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ABSTRACT

USING TECHNOLOGY-ENHANCED STEP-BY-STEP
UNROLLED STRATEGY TO IMPROVE NINTH-GRADE
STUDENTS’ GEOMETRIC REASONING

The purpose of this action research is to examine and compare the geometric
reasoning skills, perceptions about geometric proofs, and success in geometry of the
students before and after the geometry course integrated with technology -enhanced
applications and step-by-step strategy. In line with these purposes, a lesson plan and
materials related to the Pythagorean theorem were prepared. The sample group of the
study consisted of 34 students in the 9th grade studying at a state high school in the
Esenler district of Istanbul. The lesson plan application lasted for 2 weeks. In order to
investigate the effectiveness of the developed materials, the geometric reasoning levels
of the students were evaluated with the Van Hiele test before and after the course, the
students’ perceptions about geometric proofs and perceptions about the implementa-
tion of the geometry unit with the answers they gave to the reflection questions asked
before, during, and after the course, and the students’ geometry success was evalu-
ated with the unit achievement test created. According to the results obtained, it was
concluded that the geometry course integrated with these strategies made a positive
contribution to the students’ geometric reasoning skills and course success. It was de-
termined that there was a significant difference between the students’ pre-Van Hiele
levels and post-Van Hiele levels. In addition, it was determined that there was a signif-
icant difference between the pre-test and post-test scores in the unit achievement test.
According to the findings obtained from the qualitative data of the research, it was
determined that the students had positive perceptions about the geometry course and

this strategy, and that they found the use of this strategy instructive and entertaining.



OZET

DOKUZUNCU SINIF OGRENCILERININ GEOMETRIK

MUHAKEMELERINI GELISTIRMEK ICIN TEKNOLOJI

DESTEKLI ADIM ADIM COZUMLEME STRATEJISININ
KULLANILMASI

Bu eylem aragtirmasinin amaci, teknoloji destekli uygulamalar ve adim adim
¢oziimleme stratejisiyle biitlinlegtirilmis geometri dersi oncesi ve sonrasi 6grencilerin
geometrik akil yurtitme becerilerini, geometrik ispat hakkindaki diigiincelerini ve ge-
ometrideki bagarilarini incelemek ve kargilagtirmaktir. Bu amaclar dogrultusunda, pis-
agor teoremi konusu ile ilgili ders plan1 ve materyalleri hazirlanmigtir. Aragtirmanin
orneklem grubunu, Istanbul ili Esenler ilgesinde bulunan bir devlet lisesinde ogrenim
goren 9. Siniftaki 34 6grenci olugturmaktadir. Ders plani uygulamasi 2 hafta siirmiistiir.
Gelistirilen materyallerin etkililigini arastirmak icin, ders oncesi ve sonras1 Van Hiele
testi ile ogrencilerin geometrik akil ytirtitme seviyeleri, ogrencilerin ders oncesinde,
sirasinda ve sonrasinda sorulan acik uglu sorulara verdikleri cevaplarla geometrik is-
patla ilgili algilar1 ve geometri tinitesinin uygulanmasina iligkin diigtinceleri, olugturulan
inite basar testi ile ise 6grencilerin geometri bagarilar1 degerlendirilmistir. Elde edilen
sonuclara gore bu stratejilerle biitiinlestirilmig geometri dersinin, 6grencilerin geometrik
akil ytliriitme becerilerine ve ders bagarilarina olumlu katki yaptigi sonucuna varilmigtir.
Ogrencilerin 6n Van hiele seviyeleri ile son Van hiele seviyeleri arasinda anlamli farklilik
oldugu belirlenmistir. Ayrica, linite bagar: testinde 6n test ve son test puanlari arasinda
anlaml farklhilik oldugu belirlenmistir. Aragtirmanin nitel verilerinden elde edilen bul-
gulara gore ise, ogrencilerin geometri dersi ve bu starateji ile ilgili olumlu diisiinceye
sahip olduklari, bu stratejinin kullanilmasini 6gretici ve eglenceli bulduklar1 tespit

edilmigtir.
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1. INTRODUCTION

Developing students’ ability to understand geometric proofs is a critical compo-
nent of a balanced mathematics education and can benefit students. Making sense
of proofs can help students develop their critical thinking skills and problem-solving
abilities by teaching them to analyze and reason about complex geometric situations.
By gaining a deeper understanding of proofs, students can build a strong foundation
in mathematical reasoning, assisting them in their various academic and professional
ventures. By reflecting on the concepts on which the proofs are based, students can see
the inner logic and structure of geometric relationships and gain a better understand-
ing of related mathematical principles. Skillfully constructing geometric proofs can
benefit students’ academic and professional lives. According to Mansi (2003), numer-
ous advantages of geometric proof in mathematics teaching have been demonstrated.
Students benefit from geometric proof because it teaches them to build logical argu-
ments and support their findings with established axioms and theorems. Due to the
fact that students must evaluate and use their knowledge to resolve issues and support

hypotheses, this encourages a better comprehension of mathematical ideas.

The ability to prove and understand proof is vital in fields such as science, en-
gineering, and mathematics. As a mathematics teacher, I witnessed that the students
at the school where I work had difficulties in subjects involving high-level mathemat-
ical reasoning, especially in geometry. I clearly experienced that students need to be
stronger in terms of course success. I understood that they were having difficulty ap-
plying some basic algorithms because they could not answer the questions I asked in
class and made mistakes. The topics I wanted to teach took longer than usual because
I had to constantly remind them of their prior knowledge. For example, when they
encountered a radical or exponential expression in problem solving, students did not
know what to do. Therefore, while the problem-solving lesson needed to be understood,
the lesson suddenly turned into a lesson on radical numbers. My first goal was to teach

students geometric proof. However, when the geometry topic was brought up, or they



saw a shaped question, some students stated that this topic was difficult due to their

prejudices, while others stated that it was difficult because they could not do it.

To give an example, especially from the problem topic, when they saw the circular
track shape in the speed problems, the students thought that this problem was difficult
and said that they could not do it without reading the question. I also observed various
difficulties in geometric proof. These difficulties include not being able to produce
examples that clearly illustrate a point, not understanding the importance of definitions
when writing proofs, difficulties with mathematical language and notation, and not
knowing where to begin when writing a proof. In addition, Cheng and Lin (2009),
noted that students needed help in constructing formal geometry proofs that were
valid or acceptable. When faced with a problem, students were content to simply state
memorized information and had difficulty putting events in a logical order. Despite
these shortcomings, I have seen people have a perspective that low-achieving students
will never understand anything, no matter what is done. Not caring about students
leads them to more failure. I developed a lesson plan to help them develop a skill,
keeping in mind that should not be given up on them, that every student is special,

and that everyone can learn something.

These experiences highlight the importance of integrating students’ prior knowl-
edge more effectively in lesson planning and teaching strategies and making them more
equipped to teach geometric proofs. Therefore, I decided to conduct this study with
the aim of investigating how to improve my students’ competencies related to proof in

order to help them develop their geometric reasoning skills.

As Wong et al. (2011), stated hard-to-learn skills are required to prove geometry
theorems. According to the authors, there are several challenges. According to the

authors, these challenges are as follows.

e Need to complete understanding of the problem and mathematical symbols.

e The tendency to produce proofs that rely solely on direct visual observations.



Lack of strategic knowledge in constructing proofs.

Need help comprehending complex geometry instruction.

Difficulty in grasping abstract concepts and their relationships to other geometric

objects.

Difficulty in applying geometric concepts to real-world problems.

Instead of dealing with abstract and complex representations, students can start
working with concrete, graphic representations. Healy and Hoyles (2000) also state that
the act of proving requires a variety of student abilities, each of which is by no means
simple, including detecting assumptions, isolating specified qualities and structures,
and arranging logical arguments. These difficulties may be made much more difficult by
the ambiguity of the word “proof” and the fact that, outside of mathematics, proof and
evidence can be used interchangeably. Proving mathematical expressions, formulas,
or theorems by giving reasons further simplifies the understanding of mathematical

concepts (Kaplan and Oztiirk, 2017).

In addition, the proof can advance people’s cognitive processes and improve their
mathematical reasoning and analytical thinking capacities (Kaplan and Oztiirk, 2017).
Kaplan and Oztiirk (2017) stated that rich thinking skills are required for the act of
proof, which is defined as not only saying a given example is true but also explaining
why it is true. This requires advanced cognitive abilities such as reasoning, deduction,

and a deep grasp and understanding of mathematical relationships.

Chang and Lin (2009) developed a strategy to improve students’ ability to un-
derstand geometric proofs. Cheng and Lin (2009) introduced the step-by-step unrolled
(SU) strategy, which is based on scaffolding. Scaffolding is used when a new skill or
concept is taken up for learners to master. In this case, the opening of each condition
in the proof awaits a scaffolding task for students to build on their prior knowledge
and understanding. This strategy breaks down complex proofs into smaller and more
manageable steps. Students can focus on each piece and gradually develop their over-

all understanding. In addition, Boero (1999) suggested that below-average students



could benefit from a more structured approach to proof construction, and this can be
achieved with the help of the SU strategy. By providing clear guidance and support
throughout the proof-building process, students can be better equipped to tackle com-
plex problems and develop mathematical reasoning skills. Using these concepts and
principles, educators can gain effective support from their lower-level goals in mas-
tering multi-step geometry proofs (Cheng and Lin, 2009). In addition, 1 knew that
technology has an important place in our lives today. I also believe that students
knowledge of technological tools can contribute to their learning process. For this rea-
son, [ combined technology with this strategy. In this study, a 9th-grade geometry unit
was implemented using the SU strategy supported with technology to teach geometric

proof.



2. REVIEW OF RELATED LITERATURE

2.1. Geometric Reasoning

According to Duval (1998), geometric reasoning is one of the three kinds of cogni-
tive processes involved in learning geometry, along with visualization and construction.
Geometric reasoning involves using mathematical language and logic to make deduc-
tions and prove theorems. It is a crucial component of proficiency in geometry, as it
allows learners to understand the relationships between geometric objects and apply

their knowledge to solve problems.

Geometric reasoning is a crucial component of proficiency in geometry. Van Hiele
levels are considered a framework used to assess geometric thinking skills. The model
was developed in the Netherlands in the late 1950s to characterize and forecast students’
geometric thinking. This model consists of five levels. Level 0 is visualization, level 1
is analysis, level 2 is informal deduction, level 3 is formal deduction, and level 4 is rigor
(Crowley, 1987). According to the Van Hiele model, students progress through the
levels in a hierarchical order, supported by appropriate instructional experiences. This
process begins with recognizing shapes as a whole (level 0), continues with exploring
the properties of shapes and informal reasoning about these shapes and their properties
(levels 1 and 2), and finally ends with a formal inferential and literal examination of
axiomatic geometry (levels 3 and 4) (Baffoe and Mereku, 2011). Van Hiele levels are
widely used in geometry teaching to assess students’ spatial skills and understanding
of geometry (Hock et al., 2015). These levels are considered an important criterion
for determining students’ ability to understand geometry topics and solve problems.
It is stated that students’ Van Hiele geometry levels are strongly related to geometry

success and participation rate in the online education process (Chen et al., 2019).

The Van Hiele Geometry Test is a valuable tool for assessing students’ geometric

reasoning levels. According to Senk et al. (2022), an evaluation instrument called



the Van Hiele Geometry Test was created to examine the descriptive and predictive
validity of the Van Hiele model of geometry education. Van Hiele Test is used in
research studies all over the world to determine the geometric thinking levels of students
and instructors from lower secondary grades through post secondary education. It has
been translated into more than a dozen languages. Although many studies have used it
with various demographics, it is used to evaluate secondary school students’ geometric

comprehension.

Geometrical reasoning, in Zhang’s view (2020), is essential to the teaching of
mathematics. Dynamic geometry software, for example, has been acknowledged as a
useful technology -enhanced tool for assisting students’ geometric thinking (Zhang,
2020). According to Zhang (2020), technology may be used to enhance students’
knowledge of geometric ideas through interactive activities and visual representations.
It has been discovered that using technology in the classroom can help students develop

their mental knowledge of geometry and improve their geometric reasoning.

According to Jayathirtha (2018), in studies on geometric reasoning, the van Hiele
model of geometric comprehension has been extensively employed (Jayathirtha, 2018).
According to this approach, there are five different degrees of geometric comprehension,
from visual perception through inductive reasoning (Jayathirtha, 2018). This approach
has been utilized by researchers to construct instructional techniques that support the
growth of deeper levels of geometric comprehension in children as well as to analyze

students’ capacities for reasoning (Jayathirtha, 2018).

In terms of curriculum design, an examination of the national geometry cur-
riculum’s planned structure showed that it needed to be rearranged for students to
gradually move from visual to deduction-based reasoning (Jayathirtha, 2018). The re-
sults also highlighted the significance of conceptual representations for helping students

learn relational geometry (Jayathirtha, 2018).



2.2. Geometric Proof

For a long time, scholars in cognitive science and mathematics education have
been interested in geometric proof. An early example of research in this field was
Harold Fawcett’s 1938 study on the nature of proof (Fawcett, 1938). Since then,
many academics have looked at the use of proof in mathematics instruction, especially
in teaching geometry. The knowledge and use of geometric proof by students have
garnered much attention. According to Herbst and Brach (2006), students frequently
believe that a single example or diagram is sufficient to prove a claim, according to

research on common misunderstandings regarding proofs.

The connection between geometric evidence and visual reasoning has also at-
tracted attention. Arcavi (2003) made the case that using visual representations can
help understand and build proofs. In contrast, Weber and Alcock (2004) claimed that

relying too much on visual reasoning might result in mistakes or insufficient reasons.

According to Kaplan and Oztiirk (2017), mathematical proof is an essential skill
that distinguishes mathematics from other sciences. Because in other branches of
science, the accuracy of data is obtained through observation, experiment, or sense,
while the accuracy of mathematical information is obtained through logical inferences
and proofs. In general, geometric proof research has increased our understanding of
how mathematicians think and how it is taught to students (Cheng and Lin, 2009). By
identifying common misconceptions and helpful teaching strategies, researchers have

contributed to improving mathematics instruction for students at all levels.

Healy and Hoyles (2000) defined geometric proof as the process of developing
a logical justification for a mathematical assertion, which is that students can grasp
the information they have learned in a logical framework instead of memorizing it. A
conclusion is reached by the use of axioms, definitions, and theorems that have already
been demonstrated. Because it enables mathematicians to establish the veracity of

mathematical claims with certainty, geometric proof is a crucial part of mathemati-



cal thinking and deductive reasoning. Building formal geometric proofs is a critical
component of mathematics education in many nations (Healy and Hoyles, 2000). Ac-
cording to Herbst (2006), geometric proof is different from proof in other mathematical

domains in that it often relies on visual representations, such as diagrams.

Cheng and Lin (2009) found that many junior high students need help creating
valid or acceptable formal geometry proofs. This emphasizes the requirement for effi-
cient learning techniques to improve students’ capacity to create multi-step geometry
proofs. The step-by-step unrolled technique created by Cheng and Lin (2009) is one
such approach. By breaking down significant issues into manageable parts and offering
thorough explanations for each step, this technique seeks to assist struggling students
in strengthening their proficiency in geometry proof. Numerous studies have proven

the efficacy of this tactic (Cheng and Lin, 2009; Cheng et al., 2011).

To sum up, geometric proof is a crucial idea in mathematics that enables mathe-
maticians to verify the veracity of mathematical claims firmly. However, many students
need help formulating legitimate or acceptable formal geometry proofs. The step-by-

step unrolled method is an effective learning technique to improve students’ aptitude

in this field.

2.3. Learning and Teaching Proof

A key idea in mathematics, proof has generated a lot of research and controversy
in mathematics education. Growing interest has been shown in recent years in both
how teachers may help students build and comprehend mathematical proofs as well
as how students themselves learn to do so (Hanna and De Villiers, 2018). The many
sorts of reasoning that go into creating and assessing mathematical proofs have been
the subject of significant investigation. For instance, Schoenfeld (1992) distinguished
between deductive reasoning (using logical rules to draw conclusions), heuristic rea-
soning (using problem-solving techniques to generate ideas), and persuasive reasoning

(using rhetorical techniques to persuade others) as the three types of reasoning that



are used in the proof. By examining various forms of proof-related reasoning, such as
visual reasoning (Arcavi, 2003) and analogical reasoning (Leron and Hazzan, 2006),

other scholars have built upon this paradigm.

Mathematical proof serves further goals in mathematics and mathematics educa-
tion in addition to these. The proof involves more than just verification; it also involves
articulating, justifying, and comprehending mathematical ideas (Ugurel, 2012). Proof
lays the groundwork for more mathematical thinking and discovery while also confirm-

ing the accuracy and validity of mathematical knowledge (Ugurel, 2012).

The importance of language and communication in proof has been the subject
of more research. For instance, Reid (2005) contends that for students to succeed at
proof, they must have both verbal and mathematical abilities. Language, they claim,
plays a significant role in the construction of mathematical arguments. Overall, the
literature on proof in mathematics education emphasizes the difficulty of this idea and
the difficulties that instructors and students have when using it. However, it also offers
insightful information about how teachers can aid this process and how students learn

about proof.

Mathematics education uses geometry and mathematical proof for a variety of
reasons. Geometry’s significance may have been overshadowed in recent years by the
rising emphasis on other subjects in mathematics education (Jablonski and Ludwig,
2023). However, according to Jablonski and Ludwig (2023), geometry continues to be

an essential part of research in mathematics education.

There are various important components that make up the definition of students’
ability to understand geometric proofs. Understanding the form and reasoning of
deductive arguments is the first need, as noted in the research by (Miyazaki et al.,
2016). For students to participate in the process of creating and evaluating geometric
proofs, they must have this knowledge. Additionally, the capacity to engage in rigorous

geometric deduction from intuitive conceptions to formal proofs, as highlighted by
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(Zhang and Wong, 2021), is a vital component of students’ skill in comprehending
geometric proofs. Furthermore, Dintarini’s (2022) study emphasizes the value of spatial
thinking in geometric problem-solving, which is directly related to the comprehension

of geometric arguments.

To sum up, the definition of students’ comprehension of geometric proofs includes
their ability to apply geometric and visuospatial thinking skills, build legitimate proofs,
engage in rigorous geometric deduction, understand the structure of deductive proofs,

and recognize the significance of proofs in mathematics.

The development of students’ geometrical practices and thought processes is one
goal of geometric proof (Jablonski, 2023). Understanding and using geometrical prin-
ciples and qualities includes geometric thinking (Altakhayneh, 2021). Students can
improve their grasp of geometric ideas and their capacity for mathematical reasoning
by participating in proof (Altakhayneh, 2021). In addition to assisting students in
comprehending and applying geometric theories, geometric proof also aids in problem-

solving (Altakhayneh, 2021).

Supporting argumentation and reasoning in geometry is another goal of geo-
metric proof (Jablonski, 2023). According to Cervantes-Barraza et al. (2020), proof
entails giving logical reasons for mathematical assertions and arguments. Students
build strong arguments and proofs in geometry class by using mathematical definitions
and properties (Cervantes-Barraza et al., 2020). Students improve their capacity to
reason mathematically and effectively convey their mathematical reasoning by engag-
ing in debate and proof (Cervantes-Barraza et al., 2020). Geometric evidence is also
essential for teacher preparation and advancement (Jablonski, 2023). To effectively
teach geometric ideas and proof to their students, teachers need to have a solid grasp
of geometry (Jablonski, 2023). The development of teachers’ knowledge and pedagog-
ical techniques for teaching geometry and proof is a common topic of coursework and

experiences in teacher education programs (Jablonski, 2023).
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Another area of study and application pertaining to geometric proof is the use
of digital technologies for teaching and learning geometry (Jablonski, 2023). Students’
involvement and comprehension of geometric ideas and evidence can be improved by
using digital tools, such as dynamic geometry software (Abdelfatah, 2011). These
resources provide students the chance to study and manipulate geometric objects, form

hypotheses, and create and verify geometric proofs (Abdelfatah, 2011).

Overall, geometric and mathematical proof has many uses in the teaching of
mathematics. They aid in the growth of students’ geometrical reasoning, thinking,
and argumentation abilities. Along with the use of digital tools for teaching and learn-
ing geometry, they also contribute to the professional development and education of
teachers. Additionally, proof serves more general purposes in mathematics and math-

ematics education, including idea clarification, justification, and understanding.

2.4. Difficulties in Learning Geometric Proof

According to Harel and Sowder (2007), students frequently view proof as a ritu-
alistic and authoritarian task where the main goal is to get the greatest scores possible.
Therefore, when pursuing mathematical validation, they frequently choose more formal
and algebraic arguments over their original choices. Furthermore, Harel and Sowder
(2007) observe that students typically need a deeper comprehension of the meaning and
purpose of evidence, believing that proofs just serve as a way to corroborate already

established truths.

Maarif et al. (2019) have done several studies on the difficulties students have
in understanding the notion of proof. These issues are caused by a number of things,
such as a lack of understanding of definitions, a poor understanding of the concepts
that need to be proved, problems building proofs, an inability to produce examples
that clearly illustrate a point, a failure to recognize the importance of definitions in
writing proofs, difficulties with mathematical language and notation, and not knowing

where to start when verifying a proof.
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Furthermore, Selden and Selden (2008) point out that a lot of students, even
those who are academically gifted, have trouble understanding the fundamentals of
evidence and creating even the most basic proofs. Selden and Selden (2008) propose
that some students may need help to discern between mathematical proof and empirical

reasoning. Thus, it is important to be aware of this distinction.

According to Harel and Sowder (2007), students face several challenges in their
understanding of mathematical proofs. First, a lot of students need help understand-
ing the function of counterexamples and frequently fail to appreciate that only one
counterexample is enough to refute a hypothesis. Even in courses where one would
anticipate a concentration on proof, these problems with proof understanding may be
made worse by a lack of opportunity to participate in activities relevant to proof (Harel

and Sowder, 2007).

According to Maarif et al. (2019), it can be inferred from the data analysis
and discussion that some of the challenges faced by mathematics teaching students in

developing the geometrical proof include:

e Difficulty in creating a diagrammatic sketch of a conjecture made entirely with
the proper geometrical notation.

e Difficulty in determining the cause-and-effect of geometrical difficulties when con-
ditional clauses were included in the proof.

e The inability to express a conjecture using axiomatic deduction, formulae, or
geometrical symbols.

e Lack of understanding and expertise with axiomatic systems and geometrical
knowledge.

e Difficulty selecting a manufactured hypothesis that is true.

e Struggled to begin writing proof when they encountered the issue of indirect proof
since the assumption of geometrical issues can only be verified by direct evidence.

e Challenging in formal proof writing.
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Selden and Selden (2008) underline that the challenges students encounter are
made worse by the lack of time spent teaching them how to build proofs. They also draw
attention to how some college students adopt unusual conceptions of evidence, turning
to imitation tactics rather than understanding the logical foundations of arguments. In
addition, students could have trouble deciphering the logical structure of statements,
particularly when it comes to understanding the order of quantifiers and figuring out

if a certain theorem is proved by an argument (Selden and Selden, 2008).

2.5. Technology - Enhanced Applications

In today’s educational landscape, the widespread use of technology among stu-
dents has opened up new avenues for enhancing learning experiences. The integration
of technology in geometry education has shown significant promise in improving stu-
dents’ understanding and engagement. Oliver (2010) stated that student inquiry is
a fundamental goal of contemporary science, and there are many Web 2.0 tools that
support this goal. “A number of Web 2.0 tools are available to assist students in de-
veloping conceptual understanding. Graphic organizers have been used in science for
decades both as a process to help learners develop their understanding and as an assess-
ment tool to help instructors identify student misconceptions.” (Oliver, 2010, p.1). Web
2.0 technologies are important in geometry education because they provide interactive
learning environments. Students can share, discuss, and gain a deeper understanding
of geometry content on online platforms and social media tools. In addition, these
technologies provide teachers with valuable tools to track student progress and adapt
teaching methods to individual needs. The interactive learning environments offered

by Web 2.0 enable students to learn geometry topics more effectively and enjoyable.

According to Oliver (2010), math teachers and students can represent mathemat-
ical concepts and solve problems thanks to Web 2.0 tools. “To assist with representing
mathematical concepts, Sketchcast is a Web-based tool that allows users to record a
virtual sketch with or without voice narration, then save or share their sketch with

others. This tool would allow a student or teacher to diagram a problem, much as they
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would on a chalkboard. Students could turn in their worked-out solutions to problems
for analysis by the instructor, who could diagnose misconceptions by reviewing the

step-by-step production of the student’s solution.” (Oliver, 2010, p.4)

In mathematics instruction, GeoGebra is a dynamic geometry program that is
often utilized (Dogan and Igel, 2011). Dogan and Igel (2011) assert that GeoGebra can
help students do better in geometry. After two weeks of instruction with and without
GeoGebra, they gave two groups of eighth-grade students a post-test as part of their
study. According to Dogan and Igel (2011), the usage of GeoGebra as dynamic mathe-
matics software is expanding globally. As a crucial component of learning geometry, it
offers visualization, estimation, conjecture, construction, discovery, proof, and more in
addition to dynamic geometry construction. An interactive geometry system is called
GeoGebra. With points, vectors, segments, lines, conic sections, and functions, you can
build things and then change them dynamically. An algebra window plus a graphics

window make up GeoGebra’s user interface.

Overall, it has been demonstrated that the usage of dynamic geometry software,
such as GeoGebra, is beneficial in the teaching of mathematics. It is crucial to remem-
ber that processing particular talents, emotional characteristics, psycho motor abilities,

and self-regulation requires extra consideration (MoNE, 2007).

Numerous studies have examined the use of GeoGebra in mathematics instruc-
tion and have shown that it is beneficial in enhancing students’ learning outcomes and
conceptual grasp of mathematics. Arbain and Shukor (2015) did research in Malaysia
to look at how well GeoGebra software affected the learning of mathematics among 62
students. The findings demonstrated that students’ attitudes regarding using GeoGe-
bra for learning were favorable, and they outperformed their peers in typical classroom

settings in terms of learning outcomes.

After examining 36 impact sizes from 29 main studies, Juandi et al. (2021)

discovered that, on average, students who were exposed to GeoGebra-based learning
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outperformed those in conventional schools. The use of GeoGebra software generally
had an effect size of 0.96, which is a considerable improvement in students’ math-
ematical skills. According to Jelatu et al. (2018), GeoGebra can balance students
with strong and low spatial abilities’ grasp of geometry ideas. When taught with Ge-
oGebra as opposed to conventional techniques, students with limited spatial ability
demonstrated higher understanding. According to Weinhandl et al. (2020), employ-
ing GeoGebra has a beneficial impact on students’” mathematical learning outcomes
and can boost participation and interaction among students in math classrooms. Stu-
dents who studied utilizing the GeoGebra-assisted problem-based learning technique
had superior problem-solving skills than those who studied with conventional learning,
according to experimental research by Septian et al.(2020). The study also revealed a
link between students’ views regarding using GeoGebra to learn and their development

of mathematical problem-solving skills.

Septian and Monariska (2021) investigated how GeoGebra-based game teaching
may increase students’” mathematical comprehension of a system of linear equations.
The findings indicated that GeoGebra-based gaming teaching improved students’ math-
ematics reasoning abilities more effectively than traditional instruction. Putra et al.
(2021) investigated how potential primary teachers used GeoGebra to create 3-D forms.
Incorporating GeoGebra into primary beginning teacher training was seen well by
prospective teachers, who also felt that it helped them comprehend the concepts of

volume and surface area.

These studies collectively offer compelling evidence that GeoGebra software may
enhance students’ learning outcomes, conceptual comprehension, problem-solving skills,
and learning attitudes when used in mathematics instruction. GeoGebra is a useful
tool for increasing mathematics education because of its attributes, including its mix
of geometry, algebra, and calculus, dynamic visualization capabilities, and interactive

learning experiences.
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2.6. Enhancing Student Learning in Geometry

There are several methods and tactics that may be used to improve students’
grasp of geometry. The use of dynamic geometry software (DGS) such as GeoGebra
in mathematics classes is one of the effective tools that has been found to improve
mathematical ability (Chan and Leung, 2014). According to Chan and Leung’s (2014)
study, using DGS in elementary school had a larger impact on students’ knowledge
of geometry. This is in line with the Van Hiele paradigm, which contends that chil-
dren should concentrate on achieving the first two stages of geometric comprehension

throughout elementary school (Chan and Leung, 2014).

A contextual teaching and learning technique called REACT (Relating, Experi-
encing, Applying, Cooperating, and Transferring) was created by CORD (The Center
for Occupational Research and Development) in the United States (Crawford, 2001).
These strategies emphasize contextualized teaching and learning, which is a cornerstone
of constructivism. The finest teachers employ REACT, and it is backed by studies on
how individuals learn most effectively (Crawford, 2001). The GeoGebra-assisted RE-
ACT technique is another method that has been shown to improve students’ knowledge
of geometry. Jelatu et al.’s (2018) study looked into how this tactic affected Grade 8
students’ comprehension of geometry subjects. According to the findings, as com-
pared to traditional teaching strategies, the GeoGebra-assisted REACT technique led
to greater accomplishment in learning geometry topics. Using technology, like GeoGe-

bra, in geometry lessons might help students comprehend concepts more conceptually.

The use of ethnomathematics methodologies can improve students’ comprehen-
sion of geometry in addition to technology-based teaching methods. However, due to
a lack of education and experience, teachers may find it challenging to include eth-
nomathematics in geometry lessons (Sunzuma and Maharaj, 2019). Sunzuma and
Maharaj (2019) stated that stress the significance of instructors receiving training in
the integration of ethnomathematics to enable its successful use in geometry education.

For instructors to successfully integrate cultural contexts into geometry education, they
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must possess the knowledge and abilities to integrate ethnomathematics methodologies

(Sunzuma and Maharaj, 2019).

It has also been demonstrated that practical exercises help students become more
adept at solving geometrical puzzles. Functional near-infrared spectroscopy (fNIRS)
was utilized in a study by Shi et al. (2023) to look at the brain activity patterns of mid-
dle school children during practical geometry instruction. The findings demonstrated
that practical application facilitated the growth of more intricate understandings and
enhanced geometric problem-solving (Shi et al., 2023). This shows that giving students
practical learning opportunities might improve their spatial thinking and geometry

problem-solving abilities.

Additionally, meta cognitive techniques can significantly help students’ compre-
hension of geometry. In a research published in 2021, Pasandaran et al. investigated
students’ comprehension of geometry concepts and suggested effective learning tech-
niques for problem-solving. The results showed how crucial it is to provide educa-
tional opportunities that emphasize conceptual understanding over procedural knowl-
edge (Pasandaran et al., 2021). Teachers may aid students in comprehending geometry
ideas by relating prior knowledge to new information and employing a variety of rep-
resentations, examples, and manipulations (Pasandaran et al., 2021). In conclusion,
several methods may be used to improve students’ knowledge of geometry, including
the use of dynamic geometry software, the integration of ethnomathematics, practical
experiences, and meta cognitive tactics. These methods provide students the chance
to participate actively in the learning process, link ideas, and get a better compre-
hension of geometry. Teachers may support students’ mental grasp of geometry and

mathematical achievement by including these tactics in their geometry lessons.
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3. SIGNIFICANCE OF THE STUDY

Solving geometric proofs skillfully can provide practical benefits to students in
their academic and professional lives. Making and understanding proofs is vital in
fields such as science, engineering, and mathematics. Improving students’ ability to
understand geometric proofs is a critical component of a balanced mathematics educa-
tion and can provide many benefits to students. My aim as a teacher was to investigate
how I could increase my students’ geometric reasoning skills and success by overcoming

their prejudices against geometry.

Wong, Yin, Yang, and Cheng (2011) noted that proving geometry theorems re-
quires complex skills. Students can start with concrete, graphical representations in-
stead of struggling with abstract and complex representations. Healy and Hoyles (2000)

also noted that proving requires various student abilities.

I thought that this research would achieve its purpose and increase my students’
interest and success in class. Also, when I talked to other teachers in the location of
my school, I saw that they had similar problems in their classes. For this reason, I
think it will be a guide for teachers in similar situations. In addition, proving geometric
expressions, formulas, or theorems by stating the reason makes it easier to understand
the concepts. In addition, proof will contribute positively to the mental development of
people and will improve their mathematical reasoning and analytical thinking capacities
(Kaplan and Oztiirk, 2017). In addition, while teaching this proof, I applied the step-
by-step strategy of Cheng and Lin (2009) with technology. This strategy is important
because students who cannot answer questions that require two-step solutions or use
only one theorem to support their answers are below average. Their ability to prove
geometry is limited to the first level of proof only (Cheng and Lin, 2009). In other
words, below-average students are students who cannot complete a task that requires

several steps (Cheng and Lin, 2009)
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This study combines the SU strategy with technology -enhanced teaching and
creates an effective teaching method suitable for the age requirements. I have witnessed
that teachers generally prefer the presentation method due to the intensive nature of
the MoNE curriculum and that they give importance to memorization rather than the
logic and meaning of the concepts. With this research, both teachers will save time,
and students will be able to give importance to the concept content they need rather

than memorize it.
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4. STATEMENT OF THE PROBLEM

The purpose of this study is to investigate and compare the students’ Van Hiele
geometric reasoning level, their achievement in geometry, and their perceptions about
geometric proof before and after the geometry lessons integrated with technology-

enhanced applications and step-by-step unrolled strategy.

4.1. Variables

The variables of the study are students Van Hiele’s geometric reasoning level,
students’ perceptions about geometric proof and students’ achievement in geometry.

The descriptions and operational definitions of the variables are stated below.

According to Duval (1998), geometric reasoning is one of the three kinds of cogni-
tive processes involved in learning geometry, along with visualization and construction.
Geometric reasoning involves the process of utilizing visual representation, construc-
tion, and reasoning processes to interpret and manipulate geometric objects and state-
ments (Pittalis & Christou, 2010). A student’s Van Hiele geometric reasoning level was
determined according to the levels created by obtaining the results of the Van Hiele

Test.

The operational definition of student perception in educational research encom-
passes a wide range of factors that influence students’ attitudes, behaviors, and aca-
demic outcomes. Studies have examined various dimensions of student perception, in-
cluding teacher closeness, peer engagement, motivation, critical thinking engagement,
and classroom culture (Jung, 2006). These perceptions are of vital importance because
they affect students’ interactions in the learning environment and their overall learning
experience (Sawada et al., 2002). A student’s perceptions about geometric proof in
the course were determined by the reflection questions asked of the students before,

during, and after the course.
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Academic success is the measure of the knowledge and skills a student acquires
during the education process. This success is evaluated by the student’s performance
in classes, exam results, project work, and overall progress in their education life.
According to Giofre et al. (2013), it is crucial to consider both the academic perfor-
mance and the cognitive processes that underpin geometry-related learning to define
students’ geometric achievement. Knowledge of students’ success in geometry requires
a knowledge of the cognitive processes that underlie geometry-related scholastic ac-
complishment, including the impact of working memory and intelligence in children
(Giofre et al., 2014). A student’s geometry achievement is determined according to the

score obtained from the Unit Achievement Test prepared by the researcher.

4.2. Research Questions

According to Sagor (2010), research questions are generally examined in three
dimensions in action research. The first is the action dimension, that is, it emphasizes
the action and implementation that is the focus of the research. What the researcher
plans to do and what kind of action researcher will take is addressed in this dimension.
The second is the change dimension, that is, it examines the change targeted by the
research and how this change will be measured. The changes that occur in the process
of reaching the success goals targeted by the researcher are evaluated in this dimension.
The third is the relationship dimension, that is, it examines the relationship between the
researcher’s actions and the changes that occur. Which actions lead to which changes
and how this relationship can be understood are addressed in this dimension. These
three dimensions ensure that the research questions are addressed comprehensively
and guide the researcher in both creating the action plan and evaluating the results

obtained.

The first of the following research questions examines the action dimension, the
questions from the second to the fifth question examine the change dimension, and the

sixth question examines the relationship dimension.



(i)

(i)

(iii)

(vi)
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What are the specific features of the geometry unit plan developed to support
students with low academic achievement?

What are students’ Van Hiele geometric reasoning levels before and after the
implementation of the geometry unit based on the technology-enhanced step-by-
step unrolled strategy?

What are the students’ perceptions related to geometric proof before and after
the implementation of the geometry unit based on the technology-enhanced step-
by-step unrolled strategy?

What are the students’ reflections on the geometry unit based on the technology-
enhanced step-by-step unrolled strategy during the implementation of the unit?
Is there a statistically significant difference between the geometry achievements of
the students before and after the geometry unit based on the technology-enhanced
step-by-step unrolled strategy?

What is the relationship between students’ engagement with technology-enhanced

step-by-step unrolled strategy and their improvement in geometric reasoning

skills?
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5. METHODOLOGY

This chapter provides detailed information about the methodology. It contains
the research design, participants, settings, procedure, instruments, data collection, and

data analysis in this context.

5.1. Research Design

Kurt Lewin introduced action research methods in 1946 as a social psychology
research tool. Action research is the process by which practitioners examine their own

work to address their own practical issues (Corey, 1953).

The research fits the reasons given in the definition. I used the action research
method because I am doing this research on the difficulties experienced by my students
at the school where I work, and I conducted this research with my students. Action
research provides teacher researchers with a method of producing solutions to the prob-
lems they encounter in the teaching-learning environment (Gay et al., 2009). Action
research is a strategy that seeks to find realistic solutions to challenges and problems.

It is similar to applied research. Action research is basically learning by doing.

According to Metteta (2001), step one of action research is to define a question
or problem. In 2022, I was appointed to a public school by the Ministry of National
Education and started working. I took applied courses during my university education.
At the same time, I completed my internship training at two different private schools.
The school where I started working was different from these schools. The difficulties
I encountered were that the economic conditions of the students and the school were

average and below.

I clearly experienced that students needed to be stronger in terms of course

success. | understood that they had difficulty in performing some basic algorithms,
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as they could not answer the questions I asked during the lesson and from the mistakes
they made. The topics I wanted to teach took longer than usual because I always had
to remind them of their prior knowledge. For example, when a radical or exponential
expression came up in the Problem topic, the children did not know what to do. For
this reason, while the problem topic needed to be understood, the lesson suddenly

turned into a lesson on radical numbers.

My first aim was to teach geometric proof to students. When the subject of
geometry was brought up or when they saw a shaped question, some said it was difficult
because of prejudice, and some said it was difficult because they could not do it. I can
give an example from the subject of problems. When they saw the shape in a circular
track question in speed problems, they said it was difficult, and they could not do
it without reading the question. Besides, I observed some difficulties in geometric
proof. Some of these challenges are the inability to produce examples that clearly
demonstrate a point, failure to understand the importance of definitions in writing
proofs, difficulties with mathematical language and notation, and not knowing where
to start when writing a proof. Additionally, Cheng and Lin (2009) stated that students

need help creating valid or acceptable formal geometry proofs.

In addition, in case of a problem, students only expressed the information they
memorized and could not put the events in a logical order. For example, I asked two
different types of questions. The first one was given a triangle, and all the information
was given on it; the other question consisted of verbal expressions, and they had to
draw the shape themselves. I observed that they had more difficulty with the second
question. At the same time, students stated that they could not visualize the question.
When I asked how they found the answers and the reason why they did these operations,
they could not explain the reason. They replied that it should be like that. I realized
that the main reason for this might be that students cannot establish cause-effect
relationships. According to Maarif et al. (2019), it is difficult for students to determine

the cause-and-effect conditional clauses included in the proof.
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Since the purpose of action research is to inform decision-making, the question or
problem should look at something under teacher control, such as instructional strate-
gies, student assignments, and classroom activities (Metteta, 2001). My goal was to

find out how to solve the problem I described above.

According to Metteta (2001), the second step of action research is to review the
literature. This review helped me find a new method. Because of the large number
of topics in the curriculum, I could not see any change in the averages of the students
in the courses I taught with the direct instruction method in the first semester. This
situation led me to try new methods. Cheng and Lin (2009) emphasize the need for
effective learning techniques to develop students’ capacity to create multi-step geometry
proofs, as students need assistance. This method is the step-by-step technique created
by Cheng and Lin (2009). By breaking down important topics into manageable parts
and providing comprehensive explanations for each step, this technique aims to help
struggling students strengthen their proficiency in geometry proofs. Numerous studies

have proven the effectiveness of this tactic (Cheng and Lin, 2009; Cheng et al., 2011).

The students’ achievement levels were low, and for this reason, I observed that
their perspectives on mathematics and geometry were not positive and that they had
prejudices. I observed that trying to learn by rote and direct teaching prevented them
from learning. They could not explain the operations performed, what the operations
meant, or why they did this. In order to solve these problems, I decided to conduct
this study to investigate how students’ ability to understand geometric proofs, their
success in geometry, and their perceptions about geometric proofs can improve if they

learn the course in a way other than direct teaching.

According to Metteta (2001), step three of action research is planning a research
strategy. In addition, according to Kyré (2004), action research is a methodical pro-
cedure that involves problem-solving and investigation through a cycle of planning,
doing, observing, and reflecting. It is a transformational strategy that seeks to raise

educational achievements while also enhancing living quality (Schoen and Nolen, 2004).
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According to Schoen and Nolen (2004), action research is defined by its dedication to
critical thought, inquiry, and the active engagement of practitioners. Individuals are
empowered to make adjustments and improve results through this collaborative and

participatory method (Coker, 2020).

According to Kyrd (2004), action research starts when an issue or a need for
improvement is identified. The planning step comes next, where researchers create
an action plan to deal with the discovered issue. After research, I found the step-by-
step unrolled technique that was created by Cheng and Lin (2009). I learned that
this technique strengthened students’ proficiency in geometry proof by breaking down
important topics into manageable parts and providing comprehensive explanations for
each step, and I began to integrate this technique into my lesson plan. At the same
time, knowing that the use of technology -enhanced applications in education has a
positive effect on students’ success, as stated in the literature, I developed lesson plans
using technology -enhanced applications with the SU strategy. This lesson plan is
provided in Appendix C.

Kyro (2004) assumed that the intended interventions or adjustments are put into
practice during the action phase. According to Moch et al. (2016), data is gathered
in this phase using a variety of techniques, including surveys, interviews, observations,
and document analysis. I implemented the lesson plans I prepared for this stage, and
I planned lessons according to this plan for two weeks. Before the lessons, the Van
Hiele test was applied to the students to measure their geometry reasoning levels.
In addition, reflection questions (Appendix A) were asked to learn their perceptions
about geometry proofs. While the course process was continuing, data was collected
with reflection questions. At the end of the lessons, the same tests applied before the
study were repeated as a post-test, and a Unit Achievement Test was performed. At
the same time, students’ exam scores were also considered. In order to understand the
efficacy of the lessons, the data obtained during the observation phase were analyzed

and interpreted (Kyrd, 2004).
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Finally, the reflection phase entails critically evaluating the findings and the re-
search process’s experiences (Schoen and Nolen, 2004). This stage enables researchers
to assess their findings, pinpoint their key takeaways, and change their plans for further
steps (Kyrd, 2004). According to Gebhard (2005), the opportunity to pose and address
difficulties in practice, the development of reflective abilities, and the formation of a
forum for debating teaching concerns and beliefs are all advantages of action research.
Zhang et al. (2014) stated that, as stakeholders are involved in the research process
and the design of interventions, it also enables a direct connection between research
and organizational results. Action research does, however, have several drawbacks, in-
cluding a limited emphasis on issues and a linear procedure that could not adequately

reflect the complexity of real-world circumstances (Gebhard, 2005).

5.2. Participants and the Settings

This study was conducted in a state high school in Istanbul. The high school is
not a high school that accepts students by central exam. For this reason, the success of
the students in the high school entrance exam is low. The majority of the students come
from low or middle-socioeconomic-status groups. I have been working as a mathematics
teacher in this high school for two years. The age range of the students is between
14 and 16, 2 participants are 13 years old, and 1 participant is 17 years old. Since
the school is a girls’ Anatolian Imam Hatip high school, all the students are girls. The
grade level of the students is 9th grade. The class size is 34. The reason for the different
age ranges of the students is that there are students who are late to school or fail the
grade. I conducted the research in the school where I work and in the classes where I
teach. Since the students who participated in the research were under the age of 18,
a consent form was prepared, and consent was obtained from their parents. Since the
school is affiliated with the Ministry of National Education, permission was obtained
from the ministry for the research to be conducted in the school. In addition, ethics
committee approval was received from Bogazi¢i University Science and Engineering
Human Research Board with the application number 2023/15. These permissions are

provided in Appendix G and Appendix H, respectively.
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At the beginning of the lesson, the purpose of the study was clearly explained
to the students. It was stated that the procedures that students who did not want to
participate would not be used as data within the scope of the research. Students were
informed that no sanctions would be applied if they did not allow their data to be
used for the research. It was explained that participation in the study was completely
voluntary and that they would not receive any financial income or a grade. The research
data and the names of the volunteers participating in the study are kept in a locked
cabinet. Codes were assigned to the students in the research, and expressions such as
student one were used. There is a security guard and camera system in the building

where the data is kept. Only the researcher can access these files.

5.3. Procedure

The geometry unit is included in the curriculum and the curriculum of the Min-
istry of Education on triangles. The unit lasted for two weeks. Before the study,
students were given the Van Hiele test to measure their geometry reasoning level and
reflection questions to learn their perceptions about geometry proofs (Appendix A).
During the instruction of the unit, reflection questions were asked to the students in
order to get feedback about lessons. In addition, a Unit Achievement Test was applied.
At the end of the lessons, the same tests given before the study were repeated as the

post-test.

This lesson plan is based on a technology-integrated and step-by-step unrolled
teaching strategy to develop the thinking of students with below-average achievement
in geometric proof, increase their geometric reasoning levels, and increase their suc-
cess. The plan includes teaching objectives, learning materials, teaching methods, and
assessment tools. The process of creating the lesson plan is explained in Table 5.1

below.



Table 5.1. Lesson plan implementation process.

Date Process Technological Tools

02.05.2023 Van Hiele Pre-Test
05.05.2023 | Unit Achievement Pre-Test

Video
17.05.2023 Worksheet 1

Menti

Geogebra Proof

17.05.2023 Worksheet 2

Desmos
24.05.2023 Worksheet 3 Desmos
24.05.2023 Worksheet 4 Desmos
26.05.2023 Worksheet 5 Geogebra Pythagorean Inequality
26.05.2023 Worksheet 6 Desmos
30.05.2023 Worksheet 7 Desmos
02.06.2023 | Unit Achievement Post-Test
07.06.2023 Van Hiele Post Test

Table 5.2. Technological application links.

Technological Tool Link
Menti https://www.menti.com
Geogebra )
https://www.geogebra.org/m/bgndedjt
Proof
Geogebra
Pythagoras https://www.geogebra.org/m /sxbrktn6
inequality
https://teacher.desmos.com /activitybuilder/
Desmos
custom /646e22183598fd219bd46eal ?lang=tr
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The need to prepare a lesson plan arose from the problems I mentioned earlier.

My search for solutions to the problems in my own classroom led me to this action
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research. This study was carried out in the second semester of the academic year. For
this reason, I had the opportunity to observe my students a lot in the first semester.
My students and I had six hours of lessons per week. Although it was the course they
took with the most hours, they frequently stated that the course they had the most
difficulty with and were afraid of was mathematics. I clearly saw from the exam results
and the semester average that my students were having difficulty, and their success was
low. Then, I set goals for my students in the first stage of the lesson plan. The students
started to say that they definitely did not understand and would not be able to succeed
before moving on to the geometry section. The subject of triangles in the 9th grade
is a very important subject for the high school curriculum because when I examined
the curriculum and according to my experiences in the previous year, the subject of
triangles constantly came up in new subjects in the later grades. For example, in the
10th grade, on quadrilaterals, or in the 11th grade, on trigonometry, I had to constantly
return to topics such as the Pythagorean and Euclid theorems because students were
lacking in previous topics. I discovered here that students’ memorization of formulas
did not stay in their minds for a long time. Because they both forgot the formulas they

memorized and did not know how and where to use which formula.

Based on these experiences, I set new goals for my students. In the first step,
the general and specific goals of the course were determined. These goals were cre-
ated to improve the students’ geometric reasoning levels, to ensure that they think
positively about geometric proofs, and to increase their success. Later, the Van Hiele
and Achievement tests were applied as pre-tests to measure the students’ geometric
reasoning levels and their existing knowledge about the topics. I started to prepare a
lesson plan in line with these results. The content of the lesson plan was structured
to cover the Pythagorean theorem on triangles, and the mathematical big idea of the
lesson plan is “Corresponding sides of similar triangles prove the Pythagorean The-
orem is true for all right triangles. Use the structure of a set of equations from the
Pythagorean Theorem and the structure of a set of right triangles to make matches

between the equations and the right triangles.”
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Seven worksheets were prepared, each covering a specific topic and including step-
by-step explanations. These working papers are included in Appendix E. It was planned
to make the lessons more effective and attractive by using Geogebra, video and online
resources. With these, students’ active participation in the lessons was encouraged.
In addition, this lesson plan was transferred to the Desmos application to increase

interactivity with technology. This application is compatible with the worksheets.

First, worksheet 1 was prepared. I started the lesson by first learning how they
felt. For this, I used a start screen on Desmos. In order to both entertain and motivate
the students, a video containing a joke about the Pythagorean theorem and to ensure
that it would be memorable was shown. Then, I asked them what came to their minds
when they heard the Pythagorean theorem. To see the general perceptions of this
question, students answer the question by logging into the Menti application with the
help of their phones. This application creates a word chart on the smart board, and the
more words are written, the bigger they get. The purpose of this question was to see
how much the students knew about this theorem, which was mentioned a little in the
8th grade. According to the feedback I received from the students, I saw that they had

forgotten the Pythagorean theorem or only remembered some memorized information.

In the second question, I explained a problem situation to the students. Again, I
made the question interesting for them by using the names of their teachers at school.
I aimed to find the sides of the triangle by asking the students what was needed to find
the area of the triangle. Then, I told them to complete the problem by paying attention
to the areas and sides. With this worksheet, the students learned the basic part of the
Pythagorean theorem, which is the sum of the squares of the perpendicular sides equals
the square of the hypotenuse. However, since I did not want them to memorize this,
I prepared the second worksheet, which included proof of the Pythagorean theorem.
In this part, I asked the students how to make a proof, and then I gave them some
directions so that they could make a proof in accordance with the SU Strategy I used.
The students used a certain measurement while making the proof. I created a GeoGebra

link so they could see that this proof is valid for all measurements. Here, they changed
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the measurements and generalized the proof.

The third and fourth worksheets were prepared by me to have students find
situations where the hypotenuse is an integer. Again, here, with the SU strategy, I asked
them questions that could both provide clues and make them think and find the answer.
In addition, in the fourth worksheet, they discovered that the hypotenuse length of
a right triangle with an integer length is an integer multiple of a similar triangle,
and they experienced it through Geogebra. In the fifth worksheet, they discovered
the Pythagorean inequality theorem by changing the angles of the triangles in the
application I prepared in Geogebra. Again, I helped the students with the questions
I asked. Then, in the sixth worksheet, I aimed to practice and reinforce what they
learned. In the last worksheet, I gave them the opportunity to apply the SU strategy
on their own. At the end of the term, I used a fun exit card to learn about their

feelings.

Various assessment tools have been developed to measure student progress and
course impact. The Van Hiele test, reflection questions and achievement test admin-
istered before the lesson were repeated. Additionally, reflection questions were asked

during the two-week training period.

The validity of the lesson plan was ensured by clearly and explicitly determin-
ing the objectives and preparing the content and materials in accordance with these
objectives. In addition, valid teaching strategies and methods in the literature were
taken into consideration while creating the lesson plan. The academic and pedagogical
accuracy of the plan was confirmed by consulting the opinions of a doctoral student, an

assistant professor, and three other mathematics teachers in my school who are experts

in this field.

The reliability of the lesson plan was ensured by the consistency and repeatabil-
ity of the assessment tools used. Although I had to change some sections when the

lesson plan was used for the second time, it can be adjusted according to the student’s



33

prior knowledge and achievement levels since it is a flexible plan. Pre-tests and post-
tests, as well as regular observations, were designed to measure students’ performance
objectively and consistently. In addition, detailed guidelines were provided on how
teachers should implement the lesson plan so that different teachers could reach the

same results.

All of these processes ensure that the lesson plan is both valid and reliable. In this
way, it is aimed to develop the perceptions of students with below-average achievement
on geometric proof, to increase their geometric reasoning levels and to increase their

success.

5.4. Instruments

5.4.1. Van Hiele Test

According to Senk et al. (2022), The van Hiele Geometry Test (VHGT) was
developed by researchers working on the Cognitive Development and Achievement
in Secondary School Geometry (CDASSG) project, directed by Usiskin, in the early
1980s. The test is based on the van Hiele model of geometric thinking, which proposes
that individuals progress through five levels of geometric understanding: visualization,
analysis, abstraction, deduction, and rigor. The test measures a student’s level of
geometric thinking by asking multiple-choice questions that require them to identify
and apply geometric concepts at different levels of understanding. It consists of a 25-
item multiple-choice exam with five items designed to measure reasoning at each of the
five van Hiele levels in ascending order. Questions 1 to 5 testing Level 1, questions 6 to
10 testing Level 2, questions 11 to 15 testing Level 3, questions 16 to 20 testing Level
4, and questions 21 to 25 testing Level 5.

The validity and reliability of the Van Hiele Geometry Test have been studied ex-
tensively. According to Senk et al. (2022), several studies have examined the reliability

of the Van Hiele Geometry Test (VHGT). For instance, the findings of Senk’s (1989)
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study linking Van Hiele levels to proof-writing proficiency demonstrate the predictive
validity of the VHGT. In a study of Czech secondary students, Haviger and Vojkvkova
(2015) examined the validity and reliability of the first 20 items on the VHGT test.

The study’s findings imply that these items have high levels of reliability and validity.

Duatepe (2000) translated the Van Hiele geometric thinking levels test created
by Usiskin (1982) into Turkish and conducted validity and reliability evaluations. Ac-
cording to the levels, the translated test’s validity and reliability coefficients came out
to be .82, .51, .70, .72, and .59, respectively. Additionally, the results revealed that the
test used in the thesis’s Cronbach Alpha reliability coefficient was .44 according to the
levels. Permission was obtained from Professor Asuman Duatepe Paksu and Professor
Zalman Usiskin to use the test. Permissions are included in Appendix F. In addition,
the Cronbach Alpha reliability coefficient used in this research was found to be .387
in the pre-test and .495 in the post-test, according to the levels.. Pearson correlation

value was .69 in the pre-test and .65 in the post-test.

5.4.2. Reflection Questions

The aim of the study was also to investigate the participants’ perceptions about
the concept of geometric proof and the applied method in the geometry course inte-
grated with technology -enhanced applications. In order to evaluate their perceptions,
the written responses of the students to the reflection questions were collected before,
during and after the application. These questions are given in Appendix A. Among
these questions, there are questions that question the students’ experiences. Before
coding, the names of the students were hidden and numbers were given instead of their
names. The students’ answers were itemized under the relevant questions. Accord-
ingly, I collected the students’ answers under certain codes. Later, I asked a geography
teacher who I worked with at the school and who also worked on coding while doing
her master’s degree to code. As a result, we reached a consensus on which categories
the answers would be placed in as a result of the discussions we held together. We first

determined a category for each question, then divided the categories into codes. I did
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this to increase reliability because, according to Galura et al. (2022), it is important for
more than one researcher to independently code the data and then evaluate the coding
compatibility in order to increase the reliability of the coding process. Additionally,
the coding framework and categories may need to be determined in advance to increase

the validity of the coding process (Galura et al., 2022).

5.4.3. Unit Achievement Test

A Unit Achievement Test was created to collect data on the geometry achievement
of ninth-grade students on the subject of triangles. For content validity, questions were
prepared to cover the relevant objectives on the subject of triangles determined by
the Ministry of National Education (MoNE) for the ninth-grade curriculum of the
2022-2023 academic year. Unit Achievement Test was prepared by the researcher by
examining the questions prepared by the Ministry of National Education, General

Directorate of Secondary Education. This test is given in Appendix B.

As the mathematics department at my school, one of the issues we pay the most
attention to is that students in different classes or in the same class do not receive
significantly different grades despite giving the same answers. To prevent this, we pre-
pare a detailed answer sheet. The exam is graded out of 100 points and the answer key
includes step-by-step scoring for each operation. In addition, when there are different
answers, we discuss how many points we will give and reach a common decision. In
order to be able to evaluate what each student does in the same way, I prefer to read
the exams question by question without looking at the names. The achievement test
used in this research was also scored in the same way. In order to ensure the reliability
of the results, I asked my teacher friend at school to read the same exams. Since we
were used to the exams we did at school, we generally gave the student the same score,
even though there were very slight differences in some results. We discussed why the

scores were different and took the average of the given scores.
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5.5. Data Collection

Four data sources were used to answer the research questions: (i) Van Hiele
Geometry Test, (ii) Reflection questionnaires about participants’ perceptions, (iii)Unit
Achievement Test, (iv) teacher researcher’s field notes . Van Hiele Geometry Test,
Achievement test, and reflection questionnaire were administered before starting the
instruction and after completing the instruction. The lessons lasted for two weeks.
Participants’ written works during instruction were collected. The following Table 5.3

shows the process of data collection.

Table 5.3. Process of data collection.

Before Instruction Instruction Period | After Instruction

Van Hiele Geometry Test Van Hiele Geometry Test
Lesson-related

feedback questions

Reflection questions about Reflection questions about
proof proof

Teacher researcher’s

field notes
Unit Achievement Test Unit Achievement Test

5.6. Data Analysis

Van Hiele and Unit Achievement Test results were measured quantitatively. Ninth-
grade participants took the Van Hiele test to determine their level of geometry reasoning

before and after attending classes based on the Step-By-Step Unrolled strategy.

Depending on the normality test results, non-parametric Wilcoxon signed-rank
test was used to compare the pre-test and post-test scores of geometry achievement
and Van Hiele test results of the participants. For small sample sizes, according to
Privitera (2017), the normality assumption is most crucial. Since the standard error
decreases with bigger samples (n >30), this assumption is less critical as a result.

(Privitera, 2017). The maximum number of students is 34. The number of students
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participating in the achievement test is 28. In addition, when the distribution of the
results was examined in SPSS, it was seen that it was not normal. The distribution
of the population’s data does not have to be normal for non-parametric tests to work

(Privitera, 2017).

Since the data do not meet parametric assumptions, which is normality, a non-
parametric test was required. As a non-parametric substitute for the repeated measures
t-test, the Wilcoxon signed-ranks test compares results at times 1 and 2 by converting
them to ranks rather than averages (Pallant, 2010). The Wilcoxon signed-ranks test

was used to analyze the Van Hiele and Unit Achievement Test results.

Reflection questions were asked before and after the lesson, and the answers to
the questions were analyzed qualitatively. First, code words were assigned to their

answers to reflection questions, and then themes were created from the codes.
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6. RESULTS

In this section, findings regarding how the student group who were taught with
technology-enhanced step-by-step unrolled strategy, geometry reasoning levels, their
perceptions about this teaching method , and their geometry achievements included.
Data obtained from the Van Hiele test, reflection questions, and Unit Achievement
Test were used to express the findings. The findings obtained from analyzing the
data collected for the research questions are presented with tables and explanations in

accordance with the order of the research questions.

6.1. Features of the Geometry Unit Plan

As a teacher researcher, I constantly observed my students. In this section,
I included findings regarding the functioning of the lesson based on secondary data
source. Special features of a geometry unit plan developed to support students with
low academic achievement are designed to make the learning process more effective and
increase their achievement level. Using various strategies and tools, this plan makes

geometry more understandable and interesting to students.

First, using a step-by-step strategy, complex concepts are explained to students
from simple to complex. When teaching the Pythagorean theorem, I first introduced
the sides of a right triangle and then went through an example problem step by step
to ensure that they understood each step. At each stage, I asked students questions
and received feedback. For example, I checked students’ understanding with questions
such as “How can we find the hypotenuse of a right triangle?” Students stated that
they understood the topic better and learned complex concepts by digesting them step
by step. This method immediately corrected misunderstandings, increased students’

self-confidence, and ensured their participation in the lesson.
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The use of technology-supported learning tools also plays an important role in
my lesson plan. I supported students’ visual and auditory learning channels by using
interactive software and applications. Thanks to dynamic geometry software, students
had the opportunity to visualize concepts they had difficulty with. These tools make
learning more fun by allowing students to learn by trial and error. For example, using
software to visually explain a student’s question of “How does the Pythagorean theorem

work?” makes the concept more understandable.

Planning individual and small group work is also important for a good lesson
plan. Small group work develops students’ social skills and allows them to learn from
each other. A collaborative environment helps students support and trust each other.
In the group work we did with students, I encouraged students from different levels to

come together and help each other.

Action-based and applied activities are an important part of the lesson plan to
attract students’ attention. Applied activities based on real-life problems attract stu-
dents’ attention and increase their learning motivation. Students have the opportunity
to apply the theoretical knowledge they have learned in practice. For example, there
were three male teachers who entered the students’ lesson, and they compared us to
a triangle because we were good friends. They were surprised when they saw our
names and information about us on the worksheet, and this attracted their attention.
In addition, I provided regular feedback to the students to determine their progress
and deficiencies in their learning process. I presented the feedback in a motivating
and guiding way. Since the students were no longer afraid of the mistakes they made
and could respond bravely, they participated more in the lesson and increased their
interaction with the lesson. I tried to create a positive and encouraging learning envi-
ronment where students felt safe and supported. I encouraged them to make mistakes

as a natural part of the learning process and to always try again.

Additional study materials, resources, and guidance are important for low-achieving

students. Extra resources and practices are provided for students to use during their
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individual study time. Students practiced a lot, consolidated what they learned, and

did not forget the subject as easily as they did when they memorized it.

Also, this lesson plan is based on student-centered teaching. Student-centered
teaching methods are applied to encourage students’ active participation and ensure
that they take responsibility. Students are given opportunities to follow and manage
their own learning processes. Since some students had difficulty following the lesson
and were not aware of what they needed to learn, the teaching objectives were clearly
determined in the lesson plan and shared with the students. At the beginning and end

of each lesson, the objectives and how much of them were achieved were discussed.

These features are some of the strategies used to help low-achieving students
improve their understanding of geometry. This type of unit plan is designed to increase

student achievement and improve their understanding of mathematical concepts.

6.2. Geometric Reasoning

Participants’ pre-test and post-test scores of the Van Hiele Test, which assesses
participants’ geometric reasoning levels, were compared. Since the data do not meet
parametric assumptions, which is normality, a non-parametric test was required. The
Wilcoxon signed-ranks test is a more widely used non-parametric substitute for the
related-samples t-test (Privitera, 2017). The purpose of this test is to ascertain whether
there is a significant difference between the pre-test and post-test scores of the Van

Hiele Test.

Table 6.1. Descriptive statistics related to pre-test and post-test levels of Van Hiele
Test.

N | Mean | Std. Deviation | Minimum | Maximum

Pre-test | 34 | 0.85 0.558 0 3

Post-test | 34 | 2.38 0.739 0 4
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Table 6.1 indicates that there has been an increase in the mean post-test score
of the participants in comparison to the mean pre-test score. On the other hand,
the significance of the difference in pre and post-test scores is shown in the following
Table 6.2. The pre-test and post-test participants’ scores on the Van Hiele test differ
statistically significantly, as indicated by the Wilcoxon signed-rank test results (Z =
5.045, p <.001). The Wilcoxon signed-rank test ranks and test statistics are displayed
in Table 6.3 below.

Table 6.2. Ranks of Wilcoxon signed-rank test.

Ranks
N | Mean Rank | Sum of Ranks
Negative Ranks | 0° .00 .00
Positive Ranks | 32° 16.50 528.50
post-level - pre-level
Ties 2¢
Total 34

a post-level <pre-level, b post-level >pre-level, ¢ post-level = pre-level

Table 6.3. Test statistics of Wilcoxon signed-rank test.

Test Statistics

post-level - pre-level
Z -5.045¢
Asymp. Sig. (2-tailed) 0,000

a Based on negative ranks
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6.3. Students’ Perceptions Related to Proof and Their Reflections on the

Implementation of the Geometry Unit

6.3.1. Learning Geometric Proof

Participants were asked, “How do you think geometric proof is best learned?”.
The codes and categories for the answers given by the students to the question are
presented in Table 6.4. It is noteworthy that the responses from the participants
overlap with many themes. Descriptive data regarding the participants’ responses
before and after the practical lesson regarding their perceptions of learning geometric

proof are presented in Table 6.4 below.

According to Table 6.4, we can examine all students who answered the questions
under four categories. These categories can be expressed as active learning, getting

information, connection, and strategies.

As seen from the pre-and post-reflection questions, participants do not tend to
change their perceptions about learning geometric proof as follows: “Geometric proof
is best learned by memorizing.” and “Geometric proof is best learned from experts and
teachers.” before and after attending the instruction. Although there seems to be a
numerical equality, the students differ. In other words, students who were not in that
category at first, later entered the category. For example, when we look at the Learning
from expert category, students numbered 2, 19, 22 and 25 changed their minds, students
numbered 5 and 12 remained in the same opinion, and students numbered 7, 9, 13 and

16 were added to the category later.

However, in the pre-questionnaire, no participant mentioned that geometric proof
is learned with a step-by-step strategy. In addition, in the post-questionnaire, none
of the participants mentioned that geometric proof is learned by making connections
to real life, geometric proof is learned by making connections to mathematics, and

geometric proof is learned by doing experiments and observation. Although few people
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mentioned these categories at the beginning, they later looked at the strategy they had

just learned.

Table 6.4. Students’ responses regarding their perceptions of learning geometric proof.

Students Students
Category Codes f f
(pre-question) (post-question)
Active Solving Questions S3, S5, S6 3 S10 1
Learning Experiment and S7, S8, S9, S16, . 0
Observation S17
; S1, S11, S13, S16,
Getting Research 6 S8 1
S18, S20
Information
Learning from S2, S5, S12, S19, 8 S5, S7, S9, S12, <
the Experts S20, S22, S24, S25 S13, S16, S20, S22
Making
_ Connections to S10, S14, S23 3 2 0
Connection
Real-Life
Making
Connections to S4 1 - 0
Mathematics
Understanding S2, S3, S6, S8,
S23 1 8
the Logic S10, S23, S24, S25
Strategies Memorizing S3, S15, S25, S26 | 4 S4, S8, S23 3
Visualization S8, S14, S21 2 - 0
S1, S11, S13, S14,
Step by Step - 0 | S15, S17, S18, S19, | 10
S21, S26

As can be seen from Table 6.4 above, the number of students who stated that they
learned geometric proof with the step-by-step strategy in the final answers increased

compared to the number of students in the preliminary question.
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There is a decrease in the number of students who say that geometric proof is

learned by solving questions, researching, and memorizing formulas.

For each code, sample participant responses from the pre-questionnaire are given
below.
S4: With mathematical operations. (Making Connections to Mathematics)
S6: Geometric proof is learned as the questions are solved. (Solving questions)
S8: Using the expansion of the cube, we can prove it by seeing that a cube emerges from
that expansion, or we can prove that when we add the interior angles of a triangle, we
get 180 degrees. (Visualization)
S9: With experiments and observations in math class and with experiments that have
been done before. (Ezperiment and observation)
S12: It is learned by examining the studies done by experts. (Learning from the Ezperts)
S14: We can tell what shape objects are with shape toys. (Making Connections to Real-
Life, visualization)
S16: It can be learned by using shapes, observing, researching, and trying to reach a
conclusion. (Ezperiment and observation, research)
S23: We can learn with examples, or we can prove it from real life if we know how
provable formulas are formed and understand the logic of it. (Understanding the Logic)
S25: 1 think we can understand the lesson well by listening, studying, and learning. By

memorizing the formulas and studying. (Memorizing)

Figure 6.1. Geometry proof learning question student pre-answer example.

For each code, sample participant responses from the post-questionnaire are given

below.
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S7: By listening carefully to the explanation of the subject and the teacher. (Learning
from the Experts)

S8: It can be learned if it is researched and curious. By knowing the geometric proof,
I wrote above. By working. By trying to understand the geometric proof and proving
it ourselves, it can be learned better. (Research, memorizing)

S10: By applying shapes and understanding logic and solving questions(Solving ques-
tions, Understanding the logic)

S11: Breaking the topic into pieces (Step by Step)

S17: Proving with operations. Proceeding one by one.(Step by Step)

S21: We can prove geometry through shapes by doing the steps given step by step. (Step
by Step)

S22: It is learned from what the teachers tell. (Learning from the Experts)

S23: By grasping the formulas and understanding the logic ( Understanding the Logic)
S24: It is learned by understanding the logic of the operation. ( Understanding the
Logic)

Figure 6.2. Geometry proof learning question student post-answer example.

6.3.2. Definition of Geometric Proof

Participants were asked, “How would you define geometric proof?”. The codes
and categories for the answers given by the students to the question are presented in
Table 6.5. It is noteworthy that the responses from the participants overlap with many

themes.
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Descriptive data regarding the participants’ responses before and after the practi-

cal lesson regarding their perceptions of the definition of geometric proof are presented

in Table 6.5 below.

Table 6.5. Students’ responses regarding their perceptions of learning geometric proof.
Category | Codes Students (pre-question) | f | Students (post-question) | f
2, S3, S5, 99,
Experts 6 |- 0
Passive S11, S22
learning Real-Life S19, S20 2 | S11 1
Formulas and S4, S6, S15, S25, " S4, S5, S16, S17, 6
mathematical operations | S26 S24, 526
Focus and
- 0 | S2,S10, S12, S19 4
) Understanding the Logic
Active
) Exemplification S1, S23, S24 3 | S6, S23, S24 3
learning
S7, S8, S10, S12
. A S3, S7, S8, S15,
Visualization S13, S14, S16, S17, 11 6
S18, S22,
S18, S19, S21, S26
S1, S13, S14, S20,
Step by Step - 0 6

S21, 825

According to Table 6.5, we can examine all students who answered the questions

under two categories. These categories can be expressed as active learning and passive

learning.

As seen from the pre-and post-reflection questions, no significant change was

observed in the number of participants’ perceptions of the definition of geometric proof,

namely those who think that geometric proof is related to real life and those who think

that geometric proof is about giving examples. However, in the preliminary question,

there is a significant decrease in the number of those who think that the proof was

made by experts and those who think that the proof is related to visualization. The

number of those who think that proof is about focusing and grasping logic, those who

define proof as a formula with a mathematical process, and those who say that proof

is done step by step has increased significantly.
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For each code, sample participant responses from the pre-questionnaire are given
below.
S2: Geometric proof is a science that scientists have proven through various studies.
(Ezperts)
S8: Geometric shapes, such as triangles, squares, rectangles, etc. For example, the
expansion of a cube. The sum of the interior angles of a triangle is 180 degrees.
(Visualization)
S15: A topic covered in mathematics class. Trying to prove geometry with formulas.
(Formulas and mathematical operations)
S19: There are many examples around us that can be defined through shapes. (Real-
Life, Visualization)
S21: For example, the sum of the interior angles of a triangle is 180 degrees. To prove
this, the proof can be found by giving the degrees on the triangle shape. (Visualization)
S23: Proving geometry can be proven with examples. (Exemplification)
S26: I can define the geometric proof as follows: everything has a shape, and I think
geometry is used for this, which is defined with formulas. (Visualization, Formulas,

and mathematical operations)

Figure 6.3. Definition of geometric proof question student pre-answer example.

For each code, sample participant responses from the post-questionnaire are given
below.

S7: For example, why are the interior angles of a triangle 180 degrees? I think the
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explanation of how to prove this is called geometric proof. (Visualization)

S11: By showing examples from daily life (Real-life)

S12: About where the formulas come from and how they emerged (Understanding the
Logic)

S14: By doing the steps shown in order (Step by Step)

S16: With formulas and solutions (Formulas and mathematical operations)

S17: We prove by doing operations (Formulas and mathematical operations)

S23: We can explain with examples. (Ezemplification)

S25: Breaking the whole into parts and moving forward (Step by Step)

Figure 6.4. Definition of geometric proof question student post-answer example.

6.3.3. Step-By-Step Unrolled Strategy

Participants were asked, “What do you think about the methods we use while
learning geometric proof?”. The codes and categories for the answers given by the stu-
dents to the question are presented in Table 6.6. It is noteworthy that the responses
from the participants overlap with many themes. Descriptive data regarding the par-
ticipants’ responses after the practical lesson regarding their perceptions of learning

geometric proof based on a step-by-step unrolled strategy.
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Table 6.6. Students’ perceptions of learning geometric proof based on a step-by-step

unrolled strategy.

Category Codes Students f
Easy S1, S2, S6, S13, S17, S20, S21 7
Instructive S3, S4, Sb, S6, S7, S15 6
Step by step | S7, S8, S13, S15, S17, S19, S20, S21 | 8
Positive Useful S8 1
Good (nice) S10, S16 2
Logical S12, S25 2
Fun S12, 524 2
Time S14
Negative Difficult S14, S23 2
Nothing S9 1

When Table 6.6 is examined, ten different codes were created depending on the
students’ perceptions about the methods they applied while learning geometric proof.
These codes are shaped around “positive” and “negative” categories. These codes
are; “Easy”, “Instructive”, “Step by step”, “Useful”, “Good(Nice)”, “Logical”, “Fun”,
“Time”, “Difficult”, “Nothing”.

For each code, sample participant responses from the questionnaire are given
below.
S3: I think it is a good thing because it would be more understandable and permanent
to see the mistakes at first and then learn the subject and solve it again (Instructive)
S7: Frankly, after reading this question, special triangles came to my mind directly, we
go step by step in the methods. For example, we do 1 item first and then we move on
to 2 items, in other words, we proceed step by step, we understand the formulas and
apply them correctly. (Step by step)
S8: We learned the methods step by step while doing the proof. I think these methods
are also useful (Step by step, Useful)
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S9: Nothing(Nothing)

S10: Very good (Good)

S12: Very logical and fun (Logical, Fun)

S13: It would be easier to find by going in order and following the rules (Easy, step by
step)

S14: If it is memorized, we can easily apply it and save more time. (Time, Difficult)
S17: It can be learned more easily by learning step by step. (Step by step)

S28: The methods are a bit difficult and not memorable, but if I think about it a bit, it
will be fine. (Difficult)

S2/: It was different and fun because it was out of the ordinary. (Fun)

Figure 6.5. Student answer example about strategy.

6.3.4. Topics Students Remember After Class

Participants were asked, “What do you remember from what you learned this
week?”. The codes and categories for the answers given by the students to the question
are presented in Table 6.7. There are students who do not answer the questions. For

this reason, the numbers of these students are missing.

When Table 6.7 was examined, four different codes were created depending on
what the students remembered from what they learned. These codes are shaped
around “Learners” and “Developing Learners” categories. These codes are; “Trian-

gles,” “Proof,” “All,” and “Incomplete.”
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Table 6.7. Topics students remember after class.

Category Codes Students f
S1, S3, S4, S5, S8, S9, S14,
Triangles 12
S16, S17, 520, S23, 526
Learners
Proof S7, S13, S15, S21 4
All S2, S19 2
Developing learners | Incomplete S12 1

For each code, sample participant responses from the questionnaire are given
below.
S2: Since it is exam week, most of the things are on my mind (All)
S3: Special triangles, concepts like Pythagoras, hypotenuse (Triangles)
S7: I learned why the interior angles of a triangle are 180 degrees, I learned the proof
(proof)
S12: The topic about Pythagoras remained in my mind, but I forgot the others. If I
don’t review a topic every day, I forget the topic. (incomplete)
S15: How to prove the sum of the interior angles of a triangle. We learned the term
proof. (proof)
S21: We learned to find the hypotenuse using special triangles. We learned to prove
geometry step by step. (proof)

S23: Congruence in triangles, special triangles (Triangles)

6.3.5. Difficulties in Learning Geometric Proofs

Participants were asked, “Did you have difficulty learning geometric proof? What
issues did you encounter difficulties with?”. It is noteworthy that the responses from
the participants overlap with many themes. The codes and categories for the answers

given by the students to the question are presented in Table 6.8.
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Table 6.8. Difficulties in learning geometric proofs.

Category Codes Students f
Straightforward Easy S2, S4, S10, S19, S20, S23, S26 | 7
Little S5, 57, 812, S13, S15, S16, S17 | 7

Struggled Overcome S1, S3, S8, S21 4
Incomplete S9, S13 2

When Table 6.8 was examined, four different codes were created depending on
whether the students had difficulty in doing geometric proofs and what difficulties
they encountered. These codes are shaped around “Straightforward” and “Struggled”

categories. These codes are; “Easy”, “Little”, “Overcome”, and “Incomplete”.

For each code, sample participant responses from the questionnaire are given be-
low.
S2: I didn’t have any difficulty. (Easy)
S5: I had some difficulty. wide angle, narrow-angle etc. (Little)
S7: I didn’t have much difficulty but of course I got a little confused in some parts.
(Little)
S8: Since it was the first time we saw geometric proof being handled in such a proven
way, it seemed a little complicated and challenging to me at first but then I completed
the deficiencies by learning. (Overcome)
S9: I couldn’t learn it completely. (Incomplete)
S13: Yes I had difficulty and I still do. (Incomplete)
S21: I had difficulty at first but then I understood better by solving examples with our
teacher. (Overcome)
S23: No I didn’t have any difficulty (Easy)
S26: No I think the subject was very easy (Easy)
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6.3.6. Factors Facilitating Learning of Geometric Proof

Participants were asked, “Explain what factors make learning easier.”. It is note-
worthy that the responses from the participants overlap with many themes. The codes
and categories for the answers given by the students to the question are presented in

Table 6.9.

Table 6.9. Factors facilitating learning of geometric proof.

Category Codes Students f
Step By Step S1, S8, S12, S13, S14, S15, S16, S17 | 8

Strategies Focus And Study S2, S3, S5, S9, S19, S20, S23 7
Logic S10 1

Formulas S4 1

Quiet Classroom S8, S12, S14, S23 4

External Factors Teacher S7, S12, S13, S14, S20, S21, S26 7
Materials S9 1

When Table 6.9 is examined, seven different codes were created depending on
whether the students had difficulty in doing geometric proofs and what difficulties
they encountered. These codes are shaped around “Strategies” and “External Fac-
tors” categories. These codes are; “Step By Step”, “Focus And Study”, “Logic”,
“Formulas”, “Quiet Classroom”, “Teacher”, “Materials”.For each code, sample partic-
ipant responses from the questionnaire are given below.

S4: Formulas (Formulas)

S8: I think our teacher will make it easier for us to learn by repeating the explanation.
(Teacher)

S9: Ezplaining step by step and ensuring silence in the classroom. (Step By Step, Quiet
Classroom,)

S10: Listening to the lesson carefully and doing the worksheets. (Materials, Focus, and
Study)

S12: Understanding logic without memorizing theorems. (Logic)
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S13: Ensuring silence in the classroom and the teacher explaining the lesson in parts.
(Step By Step, Quiet Classroom)

S14: Our teacher explains in an understandable language and goes slowly. (Step By
Step, Teacher)

S21: Our lecturer explained the solution to the problem to us in a simple and easy way.

(Step By Step, Teacher)

Figure 6.6. Factors make learning easier question student answer example.

6.3.7. Evaluation of Class Participation

Participants were asked, “How would you rate your participation in class this
week? Explain with an example.”. It is noteworthy that the responses from the
participants overlap with many themes. The codes and categories for the answers

given by the students to the question are presented in Table 6.10.

Table 6.10. Evaluation of class participation.

Category Codes Students f
Interesting S1, S7, S12 3
Positive | Supportive Of Learning | S2, S3, S4, S8, S14, S15, S19, 520, S21, S26 | 10
Fun S5, S10 2
Low Participation S9, S17, S23 3

Neative
Uninterested S13, S16 2
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When Table 6.10 is examined, five different codes were created depending on
whether the students had difficulty in doing geometric proofs and what difficulties they
encountered. These codes are shaped around “Positive” and “Negative” categories.
These codes are; “Interesting”, “Supportive Of Learning”, “Fun”, “Low Participation”,

“Uninterested”.

For each code, sample participant responses from the questionnaire are given be-
low.
S1: Good. I listened because I couldn’t focus before, but this topic seemed interesting.
(Interesting)
S5: Very good; we didn’t have much fun before, but this week we both had fun and
learned. (Fun)
S13: I was relieved because the exams were over, so I didn’t listen much. (Uninterested)
S21: We usually participated in the lesson together as a class. It made it easier for me
to learn. (Supportive Of Learning)
S23: Well, I can’t say I participated in the lessons a lot, maybe 1-2 times a week. (Low

Participation)

Figure 6.7. Class participation question student answer example.

6.4. Students’ Achievement

The participant’s knowledge of the Pythagorean Theorem was assessed using
the Unit Achievement Test, and the pre-and post-test results were compared. Non-

parametric testing was required for group comparison because the sample size of par-
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ticipants was 28 and less than 30. The Wilcoxon signed-rank test was used to examine
if there was a significant change in the individuals’ pre-and post-test results (Privitera,
2012). Descriptive statistics regarding the Unit Achievement Test pretest and post-test

scores are shown in Table 6.11 below.

Table 6.11. Descriptive statistics related to pre-test and post-test scores of unit

achievement test.

N | Mean | Std. Deviation | Minimum | Maximum
Pre-test | 28 | 24.6429 18.78379 0 54
Post-test | 28 | 40.8571 22.26393 3 64

Table 6.11 indicates that there has been an increase in the mean post-test score
of the participants in comparison to the mean pre-test score. On the other hand, the
significance of the difference in pre and post-test scores is shown in the following Table
6.12. The pre-test and post-test participants’ scores on the Unit Achievement Test
differ statistically significantly, as indicated by the Wilcoxon signed-rank test results
(Z = 4.410, p <.001). The Wilcoxon signed-rank test ranks and test statistics are
displayed in the Table 6.12 and Table 6.13 .

Table 6.12. Ranks of Wilcoxon signed-rank test.

Ranks
N | Mean Rank | Sum of Ranks
Negative Ranks | 1¢ 5.50 5.50
Positive Ranks | 26° 14.33 372.50
post-test - pre-test
Ties 1¢
Total 28

a post-test <pre-test, b post-test >pre-test,c post-test = pre-test
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Table 6.13. Test statistics of Wilcoxon signed-rank test.

Test Statistics

post-test - pre-test
7 -4.410¢
Asymp. Sig. (2-tailed) 0,000

a Based on negative ranks.

6.5. Impact of Technology-Enhanced Step-by-Step Strategies on Students’

Geometric Reasoning Skills

In conclusion, this study investigated the relationship between students’ engage-
ment with a technology-enhanced step-by-step unrolled strategy and their improve-
ment in geometric reasoning skills. The findings indicate that employing a structured,
incremental approach, supported by dynamic geometry software and interactive ap-
plications, significantly enhances students’ understanding and retention of complex
geometric concepts. By breaking down the learning process into manageable steps
and providing continuous feedback, students are able to build confidence and actively

participate in the learning process.

The use of technology to visualize geometric principles facilitates deeper compre-
hension and makes learning more engaging. The results from the Van Hiele test demon-
strated a statistically significant improvement in geometric reasoning skills among the
students who were taught using this method, as indicated by the Wilcoxon signed-
rank test results (Z = 5.045, p j .001). Specifically, the data showed that out of the
34 participants, 32 students exhibited an increase in their geometric reasoning levels,
while none of the students experienced a decline, and 2 students remained at the same
level. These results underscore the effectiveness of the step-by-step unrolled strategy

in improving geometric reasoning skills.
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Moreover, the study highlighted the positive emotional impact on students. Many
students reported finding the lessons enjoyable and engaging, which contributed to their
active participation and sustained interest in the subject. The technology-enhanced
approach not only made learning more interactive and fun but also helped to reduce
the anxiety often associated with complex geometric concepts. This positive emotional
response is crucial, as students who enjoy their learning experiences are more likely to

engage deeply and persist through challenges.

The integration of interactive software and applications allowed students to vi-
sualize and interact with geometric concepts, making the learning experience more
tangible and less abstract. The ability to manipulate geometric shapes and see imme-
diate feedback helped students understand and internalize the principles being taught.
The collaborative environment fostered by small group work and real-life problem-
based activities further enhanced students’ engagement and motivation, leading to a

more robust learning experience.

Furthermore, students’ perceptions of learning geometric proof evolved through-
out the study. Initially, no participants mentioned learning geometric proof through a
step-by-step strategy. However, by the end of the study, a significant number of stu-
dents recognized the effectiveness of this approach. This shift highlights the positive
impact of the step-by-step unrolled strategy on students’ learning processes. Since |
had the opportunity to apply the plan twice, I made some changes the second time. I
observed that some of the activities were very easy even for the most difficult students.
Therefore, I rearranged the worksheets. The part with Pythagorean triples can be
given as an example. Since some had memorized triangles such as 3-4-5, this example
was easy for the students. For this reason, I asked the students to find triangles such
as 20-21-29, which were more unknown. In addition, in the second application, I took
the students to the computer room and ensured that everyone interacted in order to
increase the effectiveness of the lesson plan. What I observed was that the students
participated in the lesson more actively and said that they did not realize how time

passed.
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7. DISCUSSION AND CONCLUSION

The design of this study is an action research. Therefore, it is essential to think
about the results of the study and make discussions based on the literature in this
section. After being assigned to a state school, I observed the difference between the
school I was assigned to and the private schools where I worked and did my internship.
I observed that the students’ social, economic, and success levels were below average.
I aimed to guide my students in order to break their prejudices against geometry,
increase their level of knowledge, and make them think systematically, even if they had
difficulty with simple mathematical operations. My aim as a teacher was to investigate
how I could increase my students’ geometric reasoning skills and success by overcoming

their prejudices against geometry.

For this reason, I reviewed the literature and the current curriculum and created
a lesson plan using the step-by-step method. Then, I implemented this lesson plan and
stated the results of the data I collected in the previous section. These results were
discussed in this section. At the same time, the lesson plan was prepared for the 2022-
2023 term, and since my thesis process continues in the 2023-2024 academic year, I had
the opportunity to use the same plan again. As I will explain in the discussion section,
I had to make some changes in the implementation of the plan. Thus, I revised my
plan according to feedback. Since the dynamics and success levels of each class differ,
the plan can be applied again and again because it is flexible. The discussion section
consists of three parts. These parts are Geometric reasoning, students’ perceptions,

and geometry achievement.

7.1. Geometric Reasoning

The action research conducted includes teaching the subject of the Pythagorean

theorem in the 9th-grade Mathematics course with the step-by-step method and teach-

ing practices supported by Web 2.0 tools. It was aimed to measure the geometric
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reasoning levels of the students before and after the geometry unit integrated with
technology-enhanced practices based on the SU strategy. In this direction, the Van
Hiele test was applied and used as a pre-test and post-test to investigate whether there
was a significant difference between the results before and after the lesson. As a result
of the mathematical analysis and the findings obtained, there is a significant difference

between the Van Hiele levels of the students before and after the lesson.

Since I was newly assigned to the school, we had not covered the triangles unit
with the students before the pre-test at this school. The triangles unit is among the last
units in the 9th-grade curriculum. Generally, according to my previous experiences,
this unit was not covered completely due to the intensity of the 9th-grade curriculum
and the unit being at the end. When I applied the test, only one of the students was at
the 3rd level, deduction level. Most students remained at the visualization and analysis

level.

As it is understood from these results, the method I applied seemed to have
a positive effect on the student’s level. As a teacher-researcher, I was happy to see
that they were positively affected in the classroom. In the first test, I was scared
that there were students who could not even recognize basic shapes such as triangles
and squares. However, I already believed that a style of expression that could attract
attention and make them think instead of monotonous, routinized expressions could
be effective. However, I observed that such applications were not used very often in
public schools. For this reason, I determined some deficiencies in the lesson plan I
developed. For example, I had difficulty in applying it in the classroom because the
internet connections in the lesson plan were broken or some smart boards did not have
internet. When I used the lesson plan for the second time this year, I downloaded the
Geogebra program to my computer and connected it to the smart board. I also took

the students to the computer class and ensured that everyone was active.

When the literature is examined, many studies have shown that educational tech-

nologies, especially the use of dynamic geometric software, enable students to under-
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stand geometric concepts more deeply. For example, Jones (2000) states that dynamic
geometry software improves students’ conceptual understanding and reasoning skills in
geometry. Such software allows students to manipulate geometric shapes and visually

examine various situations, thus enabling them to concretize concepts.

Educational technologies can increase students’ participation in geometric rea-
soning processes by creating interactive and collaborative learning environments. In
particular, web-based learning platforms and digital games can make geometry learn-
ing processes more effective by increasing students’ motivation. For example, Clements
and Battista (1992) showed that technology -enhanced educational environments sig-

nificantly improved students’ geometric thinking and problem-solving skills.

Van Hiele’s theory of levels of learning in geometry states that students go through
certain stages in the process of understanding geometric concepts. These stages are
recognition, analysis, ordering, logical inference, and rigor levels. The step-by-step
unrolled strategy can help students develop higher-level geometric reasoning skills by
supporting these stages. Burger and Shaughnessy (1986) have shown that step-by-
step explanations are effective in understanding Van Hiele levels and helping students

progress through them.

According to Zhang (2020), technology may be used to enhance students’ knowl-
edge of geometric ideas through interactive activities and visual representations. It has
been discovered that using technology in the classroom can help students develop their

geometry knowledge and improve their geometric reasoning.

7.2. Students’ Perceptions

The participants in this study participated in a step-by-step strategy and technology-
based lessons aimed at understanding geometry with the help of geometric proof. Since
I am a teacher-researcher, I used different resources to investigate the effects of the

step-by-step strategy and technology in order to break the prejudices of the students
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about geometry, to increase the memorability of the content by learning the underlying
reason without memorizing the formulas with logical and sequential thinking, and to
ensure that they have positive perceptions about geometry. The participants answered
and completed reflection questions about their understanding of geometric proof and
their perceptions of learning proof before and after the training. Students were also
asked about their learning experiences during the lesson. In addition, the worksheets

distributed during the lesson were also filled out by the students.

7.2.1. Perceptions of Learning Geometric Proof

The answers given to the reflection questions about learning and perceptions of
geometric proofs provide information about the application of the step-by-step ap-
proach in terms of teaching principles. The students were asked how geometric proofs
can be learned best. According to the pre-test results, most of the students stated
that they could learn with the help of an external source. The students gave answers
such as “It is learned by examining the studies done by experts.”, “I think we can
understand the lesson well by listening, studying, and learning” and “By memorizing
the formulas and studying.” In the post-test, the step-by-step strategy came to the
fore. In addition to giving answers such as “Breaking the topic into pieces”, and “Pro-
ceeding one by one”, the students also stated that the main task was to grasp the logic
of the formula. Although no student mentioned the step-by-step strategy as a result
of the pre-test, ten students mentioned this method in the post-test. This is expected
because they did not know about this strategy at the beginning. In addition, only one
student stated that he could learn geometry well by grasping its logic in the pre-test,
while this number increased to 8 in the post-test. According to the post-test result,
the number of students who attributed learning to an external source decreased visibly.
However, the number of students in the category of “It is best learned from an expert”
has not changed. The reason for this is that I conducted the research in my own class
as a teacher-researcher. Although I insisted that there would be no grade, I think they
may have used expressions such as “It is best learned from Ibrahim Hoca” in order to

impress me.
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When I asked them to define geometric proof, they said in the pre-test that it
could be defined with the help of experts’ definitions. While six students mentioned
that it could be done with the help of experts’ definitions in the pre-test, no student
used this definition in the post-test. When the pre-test and post-test were compared,
there was not much difference in the number of those who thought that geometric
proof consisted of mathematical operations and formulas and that proof would be
done by giving examples. In the post-test, the step-by-step method term was used by
six students. When students were asked about their perceptions about the method,
nineteen students expressed positive opinions due to being educational, easy, useful,
and fun. Three students expressed negative opinions due to reasons such as it being
time-consuming and difficult to use. The reason for this is that students take the YKS
exam in the Turkish education system. Since there is a time limit for this exam and
the exam does not directly include the subject of proof, they may want to study only
for the exam. Since the students are in the 9th grade, they have experienced the exam
stress one year before and have experienced the necessity of making fast and correct

solutions.

Students’ preference for memorization in mathematics may be influenced by vari-
ous factors identified in the literature. Yildiz (2016) emphasized that students perceive
memorization and repetition as important elements for success in mathematics. This
tendency towards memorization is further supported by (Salas, 2024), who found that
students believe that mathematics is best learned through memorization. In addition,
Kogak and Soylu (2017) stated that pre-service mathematics teachers who have diffi-
culty understanding the relationship between mathematical rules and concepts tend to
rely on memorization, which can affect their teaching methods. When I started teach-
ing, I told some students to memorize as a last resort when they did not understand
the subject, but I realized that this does not have long-term effects. After the study, I
think that students’ understanding that formulas do not come out of nowhere and that
they have logic makes it easier for them to learn. I also witnessed how an applicable
and useful lesson plan makes a teacher’s job easier with the help of today’s technology

and step-by-step strategies. The necessity of memorization has also been mentioned in
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the literature. As discussed by Hartman et al. (2023), the historical context of math-
ematics education has often emphasized the necessity of memorizing basic facts and
algorithms. This traditional approach to learning mathematics may have ingrained the
habit of memorization in students. Furthermore, the study by Vanayan et al. (1997)
revealed that a significant percentage of students perceive learning mathematics as
primarily based on memorization. This perception may lead students to prioritize

memorization over developing a deeper understanding of mathematical concepts.

7.2.2. Perceptions of Lesson Integrated With Step-by-step Unrolled Strat-

egy and Technology

Reflection questions were also asked to the students during the class period. Data
were collected to learn how they understood geometry and their perceptions about the
course. Only one of the students stated that he did not fully understand and had
deficiencies. The student responded as follows: “The topic of Pythagoras remained
in my mind, but I forgot the others. If I don’t review a topic every day, I forget the
topic.” While the number of students who stated that the topic of triangles remained
in their minds was 12, the number of people who mentioned proof in their answers was
4. The reason for the high number of people mentioning triangles is that the students
learned the topic of triangles in the 8th grade. In the pretests, the students could not
remember this prior knowledge, but when they repeated what they had learned before
during the class period, they learned better. The students mostly stated that they
had difficulty with the proof. I think that the fact that there were people who said it
was easy was due to those who remembered the 8th-grade information better. After
lessons, I noticed that some parts of the lesson plan were missing. One of the easiest
topics for students is right triangles with integer side lengths. There are four special
triangles here, and the aim was to have students find them by practicing and also find
that the multiples of these sides are special triangles by using the similarity logic in
triangles. However, I concluded that the effectiveness of the worksheet was reduced
because some students wrote the triangles they had memorized. Since this study was

conducted in the 2022-2023 academic year, I used the study again this year. I did not
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collect data this year, but I filled this gap. This year, I gave these familiar triangles
and generally investigated unknown triangles. For this reason, the study helped me

develop my lesson plan.

Although the students had difficulty in proving, seven students stated that the
teacher and eight students stated that the method used made their learning easier.
Fifteen students stated that their participation in the lesson increased. I was positively
affected by the participation of students who did not participate in the lesson compared
to the previous lessons. The reasons for this were that the students found the lesson
interesting, had fun, and supported their learning. The fact that the students interacted
with tools such as worksheets and technology in the lesson was beneficial for me both
in terms of ensuring classroom management and in terms of being able to interact more
with the students. Even students who had fallen asleep and disrupted the lesson in

previous lessons participated.

7.3. Achievement

Another aim of the study was to increase the success of the students in geometry
class. The students’ achievements were measured with the Unit Achievement Test.
As a result of this test, which was conducted as a pre-test and post-test, 26 students
increased their success while one student remained at the same level, and one student
decreased his/her grade. In this exam, which was evaluated out of 100, the average in
the first test was 24.64, while the average in the second test was 40.85. The reason for
their increase in success may have been that they learned a subject they did not know,
but the Pythagorean theorem is mentioned in the 8th grade. The important thing
here was to give the students an idea through geometric proof and to increase their
success. In addition, the increase in students’ participation in the class, their correct
answers to the questions asked, and the increase in their grades in the mathematics
course convinced me that this method was beneficial for my course. Moreover, when
the literature on this subject is examined, it is understood that technology and the

step-by-step unrolled method are beneficial for below-average students. According to
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Chang and Lin (2009), students who perform below average demonstrate that the SU
can assist students in becoming competent hypothetical bridge builders. Using the
step-by-step unrolled technique, they may effectively begin the hypothetical reasoning

process and proceed to provide a response to the issue (Chang and Lin, 2009).

Additionally, with technology, students were able to visualize easily and increased
their success through active participation in the lesson. In numerous studies conducted
in Turkey, it has been highlighted that technology-supported geometry instruction im-
proves student achievement (Ugur et al.,2016). Furthermore, it has been noted that the
use of technology in geometry teaching makes a significant difference in student success.
Cavug and Deniz (2022) conducted a meta-analysis study stating that technology-
supported teaching is more effective than traditional learning methods in increasing
mathematics and geometry achievement. This study emphasizes the role of technology
in teaching mathematics and geometry and reveals that technology is an important

tool in increasing students’ success.

Overall, this study highlights the effectiveness of integrating technology and step-
by-step strategies in teaching geometry, especially for students with low academic
achievement, ultimately fostering a more supportive and effective learning environ-
ment. The significant improvement in students’ geometric reasoning skills, coupled
with their positive feedback on the teaching methods and their enjoyment of the learn-
ing process, suggests that this approach can be a valuable tool in geometry education.
By creating an engaging, supportive, and interactive learning environment, educators
can significantly enhance students’ geometric reasoning skills and their overall learning

experience.
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8. SUGGESTIONS

First of all, I have prepared a user guide for teachers who want to use this study

in their classes in Turkey. This guide is included in Appendix D. In the study, it

was seen that the use of the technology-supported step-by-step strategy was generally

effective in developing the geometric reasoning of ninth-grade students. However, there

are some points that need further attention. This section includes suggestions based

on my experience as a teacher-researcher during the implementation.

(i)

(i)

(iii)

(vi)

In order to use technological tools effectively, shortcomings in the technical infras-
tructure, such as internet access, should be identified in advance, and attempts
should be made to remedy them. Increasing the number of computers in computer
classes and workshops in schools may be important for more effective results..
Lesson plans can be developed using SU strategy targeting different topics in other
grade levels, and similar research can be conducted to examine the effectiveness
of those lesson plans.

In this research, activities were conducted in the form of group work due to
the physical and technical infrastructure of the school where the research was
conducted. This situation may have negatively affected students who like to
learn with activities based on individual learning. Therefore, in future studies,
activities can be conducted in schools with a physical and technical infrastructure
that can also allow individual learning.

Paying attention to the writing style, point size, and resolution of the images
used while preparing the materials in the application processes carried out with
technology is recommended.

More student participation can be ensured in the study. The number of students
may increase as the teacher enters different classes at the same grade level.

The number or variety of the technological tools used can be increased.



(vii)

(viii)
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Due to the curriculum’s intensity, part of the research was conducted after the
semester’s last exam. This situation may have affected the student’s participation
in the lesson. For this reason, the study period can be changed.

It was observed that some activities were too easy, even for the most struggling
students. Therefore, worksheets can be revised to balance the activities’ complex-
ity while carefully considering the students’ level. The part where Pythagorean
triples are found can be given as an example. Since there are those who memorize

triangles like 3-4-5, this example remained simple for the students.
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APPENDIX A: REFLECTION QUESTIONS

This section contains the reflection questions given to the students.

Before Instruction:

(i) How do you define geometric proof?

(ii) How do you think the geometric proof is best learned?

After Instruction:

(i) How do you define geometric proof?
(ii) How do you think the geometric proof is best learned?

(iii) What do you think about the methods we use to learn proof in geometry?

Instruction period:

(i) What do you remember from what you learned this week? Explain.
(ii) Did you have difficulty learning geometric proof? Which topics did you have
difficulty with? Explain.
(iii)) What were the factors that made it easier for you to learn? Explain.
(iv) How would you evaluate your participation in class this week? Explain with an

example.
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This page contains front page of unit achievement test questions given to students.
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APPENDIX C: SAMPLE LESSON PLAN

Topic: Pythagoras was a Greek mathematician and philosopher who discovered one
of the most famous rules in mathematics. In mathematics, a rule is called a theorem.

So, the rule that Pythagoras discovered is called the Pythagorean Theorem.

Objectives In The Turkish Education Curriculum:

9.4.4. Right Triangle and Trigonometry

Terms and Concepts: Pythagorean theorem, Euclid’s theorem, Trigonometric ratio
Symbols and Notations: sinx, cosx, tanx, cotx

9.4.4.1. Solves problems by obtaining the Pythagorean theorem in right triangles.
a) Model diversity is included while obtaining the theorem.

b) Real life problems are included.

c¢) Pythagoras’ works are included.

Mathematical Big Ideas: Corresponding sides of similar triangles prove the Pythagorean
Theorem is true for all right triangles. Use the structure of a set of equations from
the Pythagorean Theorem and the structure of a set of right triangles to make

matches between the equations and the right triangles.

Materials:

e Pen

e Paper

e Activity Sheet
e GeoGebra

e Desmos

o Menti
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Prerequisite Knowledge Needed:

9.3.4.1. Solve the equations that require exponential expressions.

Instructional Sequence:

First, the teacher makes the students watch a funny video about Pythagoras to motivate
them to the lesson. Then worksheet one is distributed, and the first question, “What
do you know about Pythagoras?” is asked. In the second question, the problem
situation is explained to the students. The Step-By-Step Unrolled Strategy aims to
find the sides of the triangle by asking the students what it takes to find the area of
the triangle. They are then told to complete the problem, paying attention to the

areas and edges. Then, students follow the steps.

Worksheet 2 is distributed and questioned how the proof of the Pythagorean theorem
can be done. Students are given a blank square sheet of paper to use in the ex-
ploration part and are asked to follow the steps on the worksheet. Then, students

follow the steps.

Worksheet number 3 is distributed. The students are given a challenging situation and
a problem related to daily life. The following steps can be followed in order. The
first step is to ask what the Pythagorean theorem is. Ask what the diagonal lines
represent. Ask if the hypotenuse is an integer. Then, students followed the steps

and answered the questions.

The teacher asks students if a right triangle might be formed by the 8, 15, and 17 side
lengths. If not, why not? The teacher asks students to explain why they believe
that these three lengths can form a right triangle. Because 8, 15, and 17 form a
right triangle and all three side lengths are whole integers, this triangle is referred to
as a Pythagorean triple. Ask students to look for examples of Pythagorean triples

that are not merely multiples of another Pythagorean triple and encourage them
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to use this information to their advantage if they learn it to lessen their burden.
Students investigate various combinations of a, b, and ¢. To get useful numbers
more quickly, they can utilize the table of perfect squares. They must demonstrate
that each value they discover produces a Pythagorean triple using the example from
Part A of the student worksheet 4. While doing this, students could realize that
a Pythagorean triple is a multiple of a Pythagorean triple. Students collaborate
with a partner to pool their sample Pythagorean triples and then discuss the values
they discovered to be effective. After that, they begin collaborating on Part B to
demonstrate why a Pythagorean Triple’s multiple is always another Pythagorean
Triple. Look for students who utilize triangle similarity for their reasons while they

work on this one.

Worksheet number 5 is distributed. Students use the applet and record their observa-
tions on the first page of this handout as they move points A and B around. Students
work with a partner and first share their observations with each other and then use
those observations to determine when the sum of the square of a and the square of

b is greater than, equal to, or less than the square of c.

Worksheet number 6 is distributed to students so that they can practice. Students
answer the questions given on the student worksheet based on what they learned
about the relationship between a2, b2, ¢?, and the angle between the two legs a and

b. Worksheet 7 is distributed, and students are provided with the steps to follow.
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APPENDIX D: LESSON PLAN GUIDE FOR TEACHERS

Bu kilavuz, dokuzuncu sinif 6grencilerinin geometrik muhakeme becerilerini geligtirmek
amactyla olugturulmug bir ders planinin nasil uygulanacagini detayli bir sekilde
aciklamaktadir. Teknoloji destekli ve adim adim ¢oziimleme stratejisi ile 6grencilerin

geometriyi daha iyi anlamalar1 hedeflenmistir.

Chang ve Lin (2009), 6grencilerin geometrik ispatlar: anlama becerilerini geligtirmek
amaciyla adim adim ¢oziimleme stratejisini geligtirmislerdir. Bu stratejinin temelinde
“yapi iskelesi” veya “destekleme” (scaffolding) olarak adlandirabilecegimiz bir yakla-
sim vardir. “Yapi iskelesi” 6grencilerin yeni bir beceri veya bilgi alaninda ustalagmala-
m1 kolaylagtirmak i¢in 6gretmen veya daha yetkin bir birey tarafindan saglanan
gecici destegi ifade eder. Bu strateji, karmasgik kanitlar1 daha kiiciik ve daha yonetile-
bilir adimlara ayirir. Kanitta acilan her bir adim, 6grencilerin onceki bilgi ve an-
layiglarii inga etmeleri icin bir iskele gorevi goriir. Boylece ogrenciler tek tek
parcalara odaklanabilir ve genel anlayiglarini kademeli olarak geligtirebilirler. Strateji
, her adim ic¢in kapsamli agiklamalar sunarak, zorluk ¢eken ogrencilerin geometrik

ispat yeterliliklerini giliclendirmelerine yardimei olmay1 amaclamaktadir.
Hedefler:

e Ogrencilerin Pisagor teoremi konusundaki bilgilerini derinlestirmek.
e Teknolojik araclar kullanarak ogrencilerin geometriye olan ilgisini artirmak.
e Ogrencilerin adim adim problem ¢ozme becerilerini geligtirmek.

° Ogrencﬂerin geometrik muhakeme diizeylerini geligtirmek.

Kullanilacak Teknolojik Araglar ve Yazilimlar:

o GeoGebra: Geometrik gekillerin dinamik olarak olugturulmasini ve manipiile

edilmesini saglar. Ogrencilerin ispatlar1 genellegtirmesi i¢in kullanilmigtir.
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e Desmos: Ders materyalleri ile online ortamda etkilesimde olup 6grencilerin ce-
vaplarinin takibi icin kullanilabilir.

e Menti: Ogrencilerin fikirlerini paylagabilecekleri bir platform.

Ders Planmi Adimlar::

Hazirhik Agamasi:

e Materyal Hazirhigi: GeoGebra ve diger teknolojik araclarla ilgili gerekli dokiiman
ve caligma kagitlarini hazirlayin.

° ogrencileri Bilgilendirme: Dersin amaci ve kullanilacak araclar hakkinda ogrencileri
bilgilendirin.

e Teknolojik Altyapr Kontrolii: Ders sirasinda kullanilacak cihazlarin (bilgisayar,

tablet vb.) ve internet baglantisinin ¢aligtigindan emin olun.

Uygulama Asamasi

e Girig Aktivitesi: Menti ve eglenceli bir video kullanarak ogrencilerin dikkatini
¢cekmek ve konuya ilgi uyandirmak.

e Ana Aktivite: GeoGebra ile adim adim agiklanan geometrik problemler iizerinde
calsmak. Ogrenciler, verilen adimlar1 takip ederek problemlerin ¢oziimlerine
ulasacaklar.

o Isbirligi ve Paylagim: Desmos iizerinde 6grenciler ¢alismalarim ve diisiincelerini

paylagacaklar.

Degerlendirme Asamasi:

e Unite bagar1 testi: Ogrencilerin anladiklarmi degerlendirmek icin {inite bagari
testini kullanabilirsiniz.

e Geri Bildirim: Ogrencilerden geri bildirim alarak ders planinin etkinligini degerlen-
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dirin ve gerekli diizeltmeleri yapin.

Calisma Kagitlarimin Kullanima:

Caligma kagitlari, ders sirasinda ve sonrasinda 6grencilerin 6grendiklerini pekistirmeleri
icin kullanilacaktir. Her caligma kagidinin baginda, ogrencilerin yapmasi gereken

adimlar ve amaglar1 acik¢a belirtilmelidir.

Cahsma kagidi 1: Ilk olarak, 6gretmen Ggrencilere derse motive etmek icin Pis-
agor hakkinda komik bir video izletir. Ardindan calisma kagidi 1 dagitilir ve ilk
soru sorulur. Sourunun cevabir Menti uygulamasi ile toplanip sinifin genel diigiince
dagilimi gozlenir. Ikinci soruda, problem durumu ogrencilere aciklanir. Adim adim
¢oziimleme stratejisine gore, ogrencilere licgenin alanini bulmak i¢in ne gerektigini
sorarak tiggenin kenarlarini bulmalar: amaglanir. Daha sonra, alanlara ve kenarlara

dikkat ederek problemi tamamlamalar: soylenir.

Calhigma Kagidi 2: Caligma sayfas1 2 dagitilir ve Pisagor teoreminin ispatinin nasil
yapilabilecegi sorulur. Ogrencilere aragtirmada kullanmalar1 icin bos bir kare kagit
verilir ve calisma sayfasindaki adimlar: izlemeleri istenir. Geogebra 1spat adindaki

link ile ispat genellestirilir.

Cahsma Kagidi 3: Calisma kagidi numarasi 3 dagitilir. Ogrencilere zorlayicr bir
durum ve giinliik yagamla ilgili bir problem verilir. Agagidaki adimlar sirayla takip
edilebilir. Ik adim, nedir sorusunun sorulmasiyla atilir. Ogrenciler adimlar: takip
eder. Capraz cizgilerin neyi temsil ettigini sorabilirsiniz. Hipoteniisiin bir tam say1

olup olmadigini sorun.

Cahsma Kagidi 4: Ogretmen 6grencilere 8, 15 ve 17 kenar uzunluklariyla dik bir
iiggen olusturulabilir mi diye sorar. Eger olusturulamazsa neden olugturamayacagini
sorar. Ogretmen ogrencilerden bu tli¢ uzunlugun dik bir tiggen olusturabilecegine

neden inandiklarini aciklamalarin ister. Ogrencilerden baska Pisagor ticliilerine dair
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ornekler bulmalarimi isteyin ve yiiklerini azaltmak icin bu bazi sayilarin karesini

verebilirsiniz..

Calhigma Kagidi 5: Sorulara yanit vermek ic¢in 6grencilerden pisagor esitsizligi linkini

agmalarini isteyin.

Calisma Kagidi 6: Bu galisma kagidini degerlendirme yapmak i¢in kullanabilirsiniz.

Caligsma Kagidi 7: Bu galisma kagidi adim adim verilen sorulari cevaplandirarak
ogrenci-
lerin ispat yapmalarini saglamay1 amaclamaktadir. Degerlendirme yapmak i¢in kul-

lanabilirisiniz. Ogrencilerin adimlar1 takip etmesi saglayin.

Oneriler ve Ipuclarr:

e Zaman Yonetimi: Ders planini uygularken zaman yonetimine dikkat edin. Her bir
aktivite icin yeterli zaman ayirin. Her bir ¢alisma kagidi ve sonunda ogrencilere
geri bildirim verilmesi i¢in bir ders siiresi kadar zaman yeterlidir.

e Teknolojik Sorunlar: Olast teknolojik aksakliklar i¢in yedek planlar hazirlayin.
Ogrenciler bilgisayar laboratuvarima gotiiriilebilir.

e Etkilegsim: Ogrencilerin aktif katilimim tesvik edin ve sorular sormalarim tegvik

edin.
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APPENDIX E: WORKSHEETS

This section contains the worksheets given to students.

(i) Pisagor ismini duyunca akliniza gelenler nelerdir?

(1) Ibrahim, Erdi ve Samet Bey emekliliklerini gecirmek i¢in Edirne'nin bir sahil
kasabasinda birer arsa almaya karar verirler. Asagidaki sekilde sekli verilen
kare seklindeki arsalarin alanlann 81m?2, 144m?2 ve 225 m2 oldugu bilinmektedir.
Sekilde gorildigii gibi 3 tarlamn arasimda kalan bolgeve ise cardak yapmaya karar
verirler. Arsalann alamindan vola ¢ikarak cardak vapilmas: planlanan bolgenin

alanmm bulunuz. Cardak yapilan bolgenin kenarlan arasmda bir iliski var mdur?

Figure E.1. Worksheet 1.



Worksheet 2, distributed to students, is as follows.

TEMEL SORU:

(i) Pisagor Teoremini nasil ispatlayabilirsiniz?

(ii) KESIF: Pisagor Teoremini Sozciikler Olmadan Kamtlamak

(a) Dik kenarlar1 a ve b ve hipoteniisii ¢ olan bir dik iiggen ¢izin ve kesin.

(b) Dik tiggeninizin ti¢ kopyasun yapm. Gosterildigi gibi biiyiik bir kare olusturmak

gin dort uggeni de dizenleyin.

(c) Uggenin ve kigik karenin alanlarim toplayarak biyik karenin alanim a, b
ve ¢ cinsinden bulun.

a b

Figure E.2. Worksheet 2.
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Worksheet 3, distributed to students, is as follows.

IDDIA DURUMU
Irem, A ve B arasindaki mesafenin 1 oldugunu soylityor. Irem 1zgara iizerine ne yatay
ne de dikey olan bir dogru pargas: ¢izer. Tam say1 uzunlugunda boyle bir dogru

parcasi gizebilecegini 1ddia edivor.

Irem hakh m? Eger oyleyse, Irem kag tane olasi ¢izgl parcas: ¢izebilir?

e & 8 & & & & s s+ s s s
a & & & & s s 2 & s s = a
e« & & & s 2 s s s+ = s = »
L T T S T

Figure E.3. Worksheet 3.
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Worksheet 4 part a, distributed to students, is as follows.

Pisagor Uclitlerini Kesfetmelk

Boliim A: Pisagor tigliilerinin érneklerini bulma

Hesap makinenizi kullamn ve a, b ve ¢'nin farkh olasi degerlerini arastirin. Asagidaki

tabloyu en az 5 Pisagor ii¢liisii 6rnegi ile doldurunuz. Size bir érnek verilmistir.

a b c KONTROL ET &* + b*=¢*

8 15 17 8+ 157 =64 +225=289 =17

Figure E.4. Worksheet 4 part a.
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Worksheet 4 part b, distributed to students, is as follows.
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Boliim B: Daha fazla Pisagor Uqliisii bulmak i¢in Pisagor UQltilc\rini kullanma

(i) Asagida iki dik ficgen ¢izilmistiv. Hem ABC hem de AED i¢in tiim kenarlann

uzunluklarim bulun.

E
N
.
o
B
N .
p~ -
.
A C D

(ii) ABC'nin kenar uzunluklan ile AED nin kenar uzunluklar: arasindaki iliski hakkinda

ne fark ettiniz?

(iii) Bu iligkinin neden var oldugunu gerekeelendirin ve bu iligkiyi diger Pisagor Ucliilerini

bulmak i¢in nasil kullanabileceginizi aciklaym.

Figure E.5. Worksheet 4 part b.



Worksheet 5, distributed to students, is as follows.
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Pisagor Esitsizligi Teoremlerini Incelemek

Boliim A ve B'ye vamt vermek icin verilen UYGULANAYT kullanin

BOLUM A: Bireysel caligma

A ve B noktalan etrafinda hareket etmeyi deneyin. Gozlemlerinizi asagiva kaydedin.

BOLUM B: Swra arkadasmizla, asagidaki sorulan vamtlamak icin gozlemlerinizi

kullanin.

Hangi durumda | Hangi durumda | Hangi durumda

a?+ v =¢? a +b? < c? a? +b? > ¢?

Figure E.6. Worksheet 5.



Worksheet 6, part 1, distributed to students, is as follows.
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Pisagor Esitsizligi Teoremlerini Uygulamak

Baéliim 1: Asagidaki ticgenlerin her birini dar, genis veya dik olarak simflandirm ve
\{ (=) o iy -

nasil bildiginizi agiklaym. (Divagramlar olgekli ¢izilmemistir)

B B C
73
62° 45°
A cfa
C
A 13
A
5i ;
c
A . 12
B A 4 B
3
4
A
4
6 V30
C
C

Figure E.7. Worksheet 6.



Worksheet 6, part 2, distributed to students, is as follows.

Béliim 2: Her ii¢gen igin, iiggeni dar, genis veya dik acili yapan bir x

degeri yazin.

vi dar agih vapan bir x deferi vazmn

AABC

vi genig ag1li vapan bir x deferi vazin

AABC

vi dik acihi vapan bir x degen vazin

AABCY

1 dar agth vapan bir x degeri vazin

AABCY

1 genig agih vapan bir x defen vazm.

AABCY:

1 dik agih vapan bir x degeri vazm

AABCY

1 dar agih vapan bir x degeri vazin

25 2ABCY

1 geniy agih vapan bir x degeri vazin

AABCY

1 dik agih vapan bir x degeri yazn

Figure E.8. Worksheet 6

part 2.



Worksheet 7, distributed to students, is as follows.
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PISAGOR ESITSIZLIKI ER TEOREMININ KANITI

Teorem:

Verilen :

® ABC uggeninde, c*< a’ = b’ (burada c en vzun kenardir)
e PQR tiggeninin a, b ve x kenar uzunluklan vardir, burada x hipoteniisiin uvzunlugudur

® R agis: bir dik agidar.

e ABC uggeni dar agili bir Gggendir.

P P
ﬁ Ab
B a C Q a R

Asagidaki sorulara cevap vererek bu teoremi ispatlayacaksimz.

1.

td

!.n.l

Elimizde bir dik Giggen oldufuna gdre,
dik Giggenlerde kenarlar arasmnda iligks
kuran teorem hang: teoremdir?

Bu teoreme gdre kenarlar arasindak
iliskiyi bulunuvz.

Buldugumuz iligki ile verilen c'<a* =
b° iligkilerini karjilagtinirsak ne gibi bir
sonug gikarabiliriz?

Egitsizlikler konusunu hatirlarsak 3.
Madde ile birlikte buldugun sonugta
kenarlar hakkinda ne sSyleyebilirsin?

5.

Agq Slgiileri ile kenar uzunluklan
arasinda bir 1ligki oldugunu
Sgrenmigtin. Buna gdre ABC
iiggeninin agilannin Slgileri hakkinda
ne soyleyebilirsin?

Uggenlerin agilanna gére
siflandinlmasi: neye gére
yvapilmaktadir? Buna gore ABC Gggeni
agisina gore hangi gegit bir Gggendir?

Eger bir Giggende ¢c*> a* +~ b’ olsayd: bu
iggen ag: Slgilerine gore hangi gegit
bir Giggen olurdu?

Figure E.9. Worksheet 7.
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APPENDIX F: VAN HIELE TEST PERMISSION

Permission was obtained from Professor Asuman Duatepe Paksu and Professor

Zalman Usiskin to use the test.

Mi Gmail

Van

le Testi kullanim istegi

Asuman DUATEPE-PAKSU < 28 Nisan 2023 08:26
Al Ibrahim Katmaz <

Sayin lbrahim Katmaz,

Yiksek lisans tezimde yaptgim uyarlamay! kullanmanizda benim agimdan bir sikinti yok. Ancak CDASSG proje ekibinin Agustos 2022'de yayinladigi
raporu ve ligii proje sitesini incelemenizi éneririm. (Linkini asagida gérebilrsiniz.) Orada dlgegi kullananiarin Zalman Usiskin'e bu konuda

eposta yoluyla bilgi vererek izin talebinde bulunmasi isteniyor. Rapor yayinlandiktan sonra Usiskin ile yazismamiz sonrasinda ben de test

sayfas altina istedikleri Telif Hakki yazisini ekledim. Usiskin'den alacaginiz olumiu yani ileirseniz Telif Bilgisi eklenmis 6igei sizinle paylasinm

Iyi ginler dilerim.

Prof. Dr. Asuman Duatepe-Paksu

CDASSG projesi web sitesi: https://ucsmp.uchicago.edulresourcesivan-hiele/

Tigili rapor: hitps://wwiw.res and_Suggestions_for_Revisions

archgate.net/publication/363118024_The_Van_Hiele_Geometry_Test_History_

[Aintianan metin gizlend])

Figure F.1. Van hiele permission.

M Gmail

Van

le Test Permission Request
Zalman s skn < 29 Nisan 2023 16:11
Alici: Ibrahim Katmaz <

Dear orahim

‘Thank you for this detailed description of the study you have planned. We are happy to give permission for you to use the van Hiele Geometry Test (in the Duatepe translation)
for your study.

One reason we ask for deail is so that we can give advice regarding the use of the test. Since it seems you are planning to give the test twice, as a pretest and a posttest, it
would be advisable if you can separate the tests by more than 2 weeks - maybe at least a month, if possible. Otherwise students have a tendency to remember how they
responded the first time to the items rather than to take the postiest as independent from the pretest.

Best wishes for a successful study.

Zalman Usiskin

Professor Emeritus of Education

“The University of Chicago

(Wintianan metin giziend])

Figure F.2. Translated van hiele permission.
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APPENDIX G: MONE PERMISSION

Permission was obtained from the Ministry of National Education for the research

to be conducted in the school.

) TC
ISTANBUL VALILIGi
i1 Milli Egitim Miidiirligi

: E-‘5“9(09041 1-20-76948019 26/05/2023
Konu : Anketve Arastirma Izni (Ibrahim KATMAZ)

VALILIK MAKAMINA

ilgi : a) Yenilik ve Egitim Teknolojileri Genel Midiirliigiiniin 21.01.2020 tarihli ve 2020/2 sayih genelgesi.
b) Bogazigi Universitesinin 08.05.2023 tarihli ve 125138 sayih yazisi.
¢) Mudirligimiiz Arastirma ve Anket Komisyonunun 18.05.2023 tarihli tutanagi.

Arastirma Konusu : Bilgisayar Destekli Uygulamalarla Biitiinlestirilmis Geometri Dersi ile
Ogrencilerin Geometrik Ispatlarini Anlama Becerisini ve Geometri Bagarisini
Gelistirmek Uzerine Eylem Arastirilmasi

Arastirma Turd : Anket

Aragtirma Yeri : Esenler Sehit Muhammed Aksu Kiz Anadolu Imam Hatip Lisesi
Arastirma Kisiler : (")grenci

Aragtirmanin Siiresi : 2022 -2023 Egitim ve Ogretim Yili

Yukanda bilgileri verilen arastirmanin; 6698 sayih Kigisel Verilerin Korunmas: Kanununa aykirt olarak
kisisel veri istenmemesi, dgrenci velilerinden agik riza onayr alinmasi, bir 6rnegi Midirlagimiizde muhafaza
edilen miihiirlii ve imzali veri toplama araglarinin kurumlarimiza arastirmact tarafindan ulastirilarak uygulanmasi,
katilmeilarm goniilliiliik esasma gore segilmesi, aragtirma sonug raporunun kamuoyuyla paylasilmamasi ve
arastirma bittikten sonra 2 (iki) hafta igerisinde Miidiirligiimiize gobnderilmesi, okul idarelerinin denetim, gozetim
ve sorumlulugunda, egitim ve ogretimi aksatmayacak gekilde, ilgi (a) genelge esaslari dihilinde uygulanmasi
kaydiyla Mudtrligimiizce uygun goériilmektedir.

Makamumizca da uygun gorildigi takdirde olurlarimza arz ederim.

Levent YAZICI
I Milli Egitim Miidiirii
OLUR
26/05/2023
Dr. Hasan Hiiseyin CAN
Vali a.
Vali Yardimcist

Ek:
1- Ilgi (b) Yaz1 ve Ekleri (14 Sayfa)
2- llgi (c) Tutanak (I Sayfa)

Bu belge givenli elektronik imza ile imzalanmigtr.

Adres il Belge Dogrulama : https://www.turkiye.gov.tr/meb-ebys
Telefon H Bilgi Igin : Aydin BALTA
E-posta Hi Unvant + VHKI
Kep Adresi &1 ntemet Adresi_: http:/istanbul.meb.gov. tr/
Rut erale aiwenli slektranik imza ile imzalanmishe bitne /eyl meh ooy tradeesinden 0003 —defR-3I6FF-hace—fdRh wadu ite tevit cdilahitic

Figure G.1. Mone permission.
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APPENDIX H: ETHICS COMMITTEE APPROVAL

Ethics committee approval was received from Bogazici University Science and En-

gineering Human Research Board with the application number 2023/15.

Evrak Tarih ve Sayisi: 13.04.2023-122568

PSS T.C.

£\ BOGAZICi UNIVERSITESI REKTORLUGU
g Fen Bilimleri ve Miihendislik Alanlari insan Arastirmalari Etik Kurulu
s (FMINAREK)

e

806,
\.
s>

Sayr :[E-84391427-050.01.04-122568
Konu :2023/15 Kayit no'lu bagvurunuz hakkinda

Sayin Dr. Ogr. Uyesi Yesim IMAMOGLU
Matematik ve Fen Bilimleri Egitimi Bolim Baskanligi - Ogretim Uyesi

13.04.2023

"Bilgisayar destekli uygulamalarla bitiinlestirilmis geometri dersi ile dgrencilerin geometrik
ispatlarin1 anlama becerisini ve geometri basarisini gelistirmek Uzerine eylem aragtirmasi" baslikli
projeniz ile Bogazigi Universitesi Fen Bilimleri ve Miihendislik Alanlari insan Arastirmalari Etik Kurulu
(FMINAREK)'e yaptiginiz 2023/15 kayit numarali bagvuru 03.04.2023 tarihli ve 2023/04 No.lu kurul

toplantisinda incelenerek etik onay verilmesi uygun bulunmustur.

Bu karar tiim dyelerin toplantiya on-line olarak katilimiyla ve oybirligi ile alinmistir. Onay

mektubu tiim iyeler adina Komisyon Baskan tarafindan e-imzalanmustir.

Saygilarimizla bilginize sunariz.

Prof. Dr. Tinaz EKIM ASICI

Bagkan

Bu be
Dogrulama Kodu :BSM4B8JJM2 Pin Kodu :61952

ivenli clektronik imza ile imzalanmustir

Bu belge, giivenli elektronik imza ile imzalanmistir.

Figure H.1. Ethics committee approval.

Belge Takip Adresi : https:) ive.gov.tr/ebd?eK=4787&eD=BSM4B8IIM2&eS=:
Bilgi igin: Nursen MUNAR
Unvan: Mihendis






