered in 9
elements that had values greater than one. Nine significant factors with significant
decreases can be seen in Table 8. that illustrates the eigenvalues of the factors
identified by exploratory factor analysis. The final analysis restricted the number of
components to seven that were considered conceptually appropriate in considering
the item contents. The examination revealed that there were now just 25 items on
the test after three items (number 1, number 12, and number 15) with a factor
loading below .40 had been removed from the test. To ensure the construct validity
of the test, the 26th and 27th items, whose corrected item correlation was less than
.30, remained in the test because their factor loadings were equally distributed and

greater than .40.

After conceptual analysis, items were collected into seven separate factors. These
factors are “Loops-Repeat Times”, “If/Else-Complex Conditional”, “Basic
Directions and Sequences”, “If-Simple Conditional”, “Loops Repeat Until”,
“Simple Functions”, and “While Conditional”. The "Basic Directions and
Sequences" contains three components (numbered 2,3,4), 4 items in the “Loops-
Repeat Times” (numbered 5,6,7,8), 3 items in the “Loops Repeat Until” (numbered
9,10,11), 4 items in the “If-Simple Conditional” (numbered 13,14,15,16), 4 items
in the “If/Else-Complex Conditional” (numbered 17,18,19,20), 4 items in the
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“While Conditional” (numbered 21,22,23,24) and 4 items in the “Simple
Functions” (numbered 25,26,27,28). The eigenvalues for these factors were
determined as follows: Basic Directions and Sequences factor accounts for 20.42%
of the total variance, Simple Functions factor accounts for 28.30%; If/Else-
Complex Conditional factor accounts for 35.26%; While Conditional factor
accounts for 41.17%; Loops-Repeat Times factor accounts for 46.08%; If-Simple
Conditional factor accounts for 50.73%; and Loops Repeat Until factor accounts

for 55.00%. These seven factors together explain 55% of the total variance.

Table 3.8 Principal Component Analysis

Component
# of .If_
. Basic If/Else- Loops | Simp
question . ] .
S Directio | Simp | Compl - le
ns and le ex While | Repe | Cond | Loops
Sequenc | Func | Conditi | Condi at itiona | Repea
es tions onal tional | Times 1 t Until
2 .663
3 722
4 .654
5 577
6 .686
7 .614
8 744
9 .827
10 .560
11 619
13 744
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Table 3.8 Principal Component Analysis (continued...)

14 .647

16 .674

17 560

18 .667

19 511

20 .667

21 551

22 756

23 782

24 469

25 588

26 745

27 759

28 720

As seen in Table 3.8. item factor loadings in the basic directions and sequences
factor varied between .654-.722, in the simple functions factor .588-.759, in the
if/else-complex conditional factor .511-.667, in the while conditional factor .469-
.782, in the loops-repeat times factor .577-.744, in the if-simple conditional factor
.647-.744, and the loops repeat until factor varied between .560-.827. It was

observed that the item factor loadings of the entire test varied between .484-.835.

Question numbered 5 addresses basic directions and sequences for .390, but
depending on the original of the test, question numbered 5 addresses basic
directions and sequences. Question 21 addresses basic directions and sequences for
413, but according to the original of the test, question 21 addresses basic directions

and sequences, therefore these questions were not removed from the test.
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After construct validity, to test the internal consistency, the Cronbach's alpha
coefficient of the CTt was investigated within the scope of reliability studies. The
reliability coefficient of the entire test is .832. The reliability coefficients of the sub-
factors were found to be: .598, .696, .586, .580, .592, .613, and .687 for basic
directions and sequences, loops-repeat times, loops repeat until, if-simple
conditional, if/else-complex conditional, while conditional, simple functions, and

respectively. This shows that the test is a valid and reliable measurement tool.
3.3.2 Force and Motion Test (FMK(t)

The force and motion knowledge test (FMKt) was developed by Cimentepe (2019)
to determine sixth-grade students' knowledge levels about the force and motion
unit. 40 multiple choice questions were created at the beginning of the research for
all concepts in the Force and Motion unit. For the validity and reliability of the
knowledge test, an application was made with 83 students. As a result of the
analysis made among the 40 questions prepared for the Force and Motion unit, the
25 questions that worked best were determined. The reliability of the final version
of the knowledge test (see APPENDIX B), consisting of 25 questions, was
calculated as .87, the item discrimination index was .49 and the item difficulty index

was .49.

Table 3.9 Distribution of Questions Associated Science Objectives

Number of Associated Science Objectives Number of the

Objectives Questions

F.6.3.1.1 Showing the direction and magnitude | 6, 8, 10, 12, 15, 18,

of the force acting on an object by 19
drawing it.
F.6.3.1.2 Observing by trying more than one 3,5,9, 16, 20, 23

force acting on an object

The emphasis is on the resultant of
forces in the same direction. The
resultant of forces with different
directions cannot be entered.
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Table 3.9 Distribution of Questions Associated Science Objectives (continued...)

F.6.3.1.3 Comparing balanced and unbalanced 2,4
forces by observing the motion of
objects
F.6.3.2.1 Defines speed and expresses its unit. 1,7,11,22,25

a. Meter/second (m/sec.) and
kilometer/hour (km/h) are considered
as speed units.

b. The concepts of displacement and
velocity are not included.

c. Mathematical relations are not
included

d. There is no unit conversion.

F.6.3.2.2 Showing the relationship between 13,14,17,21, 24
distance, time, and speed on a graph

3.3.3 Activity Evaluation Form

The activity evaluation form was prepared by the researcher to determine students'
opinions about the course activities integrated with Scratch. Activities were carried
out for 4 weeks and an activity evaluation form consisting of open-ended questions
was applied at the end of the research. The activity evaluation form was prepared
as open-ended to examine students' opinions in depth. According to Yildirim &
Simsek (2005), when collecting more in-depth information on the topic, open-
ended questions allow the researcher a great deal of flexibility. After the items of
the form were prepared, they were checked by two experts specialized in science
education and two science teachers. There are 5 questions in the event opinion form
before it is submitted to expert opinion. However, the number of questions was
increased to 7 because experts thought that the small number of questions might
cause difficulties in providing information about the activities carried out on
Scratch. The form was given its final shape in line with the recommendations of the
experts. The final version of the activity evaluation form contains 7 questions (see

APPENDIX C). These questions are: "What is Scratch?", "What do you do with
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Scratch?", "In what other areas of your life can you use Scratch?", "How did you
find the idea of the project in Scratch? How did you start doing the project?", " Did
you have difficulty creating a project in Scratch? What did you do when you had
difficulty in creating the project?”, "What do you like and dislike about Scratch?
What features do you want to change or stay the same?" and “What other things do
you like to do related to technology?”. Students were asked to write their answers
to these questions. The answers given by the experimental group students to the
open-ended activity evaluation form were analyzed by content analysis and then
interpreted. Twenty percent of the qualitative data obtained from the activity
evaluation form was re-analyzed by another researcher. The reliability coefficient
between the scores given by the two evaluators was found to be .94. The researcher
also reanalyzed these data 6 months later and found the reliability coefficient for

this scoring to be .90. Thus, scoring reliability was ensured.

3.4 Integrating Scratch into the course as a Block-Based

Programming Environment

There are five objectives in the force and motion unit in the sixth-grade science
curriculum. In this study, lesson plans integrated with Scratch were developed for
each objective in the program. Lesson plans prepared for the planned execution of
the lessons are presented as an attachment (see APPENDIX E). Lessons were
followed in a planned manner based on these plans. Additionally, the worksheets
prepared for this course are presented in the appendixes of the lesson plans (see

APPENDIX E).

After the arrangement of the lesson plans was completed, the lesson plans were
presented to two faculty members who are experts in science education and two
science teachers to obtain expert opinions. The lesson plans were finalized in line
with the opinions of the experts. The prepared lesson plans integrated with Scratch

are suitable for the sixth-grade level and the Science Education curriculum.

Examples of the pictures taken during the application in the experimental group are
presented in Appendix F. The attached images are images taken to keep the identity
of the students private.The distribution of Scratch programming activities according

to the objectives in the science curriculum is given in Table 3.10.
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Table 3.10 Distribution of Scratch Programming Activities According to

Objectives

Activity Name

Objectives Related to the Activity

1. Let's move a motionless object

1. Showing the direction and
magnitude of the force acting on an
object by drawing it.

2. Who wins the tug-of-war game?

2. Observing by trying more than one

force acting on an object

3. Balanced or Unbalanced Force?

3. Comparing balanced and
unbalanced forces by observing the
motion of objects

4. I'm Making a Speed Calculator

4. Defines speed and expresses its unit

5. I Design Graphics

5. Showing the relationship between
distance, time and speed on a graph

The sample activities prepared in Scratch were designed by paying attention to the

CT concepts addressed in the CTt used in the study. In addition, Scratch projects

on that subject were developed by the researcher for each course, paying attention

to science objectives.

The distribution of Scratch programming activities according to the addressed CT

concepts is given in Table 3.11.

Table 3.11 Distribution of Scratch Programming Activities According to

Computational Concepts

Activity Name

Computational Thinking
Concepts Addressed

1. Let's move a motionless object

Basic Directions and Sequences

2. Who wins the tug-of-war game?

Basic Directions and Sequences
If-Simple Conditional

Simple Functions
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Table 3.11 Distribution of Scratch Programming Activities According to

Computational Concepts (continued...)

Loops-Repeat Times

Loops Repeat Until

3. Balanced or Unbalanced Force?

Basic Directions and Sequences
If-Simple Conditional

Simple Functions

4. I'm Making a Speed Calculator

Basic Directions and Sequences
Loops Repeat Times

Simple Functions

While Conditional

If-Else Complex Conditional

5. I Design Graphics

Basic Directions and Sequences

Loops Repeat Times

Scratch activities prepared within the scope of lesson plans and used as a sample
activity in the study are given below. The researcher gave these activities as
examples. Under the condition that the subject of the project was related to the
topics presented in the course, students were allowed to develop their projects

during the course. Students used the scene in Scratch, puppets, added sounds to

their projects and used code blocks as they wished.
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Figure 3.3 Scratch Activity: Let's move a motionless object

In this activity, students understood the direction of the force acting on an object by

coding. The object moved in the north, south, east, and west directions. According

to this activity, when you click on the colored arrows in the image, the object moves

in that direction. For example, when the red arrow is clicked, the object moves to

the east, and when the green arrow is clicked, the object moves to the north. Since

this activity is the first activity, it addresses the basic directions and sequence sub-

dimension of CT concepts. Additionally, with this activity, students learned the

direction and magnitude of the force acting on an object, which is the objective of

the course.
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Figure 3.4 Scratch Activity: Who wins the tug-of-war game?
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With this activity in Scratch students experienced more than one force act on an
object by coding. There are two groups in this activity, and whichever group applies
more force to the rope wins the tug-of-war game. Two questions are asked
depending on the activity prepared here. The first question asks about the force
applied by the first group, and the second question asks about the force applied by
the second group. In this activity, students determine the force values for these two
groups. As a result, they observe which group won the tug-of-war game according
to the force values they determined. With the code blocks used in this activity, basic
directions and sequences, if-simple conditional, simple functions, loops-repeat
times, loops repeat until sub-dimensions of CT were addressed. At the same time,

students observed how more than one force acting on an object affects the object.

]
)

O
B

6 6

Figure 3.5 Scratch Activity: Balanced or Unbalanced Force?

Through this activity, students discovered when more than one force acts on an
object, the resulting force can either cause balanced or unbalanced forces. Here,
more than one force value is acting on an object. These force values are asked to
the students, and because of the force values determined by the students, it appears
on the screen whether the object is under the influence of balanced or unbalanced
forces. In this activity, basic directions and sequences, if-simple conditional, and
simple functions sub-dimensions of CT were mentioned. Additionally, students

learned balanced and unbalanced forces with code blocks.
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Figure 3.6 Scratch Activity: I'm Making a Speed Calculator

In this activity, students define speed and express its unit by coding. In this activity,
there are speed, distance, and time costumes. Students are asked about the distance
and the time. The speed calculator calculates the speed according to the distance
traveled and time values determined by the students. With the code blocks used in
this activity, basic directions and sequences, if-else complex conditional, simple
functions, loops-repeat times, while conditional sub-dimensions of CT were

addressed. At the same time, students learn how to calculate speed with code blocks.
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Figure 3.7 Scratch Activity: I Design Graphics

With this activity in Scratch students, they learn to draw the graph of a constant-
speed object with code blocks. Six-speed values were given in this activity. These
speed values are equal, and the speed graph of the object is drawn with the code
blocks prepared according to these speed values. With the code blocks used in this
activity, basic directions and sequences, and loops-repeat times sub-dimensions of

CT were addressed.

3.5 Procedure

The main implementation of this study was carried out in the "Force and Motion"
unit of the sixth-grade science course in the spring semester of the 2022-2023
academic year. The research lasted a total of six weeks. The achievement of force
and motion and computational thinking of both groups were determined before and
after the application. The pre-tests were used in the research, and then the
experimental study was applied. Furthermore, comparisons were made between

groups by looking at how the groups changed within themselves.
According to this situation;

1. Before starting the implementation of the research, the necessary
permissions were obtained from the Y1ldiz Technical University Social and
Humanities Research Ethics Board. In the decision dated 03.10.2022 and

meeting number 2022.10, the ethics committee allowed the research.
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2.

10.

After obtaining permission from the University's Ethics Committee, the
necessary permissions were obtained from the MoNE (see APPENDIX D).
Table 12 provides an extensive overview of the curriculum that was
followed by the control and experimental groups during the study. The
program's suitability for the sixth-grade Ministry of Education curriculum
was carefully considered during the program's development, and the groups'

science teacher opinion was obtained.

Two sixth-grade classes were randomly assigned to the control and
experimental groups. These two classes were selected with convenience
sampling as two classes where the same science teacher taught.

The research was conducted in the Science course in order not to disrupt
education.

Two groups were used in the research: a control and an experimental group.
During the research, the Force and Motion unit was taught using Scratch in
the experimental group, while the MoNE's recommended approach
(supported by examples and activities from the Science 6 textbook) was
followed in the control group.

In the experimental group, lessons were taught using 5 different lesson plans
(see APPENDIX E) and activities prepared by the researcher regarding the
subjects planned to be taught in accordance with the subject content of the
6th grade Science Course Curriculum (MoNE, 2018). In the control group,
lessons were taught using the texts, experimental activities, and questions
about the activities in the Science 6 Coursebook (Aydin et al., 2022), as
prescribed by the MoNE.

In both groups, the lessons were conducted by the same teacher who was a
graduate of the Science Teaching Program.

In the experimental group, science lessons were conducted in the computer
laboratory class, while in the control group, lessons were conducted in the
students' classrooms.

Each lesson lasted 40 minutes. The pre-tests and post-tests of both groups
are the same. Differently, the activity evaluation form was applied to the

experimental group students after the application.
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Table 3.12 Curriculum that was followed by the experimental and control groups

during the study
Weeks Actions
Ist Week Pre-tests were administered to the groups
2.a Week The topic of “forces acting on an object” was
discussed
31a Week The topic of “balanced and unbalanced forces”

was discussed

41 Week The topic of “constant speed motion” was
discussed
5m Week The topic of “graphs on constant speed motion”

was discussed

6m Week Post-tests were administered to the groups

3.5.1 Procedures Followed in the Experimental Group

The integration of Scratch programming activities into the subjects of the force and
motion unit started with studies prepared as examples in Scratch for students. When
the sample studies were shared with the students, they were first asked to complete
the tasks individually by following the instructions in the study given to them. A
volunteer student was asked to show the completed instruction on the board to the
whole class. Then, the prepared worksheets were given to the students after the
class was divided into groups of four. A screenshot of the distributed worksheet
was opened on the screen and shown to the students. Here, students were asked to
answer questions as a group. Meanwhile, the teacher walked around the classroom
and helped students if they had questions. It was said that after the study was
completed, one student from each group would be given the right to speak. Creating
a discussion-based environment in the group is thought to improve students' interest
in the course. Moreover, students may learn from each other's ideas and correct

each other's mistakes by discussing things they think are incorrect. After students
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work on the project designed by the researcher on the Scratch program, the students
are asked to design a project related to the subject of the course in Scratch. Students
are asked to share the work they have prepared with their teacher and friends. After
students share their work with the teacher, the code blocks of the work prepared by
the students are checked and the students are asked why they used this code block.
Depending on the answer given by the student, another student is asked: "Your
friend thinks this way, what do you think about it?" In this way, a discussion

environment is provided in the classroom.

The teacher guided during the course, helping the students find the correct answer
by giving them clues, rather than directly correcting their mistakes during the
process. While students were designing projects in Scratch, they were given as
much freedom as possible during the process. At the end of each topic, the questions

in the worksheets prepared by the researcher were solved with the students.

In addition, the teacher solved the questions suggested by the MoNE on the smart
board with the students at the end of the unit.

3.5.2 Procedures Followed in the Control Group

No intervention was performed in the control group. The teacher of the course

conducted the lesson by following the flow of the current program.

While planning the course of the lessons in the control group, the school teacher
was interviewed and information was obtained about the course process. The
teacher stated that in this lesson, they did the activities in the book distributed by
the MoNE (Aydin et al., 2022) and solved sample questions on the subjects covered
in the Science course. Lessons were taught without any intervention as prescribed

by the MoNE.

In this group, the teaching of the subject was carried out by following the Science
6 Course Book and using the exercises and examples given in the book. The
activities in the book were carried out in the order of the book. The equipment for

the activities in the book is easily available.

Throughout the teaching, students took notes in their books with the answers to the
questions in the book. The discussions at the end of the activities were held as a
collective class discussion, and each student was ensured active participation in the

process. At the end of each topic, sample questions prepared by the researcher on
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the topic, which were the same as the experimental group, were answered by the

students.

In addition, the teacher solved the questions suggested by the MoNE on the smart
board with the students at the end of the unit.

3.6 Data Analysis

The SPSS statistical program was used to evaluate quantitative data obtained from
the tests used in the research process. Before data analysis, descriptive statistics like
homogeneity, kurtosis, skewness coefficients, and normality were assessed for CTt
and FMKt each. The analysis of the FMKt, CTt and the activity evaluation form are

described below.
3.6.1 Computational Thinking Test (CTt)

The pre and post-test of the CTt, adapted to Turkish by the researcher, taken from
the control and experimental groups were analyzed. CTt were analyzed to answer
the first and second research questions. To use the t-test in groups, it was first
checked whether the CTt scores within the group were normally distributed or not.
Levene's test was used to determine if the scores for each group's dependent variable
were homogeneous in terms of variance. The variances in this test are considered
homogeneous if the p-value is more than .05 (p>.05) (van Aert et al., 2016). The
Shapiro-Wilk test was performed to statistically verify normality because this test

is the more appropriate method for small sample sizes (n<50 samples).
3.6.2 Force and Motion Knowledge Test (FMK(t)

The pre and post-test of the force and motion knowledge test taken from the control
and experimental groups were analyzed. FMKt was analyzed to answer the third
and fourth research questions. To use the t-test in groups, it was first checked
whether the FMKt scores within the groups were normally distributed or not.
Levene's test was used to determine if the scores for each group's dependent variable
were homogeneous in terms of variance. To statistically confirm normality, the

Shapiro-Wilk test was run.
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3.6.3 Activity Evaluation Form

In the analysis of qualitative data, content analysis was performed. Content analysis
helps identify, organize and interpret data (Creswell-John & Creswell-David,
2017). The steps of content analysis consist of collecting data, coding the obtained
data, creating categories and themes from the codes, and tabulating the data. Every
analysis unit has a code assigned to it through analysis. Based on the similarities
and differences between the codes, categories are created. Based on the meanings
each category has, themes are developed from them. Lastly, a visual representation
of the data is made (James-McMillan & Schumacher, 2010). In this research,
content analysis was done on the data obtained from the open-ended activity
evaluation form. Frequency percentages of student responses were found. Examples
of student responses are presented along with the numbers assigned to each student.

The results obtained are given in tables.
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4

RESULTS

The findings of the data analysis conducted to investigate the research questions are
presented in this chapter. Firstly, CTt results, secondly, FMKt results, and lastly

results for qualitative data based on the activity evaluation form are given.

4.1 Results for Computational Thinking Test (CTt)

The data obtained as a result of the pre and post-test application of the CTt for

experimental and control groups are given in Table 4.1.

Table 4.1 Descriptive statistics of the Computational Thinking Test

Data
Collection Group N M SD Min | Max | Range
Time
Experimental | 3 | 170 | 212 7 15 8
Group
Pre-test
Control 28 | 11.8 | 247 | 7 17 10
Group
Experimental 23 | 170 | 2.98 12 23 11
Group
Post-test
Control 28 12.0 | 2.91 6 17 11
Group

The pre and post-test results for students in the experimental and control groups on
CTt are presented in Table 4.1. Students in the experimental group scored 11.0 on
the CTt, compared to 11.8 in the control group's pre-test mean score. With a 0.8
difference in mean score, the control group outperforms the experimental
group. The experimental group's mean score on the CTt was 17.0 for the post-test,
whereas the control group's score was 12.0. There is a 5.0 point difference in the

post-test mean score between the experimental and control groups on CTt.

The pre-test and post-test of the CTt taken from the experimental and control groups

were analyzed. To use the t-test in groups, it was first checked whether the CTt
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scores within the group were normally distributed or not. Levene's test was used to
determine if the scores for each group's dependent variable were homogeneous in
terms of variance. The variances in this test are considered homogeneous if the p-
value is more than .05 (p>.05) (van Aert et al., 2016). The Shapiro-Wilk test was
performed to statistically verify normality because this test is the more suitable
method for small sample sizes (n<50 samples). The p-value was found to be

significant (p>.05).

Table 4.2 The normality table of the experimental group

Data

Collection | N Min |Max |M SD Skewness | Kurtosis
Time

Pre-test 23 |7 15 11.04 2.12 -.062 -.682
Post-test |23 |12 23 17.00 2.98 270 -.654

Table 4.2 shows the normality table of the experimental group's pre and post-test
results for the CTt. The paired samples t-test was used to calculate the difference
between the pre and post-test scores. The CTt scores within the group were checked
to see if they showed a normal distribution before applying the paired samples t-
test in the dependent group. Since the pre and post-test of the experimental group
show normal distribution, the paired sample t-test was used to answer the first
research question which is “Are there any significant differences in the

computational thinking of sixth-grade students after the intervention?”.

Table 4.3 The normality table of the control group

Data
Collection | N | Min | Max M SD | Skewness | Kurtosis
Time
Pre-test | 28 7 17 11.85 2.47 018 -.370
Post-test | 28 6 17 12.03 291 -.329 - 714

52




The normality table of the pre and post-test results for the CTt of the control group
is given in Table 4.3. Given that the experimental and control groups' pre and post-
tests showed a normal distribution, an independent sample t-test was used to answer
the second research question which is “Are there any significant differences in the
computational thinking of sixth-grade students between the control and
experimental group?”. It was required to determine whether there was a substantial
difference between the experimental and control groups' pre-test results to prevent
the effect of the current difference between the groups' pre-test scores. An
independent sample test was used because there was not a significant difference

between the experimental and control groups' pre-test results (t=-1.245, p>.05).

The experimental groups were given CTt with multiple choice both before and after
the treatments. Throughout the research, activities were conducted to find out how
much using block-based programming environments could change students’ prior
knowledge of CT. In other words, the question of whether the teaching strategy was
enough to change CT was answered by comparing the pre and post-test results. The
students in the experimental group showed an increase in scores when comparing
their pre and post-test results. Since the pre and post-test of an experimental group
show normal distribution, the paired sample t-test was used to calculate the
difference between the pre and post-test scores. The paired samples t-test of the

experimental group is presented in Table 4.4.

Table 4.4 Results of the paired sample t-test of the experimental group

Experimental
N M SD t P
Group Tests
Pre-test 23 11.0 2.12
-25.807 <.001
Post-test 23 17.0 2.98

The pre and post-test means of the experimental group were found to be 11.0 and
17.0 respectively. As a result of the paired sample t-test, a statistical difference was
found between these two results, t=-25.807, p<.05. This supports that the pre and
post-test means of the experimental group are statistically different from each other.

The score of the pre-test CTt is lower (M=11.0) than the score of the post-test

53



(M=17.0). Therefore, it can be said that science lessons integrated with block-based

programming environments contribute positively to students' CT.

The force and motion unit was taught using Scratch activities in the experimental
group, while the control group received instruction using the MoNE's
recommended teaching method. The experimental and control groups were given
CTt with multiple choice as pre-test and post-test. Throughout the research,
activities were carried out to investigate whether the use of block-based
programming environments would make a difference in students' CT between the
experimental and control groups. The students in the experimental group showed
an increase in scores when comparing their pre and post-test results. Since the pre
and post-test of the experimental and control groups show normal distribution, the
independent sample t-test was used to calculate the difference between the
experimental and control groups. Before using the independent sample t-test, it was
first determined whether the pre-test scores for the experimental and control groups
were equal. The pre-test mean scores of the experimental and control groups for
CTt were found to be 11.0 and 11.8 respectively. As a result of the independent
sample t-test, no statistical difference was found between the pre-tests of
experimental and control groups, t=-1.245, p>.05. This statistically supports that
the pre-test mean scores of the experimental and control groups are not different
from each other. The independent samples t-test of the experimental and control

groups is presented in Table 4.5.

Table 4.5 Results of the independent sample t-test of the experimental and control

groups’ post-test

Group N M SD t p
Experimental
23 17 2.98
Group 20950 | <.001
Control Group 28 12 291

The post-test mean score of the experimental and control groups for CTt were found
to be 17.0 and 12.0 respectively. The independent sample t-test showed a
statistically significant difference (t=20.950, p<.05) between the experimental and
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control groups post-test . According to this, the pre and post-test difference averages
of the experimental and control groups are shown to be statistically different from
each other. The score of the experimental group is higher (M=17.0) than the score
of the control group (M=12.0). Thus, it can be stated that science classes that
integrate a block-based programming environment have a positive impact on

students' CT.

4.2 Results for Force and Motion Knowledge Test (FMK(t)

The data obtained as a result of the pre and post-test application of the FMKt for

experimental and control groups are given in Table 4.6.

Table 4.6 Descriptive statistics of the Force and Motion Test

Data
Collection Group N M SD | Min | Max | Range
Time
Experimental |, | <5 | 55 2 10 8
Group
Pre-test
Control 28 | 575 | 1.93 3 10 7
Group
Experimental | 3| 1550 | 379 9 22 13
Group
Post-test
Control 1 e | 1339 | 283 | 8 | 20 | 12
Group

The pre and post-test results for students in the experimental and control groups on
FMKt are presented in Table 4.6. Students in the control group scored 5.75 on the
FMKt, compared to 5.5 in the experimental group's pre-test mean score. With a 0.25
difference in mean score, the control group outperforms the experimental
group. The experimental group's mean score on the FMKt was 15.2 for the post-
test, whereas the control group's score was 13.39. There is a 1.81 point difference

in the post-test mean score between the experimental and control groups on FMKt.

The pre and post-test of the FMKt taken from the experimental and control groups
were analyzed. To use the t-test in groups, it was first checked whether the force
and motion knowledge test scores within the groups were normally distributed or

not. Levene's test was used to determine if the scores for each group's dependent
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variable were homogeneous in terms of variance. To statistically confirm normality,

the Shapiro-Wilk test was run. The p-value was found to be significant (p>.05).

Table 4.7 The normality table of the experimental group

Data
Collection | N | Min | Max M SD | Skewness | Kurtosis
Time
Pre-test | 23 2 10 5478 | 2.273 387 -.849
Post-test | 23 9 22 15260 | 3.719 251 -.872

The normality table of the pre and post-test results for the FMKt of the experimental
group is given in Table 4.7. When considering that the normal distribution
assumption was satisfied, the experimental group's pre and post-test on FMKt were
analyzed using a paired sample t-test to answer the third research question which is
“Are there any significant differences in the achievement of force and motion unit

of sixth-grade students after the intervention?””.

Table 4.8 The normality table of the control group

N Min | Max M SD | Skewness | Kurtosis
Pre-

28 3 10 5.75 1.93 .645 -.001
test
Post-

28 8 20 13.39 2.83 116 -.356
test

The normality table of the pre and post-test results for FMKt of the control group
is given in Table 4.8. Since the groups are normally distributed, an independent
sample t-test can be applied to answer the fourth research question. To prevent the
impact of the current difference between the pre-test scores of the groups, it was
necessary to determine whether there was a significant difference between the
experimental and control groups' pre-test results. Since there was no significant
difference between the pre-tests of the experimental and control groups, t=-.461,

p>.05 an independent sample test was applied to answer the fourth research
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question which is “Are there any significant differences in the achievement of force
and motion unit of sixth-grade students between the control and experimental

group?”.

The experimental groups were given FMKt with multiple choice both before and
after the treatments. Throughout the research, activities were conducted to find out
how much using block-based programming environments could change students’
prior knowledge of force and motion. In other words, the question of whether the
teaching strategy was enough to change force and motion knowledge was answered
by comparing the pre and post-test results. The students in the experimental group
showed an increase in scores when comparing their pre and post-test results. Since
the pre and post-test of an experimental group show normal distribution, the paired
sample t-test was used to calculate the difference between the pre and post-test

scores. The paired samples t-test is presented in Table 4.9.

Table 4.9 Results of the paired sample t-test of the experimental group

Experimental
N M SD t P
Group Tests
Pre-test 23 5.50 2.20
-9.488 <.001
Post-test 23 15.20 3.70

The pre and post-test means of the experimental group were found to be 5.5 and
15.2 respectively. As a result of the paired sample t-test, a statistical difference was
found between these two results, t=-9.488, p<.05. This supports that the pre and
post-test means of the experimental group are statistically different from each other.
The score of the pre-test FMKt is lower (M=5.5) than the score of the post-test
(M=15.2). Therefore, it can be said that science lessons integrated with block-based
programming environments contribute positively to students' knowledge of force

and motion.

The Force and Motion unit was taught using Scratch activities in the experimental
group, while the control group received instruction using the Ministry of National
Education's recommended teaching method. The experimental and control groups

were given FMKt with multiple choice as pre-test and post-test. Throughout the
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research, activities were carried out to investigate whether the use of Scratch
integrated activities would make a difference in students' knowledge of force and
motion between the experimental and control groups. The students in the
experimental and control groups showed an increase in scores when comparing
their pre and post-test results. Since the pre and post-test of the experimental and
control groups show normal distribution, the independent sample t-test was used to
calculate the difference between the experimental and control groups. Before using
the independent sample t-test, it was first determined whether the pre-test scores for
the experimental and control groups were equal. The pretest mean scores of the
experimental and control groups for FMKt were found to be 5.5 and 5.75
respectively. As a result of the independent sample t-test, no statistical difference
was found between the pre-tests of the experimental and control groups, t=-.461,
p>.05. This supports that the pre-test mean scores of the experimental and control
groups are not statistically different from each other. The independent samples t-

test of the experimental and control groups is presented in Table 4.10.

Table 4.10 Results of the independent sample t-test of the experimental and

control groups’ post-test

Group N M SD t p
Experimental
23 15.2 3.70
Group 5600 | 113
Control Group 28 13.39 2.83

The post-test mean scores of the experimental and control groups for FMKt were
found to be 15.2 and 13.39 respectively. An independent sample t-test showed there
is no statistical difference (t=5.600, p>0.05) between the experimental and control
groups. According to this, the pre and post-test difference averages of the
experimental and control groups are not statistically different from each other. The
score of the experimental group is (M=15.0) and the score of the control group is

(M=13.39).
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4.3 Results for Qualitative Data Based on the Activity Evaluation

Form

The experimental groups were given an activity evaluation form after the
treatments. Throughout the research, science lessons integrated with Scratch were
given in the experimental group. At the end of the research, students' opinions about
Scratch activities were collected with the activity evaluation form. Since there were
23 students in the experimental group, the activity opinion forms of 23 students
were evaluated. In this research, content analysis was performed on the data
obtained from the open-ended activity evaluation form. Frequency percentages of
student responses were found. While the codes were being constructed it was
noticed that a student's answers fit more than one code. Sample sentences from each
of the study participants were attempted to be included. Examples of student
responses are presented along with the numbers assigned to each student. The

results obtained are given below.

Table 4.11 Students' opinions on the meaning of Scratch

Categories Codes Fre(?)l/e;lcles Examples of Comments
(1]
We can design and play fun
Game program 86.9 games in Scratch. (Student
12)
In Scratch, we learn the
Course program 60.8 forces of objects in science
class, so we can move
objects. (Student 14)
Meaning of ) We do fun lessons in
Scratch Fun site 43.4 Scratch. (Student 3)
The program that We learned the ‘subj ect of
. force and motion more
makes learning 17.3 o
. easily in Scratch. (Student
easier
2)
. . Scratch is a project creation
Project creation .
anplication 14.1 application through games.
PP (Student 8)
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Table 4.11 Students' opinions on the meaning of Scratch (continued...)

Coding 141 Scratch is a coding tool.
application ' (Student 16)
We both play and design
Learning while games when studying with
lavine a proeram 14.1 Scratch, it's very fun, and
playlig a prog it helps us learn while
playing. (Student 21)

As seen in Table 4.11, 86.9 percent of 23 students define Scratch as a game
program. Additionally, the majority of students define Scratch as a course
application. Most of the students stated that they had fun lessons with Scratch. 14.1
percent of students define Scratch as Project creation, coding and learning while
playing a program. Remarkable aspects of student answers are most of the students

consider Scratch to be an enjoyable game program so students learn while having

fun.
Table 4.12 Students' opinions on reasons for using Scratch
Categories Codes Frequencies Examples of
(%) Comments
We taught with
Scratch, and we had
Studying 86.9 a lot of fun, I was

very happy. (Student

5)

Scratch allows us to
create any kind of
Playing a game 65.2 game we want and
play with that game.
(Student 22)

Reasons for using
Scratch

I designed a project
on force and motion
30.4 unit, and I played
with that project.
(Student 19)

Designing a
project
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Table 4.12 Students' opinions on reasons for using Scratch (continued...)

We can make an
304 object move and
talk. (Student 18)

Making an object
move and talk

We can create
games for our
classes and use
Designing a game 21.7 this method to
learn subjects.
(Student 20)

When students are asked what they do with Scratch, 86.9 percent of them said they
study, while 65.2 of them said they play games. Furthermore, 30.4 percent of
students said they designed projects in Scratch, and 30.4 percent of students said
they created speaking and moving objects. At the same time, 21.7 percent of

students stated that they designed games in Scratch.

Table 4.13 Students' opinions on using Scratch in other areas of life

Categories Codes Frequencies Examples of
(%) Comments

We can create a

Mathematics project in
47.8 )
lesson mathematics class.

(Student 10)

I made other
projects at home
with Scratch on the
subject we learned
in science class.
(Student 3)

Using Scratch in Science lesson 26.0
other areas of life

We can do different
projects in

26.0 Computer

Technologies class.
Student 15)

Computer
Technologies
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Table 4.13 Students' opinions on using Scratch in other areas of life

(continued...)

Game

17.4

I can play games on
Scratch with my
friends. (Student 17)

Calculation

13.0

We can use Scratch
in every aspect of
our lives such as we
can make
calculations with the
project we make.
(Student 12)

Turkish lesson

8.6

It can help me do
my project
homework in
Turkish class.
(Student 7)

When students were asked in what other areas of their lives they could use Scratch,

47.8 percent said math lessons. Additionally, 26.0 percent of students stated that

they would use Scratch in science and computer classes. 17.4 percent noted they

would use it in games and 13.0 percent stated they would use it for calculation. 8.6

percent of students mentioned they would use Scratch in Turkish classes.

Table 4.14 Students' opinions on sources of the project idea

Categories Codes Frequencies Examples of
(%) Comments
I designed the
My own choices 65.2 project I wanted, so
Sources of the I 'was very happy.
. (Student 17)
project idea
I researched other
Doing research 21.7 people’s work in

Scratch. (Student
19)
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Table 4.14 Students' opinions on sources of the project idea (continued...)

I told my teacher

‘ about the project |
With the support of 21.7 wanted to do and

my teacher asked for help.
(Student 11)

I watched what my

With the help of my 1.7 friends were doing
friends ) and asked them for

help. (Student 18)

When students were asked how they came to the idea of the project they prepared
in Scratch, 65 percent of the students answered by their own decision. 21.7 percent
of the students stated that they designed a project by doing research, getting support

from their friends, and getting help from their teacher.

Table 4.15 Students' opinions on solution to scratch challenges

Categories Codes Frequencies Examples of
(%) Comments
When my code
blocks did not
Get support from work as I wanted,
52.1
the teacher I got support from
my teacher.
(Student 9)
Solution to scratch .When ! haq
. difficulty doing
challenges Researching how the proiect. I
to solve the 39.1 project,
roblem researched
P Google. (Student
3)
Get help from ! got. help from
friends 21.7 my friend next to
me. (Student 15)

When students were asked how they overcame a challenge they experienced while
working on a project, 52.1 percent of the students responded that they got assistance

from their teachers in this regard. 39.1 percent of students said they researched to
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find a solution to this problem. 21.7 percent of the students stated that they received

assistance from their friends.

Table 4.16 Students' opinions on favorite aspects of Scratch

Categories

Codes

Frequencies
(“o)

Examples of
Comments

Favorite aspects
of Scratch

Creating projects
using various
environments,
characters, and

voices

52.1

I loved creating
projects using the
characters [
wanted,
backgrounds and
sounds in Scratch.
(Student 18)

Doing a wide
variety of projects

26.0

It was great to
produce a wide
variety of projects
in Scratch.
(Student 23)

Designing my
project freely

21.7

One of my
favorite features
while doing the
project is that I

have the freedom
to choose the
background I
want and the

characters I want.

(Student 7)

Being funny

17.4

One of my
favorite aspects of
Scratch is it gives

us fun. (Student
13)

Seeing the project,
I designed working

13.0

I was very happy
to see that my
project idea
worked. (Student
4)
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When students asked what aspects of Scratch they like, 52.1 percent of them
mentioned the diversity of scenarios and characters they could use in their projects,
26.0 percent of students said that the ability to make the characters they create talk.
Additionally, 21.7 percent of students mentioned that it gives them the freedom to
design their projects as they wish. While 17.4 percent of the students stated that one
of their favorite aspects of Scratch was that it was entertaining, 13.0 percent of the
students stated that seeing the project they designed working was one of their

favorite aspects.

Table 4.17 Students' opinions on dislikes of Scratch

Categories Codes Frequencies Examples of
(%) Comments

I didn't like it
when the blocks
Difficulty locating 6.0 of code I placed

code blocks | didn't work the
way [ wanted.

(Student 5)

Dislikes of Scratch When I first

started using
Scratch, I had a
Being confusing 21.7 hard time moving
the code blocks
around. (Student
15)

When students were asked about the features they did not like in Scratch, 26.0
percent of them stated that they had difficulty placing the code blocks and 21.7

percent of students stated that the program was confusing.

Table 4.18 Students' relationships with technology

Categories Codes Frequencies Examples of
(%) Comments

Students' I like playing

relationships with | Playing a game 56.5 online games.
technology (Student 22)
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Table 4.18 Students' relationships with technology (continued...)

Categories Codes Frequencies Examples of
(%) Comments

I like playing
Playing a game 56.5 online games.
(Student 22)

I like to take tests
online after
studying. (Student
13)

Studying lesson 52.1

I enjoy watching
online videos that I

Watching 30.4 wish to. (Student
video/movie 11)

Students'
relationships with I like painting on
technology the computer by
Painting 17.4 discovering new

programs. (Student
20)

Doing research 13.0 We can do research
on Google in a
short time without
spending hours
researching in
books. (Student 17)

Online chat 4.3 I like chatting with
my friends on the
phone. (Student 5)

Finally, students were asked what they like to do with technology. 56 percent of the
students stated that they like playing online games, and 52 percent of them said that
they like studying with technology. Furthermore, 30.4 percent of the students
mentioned using technology to watch movies or videos, followed by 17.4 percent
of them said painting, 13.0 percent of them said they conduct research, and 4.3

percent of them commented that they chat with their friends.
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DISCUSSION

The study aimed to evaluate the impact of integrating a block-based programming

environment into science lessons for sixth-grade students to enhance their
achievement and CT. One of the key assessments conducted in the research was the
administration of the CTt developed by Roman-Gonzélez et al. (2017) to middle
school students. The test underwent validation and reliability analyses, including
adaptation from English to Turkish to ensure its appropriateness for the study
context. Employing a quasi-experimental research design, the study divided
participants into a control group, which followed the Ministry of National
Education's teaching methodology, and an experimental group that utilized Scratch
programming environments. Over a six-week period in a public middle school, a
classroom intervention was implemented to help students understand concepts
related to force and motion, as well as CT, through the utilization of block-based
programming tools. Furthermore, the research explored the perceptions and
opinions of students receiving science education integrated with block-based
programming regarding their experiences with Scratch. This investigation aimed to
provide insights into students' attitudes towards this educational approach. Block-
based programming environments are becoming more and more popular in science
classrooms, which highlights the continued efforts of researchers and teachers to
improve students' understanding of concepts in science and improve their CT
abilities through creative and interesting teaching methods (Basu et al., 2013; Lee
et al., 2020; Peel et al., 2019; Weintrop, 2019). In this section, the results of
integrating block-based programming environments into education regarding
students' achievement, CT, and opinions are discussed by related studies in the

relevant literature.

This study shows the effect of block-based programming environments on the
development of students' CT and conceptual understanding in science teaching. The
use of Scratch programming environments has a fundamental effect, as seen by the
notable changes in sixth-grade students' CT after the intervention. The results of the
research are consistent with other studies in the area. To promote CT abilities, Cetin

(2016) underlined the need of incorporating programming environments into
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educational settings. Cetin (2016) used a mixed-method design to discuss
preservice teachers' learning and attitudes toward programming to assess the effects
of Scratch-based instruction. The findings showed that preservice teachers who
were taught using Scratch had a considerably greater comprehension of
computational concepts than those who were not. Aytekin & Topgu, (2023)
provided additional evidence for this idea by emphasizing how programming
interventions improve students' CT and achievement of science topic. They
designed plugged and unplugged lessons that included CT components into science
lessons. The results of the experimental study showed that, in comparison to the
control group, both experimental groups with plugged and unplugged courses
achieved significantly higher accomplishment in CT skills and achievement of the
science topic. In the current study, the academic achievement test scores of the
students in the experimental group do not show a significant difference compared
to the students in the control group, but the averages of the students in the

experimental group are higher than those in the control group.

Post-intervention evaluation revealed that, after receiving traditional teaching, the
experimental group exhibited noticeably better CT than the control group. This
result aligns with Luo et al. (2020) study, which showed that after taking part in a
science unit that combined CT using the Dash robot and the Blockly app, primary
school students demonstrated improved CT skills. These studies demonstrate how
effective it is to use CT in science classes to help students understand concepts more
deeply and become more engaged. Furthermore, even though our study did not find
significant differences in the experimental and control groups' achievement of force
and motion, the experimental group's overall improvement indicates that block-
based programming can be an effective tool for improving individual learning. This
conclusion supports (Luo et al., 2020) findings that CT instruction can improve CT
understanding even in low-interest topics when combined with scaffolded exercises
and rapid feedback. Luo et al.’s (2020) results that CT exercises might attract
students' attention and recall in scientific contexts are supported by the generally

positive feedback that Scratch received from students in our study.

According to the current study's findings, sixth-grade students' CT and achievement
of science topic significantly improved after the intervention, which is consistent

with Aksit & Wiebe (2020) explored the effects of teaching simulation-based
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modeling and CT using block-based programming on seventh-grade students' CT
abilities and comprehension of force and motion principles. The findings suggest
that immersive experiences with programming tools enhance CT skills and
achievement. The effectiveness of using Scratch programming environments in
science classes is shown by the current study, which shows significant
improvements in sixth-grade students' achievement of force and motion after the
intervention, but there are no significant differences between the control and
experimental groups. This result is consistent with Hutchins et al. (2020)
investigation of the Collaborative, Computational STEM (C2STEM) setting, in
which students demonstrated increased motivation and engagement in building
models to comprehend physics concepts when faced with difficulties, highlighting

the positive effects of practical, problem-solving experiences in STEM education.

This study's methodology and results are consistent with other studies showing that
block-based programming environments can improve scientific literacy and
computational abilities. Grover et al. (2015), for instance, stress that computational
thinking is fundamental to scientific knowledge and inquiry and that incorporating
it into science education can result in more engaging learning opportunities.
Similarly, S. A. Papert (1980) suggests that programming promotes critical thinking
in students, an essential component of scientific literacy. Students are introduced to
critical thinking and problem-solving exercises, which are essential components of
scientific literacy, by integrating programming into the science curriculum.
Students' comprehension of science subjects is strengthened by these assignments,
which encourage them to make hypotheses, test theories, and evaluate evidence in

ways that are like the scientific process (NGSS Lead States, 2013).

Furthermore, as highlighted by (Kazakoff et al., 2013) supports the idea that
teaching block-based programming languages such as Scratch to students can help
them develop CT abilities. Students learn how to write as well as develop key
computational concepts like abstraction, conditionals, loops, and sequencing by
being engaged in a creative and interactive programming environment. In the
current study, the averages of the sub-dimensions of adapted CTt by researcher
which are basic directions and sequences, loops-repeat times, loops repeat until, if-
simple conditional, if/else-complex conditional, while conditional, simple functions

measured by the CTt were increased according to the results of the experimental
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group’s post-test score after the intervention. The results related to CT, are
consistent with the findings of Sdez-Lopez et al. (2016) studied the usage of a visual
programming language, specifically Scratch, in the classroom by examining the
attitudes and performance of fifth and sixth grade primary students. The study found
that elementary school students who used Scratch improved significantly in their
comprehension of computational practices, logic, and programming concepts.
Additionally, students demonstrated increased enthusiasm, motivation, passion,

and commitment in addition to gains in CT and computational practices.

The expanding body of research on the relationship between programming tools,
CT development, and science education has also benefited from remarkable works
by Hutchins et al. (2020), Aytekin & Topcu (2023), and Basu et al. (2013). The
results of this study, together with earlier research, offer valuable information for
educators and researchers who want to improve students' learning experiences
considering the rapidly changing field of educational technology. In a biology
classroom, Peel et al. (2019) study employed unplugged activities to investigate CT
principles, while my research concentrated on using block-based programming
environments to teach subjects in science. According to Peel et al. (2019),
including CT into natural selection classes improved students' understanding of the
subject. In the same way, using block-based programming tools improved students'
understanding of force and motion concepts in the current study, demonstrating the
value of integrating CT principles into scientific instruction to improve student

learning outcomes.

The study's findings highlight the potential for developing achievement and CT
abilities in sixth-grade students by incorporating block-based programming
environments into science classes. According to Lee et al. (2020) and (Wing, 2006,
2008, 2014), further investigation and study are necessary to advance the field of
educational technology and its effects on student learning outcomes going forward.
Remarkably, the views of students who experienced scientific instruction combined
with block-based programming environments specifically, Scratch was favorable.
This supports the findings of earlier research, such as Lee et al. (2020) and
Weintrop, (2019) which highlight the importance of students' attitudes and views
of these advanced teaching tools. Teachers and researchers can investigate the

advantages of integrating these technologies into curriculum design and
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instructional methods for better learning outcomes in STEM courses by considering
the insights offered by the relevant literature. Cetin, (2016) used a mixed-method
design to discuss preservice teachers' learning and attitudes toward programming
to assess the effects of Scratch-based instruction. The findings showed that
preservice teachers who were taught using Scratch had a considerably greater
comprehension of computational concepts than those who were not also they were
more enthusiastic about programming. Additionally, students in Lai & Lai (2012)
study stated that they are willing to do additional computer programming
assignments for future science courses. These findings are consistent with the
findings of the second question of this study's activity evaluation form, asking in
which areas of their life’s students use Scratch. The positive perspectives that
students had of Scratch in the current study are consistent with other studies, such
Cetin (2016), which emphasized the benefits of Scratch-based learning. In Cetin's
study, the experimental group also conveyed happiness for the lessons learned,
especially about the creative outcomes (like game development) that came from
their coding efforts. In this regard, the excitement expressed by some students in
the experimental group when they experienced the completion of their projects

emphasizes how engaging and enjoyable Scratch-based instruction is.

The study's conclusions highlight the possibility of using block-based
programming environments, such as Scratch, to improve sixth-grade students'

achievement and CT in science classes.
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CONCLUSION

This study was essential in demonstrating the application of block-based
programming environments in educational settings. Despite being referenced in the
curriculum, block-based programming environments are not widely used in
education, particularly when it comes to teaching science. The study's conclusions
highlight how incorporating block-based programming environments more
especially, Scratch into science classes for sixth-grade students could enhance their
achievement as well as CT. Few research has been done on how CT integration
should occur in the setting of multidisciplinary studies, despite the abundance of
studies in the literature on the value of CT and its integration in the classroom. The
study showed that sixth-grade students' CT significantly improved after the
intervention, demonstrating the potential of block-based programming to improve
children's CT. To test students' CT, the researcher adapted the CTt to Turkish.
Furthermore, the comparison of the experimental and control groups revealed
significant differences in CT, supporting the idea that students' practical experience
with Scratch programming environments might result in observable improvements
in CT. This emphasizes how important it is to use technology-enhanced scientific
instruction to improve CT. The study revealed that after the intervention, students’
achievement of force and motion had significantly improved. Although the control
and experimental groups did not differ significantly in this regard, the overall
improvement in students' understanding of scientific ideas highlights the value of
using block-based programming tools to support learning objectives. Additionally,
students' generally positive opinions about Scratch and its incorporation into
science classes show how engaged and satisfied they are with block-based

programming environments.

Overall, the results of this study have several valuable implications for science
educators. First, schools should explore incorporating block-based programming
environments like Scratch into the wider curriculum, especially in science
instruction, to further improve students' CT. Second, opportunities for professional
development should be made available to educators so they may successfully

integrate Scratch and other block-based programming tools into their lesson plans.
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Appropriate training will provide educators the abilities needed to teach classes that
are both interesting and effective. Third, future studies need to examine the long-
term effects of Scratch on other learning domains, such as creativity, critical
thinking, and problem-solving abilities in students. To investigate if the same
improvements are shown, it would also be beneficial to expand this research to

other topics and grade levels.
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A

FORCE AND MOTION KNOWLEDGE TEST

(FMKt)

Akademik Basarn Testi

Adi - Soyad:
Smfi 6/ Numara:
Okulu
1.
x 11
|
| z
| iy
v i
L
A

Sckildeki  dogrusal yolda, sabit siiratlerle
belirtilen yonlerde harcket eden XY ve Z
arsglan =0 aninda  gekilde  belirtilen
konumlardadir. Araglar t=5 saniye annda A
gizgisinden  gegtiklerine  gore, stratlerinin
bayukhiklen arasindaki iliski hangi segenekie

dofiru venlmistir?

A)X>Y=>Z B)Z>Y=>X
OY>X~2 DY=X>27Z

2. Asaidaki varliklardan hangss:

dengelenmemis kuvvetlenn etkismdedar?
A) Afiagta duran ¢lma

B) Sabit strale ilerleyen araba

C) Yokustan asafs hazlanan bisiklet

D) Duvardaki saat
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3. Bir cisme kuzey yoninde SN, dogu yoniinde
6N, gincy yonande SN ve bati yonande 8N
‘lik ¢ kuvvet aym anda etki ediyor. Buna
gore; cisme ctki eden bilegke kuvvet hangi
yonde ve kag N olur?

A) Bat yondinde 2N
B) Dogu yéniinde 2N
C) Kuzcy yoninde 14N

D) Ganey yondinde 1IN

4

Kuzey
1
FaNe— Y Eat Dogu

Guney

F1 ve F2 kuvvetlernmnin elkisindeki Y cismine
uygulanacak dengeleyici kuvvet hangi yonde
kag Newton olmalidi”?

A) Doju yondinde 4 N B) Ban yoniinde 16 N

C€) Doju yondinde 16 N D) Bati yoniinde 4 N

Ayhan 0 Fevz

Sckilde halat ¢ekme yang yapan Ayhan ve
Fevar'mn dengede kalabilmesi igin hangisinin
gekme  yoniinde kag N Juk  Kuvvet

cklenmelidie”?
A) Ayhan'a 30 B) Fevzi'ye 30

C) Ayhan'a 60 D) Fevai'ye 60



Asagidaki gekilde bir Ogrenci eline aldign bir
tagt egik olarak firlauyor.

Tag en yiksek noktaya ulastf anda tasa
etkiyen bileske kuvvetin yonit hangi segenekte
dogru verilmistir?

/

Al e 8le—e C) @ O e
Kispak
7.
100 m
Kenenhese
=
Kech
Som
Sckildeki  hayvanlar  aym  anda  kosuya

baslayip. Aym anda yollanm tamamhiyor,
Buna gire hayvanlann hizlanmin  biiyiikten

L B 1 h isinde veril P
VUE ¥ L “ ‘

A) Kopek, kedi, kertenkele
B) Kertenkele, kopek, kedi
C) Kapek, kertenkele, kedi

D) Kedi, kertenkele, kipek
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8. Asafidakilerden hangisi kuvvet ile ilgili
dogru bir ifadedir?

A) Sabit siirat, sabit kuvvet gerektirir.

B) Cisme ctikiyen bileske kuvvet sifirsa, o
cismin hareketi gézlenmez.

C) Kuvvet sadece
uygulanir.

canhlar  tarafindan

D) Cismin harcket yoniing, iizerine etkiyen
bilegke kuvvetin yoni belirler.

9. Bir cisme uygulanan aym dogrultudaki og
kuvvetin bilyliklikleri sirasiyla 2 N, 7N ve 9
N'dur. Buna gore, cisme etki eden bilegke
kuvvetin blyikligi asagidakilerden hangisi

olamaz?

A)O B)SN )14 D) I8N
10.

e

B

,')',
Yukanda venlen  dinamometre ile  hangi
agirhikta olan bir cisim tartilamaz?
A)GON  B)SON  O)30N D)20ON



11. Ug farkh hayvan sekildeki kosu

parkurunda aymi anda harekete baglhiyorlar.

Baslangig Bitis

Bu hayvanlarin bitis ¢izgisine ulagma siireleri
arasinda Kedi > Tavsan > Fare iligkisi vardir.

Buna gore,
I. Tavsan, kediden hizhidir.
IL. En siiratli hayvan, faredir.

III. Kedi, tavsan ve fare esit zamanda, esit

miktarda yol almiglardr.
A) Yalnmiz | B) Yalmz Il

C)lvell

D) I, I ve I

[ ——

Verilen kuvvetlerle ilgili hangi ifade yanhstir?

(Bolmeler aras1 mesafe esittir)

A) F3 ve F5 esit bityiikliiktedir

B) F2, F4’iin iki kati biyiikliiktedir.
C) F1 ve F4 ters yondedir.

D) F1 ve F2 farkh dogrultulardadir.

13. Bir cisim siirtinmesiz bir ortamda sabit
stiratle hareket ederken siiratli zamanla diizgiin
olarak artmaya basliyor. Siirat artigindan sonra

yoluna tekrar sabit siiratle devam ediyor.

Bu cismin  siirat - zaman  grafigi

asagidakilerden hangisi olabilir?

A) Sueat i) B) Seat poin)

Alrvan Yoot g=)

Yukarida alinan yol — zaman grafigi verilen

arag hangi zaman araliginda yol almamistir?

AL B)IL O D)IV.

15. Kuvvet ile ilgili asagida verilenlerden

hangisi dogru degildir?

A) Cisme itme veya ¢ekme geklinde

uygulanabilir.
B) Cismin seklini degistirir.
C) Yalnizca temas ile etkisini gosterir.

D) Cismin yoniinii degistirir.



16. Kuzey
K w—eF =N '
— Bab « +Dody
: Bilegee
kuvvet=4 N Guv\.y

K cismine F1 ve F2 kuvvetleri uygulamyor. F1
kuvveti ve bileske kuvvet sekilde verilmistir,

Buna gore K cismine uygulanan F2 kuvveti,
hangi yonde kag N* dur?

A) Doju yonimnde | N

B) Bati yoniinde 1 N

C) Dogu yoniinde 7N

D) Bati yoniinde 7N

17. K, L ve M araglanna ait yol - zaman
grafikleni agagndaki gibidir,

Nran Vi)

Buna gore bu araglann ortalama  siratleri
hangisinkde dogru olarak venlmigtir?

K L M
A0 s 0

B) 20 10

o

Q) 10

=3

D) 20 5 10

18. Ug dgrenci 1, 11 ve 1I'teki yaylara oklarla
gosterilen yonlerdeki kuvvetleri uyguluyorlar.

A |1

Yaylann bu kigilere uyguladiklan kuvvetlerin
yonleri  hangi  segenckte  dogru  olarak

verilmigtir?

Ve § 3
h et §
0@t 2
D)ﬂ‘f

19.  Sckildeki D1 ve D2 dinamometreleni
Gzdestir.

DI dinamometresinde asih olan K cisminin
agirchn 15 N dkguldigine  gore, D2
dinamometresindeki L cisminin afirhi@s kag N
Olglmistir?

A) ISNB)20N C) 25N D) 30N
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20. Duru ve Burak iki kardestir. Burak kapali
haldeki odamn  kapisim agmak  igin kolu
hareket ettiniyor ve kapiyt ittiriyor. Duru ise
agik olan kapiyr iterek kapatiyor. Buna gore
Duru ve Burak ile ilgili;

1. Burak birden fazla kuvvet uygulamistir,

I, Duru bir tanc ve ek yonde kuvvet
uygulamugtir,

L. Duru ve Burak'in uyguladifs kuvvetlerin
yonii birbirinden farkhidar.

[fadelerinden hangileri soylenebilir?
A)lvell B)Ivelll

O llvelll D) Hvelll

21. Bir otomobile ait alinan yol - siirat grafifi

verilmigtir.

Alnan yol (m)

Zaman (s)

Buna gore, bu harcketliye ait siirat ~ zaman
‘,'; I, ih " i "doﬁru\u" ., ir?

Zarman (s) 0 1 2 3 4

A ISGaws [0 0] 101010
B) Zaman (s) 0 1 2 3 4
Suat(mvs) | 0 | 10| 20| 30 | 4

) Zaman (s) 0 1 2 3 4
Sourat(mvs) | 0 |40 | 30 | 20 | 10

D) Zaman (s)
Sorat(nvs) | 10 | 10| 10 10 10
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22. Sabit siratle birbirlerine dogru harcket
eden K ve L otobiisleri Sekil I'de gdsterilen A
noktasinda karsilagiyorlar.

Sabit sitratle aym yone dogru hareket eden L
ve M otobisleni ise Sekil 'de gosterilen B
noktasinda yan yana geliyorlar, Buna gore
otobiislerin stiratleninin kargilastinlmass hangi

segenckte dogru olarak verilmistir.
AM>L>K B)L>K=>M
COK>L>M DIL>M=>K

23, Sirtiinmesiz  yatay  diizlemde duran
pivanoya  etki  eden  kuvvetler  gekilde
gosterilmigtir,

e

Buna gore bu kuvvetlerin;
I. Biiyuklukleri,

1. Dogrultulan,

H1. Yonleri,
Ozelliklerinden hangileri kesinlikle aynidir?
A) Yalmz 1.

B) Yalmz 111

Cylvell. D) I ve 1L




24.
Sirat (mvs)
A <K
v, L
vy M
Zaman (s
0 > 3 (s)

Yukanda K, L ve M araglarinin siirat — zaman

grafikleri verilmistir. Bu araglardan,

- K* nin (0 - 2) saniye zaman arahiginda aldig
yol X1°dir.

- L “nin (0 - 3) saniye zaman arahginda aldig

yol X2 “dir.

- M ‘nin (0 — 6) saniye zaman araliginda aldig

yol X3 “tiir.

Bu araglarin aldiklar yollar arasindaki iligki
X1 = X2 = X3 seklinde olduguna gore,
araglarin hizlar1 VI, V2 ve V3 sirasiyla hangi

segenekte belirtilenler olabilir?

A)30m/s-20m/s—-10m/s
B)20m/s-20m/s-20m/s
C)I5m/s—30m/s-40m/s

D)IOm/s-20m/s-30m/s
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25. K

Esit bolmeli A — B — C yolunda hareket eden K
aract A — B yolunu 2t saniyede B — C yolunu

3t saniyede almistir.

Buna gore, asagidaki ifadelerden hangisi
dogrudur?
A) K aracinin A — B yolundaki siiratinin, B — C

yolundaki siiratine oram 3 / 4’tiir.

B) K aracinin A — B yolundaki siirati, B — C
yolundaki siiratine esittir.

C) K aracimin A — B yolundaki siiratinin, B — C
yolundaki siiratine orami 4 / 3 tiir.

D) K aracinin A — B yolundaki siirati, B — C
yolundaki siiratinden buyiiktiir.



B

COMPUTATIONAL THINKING TEST (CTt)

BIiLGI ISLEMSEL DUSUNME TESTI (BIDt)
Ad1 Soyadi:
Sinif Diizeyi:

ACIKLAMALAR

Test, her biri 4 sorudan olusan 7 sayfaya boliinmiis 25 sorudan olusmaktadir.

Tiim sorularda sadece biri dogru olan 4 cevap segenegi (A, B, C veya D) vardir.
Testin baslangicindan itibaren 45 dakikaniz vardir. Tiim sorular1 cevaplamaniz sart
degildir.

Teste baslamadan once, karsimniza c¢ikacak soru tiirlerine ve ortaya ¢ikacak

karakterlere asina olmaniz i¢in li¢ 6rnek goreceksiniz.

IYI SANSLAR!
1. Ornek

Ik ornekte, size hangi talimatlarin 'Pac-Man'i isaretlenmis yoldan hayalete
gotlirdiigi sorulmustur. Yani, 'Pac-Man't TAM OLARAK hayaletin bulundugu
kareye gotiirmek i¢in (lizerinden gitmeden veya durmadan) ve sart ile isaretlenmis
yolu kesinlikle takip etmek sartiyla (turuncu karelerle temsil edilen duvarlara

dokunmadan). Bu 6rnekte dogru cevap B'dir.
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1. Ornek: Hangi talimatlar '"Pac-Man'i isaretlenmis yoldan hayalete gbtiiriir
A

»ny

B

o4 |
C

»>t4

D

& 4

Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan hayalete gotiiriir?

2. Ornek

Ikinci &rnekte, 'Pac-Man'i isaretlenmis yoldan hayalete hangi talimatlarin
gotiirdiigii tekrar sorulur. Ancak, bu soruda secenekler oklardan ziyade talimat
bloklar1 gruplar1 olarak sunulmaktadir. Soruda 'Pac-Man'i TAM OLARAK
hayaletin bulundugu kareye gotiirmenizi (lizerinden gitmeden veya durmadan) ve
sar1 ile isaretlenmis yolu kesinlikle takip etmeniz gerektigini unutmayin (turuncu

karelerle temsil edilen duvarlara dokunmadan).

Bu 6rnekte dogru cevap C'dir.

2. Ornek: Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan hayalete gotiiriir?

Hangi talimatlar "Pac-Man'i isaretlenmis yoldan hayalete gotiriir:

soladdn G v sagadon U v

) BBDE "

B ﬁﬁﬂﬁ ’

ilerle
ol Uy sagadon v v

&

ﬁﬁﬂﬁ
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3. ORNEK

Ucgiincii 6rnekte, sanatginin ekrandaki sekli ¢izmek igin hangi talimatlar1 izlemesi
gerektigi sorulur. Yani, sekli c¢izmek i¢in kalemi nasil hareket ettirirsiniz?
HAREKET ETTIR komutu ¢izim sirasinda kalemi iterken, ZIPLA komutu
sanat¢inin ¢izim yapmadan bagka bir yere atlamasini saglar. Gri ok, kalemin ilk

hareketinin yOniinii gosterir.

Bu 6rnekte dogru cevap A'dir.

3. ORNEK : Sanatgi sekli ¢izmek igin hangi talimatlar1 izlemelidir? Kisa kenar 50
piksel, uzun kenar 100 piksel dlger.

Sanatgl sekli ¢izmek icin hangi talimatlan izlemelidir?
Kisa kenar 50 piksel, uzun kenar 100 piksel lger.

[EERA i | L) piksel hareket ettir
EKD i | EL0) derece dondir

(5D i | (00 piksel hareket ettir

i | €5 piksel hareket ettir

| piksel hareket ettir

(XKD | ([ piksel hareket ettr i | [ piksel hareket etfir

(1) | E) pivselhareket et i | [ pisel hareket etir
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1. Soru: Soru: Pac-Man'i isaretli yoldan hayalete gotiirmek icin asagidaki

talimatlarda hangi adim eksiktir?

Pac-Man'i isaretli yoldan hayalete gotirmek icin agagidaki talimatlarda | A

Taatinen B

2. Soru: Talimatlar, 'Pac-Man'i isaretlenmis yoldan hayalete gotiirmelidir.

Talimatlarin hangi adiminda bir hata vardir?

Talimatlar, 'Pac-Man'i isaretlenmig yoldan hayalete gétirmelidir.
Talimatlanin hangi adiminda bir hata vardir?

E ‘ e Adim A

)

wmp AdimD
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3. Soru: Sanat¢i kareyi ¢izmek i¢in hangi talimatlar1 izlemelidir? Karenin her bir

kenar1 100 pikseldir.

Sanatcl kareyi gizmek icin hangi talimatlari izlemelidir? Karenin
her bir kenari 100 pikseldir. (KD | [0 piksel hareket ettir

ETED " | £ | derece ddndir

(KD | () piksel hareket ettir
— IR0 1 | €L | derece donddr
[[TED i | ) piksel hareket ettir

(%) piksel hareket ettir

piksel hareket ettir

4. Soru: Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan hayalete gotiiriir?

[x [ﬁ:

Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan hayalete gottirir?

>
fe=)

|

()
E]
o

L
i
L
l

|
-

L
L
|

=

|
|
|
|
|
|
|

L

|

|

L

|

|
LE

|
|
|
|

[
=
|

|

=

|

|

a
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5. Soru: Pac-Man'i isaretlenmis yoldan hayalete gotiirmek icin dizi ka¢ kez

tekrarlanmalidir?
'Pac-Man'i isaretlenmis yoldan hayalete gotirmek igin dizi kag | o
kez tekrarlanmalidir?

€] X2

B
I J X1

& i
SR x4

bl | e s il D
T 0 0 o [ %3

6. Soru: Talimatlar, sanat¢inin asagidaki dikdortgeni bir kez ¢izmesini
saglamalidir (50 piksel genisliginde ve 100 piksel yiiksekliginde). Talimatlarin

hangi adiminda bir hata vardir?

Talimatlar, sanatginin asagidaki dikddrtgeni bir kez
cizmesini saglamalidir (50 piksel genisliginde ve 100
piksel yiiksekliginde). Talimatlarin hangi adiminda bir
hata vardir?

yap 'i | [E8) piksel hareket ettir
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7. Soru: Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan hayalete gotiiriir?

Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan hayalete gotiiriir?

buislemleri ) kez tekraria buislemieri [ kez tekrarla
S LS LS LSS S NS ) ) N vep | buislemeri ] kez telaria QN V2P | buislemieri [ ke tekraria
yop | e ¥op | fece

|
|
()

buislemleri [ kez tekrarla
| e e | ] | e | | e Meada 05 Ll saga don U

8. Soru: Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan hayalete gotiirtir?

Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan hayalete gotiiriir?

A B
| | Kadar Kadar
! @ : - tekrarla @ tekrarla
— il | c D
— — 'Kadar , VKadar
| tekrarla[:.j @ tekrarla Q
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Soru: 'Pac-Man'i isaretli yoldan hayalete gotiirmek icin asagidaki talimatlarda

hangi adim eksiktir?

'Pac-Man'j isaretli yoldan hayalete gotirmek igin asagidaki
talimatlarda hangi adim eksiktir?

GekdinoT] (saga don U 7]

w hicbir adim eksik degildir

10. Soru: Talimatlar, 'Pac-Man'i isaretlenmis yoldan hayalete gotiirmelidir.

Talimatlarin hangi adiminda bir hata vardir?

Talimatlar, 'Pac-Man'i isaretlenmis yoldan hayalete
otlirmelidir. Talimatlarin hangi adiminda bir hata vardir? S
80 ; & - A AdmB

— Q’ adar ‘g

ekrarla
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11. Soru: Hangi talimatlar Pac-Man’I isaretlenmis yoldan hayalete gotiiriir?

gotirlr?

Hangi talimatlar 'Pac-Man'i igaretlenmis yoldan hayalete

A B

kadar kadar

itekrarla ﬁ’] tekxarlam
eger ‘eger .
izerinde \ uzermde
ise"III |

C D

kadar kadar

@ekrarla|a tekrarlag

eger

gotrlr?

Hangi talimatlar 'Pac-Man'i isaretlenmig yoldan hayalete

-

kadar tekrarla

(526 don U v
eder saga dodru yol varsal v

kadar tekrarla EI
vep [ferie

ajersaﬁado@ruyolvarsabv
v E

kadar tekrarla E

yap | ilerle
egersola dogmyolvarsam
v (€
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13. Soru: Talimatlar, 'Pac-Man'i isaretlenmis yoldan hayalete gotiirmelidir.

Talimatlarin hangi adiminda bir hata vardir?

Ealima(lar, 'Pac-Man’i igaretlenmis yoldan hayalete

otirmelidir, Talimatlann hangi adiminda bir hata vardir?

kadar tekraria m

yap

[e5er sola dodru yol varsa 0 v ] = Adim A
(508 00N 3 ¥ | e Adim B

[etier sata dogru yol varsa O )] == Adim C
= Adim D

14. Soru: Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan hayalete gotiiriir?

Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan

hayalete géttiriir?

|
|

kadar tekrarla 'E‘

yap

yap ilerle
| -,

degilse
S

kadar tekrarla

yap
yap ilerle
.

degise
S

|
=

=
CC

|
Bl

| 
.

kadar tekrarla

B eder saga dodru yol varsa U ¥

yap

degilse | ilerle

kadar tekrarla E

=18 eder sola dogru yol varsa U ¥
ap

L=

degilse | ilerle
S
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15. Soru: Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan hayalete gétiiriir?

Hangi talimatlar 'Pac-Man'i isaretlenmis yoldan
hayalete gottrir? A B

kadar tekrarla

LBl lleride yol varsa v |

R e = s0la don 0 1]
N

=

L kadar tekrarla iade kel

S ) ) O (S| I vo» | EEEXETIEEETRD i v

- — =
yap yap soladénGv

degilse | ilerle degilse | flerle
| e

16. Soru: Talimatlar, 'Pac-Man'i isaretlenmis yoldan hayalete gotiirmelidir.

Talimatlarin hangi adiminda bir hata vardir?

Talimatlar, 'Pac-Man'i isaretlenmis yoldan hayalete gétiirmelidir.
Talimatlarin hangi adiminda bir hata vardir?

kadar tekrarla m

[— — yap jerle —p Adim A

e | I | | (| 2l eger saga dogru yol varsa U v | === Adim B
- Adim C

degiise —p AdimD

|
}@|
|
I
l
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17. Soru: 'Pac-Man'i isaretli yoldan

hangi adim eksiktir?

hayalete gotiirmek i¢in asagidaki talimatlarda

'Pac-Man'i isaretli yoldan hayalete gotiirmek igin asagidaki
talimatlarda hangi adim eksiktir?

kadar tekrarla

yap
yap [ ilerle
—

=51 B eger sada dogru yol varsa U v
vap
| —

degilse
=

i~

C D

Higbir adim eksik degildir

ONEMLI : DIKKATLICE O

Bu soru grubunda, bazi karelerd

kosesindeki say1, karede kag tane cil

KUYUN

e cilek goriintiisii belirir. Resmin sag alt

ek oldugunu gosterir.

SO karedeki
cilek sayisi
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18. Soru: Hangi talimatlar 'Pac-Man'i isaretlenmis yoldaki cileklere gotiiriir ve

'Pac-Man'e gosterilen tiim ¢ilekleri yemesini sdyler?

Hangi talimatlar 'Pac-Man'i isaretlenmis yoldaki
cileklere gotirir ve 'Pac-Man'e gosterilen tim cilekleri
yemesini soyler?

g

PPEEEEEE
REEEEEEE
O o o o o
RFEEEEEE

leride yol oldugu strece v
yap | ilerle
—

bu islemleri [E) kez tekrarla
vap | 1lgilekye
N

vap | ilerle
A

bu islemleri [£) kez tekrarla
vap | 1cgilekye
L —.

leride yol oldugu strece ¥
yap | ilerle
L S

bu islemleri [} kez tekrarla

yap | lgilekye
—

yap | ilerle
bu iglemleri [EJ kez tekrarla
yap || 1gilekye
R —

19. Soru: Hangi talimatlar 'Pac-Man'i isaretlenmis yoldaki cileklere gotiiriir ve

'Pac-Man'e gosterilen tiim ¢ilekleri yemesini soyler?

Hangi talimatlar 'Pac-Man'i isaretlenmis yoldaki
cileklere gotiiriir ve 'Pac-Man'e gosterilen tiim gilekleri
yemesini soyler?

05 5 8 8
_[E9.0.0.8./9,)

leride yol oldugu strece ¥
yap | bu islemleri [} kez tekrarla
yap | ilerle
2
bu islemleri [ kez tekrarla
yap | 1cilekye
—

leride yol oldugu strece ¥
yap | ilerle
bu islemieri [EJ kez tekrarla
yap | 1cilekye
—

yap | buislemleri £ kez tekrarla
yap | ilerle
L.

bu islemleri [ kez tekrarla
yap | Lgilekye
| =

yap | ilerle
—

bu islemleri [ kez tekrarla

yap | 1gilekye
55
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20. Soru: 'Pac-Man'i isaretlenmis yoldan ¢ileklere gotirmek ve 'Pac-Man'e
gosterilen tiim cilekleri yemesini sdylemek i¢in asagidaki talimatlarda eksik

olan nedir?

'Pac-Man'j isaretlenmis yoldaki gileklere gétiirmek ve 'Pac-Man'e gosterilen A
ttm gilekleri yemesini séylemek icin asagidaki talimatlarda eksik olan nedir?
1 kez
lleride yol oldugu si
yap | bu islemleri
yap ilerle B
L.
2 kez
C
\
- | ) Sl e | | 3 kez
& ¢
L - D
| | | | | | 5 kez

21. Soru: 'Pac-Man'i isaretlenmis yoldan cileklere gotiirmek ve 'Pac-Man'e tiim
cilekleri (bilinmeyen numara) yemesini sdylemek i¢in asagidaki talimatlarda

hangi adim eksiktir?

'Pac-Man'i isaretlenmis yoldan ileklere gétiirmek ve 'Pac-Man'e tiim cilekleri (bilinmeyen | A
numara) yemesini séylemek i¢in agagidaki talimatlarda hangi adim eksiktir?

Ileride yol oldugu surece ileride yol varken

yap ilerle

(-%s="d herhangi bir cilel

yap P222222299222272927927
1 gilek
yap | Lgilekye B

ileride yol yokken

= - = C
D

i ) | [ | herhangi bir ¢ilek varken

) e | | | | Gl S herhangi bir cilek yokken
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22. Soru: Asagidaki tasarimi ¢izmek icin sanatci hangi talimatlari izlemelidir? Her

karenin her bir kenar1 100 pikseldir.

Asagidaki talimat dizisine "benim fonksiyonum" adi

verilir ve her iki tarafta 100 piksellik bir kare gizer: A B
b ] B} keztekrarla kez tekrarla

€} kez tekrarla

yap | benim fonksiyonum yap | benim fonksiyonum
s \

E5ED i | [9) | derece dondir
-

¥apP (KA i | ) piksel hareket ettir

EXEd i | E[)  derece dondir
=

Asagidaki tasarimi ¢cizmek igin sanatgl hangi talimatlar
izlemelidir? Her karenin her bir kenari 100 pikseldir.

B keztekrarla B kertekrarla

yap | benim fonksiyonum yap | benim fonksiyonum
—

23. Soru: Asagidaki talimatlar, sanat¢cinin asagidaki tasarimi  ¢izmesini
saglamalidir. Her tiggenin her bir kenar1 50 piksel 6l¢er. Talimatlarda eksik olan

nedir?

Asagidaki talimat dizisine 'benim fonksiyonum' adi verilir ve A B
her kenarda 50 piksellik bir tiggen cizer:

= 15 5

¥aP (KD i | EE) piksel hareket ettir

EES i | (28 derece dondir
=

Asagidaki talimatlar, sanatginin agagidaki tasarimi gizmesini saglamalidir.
Her li¢genin her bir kenar 50 piksel 6lger. Talimatlarda eksik olan nedir?

yap | benim fonksiyonum
ileri v
L —

| EQ) piksel zipla ettir
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24, Soru: Hangi talimatlar 'Pac-Man'i isaretlenmis yoldaki ¢ileklere gotiirlir ve

'Pac-Man'e gosterilen tiim ¢ilekleri yemesini sdyler?

Asagidaki talimat dizisine 'S al' adi verilir: A B

bu islemleri [ kez tekraria
\Zz "Ml saga don U v
| —

Hangi talimatlar 'Pac-Man'i isaretlenmis yoldaki cileklere gotirtir ve
'Pac-Man'e gosterilen tiim cilekleri yemesini soyler?

0 [0 [

[sagadon v

| &S
|
|

bu islemleri [£] kez tekrarla bu islemleri [} kez tekrarla
[ ) = M ilerle v | yap | Sal

£

25. Soru: 'Pac-Man'i isaretlenmis yoldan cileklere gotiirmek ve 'Pac-Man'e
gosterilen tiim cilekleri yemesini sdylemek i¢in asagidaki talimatlarda eksik

olan nedir?

Asagidaki talimat dizisine '4 al' adi verilir:

'Pac-Man'i isaretlenmis yoldan cileklere gotiirmek ve 'Pac-Man'e gdsterilen
tiim cilekleri yemesini sdylemek icin asagidaki talimatlarda eksik olan nedir?

115 0 5 5 c D

<IN

s 5 6

bu islemieriEg ez tekraria o b _!'45_ e

yap | hareket et ve 4 al | ) e e
L,

e
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C

ACTIVITY EVALUATION FORM

Etkinlik Goris Formu

Scratch nedir?

Scratch ile neler yaptyorsunuz?

Scratch'i hayatinizin baska hangi alanlarinda kullanabilirsiniz?

Scratch’te yaptiginiz projelerinizde projenin fikrini nasil buldunuz?
Projenizi yapmaya nasil basladiniz?

Scratch’te proje olusturma siirecinde zorlandiniz mi1? Zorlandiginizda ne
yaptiniz?

Scratch ile ilgili sevdiginiz ve sevmediginiz 6zellikler nelerdir? Scratch’te
nelerin ayn1 kalmasini isterdiniz ve nelerin degismesini isterdiniz?
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7. Teknolojiyle ilgili yapmaktan hoslandiginiz diger seyler nelerdir?
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E

LESSON PLANS

1** LESSON PLAN

LES son: Science

Grade Level: 6

Topic: Kuvvet ve Hareket / Bileske Kuvvet

Siire: 40 + 40 min

Objective: F.6.3.1.1. Bir cisme etki eden kuvvetin yoniinii, dogrultusunu ve

bliytikliigiinii ¢izerek gosterir.

Student Objectives: Problem ¢dzme siirecinde takip edilmesi gereken adimlari

fark eder.
Giinliik hayatta karsilastig1 problemlere ¢oziim Onerileri getirir.
Verilen bir problemi uygun adimlar1 kullanarak ¢ozer.

Verilen bir problemi analiz eder.

Expected pre-knowledge about topic: F.4.3.1.1. Kuvvetin, cisimlere hareket

kazandirmasina ve cisimlerin sekillerini degistirmesine yonelik deneyler yapar.

F.5.3.1.1. Kuvvetin biiytikliigiinii dinamometre ile 6lger.

Ogretme Ogrenme Yontem ve Teknikleri:

Science Practices: Bilgiyi kesfederek bulma ve degerlendirme, argiimantasyon

yapma, bilgiyi inga etme.

Kullanmillan Egitim Teknolojileri-Ara¢ Gerecler: Bilgisayar/tablet/cep

telefonu, Google Forms, Powerpoint,
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GIRIS: Ogretmen kuvvetin ne oldugunu ve cisimler iizerindeki etkisini
ogrencilere hatirlatmak i¢in “Kuvvet nedir ve cisimler lizerinde ne gibi
degisiklikler yapar” diye sorar. Ogrencilerden kuvvetin cisimlerin seklini
degistirdigini, duran cisimleri harekete gecirdigini, hareketli cisimlerin
durmasin1  sagladigini, yoniinii ve siliratini degistirdigini ve cisimleri
dondiirdiigiinii cevaplar1 beklenir. Ogrenciler yanlis bir nokta sdylerse dgretmen
direkt dogru veya yanlis oldugunu sdylemeden 6grenciye soru sorarak d6grenciyi
diisiinmeye sevk eder. Ogrencilerden beklenen cevaplari vermezse, dgretmen
kuvvetin etkilerini hatirlatir. Bu hatirlatmadan sonra 6gretmen sinift 4 kisilik
gruplara ayirir ve senaryolastirarak hazirlamis oldugu problem durumunun

caligma kagidin1 (Kaynake¢a A) 6grencilere dagitir ve kesfetmeye gecer.

KESFETME: Ogretmen dagitmis oldugu ¢alisma kagidinin ekran gériintiisiinii
ekraninda acar ve dgrencilere gosterir. Ogretmen dgrencilere bu problem durumu
iizerinde ¢aligmalar icin 10 dakika siireleri oldugunu belirtir Gruplar ¢alisirken
ogretmen de gruplar arsinda dolasacaktir. Calisma kagidinin son sorusunda
verilen “Emre ve Aylin’in karsilasti1 glinliik yasam problemi olan agir bir ytikii
Scrath programi iizerinde gosterip bu cismi hareket ettirmeyi saglayabilir miyiz?”
sorusu Ogrencileri Scratch programma hazirlayacaktir. Ogrenciler sorulari
yanitladiktan sonra 6gretmenin daha 6nce hazirlamis oldugu Scratch ¢aligmasini

(scratch Ogretmen calismasi) Ogrencilerle paylasir ve ekranda acar. Burada

ogrencilere verilen talimatlara gore d6grencilerden bireysel olarak proje iizerinde
caligmalarini ister. Caligmada “Ekranda farkli renklerle verilmis oklarla
hareketsiz duran cismi istediginiz yonde hareket ettirebilirsiniz.” talimati
yazilmistir. Ogretmen daha sonra bu c¢alisma ile ilgili ¢alisma kagidim
(KAYNAKCA B) o6grencilere dagitir ve ekraninda da agip gosterir. Burada
ogrencilerin grupga sorulara yanit vermelerini ister. Ogretmen bu sirada gruplari
dolasir ve 6grencilerin sorulart varsa yardimci olur. Calisma bittikten sonra her

gruptan bir 6grenciye soz hakki verecegini sdyler.

ACIKLAMA: Ogretmen ekranini paylasir ve her gruptan bir kisiye sz hakki
verip cevaplarini yorumlamasini ister. Ogrencilerin agiklamalarinda bir hata veya
eksiklik goriirse miidahale eder. Daha sonra 6gretmen “Duran bir cismi harekete

geciren, hareket eden bir cismi durduran, cisimlerin seklini degistiren, hareketli
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cisimlerde yon ve siirat degisikligine sebep olan ve cisimleri dondiirebilen etkiye
kuvvet denir. Kuvvetin biiylikliigiiniin birimi Newton’dir. Newton, kisaca N ile
gosterilir. Kuvvet yonlii bir bliytikliiktiir yani kuvvetin uygulama noktasi, belirli
bir bilyiikliigii, yonii ve dogrultusu vardir. Kuvvetin biiyiikliigii dinamometre ile
olgiiliir. Kuvvet F sembolii ile gosterilir” agiklamasini hazirladigi sunumdan

(kuvvet ve 6zellikleri sunumu) anlatir.

DERINLESTIRME: Aciklamadan sonra dgretmen burada dgrencilerden cismi
Scratch programi iizerinde bir calisma yaparak hareketsiz bir cismi hareket
ettirmelerini ister. Bu cisme ait yon ve dogrultularini belirtmeleri ister.
Ogrencilerin hazirladiklar ¢alismay1 6gretmen ve arkadaslari ile paylasmalarini
ister. Ogrenciler ogretmenle calismalarini paylastiktan sonra &gretmen
ogrencilerin hazirladiklar1 ¢galigmanin kod bloklarini kontrol eder ve 6grencileri
neden bu kod blogunu kullandiniz diye sorar. Ogrencinin verdigi cevaba gore
baska bir 6grenciye arkadagin bdyle diisiiniiyor sen bu konuda ne diisiiniiyorsun

diye sorar. Boylelikle sinifta tartisma ortami saglanir.

DEGERLENDIRME: Ogretmen ogrencilere Nearpod (nearpod etkinlik)

.....

ogrencilere Nearpodu tanitir ve herkesin bireysel olarak ¢alisacagini sdyler. Daha
sonra burada dgrencilerden ne istedigini anlatir. Nearpod iizerinden dgretmenin
hazirlamig oldugu etkinlikte Gorsellerde bazi cisimlere etki eden kuvvetler
gosterilmistir. Ogrencilerden bu gorsellerin  karsilarma bu  kuvvetlerin
ozelliklerini yazmalarini ister. Bazi gorsellerde de 6zellikleri verilen kuvvetleri
ogrencilerden gorseller iizerinde ¢izerek gostermelerini ister. Ogretmenim
buradan Nearpod uygulamasinin kullanmasinin sebebi hem 6grenciler teknolojik
bir alet iizerinden ¢izim yapabilme sans1 elde edebilecek hem de Ogretmen biitiin
ogrencilerin hem ¢izimlerini hem de vermis olduklari cevabi etkilesimli tahtadan
kontrol edebilme sansii yakalayacaktir. Ogrenciler sorular1 yanitlarken
ogretmen de bu sirada etkilesimli tahtadan 6grenci yanitlarim1 kontrol eder.
Ogretmen dgrencilerin cevaplarina bakarak neler dgrendiklerini ve herhangi bir
yanlis anlamalar1 veya sorulart olup olmadigmi gdérmiis olur. Boylelikle bu

caligma 6gretmeni bir sonraki ders i¢in hazirlamis olur.

110




EK PLAN: Ogretmen dgrencilerle birlikte Scratch’te balon patlatma oyunu

tasarlar ve 6grenciler kendi tasarladiklari oyunu oynar.

KAYNAKCA A

Cogumuz bazen evimizdeki esyalarin diizeninden sikiliriz ve bu esyalarin yerlerini
degistirmek isteriz. Ornegin, televizyon, ¢alisma masamiz ya da koltuklarimizin
verini degistirdigimizde evimizin havasi da degismis olur ve bazen bu degisiklik
bize iyi hissettirebilir. Sibel Hanim da evinin eski diizeninden sikildig i¢in evinde
bir degisiklik yapmak ister ve koltuklarin yerini degistirmeyi diisiiniir. Fakat
koltuklar biiyiik ve agwr oldugu i¢in Sibel Hanim tek basina yerden kaldirmakta
giicliik cekmektedir. Bu durumda, Sibel Hanim'in ¢ocuklart Emre ve Aylin koltugun

verini degistirmek icin annelerine yardimct olacaklardwr. Fotografta gérdiigiiniiz
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gibi Emre ve Aylin koltugu ittikleri halde koltugun hareket etmedigini

gozlemliyorlar. Bu problem durumuna gore asagidaki sorulart cevaplayiniz.

1. Koltugu yerinden kaldirmadan hareket ettirmek miimkiin miidiir?

Miimkiinse nasil?

2. Koltugun hareket etmemesindeki sebep ne olabilir? Emre ve Aylin’e bu
problemi ¢ézmelerine yardimci olmak igin nasil bir ¢éziim onerirsiniz?

3. Koltugun hareket etmesini saglayan etkiye ne denir?

4. Emre ve Aylin’in karsilastigi giinliik yasam problemi olan agir bir yiikii
Scrath programu tizerinde gosterip bu cismi hareket ettirmeyi saglayabilir

miyiz?
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KAYNAKCA B

: Ku%ey
(l ; ) Batl*-i-bDogu

Gulney

1. Uygulanan kuvvetlerin hepsi aymi biiyiikliikte midir? Cevabinizi agiklayiniz.

2. Uygulanan kuvvetler farkli ise en biiyiik kuvvet hangi yonde uygulanmuistir?

(Cevaplarinizi kuzey, giiney, dogu, bati yonleri seklinde belirtin.)

3. Hangi kuvvetler zit yonliidiir?

4. Yonleri farkli olan kuvvetler aymi dogrultulu olabilir mi? Cevabinizi

acgiklayiniz.
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2" LESSON PLAN

Dersin Adi: Fen Bilimleri

Sinif: 6

Unite/Konu: Kuvvet ve Hareket / Bileske Kuvvet

Siire: 40 + 40 +40 dk

Kazanim: F.6.3.1.2. Bir cisme etki eden birden fazla kuvveti deneyerek

gozlemler.

Ogrenci Kazamimlar:

On bilgiler: F.4.3.1.1. Kuvvetin, cisimlere hareket kazandirmasina ve cisimlerin

sekillerini degistirmesine yonelik deneyler yapar.

F.6.3.1.1. Bir cisme etki eden kuvvetin yoniinii, dogrultusunu ve biiytikliigiinii

cizerek gosterir.

Ogretme Ogrenme Yontem ve Teknikleri:

Bilimsel Pratikler: Bilgiyi kesfederek bulma ve degerlendirme, arglimantasyon

yapma, bilgiyi inga etme.

Kullanmilan Egitim Teknolojileri-Ara¢ Gerecler: Bilgisayar/tablet/cep

telefonu, Google Forms, Powerpoint,

GIRIS: Ogretmen, ogrencilerin derse olan ilgisini ¢ekmek i¢in ve konuya
hazirlik i¢in giinliik hayatta 6grencilerin karsilagtigi bir oyun olan halat ¢ekme
oyununu hikayelestirerek 6grencilere anlatir. Bu sirada 6gretmenin ekraninda da
bu hikdye (Kaynakca C) agik olacaktir. HikAyeyi anlattiktan sonra “Iyide tiim
bu halat ¢ekme yarisinda kazanan taraf ile kaybeden taraf arasindaki fark ne?”

diye sorar. Beklenen cevap kazanan takimin daha fazla kuvvet uyguladigidir ya
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da kaybeden takimin daha az kuvvetle cektigidir. Ogretmen 6grencilerden
cevaplar toplar. Ogrenciler yanls bir nokta sdylerse dgretmen direkt dogru veya
yanlig oldugunu sdylemeden 6grenciye soru sorarak dgrenciyi diisiinmeye sevk
eder. Daha sonra 6gretmen “Peki halat cekme oyununu Scratch uygulamasinda

nasil tasarlayabilir der ve kesfetmeye gecer.

KESFETME: Ogretmen Scratch uygulamasindan hazirlamis oldugu ¢aligmay1

(scratch 6gretmen calismasi)dgrencilerle paylasir. Ogrencilerin bireysel olarak
Scratch uygulamasinda verilen talimatlara goére paylasilan proje iizerinde
caligmalarin1 ister. Calismada “Halat c¢ekme oyunu oynayan c¢ocuklarin
uyguladiklar1 kuvvetleri kendiniz belirleyerek oyunu kazanan takimi 6nce tahmin
sonra tahminlerinizi test edin” talimati yazilmistir. Daha sonra 6gretmen sinifi 4
kisilik gruplara ayirir hazirlamis oldugu calisma kagidimi (Kaynakc¢a D)
ogrencilere dagitir. Dagitmis oldugu c¢alisma kagidinin ekran goriintiisiinii
ekraninda acar ve dgrencilere gosterir. Bu sorular1 cevaplamalar i¢in 10 dakika
siireleri oldugunu belirtir. Gruplar calisirken 6gretmen de gruplar arsinda
dolagacaktir. Burada &grencilerin grupca sorulara yanit vermelerini ister.
Ogretmen bu sirada gruplar1 dolasir ve dgrencilerin sorulari varsa yardimer olur.

Calisma bittikten sonra her gruptan bir 6grenciye s6z hakki verecegini sdyler.

ACIKLAMA: Ogretmen ekranini paylasir ve her gruptan bir kisiye sz hakki
verip cevaplarm smifla paylasmalarmi ister. Ogrencilerin agiklamalarinda bir
hata veya eksiklik goriirse miidahale eder. Daha sonra 6gretmen bileske kuvvet

ile ilgili hazirladig1 sunumdan (bileske kuvvet sunum) bir cisme etki eden farkli

kuvvetleri ve bileske kuvveti anlatir. Daha sonra konu ile ilgili Eba’dan video

izletilir ve konu pekistirilir.

DERINLESTIRME: Agiklamadan sonra gretmen burada dgrencilerden cismi
Scratch programi lizerinde bir ¢aligma yaparak hareketsiz bir cisme birden fazla
kuvvet uygulayarak hareket ettirmelerini ister. Ogretmenin daha 6nce paylasmis
oldugu ¢alismadan farkli olarak degiskenlere bileske kuvveti eklemelerini ve
bileske kuvveti girilen kuvvet degerlerine gore hesaplayici olarak belirlemelerini
ister. Burada Ogrencilerin sorulari olursa Ogretmen Ogrencilere yardimci

olacaktir. Ogrencilerin hazirladiklar1 calismay1 6gretmen ve arkadaslari ile

115




paylasmalarini ister. Ogrenciler dgretmenle ¢alismalarni paylastiktan sonra
ogretmen Ogrencilerin hazirladiklari ¢calismanin kod bloklarint kontrol eder ve
ogrencileri neden bu kod blogunu kullandmiz diye sorar. Ogrencinin verdigi
cevaba gore baska bir 6grenciye arkadasin boyle diisiiniiyor sen bu konuda ne
diisiiniiyorsun ~ diye  sorar. Boylelikle  smifta  tartisma  ortamu
saglanir. Ogrencilerin Scratch’te ¢alismalar1 bittikten sonra dgretmen hazirlamis
oldugu calismayr (Kaynakca E) ekranda acgar. Daha sonra ogrencilerden
birinden verilenleri okumasini ister. Daha sonra baska bir 6grenciye sence
verilenlerden hangisi kesinlikle dogrudur diye sorar. Ogrencinin verdigi cevaba
gore baska bir Ogrenciye arkadasin boyle diisiiniiyor sen bu konuda ne

diisiiniiyorsun diye sorar. Boylelikle sinifta tartisma ortami saglanir.

DEGERLENDIRME: Ogretmen 6grencilere google formlar iizerinden bir quiz

(google formlar quiz) gonderir ve bu formu 6grencilerden doldurmalarini ister.

Ogretmen de bu sirada ekranim paylasir ve gelen yanitlari kontrol eder.
Ogretmen 6grencilerin cevaplarina bakarak neler 6grendiklerini ve herhangi bir
yanlis anlamalar1 veya sorular1 olup olmadigini gérmiis olur. Boylelikle bu quiz

Ogretmeni bir sonraki ders i¢in hazirlamis olur.

EK PLAN: Ogretmen dgrencilerle birlikte Scratch’te tenis oyunu tasarlar ve

ogrenciler kendi tasarladiklar1 oyunu oynar.

KAYNAKCA C

116




Antik Japon ve Cin imparatorluklarinda toprak kazanmak igin belirli bir zaman hig
savas yapilmadi. Savasmak yerine her iki taraf da en kuvvetli 250 savag¢isini secti
ve bu savas¢ilar 167 metre uzunlugundaki halatin uglarina gecip birbirlerini halat
¢cekme oyununda yenmeye ¢alistilar. Oyunu kazanan taraf hi¢ siddet uygulamadan
istedigi topraga elde edebiliyordu. lyide tiim bu halat cekme yarisinda kazanan
taraf ile kaybeden taraf arasindaki fark ne? Giiniimiizde bu gelenek her yil 22
Eyliil'de 3000 kisilik takimlarla tam 400 metrelik dev bir halatin uglarinda
miicadele edilerek anilmaktadir. Savasmadan, kaba kuvvet kullanmadan ve

kazanmanin giizel bir yolu oyle degil mi?

KAYNAKCA D

2. Grup uygulanan Kuvvet

1. Grup Uygulanan Kuvvet

1. 1. grubun uyguladigi kuvvet 2. grubun uyguladigi kuvvetten daha biiyiik
oldugunda halatta bulunan mendil hangi yone dogru gitmistir? (Yon ve
dogrultularini belirtiniz) Neden? Cevaplarinizi agiklayiniz.

2. 2. grubun uyguladig1 kuvvet 1. grubun uyguladigi kuvvetten daha biiyiik
oldugunda halatta bulunan mendil hangi yone dogru gitmistir? (Yon ve
dogrultularini belirtiniz) Neden? Cevaplarinizi agiklayiniz.

3. 1. grup ve 2. grubun uyguladigi kuvvetler birbirlerine esit oldugunda
mendilin hareketi hakkinda ne sdyleyebilirsiniz? Cevabinizi agiklaymiz.
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KAYNAKCA E

Ayni maddeden yapilmig, agirliklan ayni P ve R
cisimlerine uygulanan kuvvetler agsagida verilmistir.

Vv
Y

z

P cismi hareketsiz kalmaya devam ederken, R
cismi dogu yéninde hareket etmeye baslamistir.
Buna gore V, Y ve Z kuvvetlerinin blyuklikleri
ile ilgili,

I. V, Y'den blyUktdr.
Il. Z, Y'den buyuktar.
. V, Z'den kiguktdr.

ifadelerinden hangileri kesinlikle dogrudur?
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3" LESSON PLAN

Dersin Adi: Fen Bilimleri

Sinif: 6

Unite/Konu: Kuvvet ve Hareket / Bileske Kuvvet

Siire: 40 + 40 +40 dk

Kazanim: F.6.3.1.3. Dengelenmis ve dengelenmemis kuvvetleri, cisimlerin

hareket durumlarin1 gézlemleyerek karsilagtirir.

Ogrenci Kazamimlari:

On bilgiler: F.4.3.1.1. Kuvvetin, cisimlere hareket kazandirmasina ve cisimlerin

sekillerini degistirmesine yonelik deneyler yapar.
F.6.3.1.2. Bir cisme etki eden birden fazla kuvveti deneyerek gozlemler.

F.6.3.1.1. Bir cisme etki eden kuvvetin yoniinii, dogrultusunu ve biiytikliigiinii

cizerek gosterir.

Ogretme Ogrenme Yontem ve Teknikleri:

Bilimsel Pratikler: Bilgiyi kesfederek bulma ve degerlendirme, argiimantasyon

yapma, bilgiyi inga etme.

Kullanmilan Egitim Teknolojileri-Ara¢ Gerecler: Bilgisayar/tablet/cep

telefonu, Google Forms, Powerpoint,

GIRIS: Ogretmen 6nceki derste islenen bileske kuvvetin sifir oldugu halat
¢cekme oyununu 6grencilere hatirlatmak ve dengelenmis kuvvet konusuna gegis
yapmak icin Scratch’te hazirladig1 oyunu (Kaynake¢a F) 6grencilere gostererek
“Bu halat ¢ekme oyununda mendil ne saga ne sola hareket etmektedir. Bunun
sebebi nedir diye sorar.” Ogrencilerden beklenen cevaplar bileske kuvvetin sifir
oldugudur. Daha sonra 6gretmen Scratch’te ayni oyunda farkli veriler girerek

mendilin saga veya sola hareket etmesini saglar ve d6grencilere “Bu halat ¢gekme
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oyununda mendil girdigimiz kuvvet degerlerine gore nasil hareket etmistir?”
Ogrencilerden beklenen cevaplar mendil kuvvetin fazla oldugu yone hareket
etmistir. Daha sonra 6gretmen “Bunun sebebi nedir?” diye sorar. Burada

ogrencilerden beklenen cevaplar bileske kuvvet sifirdan farkli oldugu i¢indir.

KESFETME: Daha sonra 6gretmen sinifi 4 kisilik gruplara ayirir ve ¢alisma
kagidim1 (Kaynakca G) odgrencilere dagitir ve kesfetmeye geger. Ogretmen
dengelenmis ve dengelenmemis kuvvetlerin cisim T{zerindeki etkilerini
anlatmadan o6grencilerin simdiye kadar 6grendiklerinden konu hakkinda fikir
yiiritmelerini istedigi i¢in Ogrencelerin c¢alisma kagidini grupca yapmalarini
ister. Dagitmis oldugu calisma kagidinin ekran goriintiisiinii ekraninda acar ve
ogrencilere gosterir. Bu sorular1 cevaplamalari i¢in 10 dakika siireleri oldugunu
belirtir. Gruplar calisirken 6gretmen de gruplar arsinda dolasacaktir. Burada
ogrencilerin grupga sorulara yamit vermelerini ister. Ogretmen bu sirada gruplari
dolasir ve 0grencilerin sorulart varsa yardimci olur. Calisma bittikten sonra her

gruptan bir 6grenciye soz hakki verecegini sdyler.

ACIKLAMA: Ogretmen ekranini paylasir ve her gruptan bir kisiye sz hakki
verip cevaplarini sinifla paylasmalarm ister. Ogrencinin verdigi cevaba gore
baska bir 6grenciye arkadasin bdyle diisiiniiyor sen bu konuda ne diisiiniiyorsun
diye sorar. Bdylelikle sinifta tartigma ortami saglanir. Daha sonra 6gretmen
dengelenmis ve dengelenmemis kuvvetler konusunu hazirladigt sunumdan

(dengelenmis ve dengelenmemis kuvvetler sunum) anlatir. Daha sonra

ogrencilerden giinliik hayatta dengelenmis veya dengelenmemis kuvvetler
ornekleri vermeleri istenir. Beklenen cevaplar ucagin hareketi, parasiitiin inmesi
vb. Daha sonra konu ile ilgili video Eba’dan izletilerek konu pekistirilir. Son
olarak 6gretmenin daha 6nce Scratch’ten hazirlamis oldugu oyunu (dengelenmis

ve dengelenmemis kuvvetler) 6grencilerle paylasir. Burada 6grencilerden kuvvet

degerlerini degistirerek cismin dengelenmis ve dengelenmemis oldugu durumlari

test etmelerini ister.

DERINLESTIRME: Ogretmen giinliik hayatta karsilasilan bir durumu dogru ve
yanlis yargilar iceren 6grenci yorumlariyla hazirlamis oldugu calisma kagidini

(Kaynak¢a H) Ogrencilere dagitir. Dagitmis oldugu calisma kagidinin ekran
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goriintiisiinii ekraninda acar ve dgrencilere gosterir. Burada 6grencilerin grupca
sorulara yanit vermelerini ister. Gruplar ¢alisirken 6gretmen de gruplar arsinda
dolasacaktir. Ogrenciler grupga calisma kagidini yaptiktan sonra her gruptan bir
kisiye s6z hakk: verilir. Grubun verdigi cevaba gore baska bir gruba bu grup
boyle diisiintiyor. Siz bu konu hakkinda ne diisiinliyorsunuz diye sorularak sinifta
tartigma ortami saglanir. Daha sonra 6gretmen 6grencilerden Scratch iizerinden
dengelenmis ve dengelenmemis kuvvetler ile ilgili bir oyun tasarlamalarini ister.
Tim gruplar ¢aligmalar bittikten sonra 6grenciler bu ¢aligmalar1 6gretmen ile

paylasir ve 6gretmen ekranda 6grencilerin ¢aligsmalarini kontrol eder.

DEGERLENDIRME: Ogretmen dgrencilerin bu derste neler 6grendikleri ile
alakali bir degerlendirme yapmak icin ¢ikis kart1 olarak Wordwall iizerinden

hazirladigr 5 soruluk bir quiz/ degerlendirme c¢arki linkini Wardwall cark

paylasir. Ogrenciler 6gretmen tarafindan gruplara ayrilirlar ve ¢ark oyununu

oynar. Carklar ¢evirir ve gelen sorulari yanitlayip tartigirlar.

EK PLAN: Ogretmen 6grencilerle birlikte Scratch’te meyve yeme oyunu

tasarlar ve d6grenciler kendi tasarladiklar1 oyunu oynar.

KAYNAKCA F

2. Grup uygulanan Kuvvet

1. Grup Uygulanan Kuvvet

1. Grup 2. Grup
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KAYNAKCA G

Kuvvetler Sonra ne olur?
e Hizlanir
AR
e Daha yiiksek
sabit hizda gider

e Ayni sabit hizda
gider

300N 190N
e Durur

e Yavaslar

e Daha yavas sabit
hizda gider

e Hareketsiz kalir

Geriye gider
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KAYNAKCA H

Asagida bazi1 6grencilerin Emre sandalyeye oturdugunda neler olduguna dair bazi

fikirleri verilmistir.

Emre tizerindeki yer cekimi
kuvvetleri ( Emre'nin agirhgi)

sandalyenin Emre

tizerindeki kuvvetleri
-
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1. Emre lizerindeki kuvvetler konusunda kim dogru sdylemistir?

2. Kim kuvvet konusunu tam olarak anlamamigtir? Anlamalarina yardimci
olmak icin onlara ne sdylerdiniz?

4" LESSON PLAN

Dersin Adi: Fen Bilimleri

Sinif: 6

Unite/Konu: Kuvvet ve Hareket / Sabit Siiratli Hareket

Siire: 40 + 40 +40 dk

Kazanim: F.6.3.2.1. Sirati tanimlar ve birimini ifade eder.

Ogrenci Kazamimlari:

On bilgiler:

Ogretme Ogrenme Yontem ve Teknikleri:

Bilimsel Pratikler: Bilgiyi kesfederek bulma ve degerlendirme, argiimantasyon

yapma, bilgiyi inga etme.

Kullanilan Egitim Teknolojileri-Ara¢ Gerecler: Bilgisayar/tablet/cep

telefonu, Google Forms, Powerpoint,

GIRIS: Ogretmen 6grencilerin derse olan ilgisini cekmek ve dgrencileri
konuya hazirlamak i¢in “Diinya’nin en hizli hayvani sizce hangisidir?” diye
sorar. Ogrencilerin cevaplarini topladiktan sonra derse TUBITAK bilim

¢ocuktan getirdigi haberi TUBITAK Haber ekraninda paylasarak okur. Daha

sonra “Glinlimiizde elimizdeki verilere gore karanin en hizli hayvani1 Maty’dir.
Fakat bundan 6nce en hizli hayvan Avustralya Kaplan bocegiydi. Bu durum
bize neyi gosterir?” Ogretmen burada dgrencilerin bilimin dogas: iizerinde

diisiindiirmeyi hedefler. Ogrencilerden beklenen cevaplar bilimin sabit
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kalmadig bilimin degistigi ve gelistigidir. Daha sonra “Peki sizce hiz nedir?”
diye sorar. Ogrencilerden cevaplar alindiktan sonra herhangi bir agiklama
yapmadan “Hadi bunu bir ¢cocukken ¢ogumuzun oynadigi saklambag¢ oyunu

etkinligiyle anlamaya calisalim” der ve kesfetmeye geger.

KESFETME: Daha sonra 6gretmen sinifi 4 kisilik gruplara ayirir ve caligma
kagidin1 (Kaynakgea I) 6grencilere dagitir. Burada 6gretmen ¢ogu 6grencinin
cocukken oynamis oldugu saklambag oyunu ile ilgili bir ¢aligma hazirlamistir.
Ogrenciler bu oyunu diisiinerek sorulara cevap vermeye c¢alisacaklardir.
Dagitmis oldugu calisma kagidinin ekran goriintiisiinii ekraninda agar ve
ogrencilere gosterir. Bu sorular1 cevaplamalari i¢in 15 dakika siireleri oldugunu
belirtir. Gruplar ¢alisirken 6gretmen de gruplar arsinda dolagacaktir. Burada
ogrencilerin grupga sorulara yanit vermelerini ister. Ogretmen bu sirada
gruplar1 dolasir ve 6grencilerin sorulari varsa yardimci olur. Calisma bittikten

sonra her gruptan bir 6grenciye soz hakki verecegini sdyler.

ACIKLAMA: Ogretmen ekranini paylasir ve her gruptan bir kisiye s6z hakk1
verip cevaplarini smifla paylasmalarini ister. Ogrencinin verdigi cevaba gore
baska bir 6grenciye arkadasin boyle diisiiniiyor sen bu konuda ne diisiiniiyorsun
diye sorar. Ogrenciler cevaplarini paylastiktan dgretmen siiratin tanimin1 yapar
ve birimlerini sdyler. Daha sonra konunun pekigmesi i¢in Eba’dan konu ile
ilgili video izletilir. Daha sonra sunumdan siirat sunum hazirladig: etkinlikle
stirati pekistirmek i¢in 6grencilere sorular sorarak dgrencileri yonlendirir ve

ogretmen gerekli agiklamalari yapar.

DERINLESTIRME: Ogretmen hem konuyu derinlestirmek hem de Fen
egitiminde bagimli degisken, bagimsiz degisken ve kontrol edilen degisken
konusunu 6grencilere kavratmak amaciyla hazirladigi etkinligi (Kaynakea K)
ogrencilerle paylasir. Ogretmen siifi 4 kisilik gruplara ayirir ve calisma
kagidini 6grencilere dagitir. Dagitmis oldugu ¢alisma kagidinin ekran
goriintiistinli ekraninda agar ve dgrencilere gosterir. Bu sorular1 cevaplamalari
icin 10 dakika siireleri oldugunu belirtir. Gruplar ¢alisirken 6gretmen de gruplar
arsinda dolasacaktir. Burada 6grencilerin grupca sorulara yanit vermelerini

ister. Ogretmen bu sirada gruplar1 dolasir ve grencilerin sorulari varsa
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yardimci olur. Calisma bittikten sonra her gruptan bir 6grenciye s6z hakki
verecegini sdyler. Ogretmen ekranini paylasir ve her gruptan bir kisiye soz
hakki verip cevaplarini sinifla paylasmalarini ister. Ogrencinin verdigi cevaba
gore bagka bir 6grenciye arkadasin boyle diisiiniiyor sen bu konuda ne
diisiiniiyorsun diye sorar. Ogrenciler cevaplarmi paylastiktan sonra 6gretmen bu
kavramlarin tanimlarini yapar ve baska bir 6rnek sorarak 6grencilerden
buradaki degiskenleri belirlemelerini ister. Daha sonra konunun pekismesi i¢in
ogretmen 6grencilerle Scratch iizerinden tasarladigi ¢aligmay1 Scratch proje
paylasir. Ogrencilere talimatlara gére verileri girip neler gézlemlediklerini
sorar. Girilen verilere gore arabanin hareketinin nasil degistigi sorulur. Daha
sonra 0grencilerden siirat ile 6grendikleri kavramlara gore Scratch {izerinden bir

proje tasarlamalarini ve sinifla paylagsmalarini ister.

DEGERLENDIRME: Ogretmen 6grencilere Nearpod iizerinden hazirladigi
anlatir. Nearpod iizerinden 0gretmenin hazirlamis oldugu etkinlikte 6grenciler
soruya Poll iizerinden cevap vereceklerdir. Ogretmenim buradan Nearpod
uygulamasinin kullanmasinin sebebi 6gretmen biitiin 6grencilerin vermis
olduklar1 cevabi etkilesimli tahtadan kontrol edebilme sansin1 yakalayacaktir.
Ustelik Poll smifin kagta kaginin hangi sikki isaretledigini gosterdigi icin
ogrencileri yaniltan veya giiclii ¢eldiricileri 6gretmen ders esnasinda gorebilme
sans1 yakalayacaktir. Ogrenciler sorular1 yamtlarken 6gretmen de bu sirada
etkilesimli tahtadan dgrenci yanitlarmi kontrol eder. Ogretmen 6grencilerin
cevaplarina bakarak neler 6grendiklerini ve herhangi bir yanlis anlamalar1 veya

sorular1 olup olmadigini gérmiis olur. Boylelikle bu ¢alisma dgretmeni bir

sonraki ders i¢in hazirlamis olur.

EK PLAN: Ogretmen dgrencilerle birlikte Scratch’te hesap makinasi tasarlar

ve O0grenciler kendi tasarladiklar1 hesap makinesiyle oynar.
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KAYNAKCA I

S

KAYNAKCA K

Minel bir bilgisayar programi kullanarak sanal bir

deney benzetimi yapiyor. Bu benzetimde bir ara-

ba cizen Minel cizdigi bu araba ile deneye basla-

madan once sunlan belirlemesi gerekiyor.

1. Arabanin harekete basladig: surat

2. Arabanin hareketine zit yonde uygulanacak
surtiinme kuvveti

3. Arabanin hareket edecegi sure

Benzetim sona erdiginde program arabanin git-

tigi yolu hesapliyor. Minel'in hazirladig: baz de-

ney benzetimleri gosterilmistir.

Minel sabit sturatli bir cismin surati ile alinan
yol arasindaki iliskiyi gostermek icin hangi iki
benzetimin sonuglarini karsilastirmahdir?
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5" LESSON PLAN

Dersin Adi: Fen Bilimleri

Sinif: 6

Unite/Konu: Kuvvet ve Hareket / Sabit Siiratli Hareket

Siire: 40 + 40 +40 dk

Kazanim: F.6.3.2.2. Yol, zaman ve siirat arasindaki iliskiyi grafik iizerinde

gosterir.

Ogrenci Kazamimlari:

On bilgiler:

Ogretme Ogrenme Yontem ve Teknikleri:

Bilimsel Pratikler: Bilgiyi kesfederek bulma ve degerlendirme, argiimantasyon

yapma, bilgiyi inga etme.

Kullanilan Egitim Teknolojileri-Ara¢ Gerecler: Bilgisayar/tablet/cep

telefonu, Google Forms, Powerpoint,

GIRIS: Ogretmen dgrencilerin derse olan ilgisini cekmek ve konuyla giinliik
yasamu iliskilendirmek i¢in yakin zamanda diinyanin donme hiziyla ilgili haberi
(haber) paylasir. Habere gore 29 Haziran’da Diinya’nin simdiye kadar
kaydedilen en kisa giiniidiir. Ogrencilere bunun sebebinin ne olabilecegi ve bu
doniis hizindaki degisimin etkisin neler olabilecegi sorulur. Ogrencilerden
cevaplar alindiktan sonra haberin devaminda bilim adamlarinin agiklamalari
okunur. Daha sonra 6grencileri konuya hazirlamak i¢in “Diinyanin kendi ekseni
etrafinda saatte bin 700 kilometre hizla dondiigiinii belirtiliyor ve bu ses
hizindan daha yiiksektir. Ancak bizler ylizeyde yasayan canlilar olarak bu hizi
hissetmeyiz. Bunun nedeni ne olabilir?” diye sorulur. Ogrenci tahminleri

alindiktan sonra bu durumun sebebinin Diinya’nin neredeyse sabit bir hizla
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https://d.docs.live.net/0676fd5f9c3845b2/%5e.Documents/haber

dondiigii agiklamasi yapilir. Daha sonra 6gretmen hazirladigi sunumdan (stirat
sunum) sabit siiratli bir cismin yol-zaman ve siirat-zaman grafiginin nasil
cizildigini anlatir. “Peki bir cismin aldig1 yolu, siirati ve gegen zamani
bilgisayar ortaminda grafik {izerinde gdsterebilir miyiz?” diye sorar. Ogrenciler
daha once bilgisayar ortaminda Nearpod iizerinden ¢izim yaptig1 i¢in
ogrencilerden evet Nearpod tizerinden yapilabilir cevaplar1 beklenir. Burada
ogrencilerin bildigi baska bir uygulama da varsa 6gretmen paylagmalarini ister

ve kesfetmeye geger.

KESFETME: Ogretmen dgrencilere Nearpod iizerinden hazirladig: etkinligi
(nearpod grafik) 6grencilere tanitir ve herkesin bireysel olarak ¢alisacagini
sOyler. Daha sonra burada 6grencilerden ne istedigini anlatir. Nearpod
tizerinden 6gretmenin hazirlamis oldugu etkinlikte gorselde bir cismin zamana
bagh aldig1 yol gosterilmistir. Ogrencilerden yol ve zamana bakarak cismin
stire boyunca siiratini hesaplayip yazmalarini ister. Diger iki soru ise cisme ait
yol-zaman ve siirat-zaman grafiklerini ¢izmelerini ister. Ogrenciler sorular
yanitlarken dgretmen de bu sirada etkilesimli tahtadan 6grenci yanitlarini
kontrol eder. Ogretmen &grencilerin cevaplarina bakarak neler dgrendiklerini ve
herhangi bir yanlis anlamalar1 veya sorular1 olup olmadigin1 gérmiis olur.

Boylelikle bu calisma 6gretmeni bir sonraki ders i¢in hazirlamis olur.

ACIKLAMA: Ogretmen dgrencilerin ¢izimlerinde veya cevaplarinda bir hata
ya da eksiklik varsa agiklar. Daha sonra 6gretmen de sorularin cevaplarini
sOyler ve aciklar. Konunun pekismesi i¢in 6grencilerle Eba’da verilmis olan

simiilasyon yapilir.

DERINLESTIRME: Ogretmen 6grencilerin Scratch iizerinden grafik
cizebilmeleri i¢in yapmis oldugu ¢alismayi (scratch grafik) ve kod bloklarini
ogrencilere gosterir. Scratch lizerinden dgrenciye verilmis olan ¢alisma
kagidindaki yol ve zamana bakarak 6grencilerin bireysel olarak bu cismin stirat
grafigini ¢izmelerini ister. Ogretmen bu esnada sinifi dolasir ve 6grencilerin
sorular1 varsa yanitlar. Daha sonra 6grencilerden ¢aligmalarini sinifla

paylagmalarini ve ¢izimlerini agiklamalarini ister.
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DEGERLENDIRME: Ogretmen 6grencilere google formlar iizerinden bir quiz
(google formlar) génderir ve bu formu 6grencilerden doldurmalarini ister.
Ogretmen de bu sirada ekranini paylasir ve gelen yanitlari kontrol eder.
Ogretmen dgrencilerin cevaplarina bakarak neler 6grendiklerini ve herhangi bir
yanlig anlamalar1 veya sorular1 olup olmadigin1 gérmiis olur. Boylelikle bu quiz

ogrencilerin derste neler 6grendigine dair 6gretmene fikir verir.

EK PLAN: Ogretmen dgrencilerle birlikte Scratch’te Diinya ve Ay’in donme

ve dolanma hareketlerini tasarlar.
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