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Abstract: The need for inquiry-based teaching methods, far from rote learning, in mathematics education highlights
approaches where students present their ideas and question the ideas of others. One of these approaches is the argumentation-
based teaching method. This study aimed to investigate the effect of the argumentation-based teaching method on the
academic achievement, reflective thinking skills towards problem-solving, and attitude towards mathematics of 9th-grade
students in the topic of Triangles. A quasi-experimental design with pre-test-post-test control groups was used in the study.
The sample of the study consisted of 58, ninth-grade students attending a public school during the 2017-2018 academic year.
Data were collected through the Triangles Achievement Test, Reflective Thinking Skills towards Problem Solving Scale, and
Attitude towards Mathematics Scale. As a result of the data analysis, it was observed that argumentation-based teaching had a
positive effect on students' academic achievement and attitudes towards mathematics. However, regarding students' reflective
thinking skills towards problem solving, a significant difference was observed in the reasoning sub-dimension, which is
based on examining cause-effect relationships, in the experimental and control groups, while no significant difference was
observed in the inquiry sub-dimension, which is based on searching for answers to questions, and the evaluation sub-
dimension, which is based on controlling the solution process.

Keywords: Argumentation based teaching, mathematical reasoning, reflective thinking, problem solving, triangles.

Oz: Matematik 6gretiminde ezberden uzak, sorgulamaya dayali 6gretim yontemlerine duyulan gereksinim &grencilerin
fikirlerini sunarak karsi tarafin fikirlerini sorguladiklari yaklagimlari 6n plana ¢ikarmaktadir. Bu yaklagimlardan biri de
arglimantasyon temelli 6gretim yontemidir. Bu ¢alismada argiimantasyon temelli dgretim yoénteminin 9. simf Uggenler
konusunda 6grencilerin akademik basarisina, problem ¢ozmeye yonelik yansitici diisiinme becerilerine ve matematige karsi
tutumlarina etkisini aragtirmak amaglanmistir. Calismada 6n test- son test kontrol gruplu yar1 deneysel desen kullanilmistir.
Caligmanin 6rneklemini 2017-2018 6gretim yilinda bir devlet okulunda 6grenim goren 58, 9. sinif 6grencisi olugturmaktadir.
Veriler Uggenler Basar1 Testi, Problem Cézmeye Yonelik Yansitici Diisiinme Becerisi Olgegi, Matematik Tutum Olgegi
yoluyla toplanmustir. Verilerin analizi sonucunda, argiimantasyon temelli 6gretimin 6grencilerin akademik basarilarina ve
matematige karsi tutumlarina olumlu etki ettigi goriilmistiir. Ancak 6grencilerin problem ¢ézmeye yonelik yansitict diigiinme
becerisi agisindan deney ve kontrol grubunda neden-sonug iliskisini irdelemeye dayanan nedenleme alt boyutuna dair anlaml
bir fark gozlenirken, sorulara cevap aramaya dayanan sorgulama ve ¢0ziim siirecini kontrol etmeye dayanan degerlendirme
alt boyutlarma dair anlamli bir farklilik gézlenmemistir.

Anahtar Kelimeler: Argiimantasyon temelli 6gretim, matematiksel muhakeme, yansitict disiinme, problem ¢6zme,
iicgenler.

Tiirkge siirtim i¢in tiklayiniz

1. Introduction

Mathematics education is a dynamic field that aims not only to develop students’ procedural skills but also to
equip them with higher-order cognitive skills such as mathematical thinking, reasoning, and problem solving
(Ersoy, 2006). Effective mathematics teaching encompasses many elements. One of these elements, the teaching
method, influences students in many respects, including active participation in learning and motivation (Sarier,
2020). In a changing and developing world, teachers’ perspectives on teaching methods and the instructional
methods they use are also changing. In previous years, lessons were taught through traditional methods, and
students were expected to accept the information presented without questioning it. In instructional processes
conducted in this way, students attempted to learn by memorizing information (Gay & Cassel, 2002). This
situation caused many students to develop the misconception that mathematics is merely a question-and-answer
process. However, mathematics is not merely a question-and-answer process; rather, it is a dynamic process of
inquiry involving exploration and reasoning and connected with other disciplines (Witkowski & Rumsey, 2012).
In this context, one of the concepts that holds an important place in mathematics learning and teaching is
mathematical reasoning. Indeed, the Tirkiye Century Education Model (2024) states that mathematical
reasoning is among the mathematical domain skills.

It is possible to associate the concept of mathematical reasoning with various other constructs. One such
construct is the argumentation process (Doruk et al., 2018). The arguments put forward during this process can
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be viewed as both the products and the elements of the mathematical reasoning process. The process of
constructing arguments may involve components such as reasoning, intuitive thinking, formulating hypotheses,
and testing them (Furinghetti & Morselli, 2009). Therefore, the concept of argumentation should be examined by
considering all of these components. Although there are different approaches to argumentation, the concept of
argumentation was addressed in detail in Toulmin’s The Uses of Argument (1958). According to Toulmin, an
argument consists of three main components, namely claim, data, and warrant, and three auxiliary components,
namely backing, qualifier, and rebuttal (Toulmin, 2003). The components of this model can be expressed as
follows:

Claim: Claims are ideas put forward when two or more participants do not agree, and they require
justification when they are explicitly or implicitly challenged by the audience. In such inquiry-based learning
environments, students may produce more original solutions to problems (Toulmin, 2003).

Data: Data are the facts that form the basis of claims. They do not necessarily need to be supported by
experimental evidence. It is sufficient for data to be considered indisputable and shared by all participants.
Otherwise, they remain claims until their factual status is accepted (Toulmin, 2003).

Warrant: Warrants are statements that explain the relationship between the claim and the data and allow
conclusions to be drawn from the data. Mathematical formulas and algorithms can be given as examples
(Toulmin, 2003).

Here, the selection of claim, data, and warrant in the construction of an argument is related to the social
context. Beyond ensuring the correct functioning of the process or grounding it in a logical framework, the
extent to which the audience is persuaded is also important (Forman et al., 1998). In this process, the auxiliary
components (backing, qualifier, and rebuttal) have a significant impact on persuading the audience:

Backing: These are statements that support and strengthen the claim (Toulmin, 2003).
Qualifier: These are statements that indicate the boundaries of the claim (Toulmin, 2003).

Rebuttal: These are statements that specify when or under which conditions the claim is not valid (Toulmin,
2003).

Beyond the social context, when argumentation is approached from a dialectical perspective, it is essential to
focus on the concepts presented in Aristotle’s Topics (Blair & Johnson, 1987):

e Argumentation as a product: When viewed as a product, the background of the process must be
prioritized, similar to the strategic framework of a game of chess or football. This requires a detailed
examination of the initial question and the previously provided answers.

e Dialectical roles: The argumentation process involves two distinct roles: the questioner, who scrutinizes
an idea, and the respondent, who answers the questions. These roles may be performed by the same
individuals at different stages of the process.

e Inception of argumentation: The process begins with a proposition or a doubt. The individual evaluates
what constitutes an argument based on objections and uncertainties. If contradictions arise regarding
these objections during the evaluation, further supporting evidence is required.

e Goal of argumentation: Argumentation is an activity aimed at changing or reinforcing ideas. In this
process, the questioner anticipates that their claim will face objections, challenges, or rejection.
Conversely, the respondent attempts to foresee whether the claim can withstand these challenges or if it
is too weak to be accepted.

An analysis of these various approaches suggests that argumentation can be defined as a process of change
resulting from the interaction between two or more individuals (Blair & Johnson, 1987). The fact that it emerges
through social interaction underscores the significance of this process.

The significance of argumentation has also been emphasized through various curricular and instructional
initiatives. As a result of research aimed at addressing the shortcomings of mathematics education in the United
States through curriculum reform, the Common Core State Standards for Mathematics (CCSSM, 2010) were
introduced. The Standards for Mathematical Practice included in the CCSSM are as follows:

» Make sense of problems and persevere in solving them

* Reason abstractly and quantitatively

* Construct viable arguments and critique the reasoning of others
* Model with Mathematics

« Use appropriate tools strategically
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* Attend to precision
* Look for and make use of structure
* Look for and express regularity in repeated reasoning

According to CCSSM standards, mathematically proficient students can construct logical conjectures by
using previously established arguments, reasoning, and employing definitions and assumptions. They can use
case analyses and counterexamples to support the validity of these conjectures. They communicate their
arguments to others and respond to others’ arguments as well. Furthermore, by comparing two arguments, they
can determine which one is logically sound, while also explaining why arguments that are incorrect or irrational
are wrong. In this way, students can listen to one another’s arguments and learn by asking questions about points
they are curious about (CCSSM, 2010). Consequently, at the foundation of this process lies the ability to
generate ideas and express them in different ways.

As the importance of the argumentation process is emphasized in the CCSSM (2010), it is also highlighted in
the mathematics curricula of our country. When the mathematics curricula used at the primary and secondary
education levels are examined, the concept of “argumentation” is not explicitly included in the Ministry of
National Education (MEB, 2018) curriculum; however, the argumentation process is implicitly addressed
through references to individuals’ abilities to construct and express mathematical ideas. In the Tiirkiye Century
Education Model (2024), the concept of argumentation, which is included as a science domain skill, is not
explicitly addressed within the mathematical domain skills; however, the argumentation process is reflected
through the concept of mathematical reasoning. In this model, analysis, interpretation, inference, and
mathematical verification or proof are identified as mathematical reasoning skills. In particular, the notions of
reasoning, verification, and proof included in this model are directly related to the argumentation process. This is
because mathematical argumentation is the process of systematically justifying and proving the validity of
mathematical claims using data and warrants (Rodriguez Nieto et al., 2023). Therefore, the argumentation
process can be associated with higher-order thinking skills.

Argumentation-based teaching can foster students’ higher-order thinking skills such as critical thinking and
problem solving. Among these skills, problem solving involves the processes followed to reach a solution to a
given problem. According to Kizilkaya and Agkar (2009), problem solving is one of the most essential skills an
individual should possess. To develop this skill, it is necessary to understand the problem, plan a solution,
implement the plan, and evaluate the accuracy and validity of the obtained result (Schoenfeld, 1987). Since these
stages also involve reflective thinking processes, and because problem solving is the process in which an
individual’s reflective thinking skills can be most clearly observed (Kizilkaya & Askar, 2009), problem-solving
skills can be associated with reflective thinking skills. The concept of reflective thinking is grounded in Dewey’s
How We Think (1910) (Cinar, 2016). According to Dewey (1910), reflective thinking is “active, persistent, and
careful consideration of any belief or supposed form of knowledge in light of the grounds that support it and the
further conclusions to which it leads.” Reflective thinking refers to the process of integrating newly acquired
information with prior knowledge structures (Cinar, 2016). Dewey (1910) proposed that the reflective process
consists of five stages: suggestion, problem, hypothesis, reasoning, and testing. Although the sequence of these
stages may vary, their interrelated nature is widely acknowledged (Kizilkaya & Askar, 2009). Kizilkaya and
Askar (2009) conceptualized reflective thinking as consisting of three skills: questioning, reasoning, and
evaluation. Questioning refers to the process of generating and addressing questions that arise during problem
solving. Reasoning involves establishing cause—effect relationships by examining the reasons behind one’s
actions. Evaluation refers to reviewing one’s actions and recognizing both correct and incorrect steps. Since
argumentation requires students to justify their claims, it naturally fosters reflective thinking skills, as defending
a claim involves deep reasoning and critical examination (Cho & Jonassen, 2002). Moreover, argumentation
serves as an essential tool for resolving uncertainties in problem solving and for structuring insights gained
through reflective thinking (Giilen & Yaman, 2019). In this context, while problem solving encompasses inquiry
processes, reflective thinking involves monitoring and self-regulation processes, requiring individuals to
critically evaluate their own cognitive models (Zorlu & Ates, 2024). Therefore, since students solve problems
step by step using argumentation components in argumentation-based teaching, such instruction can be
associated with reflective thinking skills towards problem solving.

Although studies on argumentation in the field of mathematics are relatively limited, interest in mathematical
argumentation has increased in recent years (Aberdein, 2009; Ayalon & Hershkowitz, 2018; Dede, 2018;
Demiray, 2019; Demiray et al., 2023; Demirel et al., 2017; Dogruer & Akytiz, 2022; Doruk et al., 2018; Duran et
al., 2017; Frrat et al., 2016; Gokce et al., 2020; Giines, 2013; Kiigiik Demir, 2014; Marchant et al., 2021,
Mercan, 2015; Rino et al., 2021; Ro & Arnesen, 2020; Sengiil & Tavsan, 2019). A considerable number of
studies have examined the effects of argumentation-based teaching method (ABTM) on students’ academic
achievement (Akkas & Memis, 2020; Aktas & Dogan, 2018; Aydogdu, 2017; Demirbag & Giinel, 2014;
Karakus & Yalgin, 2016; Yesildag Hasangebi & Giinel, 2013; Uluay & Aydin, 2018). However, studies focusing
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specifically on mathematics courses remain limited (Can & Isleyen, 2020; Cross, 2009; Duran et al., 2017; inam,
2020; Kiiciik Demir, 2014; Kii¢iik Demir & Isleyen, 2019; Mercan, 2015). Similarly, research investigating
students’ attitudes towards mathematics in relation to ABTM is scarce (Mercan, 2015). Although there are
studies linking ABTM to problem solving (Akhdinirwanto et al., 2020; Cho & Jonassen, 2002; Fettahlioglu &
Aydogdu, 2020; Gillies & Khan, 2009; Tiirk & Kilig, 2020), and studies examining its effect on reflective
thinking skills are also limited (Baydar, 2018; Giilen, 2016; Rosmiatia et al., 2020), no study has directly
investigated its effect on reflective thinking skills towards problem solving.

The performance of Turkish students in international large-scale assessments of Mathematics and science
continues to lag behind that of many other countries. Therefore, the use of different instructional methods in
mathematics education may contribute to improving student achievement (Goktepe Yildiz, 2019). In this
context, this study aims to examine the effect of ABTM on students’ academic achievement in mathematics and
their attitudes towards mathematics. In addition, it is suggested that the components of the argumentation
process can be associated with the steps of the problem-solving process and can provide insights into students’
problem-solving processes (Dogruer & Akyiiz, 2022). Based on this assumption, the geometry domain was
selected, as it allows students to express their problem-solving processes more concretely through visual
representations. Within this domain, the topic of triangles was chosen because it includes fundamental concepts
of geometry and provides an appropriate context for students to demonstrate abstract thinking and logical
reasoning skills, thereby supporting the development of both argumentation and reflective thinking skills.

This study can be regarded as an original contribution, as it not only examines the effects of ABTM on
academic achievement and attitude but also investigates its impact on reflective thinking skills towards problem
solving at the sub-dimension level (questioning, reasoning and evaluation), which has rarely been addressed in
the literature. In this respect, the study is expected to contribute to the development of students’ thinking skills
and to support their development as individuals who think, question, investigate, and discover, in line with the
instructional objectives stated in the Tiirkiye Century Education Model (2024).

Considering the limited number of studies on the use of ABTM in mathematics education in Tiirkiye, this
study aims to investigate the effect of ABTM on 9th-grade students’ academic achievement in the topic of
triangles, their reflective thinking skills towards problem solving, and their attitudes towards mathematics.

Accordingly, the following research questions are addressed:

1. Is there a significant difference between the academic achievement of students in the experimental
group, in which ABTM is implemented, and those in the control group, in which traditional instruction
is implemented, in the 9th-grade triangles unit?

2. Is there a significant difference between the attitudes towards mathematics of students in the
experimental group and those in the control group in the 9th-grade triangles unit?

Is there a significant difference between the reflective thinking skills towards problem-solving of students in
the experimental group and those in the control group in the 9th-grade triangles unit?

2. Method

This study employed a quantitative research design, which is commonly used to test theoretical assumptions
or describe social phenomena (Giiglii, 2020). While true experimental designs enable researchers to examine the
direct effect of an independent variable on a dependent variable under controlled or natural conditions, quasi-
experimental designs are used when participants cannot be randomly assigned to groups (Sonmez & Alacapinar,
2019). Accordingly, a pretest—posttest control group quasi-experimental design was adopted to examine the
effect of ABTM on students’ academic achievement, attitude towards mathematics, and reflective thinking skills
towards problem-solving.

2.1. Participants

Since the unit on “Triangles” is included in the 9th-grade mathematics curriculum, this study was conducted
with ninth-grade students. The study group consisted of 9th-grade students attending a public school in Konya
during the 2017-2018 academic year. Data were collected from ninth graders as the Ministry of National
Education (MEB, 2018) curriculum designates the “Triangles” unit as part of the ninth-grade curriculum. Among
the participating classes, class 9-A was randomly assigned as the experimental group, consisting of 30 students,
while class 9-B was randomly selected as the control group, consisting of 28 students.

2.2. Data Collection Tools

In this study, the ABTM served as the independent variable, while academic achievement, attitude towards
mathematics, and reflective thinking skills towards problem solving were the dependent variables.
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The Triangles Achievement Test (TAT), consisting of open-ended questions, was developed using items
previously used in high school entrance examinations as well as items prepared by the researchers. The test was
administered as both a pre-test and a post-test to the experimental and control groups, using the same items in
both applications. Content validity of the TAT was ensured based on the learning outcomes specified in the
mathematics curriculum. In addition, the opinions of two mathematics teachers and one academic were obtained.
Following these expert consultations, a pilot study was conducted with 100 students in Konya. The item
difficulty index and item discrimination index for each item in the 24-items test were calculated separately.
According to the criteria established by Biiyiikoztiirk et al. (2014), item difficulty indices were categorized as
follows: 0.00-0.20 (very difficult), 0.20-0.40 (difficult), 0.40-0.60 (moderate), 0.60-0.80 (easy), and 0.80-1.00
(very easy). Items with discrimination index above 0.40 were considered highly discriminative (Biiyiikoztiirk et
al., 2014). Based on these results, four items with insufficient difficulty and discrimination values were removed
from the test. After excluding these items, the test’s reliability coefficient was determined to be 0.974. A sample
item from the TAT is presented in Figure 1:

o ABC is a right triangle. |AD| = |DC]|

|BF| = |FC| and |BG| = 6 cm. |AC| =?

Figure 1. An example of a question included in the TAT

To determine students’ attitudes toward mathematics, several existing scales were reviewed. The selection
criteria prioritized items that were simple, clear, and concise, ensuring that students could respond accurately and
with ease. The Attitude towards Mathematics Scale (ATMS), developed by Kabaca (2006), was selected for this
study. The ATMS is a 26-item instrument utilizing a 5-point Likert-type format. Scores on the scale range from
minimum of 26 to a maximum of 130. The reported Cronbach’s alpha reliability coefficient for the scale is
0.934.

Considering the relationship between the argumentation process and the problem-solving process, the
Reflective Thinking Skill Scale towards Problem Solving (RTSSPS), developed by Kizilkaya and Agkar (2009),
was used to examine how students perceive themselves within this process. The RTSSPS comprises 14 items in
a 5-point Likert type format, with scores ranging from 14 to 70. The scale is structured into three sub-
dimensions: questioning, reasoning, and evaluation. The reliability of the scale was assessed using Cronbach’s
alpha. The reliability coefficients were 0.73 for the questioning sub-dimension, 0.71 for the reasoning sub-
dimension, and 0.69 for the evaluation sub-dimension, while the coefficient for the overall scale was 0.83. The
scale was preferred because it allows reflective thinking skills to be examined at the sub-dimension level and
focuses on the problem-solving context.

The implementation phase of the study was conducted with ninth-grade students focusing on the “Triangles”
unit at a public school. This unit was selected because it encompasses fundamental geometric concepts and
provides an appropriate context for the development of argumentation and reflective thinking skills. In the
experimental group, instruction was delivered using the ABTM. Throughout the implementation, students used
worksheets specifically developed by the researchers. These worksheets incorporated strategies designed to
enhance argumentation skills and were refined based on expert feedback. Students were organized into small
groups and employed argumentation components while answering questions on the worksheets. Following each
activity, group spokespersons presented these components, which were then discussed in a whole-class setting.
To ensure dynamic interaction, groups were reorganized weekly based on varying criteria. At the end of the
implementation, the worksheets were collected by the researcher. In the control group, instruction followed a
traditional approach. The “Triangles” unit was taught through expository teaching, and the question-and-answer
technique was used throughout the lessons. At the end of each lesson, students were encouraged to ask clarifying
questions, and points of confusion were revisited by the teacher.

Both groups were administered the TAT, the ATMS, and the RTSSPS as pre-tests and post-tests to evaluate
the effects of the intervention.
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2.3. Data Analysis

Quantitative analysis methods were employed to analyze the data obtained in this study. Data collected via
the the TAT, the ATMS and the RTSSPS were analyzed using SPSS 24.0 software. Parametric tests were
utilized for datasets that met the assumptions of normality and other necessary conditions. Specifically, a paired
samples t-test was conducted to determine the significance of the difference between the pretest and posttest
mean scores within a single group, while an independent samples t-test was used to compare the mean scores
between the two groups. For datasets that did not follow a normal distribution, non-parametric tests were
employed; the Mann-Whitney U test was used for between-group comparisons, and the Wilcoxon signed-rank
test was used for within-group comparisons. The findings were interpreted based on the differences observed
between the experimental and control groups.

2.4. Procedure

The TAT, the ATMS and the RTSSPS were administered to both the experimental and control groups as
pretests, and the resulting data were analyzed. Initially, students in the experimental group were introduced to the
ABTM- a method they had not previously experienced—using real-life examples. Through activities
incorporating everyday scenarios, students develop an understanding of the fundamental principles of
argumentation. To elicit prior knowledge relevant to the “Triangles” unit, concepts such as lines, line segments,
rays, and angles were reviewed.

In the experimental group, the process was carried out through the implementation of worksheets developed
by the researchers and reviewed through expert feedback. One of the researchers took an active role in the data
collection phase, acting as a facilitator. The researcher’s primary responsibility was to encourage students to ask
questions, generate arguments, and articulate and defend their ideas. In instances where students struggled to
initiate the process, the researcher used scaffolding techniques, such as posing brief prompting questions, to
facilitate argumentation and sustain engagement through the prepared activities. Students participated actively,
responding to the teacher’s prompts and presenting arguments related to the assigned tasks. Throughout the
process, an environment was maintained in which students who wished to revise their initial claims were given
the opportunity to express their new perspectives freely.

WORKSHEET : AREA MEASUREMENT

What component or components do you need to know to calculate the area of a triangle? Which
member(s) of the Jetsons family is telling the truth? Discuss this with your classmates.

We can find the area The area cannot be

E; of a triangle when we ~_ calculated without knowing
know only the lengths x the height.
Cieor Judie
The area of a triangle
S3 can be calculated using More than one
k) only angle method can be used
J \—/ for measuring area.
0
Mr. Spacely

Claim:
Data:
Warrant:
Backing:
Qualifier:

Rebuttal:

Figure 2. A sample worksheet used in the experimental group
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Figure 2 illustrates a sample worksheet used in the experimental group. In this activity, students identified the
character whose perspective they supported and formulated it as a claim. They then completed the task by
incorporating additional argumentation components, including data, warrants, qualifiers, backing, and rebuttals,
to justify their positions.

In the control group, the teacher delivered instruction through the expository method and checked students’
understanding during the lesson. The teacher asked various questions to help students reinforce their learning. At
the end of the lesson, students asked questions about the parts they did not understand; however, unlike the
experimental group, there was no structured process of constructing and defending arguments.

The research was conducted over a period of 12 weeks, with six hours of instruction per week. Following the
intervention, the TAT, the ATMS and the RTSSPS were re-administered to both groups as posttests.

Table 1. Comparison of implementation processes in experimental and control groups

Control Group

Feature Experimental Group (ABT) (Traditional Instruction)

Instructional Method Argumentation-Based Teaching Expository Teaching
Student Role Active partic_ipan_t, argument
constructor, inquirer

Guide, facilitator, promoter of
argumentative discourse
Duration 12 weeks (72 instructional hours) 12 weeks (72 instructional hours)

Passive recipient, question asker

Teacher Role Knowledge provider, explainer

3. Findings
This section presents and analyzes the findings obtained from the TAT, ATMS and RTSSPS.

The findings obtained from the TAT, developed by the researchers, are analyzed in this section.

Table 2. Normality test results of the TAT

Group Test Test Statistics df p
Control Pre Test 0,441 28 0,000
Post Test 0,959 0,339
Experimental Pre Test 0,556 0,000
Post Test 0,966 30 0,447

According to the results of the Shapiro-Wilk test, the groups’ pretest scores were not normally distributed (p<
.05). Therefore, the non-parametric Mann-Whitney U test was conducted to determine whether a significant
difference existed between the pretest achievement scores of the experimental and control groups.

Table 3. Mann-Whitney U test results for TAT pre-test

Group N Mean Rank Sum of Ranks U p
Pre Test Experimental 30 30,75 922,5
Control 28 28,16 7885 3825 0,409

The results of the Mann-Whitney U test indicated no statistically significant difference between the groups’
pretest scores [U = 382.5, p > .05]. This finding suggests that the experimental and control groups were
comparable in terms of academic achievement related to the topic of triangles prior to the intervention.

The results of the Shapiro-Wilk test further indicated that the groups’ posttest scores were normally
distributed (p > .05). Therefore, an independent-samples t-test was conducted to determine whether a significant
difference existed between the posttest achievement scores of the experimental and control groups.

Table 4. Independent-samples t-test results for the TAT post-test

Group N M Sq ds t D
Post Test  Experimental 30 36,13 16,59
Control 28 18,87 10,59 56 4,69 0,00

According to the results of the independent-samples t-test, there was a statistically significant difference
between the groups’ posttest mean scores in favor of the experimental group [t(56) = 4.69, p < .05]. This finding
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indicates that students in the experimental group demonstrated higher academic achievement following the
intervention.
The findings related to the ATMS (Kabaca, 2006) are presented in the following section.

Table 5. Normality test results for the ATMS

Group Test Test Statistics df
Control Pre Test 0,921 28 0,036

Post Test 0,970 0,578
Experimental Pre Test 0,962 0,340

Post Test 0,941 30 0,096

According to the results of the Shapiro-Wilk test, the control group’s pretest scores were not normally
distributed (p < .05). Therefore, the non-parametric Mann-Whitney U test was conducted to determine whether a
significant difference existed between the experimental and control groups’ pretest scores on the ATMS.

Table 6. Mann—Whitney U test results for the ATMS pre test

Group N Mean Rank Sum of Ranks U p
Pre Test Experimental 30 31,18 935,5
Control 28 27,7 775,5 369,5 0,418

The results of the Mann—Whitney U test indicated no statistically significant difference between the groups’
pretest scores on the ATMS [U = 369.5, p > .05]. This finding suggests that the experimental and control groups
were comparable in terms of their attitudes towards mathematics prior to the intervention.

The results of the Shapiro—Wilk test further indicated that the groups’ posttest scores were normally
distributed (p > .05). Therefore, an independent-samples t-test was conducted to determine whether a significant
difference existed between the groups’ posttest scores on the ATMS.

Table 7. Independent Samples t-test results for the ATMS post test

Group N M S, ds n 5
Post Test  Experimental 30 3,70 0,67
Control 28 2,65 0.6 56 6,19 0,00

A significant difference was observed in the post-test mean scores of the ATMS between the experimental
and control groups, in favor of the experimental group [t(56) = 6.19, p < .05]. This finding indicates a more
positive development in the experimental group students' attitudes towards mathematics after the intervention.

The findings obtained from the RTSSPS by Kizilkaya and Askar (2009), are presented in the following
section.

Table 8. Normality Test results for the RTSSPS

Group Test Sub dimension Test ds P
Statistics
Control Pre Test Questioning 0,950 28 0,198
Evaluation 0,935 0,082
Reasoning 0,966 0,472
Post Test Questioning 0,965 28 0,455
Evaluation 0,974 0,686
Reasoning 0,976 0,735
Experimental Pre Test Questioning 0,953 30 0,204
Evaluation 0,976 0,725
Reasoning 0,954 0,213
Post Test Questioning 0,887 30 0,004
Evaluation 0,964 0,397
Reasoning 0,963 0,361

According to the Shapiro—Wilk test results, the pre-test scores of the groups were normally distributed (p >
.05). Therefore, an independent-samples t-test was conducted to determine whether a significant difference
existed between the pre-test mean scores of the experimental and control groups on the RTSSPS.
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Table 9. Independent-samples t-test results for the RTSSPS pre test

Sub Group N M Sy de t p
dimen_sio_n _
eewTERI RO o v ow o
g B SRR 3 om o w o om
S G B M 0% o w  om

The independent-samples t-test results indicated that there were no statistically significant differences
between the pre-test mean scores of the experimental and control groups across any of the sub-dimensions (p >
.05). This finding suggests that the experimental and control groups were comparable in terms of reflective
thinking skills towards problem solving prior to the intervention.

However, the Shapiro—Wilk test results revealed that the post-test scores for the inquiry sub-dimension in the
experimental group were not normally distributed (p < .05). Therefore, the non-parametric Mann—Whitney U test
was employed to determine whether a significant difference existed between the post-test scores of the
experimental and control groups on the RTSSPS.

Table 10. Mann—Whitney U test results for the RTSSPS post-test

Alt Boyut Group_ N Mean Rank Sum of Ranks U p
; QUGIStlonlng E’éﬁ‘::(')rlne”ta: g% g%gs Zgg 315,0 0,084
£ Evaluation Experimenta ,85 55
g Reasoning E)?Sgrci)#ental gg gggg Igi655 . o
Control 28 248 694,5 2885 0039

These findings indicate that ABTM was more effective than traditional instruction in enhancing students’
reasoning skills related to reflective thinking towards problem solving. In contrast, no statistically significant
differences were found between the two instructional approaches in the remaining sub-dimensions.

4. Discussion and Conclusion

The aim of this study was to investigate the effects of ABTM on students’ academic achievement, reflective
thinking skills towards problem solving, and attitudes towards mathematics. To examine the effect of ABTM on
academic achievement, TAT administered to the experimental and control groups was analyzed. The results
indicated that the achievement levels of both groups increased at the end of the intervention. However, the post-
test results showed that the increase in achievement was greater in the experimental group. Accordingly, it can
be concluded that ABTM was more effective than traditional instruction in improving students’ achievement in
the topic of Triangles. This finding may be explained by the fact that ABTM enables students to construct their
own ideas and revise them when necessary by incorporating new ideas. In this process, knowledge is not
received in a ready-made form but is actively produced by the students; therefore, this active knowledge
construction process is thought to have contributed to the increase in student achievement.

Previous studies in the literature have demonstrated that ABTM positively affects students’ academic
achievement in science education (Akkas & Memis, 2020; Aksoy & Demirkaya, 2021; Aktas & Dogan, 2018;
Eroglu & Yildirim, 2020; Kara, Yilmaz, & Kingir, 2020; Kristiani & Saragih, 2012; Uluay & Aydin, 2018;
Yesildag Hasangebi & Giinel, 2013; Zengin et al., 2011). Similar findings have also been reported in the field of
mathematics education and are consistent with the results of the present study. In a study aligned with the
findings of the current research, Cross (2009) compared students’ achievement in mathematics classes conducted
through ABTM alone, ABTM combined with writing activities, and traditional instruction. The findings revealed
that students who participated in both the argumentation process and writing activities demonstrated the greatest
improvement in achievement, whereas the lowest achievement levels were observed among students receiving
traditional instruction. These findings are consistent with the results of the present study. Likewise, Kiigiik
Demir (2014) and Mercan (2015), in studies consistent with the present findings, concluded that ABTM
contributed positively to ninth-grade students’ academic achievement in the topic of Functions. Similarly, Duran
et al. (2017) reported that ABTM had a positive effect on eighth-grade students’ academic achievement in
Probability, thereby supporting the findings of the current study. Can and Isleyen (2020) found that ABTM
positively influenced preservice teachers’ academic achievement in Probability, which is likewise consistent
with the present results. In a similar vein, Inam (2020) reported that ABTM affected sixth-grade students’
academic achievement in the topics of Geometric Solids and Volume Measurement as well as Measurement in
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Liquids. Korkmaz (2020) also concluded that ABTM had a positive effect on preservice teachers’ academic
achievement in Transformation Geometry, further supporting the findings of the current study.

Taken together, these findings indicate that ABTM has a positive effect on students’ academic achievement
across different grade levels and subject areas. This effect may be associated with its contribution to deeper and
more durable learning by enabling students to produce their own solutions through argumentative components
such as warrants, backings, and rebuttals, as well as by facilitating the establishment of conceptual relationships.
In addition, ABTM transforms students from passive recipients of knowledge into active constructors of
knowledge. Particularly in topics such as Triangles that require proof and reasoning, enabling students to
construct their own arguments and produce solutions beyond the level of knowledge, at the levels of application
and analysis, may be effective in increasing academic achievement.

When the results of the ATMS used in this study were examined, it was found that ABTM was more
effective than the traditional method in fostering students’ positive attitudes towards mathematics. This may be
attributed to students’ active participation in the learning process, learning by doing and experiencing, and
engaging in positive interdependence with their peers during group work. In this respect, the findings are
consistent with those reported by Mercan (2015), who concluded that ABTM contributed positively to the
development of favorable attitude towards mathematics. Similarly, Aksoy and Demirkaya (2021), Ates (2019),
Aydogdu (2017), Balc1 (2015), Oksiizer (2019), and Ugar (2019) reported that ABTM positively influenced
students’ attitudes toward science, and these findings are likewise in agreement with the results of the present
study.

Nevertheless, the literature also includes studies reporting findings that contradict those of the present
research. For instance, Ozdemir (2022) found that ABTM did not have a statistically significant effect on third-
grade primary school students’ attitudes towards mathematics. One possible explanation for the discrepancy
between Ozdemir’s findings and those of the present study may be that the activities implemented within the
ABTM process were perceived by third-grade students as time-consuming, challenging, or unengaging.
Furthermore, changes in instructional methods alone may not be sufficient to produce significant effects on
affective variables such as attitude. In the present study, the positive change observed in the experimental
group’s attitudes towards mathematics may therefore be attributed not only to the instructional approach itself
but also to students’ increased active participation during lessons and their greater opportunities for interaction
and communication with the teacher.

In the present study, it was found that ABTM did not have a statistically significant effect on students’
questioning and evaluation sub dimensions compared to traditional instruction. This finding was reflected in
students’ failure to revise their arguments at the end of classroom discussions during the argumentation process,
despite repeated emphasis by the researcher. This can be considered observable evidence that students were not
able to sufficiently develop their evaluation and questioning skills during the process. This situation is thought to
be attributable to students’ long-standing familiarity with traditional instructional approaches, in which
questioning and evaluation are not sufficiently emphasized; therefore, students may not have been able to
effectively employ these skills. In addition, the duration of the study may not have been sufficient to change this
situation. On the other hand, argumentation was found to be more effective than the traditional method in
developing the reasoning sub-dimension, which was associated with students learning through inquiry- and
research-based processes rather than rote learning. This finding is consistent with the results of Baydar (2018). In
his study, Baydar concluded that teaching the “Electrical Energy” unit through STEM- and ABTM did not have
a statistically significant effect on seventh-grade students’ reflective thinking skills towards problem solving.

The literature also includes studies whose findings contradict the results of the present research. Contrary to
the findings of the current study, Giilen (2016) concluded that ABTM improved students’ reflective thinking
skills. Similarly, Giiner (2023) reported that the ABTM approach positively affected seventh-grade students’
reflective thinking skills towards problem solving in physics courses, which is inconsistent with the findings of
the present study. These discrepancies between the findings of these studies and the results of the present study
are thought to be influenced by whether students were exposed to non-rote, inquiry-based learning environments,
students’ levels of readiness, and the characteristics of the learning environment and instructional tools.

Although the present study concluded that ABTM positively affected students’ academic achievement and
attitudes towards mathematics, it was also found that the instructional approach did not produce a statistically
significant effect on students’ reflective thinking skills towards problem solving. This finding may be interpreted
within the scope of the study’s limitations. In particular, interpreting affective skills such as attitudes and
reflective thinking skills towards problem solving solely through quantitative data may not provide clear
information about the results. In addition, the measurement of these skills over a 12-week period constitutes
another limitation of the study.
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5. Recommendations

This study examined the impact of ABTM on academic achievement, attitude toward mathematics, and
reflective thinking skills towards problem solving. Based on the findings, several recommendations are proposed
for researchers and practitioners. The results indicate that ABTM appears to positively influence students'
academic achievement and their attitudes towards mathematics. In this context, it is recommended that
argumentation-based activities be given greater emphasis in mathematics instruction, particularly in topics where
conceptual learning is intensive.

The study revealed that ABTM had a significant effect only on the reasoning sub-dimension of reflective
thinking skills towards problem solving. This finding indicates that ABTM is effective in supporting students’
ability to establish cause-and-effect relationships. Therefore, classroom discussions should encourage students
not only to focus on reaching solutions but also to justify and defend their solution processes. The absence of
significant differences in the questioning and evaluation sub-dimensions may be attributed to the fact that these
skills require longer-term cognitive monitoring and that breaking away from traditional learning habits takes
time. Future research is recommended to conduct longitudinal studies that provide sufficient time for the
development of questioning and evaluation skills. In addition, qualitative or mixed-method studies may be
conducted to identify the reasons behind the limited development of these skills. Since the lack of significant
effects in these sub-dimensions may also be related to the topic of Triangles, similar studies may be conducted
across different grade levels and subject areas. It is also recommended to include self-assessment, peer
assessment, and open-ended discussion activities that enable students to evaluate their solution processes.

In this study, worksheets were used as instructional tools for ABTM; however, it is thought that the use of
technological tools would be effective in increasing student motivation. In this context, in line with the Tiirkiye
Century Education Model (2024), particularly in topics such as Triangles where visualization is critical, the
effects of argumentation processes supported by dynamic geometry software on students’ cognitive skills may be
investigated.
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Argiimantasyon Temelli Ogretim Yonteminin 9. Simf Ucgenler Konusuna Farkh
Degiskenler Acisindan Etkisi

1. Giris

Matematik 6gretimi, Ogrencilerin  sadece islem becerilerini gelistirmesinin ~ Gtesinde, matematiksel
diistinme, mantik yiiriitme ve problem ¢dzme gibi yiiksek diizeyde bilissel becerileri kazanmalarini amaglayan
dinamik bir alandir (Ersoy, 2006). Etkili bir matematik 6gretimi birgok unsuru barindirmaktadir. Bu unsurlardan
biri olan Ogretim ydntemi, Ogrencilerin 6grenmelerine aktif katilim, motivasyon gibi bir¢ok a¢idan etki
etmektedir (Sarier, 2020). Degisen ve gelisen diinyada, 6gretmenlerin gretim yontemlerine bakis agist ve
kullandiklar1 6gretim yontemleri de degismektedir. Gegmis yillarda 6grencilere geleneksel yontemlerle dersler
anlatilmis ve Ogrencilerin verilen bilgileri sorgulamadan kabul etmeleri beklenmistir. Bu sekilde ilerleyen
ogretim siirecinde 6grenciler bilgileri ezberleyerek 6grenmeye calismislardir (Gay Cassel, 2002). Bu durum
birgok dgrencinin, matematigin sadece soru- cevap siireci olduguna dair yanlg bir fikre kapilmalarma sebep
olmustur. Oysa matematik sadece soru- cevap siireci degil; kesfetmeyi, muhakeme etmeyi barindiran ve diger
disiplinlerle iligkili olan dinamik bir aragtirma siirecidir (Witkowski Rumsey, 2012). Bu baglamda matematik
O0grenimi ve Ogretiminde onemli yer tutan kavramlardan biri matematiksel muhakemedir. Nitekim Tiirkiye
Yiizyil1 Maarif Modeli’nde (2024) matematiksel muhakeme kavraminin matematiksel alan becerilerinden oldugu
belirtilmektedir.

Matematiksel muhakeme kavramini, farkli kavramlarla iliskilendirmek miimkiindiir. Bu kavramlardan biri de
arglimantasyon siirecidir (Doruk vd., 2018). Argiimantasyon siirecinde ortaya atilan argiimanlar matematiksel
muhakeme siirecinin hem {irlinleri hem de elementleri olarak goriilebilir. Argiiman olusturmanin amaglandigi
stire¢; muhakeme etme, sezgisel diisiinme, hipotezler ortaya koyma ve bunlari test etme gibi bilegenler igerebilir
(Furinghetti & Morselli, 2009). Dolayisiyla argiimantasyon kavrammin, tiim bu bilesenler g6z oOniinde
bulundurularak irdelenmesi gerekmektedir.

Arglimantasyon ile ilgili farkli yaklagimlar bulunmakla birlikte argiimantasyon kavrami Toulmin’in The Uses of
Argument (1958) kitabiyla detayl bir sekilde ele alinmigtir. Toulmin’e gore bir argiiman iddia, veri, gerekce
olarak adlandirilan ii¢ temel 6geden ve destekleyici, sinirlayici, ¢iiriitiicli olarak adlandirilan ii¢ yardime1 6geden
olusmaktadir (Toulmin, 2003). Bu modele dair 6geler asagidaki sekilde ifade edilebilir:

Iddia: iki ya da daha fazla katilimc1 aym fikirde olmadiginda ortaya atilan fikirler iddiadir ki bunlar dinleyiciler
tarafindan alenen veya dolayli olarak sorgulandiginda destege ihtiya¢ duyar. Boyle sorgulayict 6grenme
ortamlarinda 6grenciler problemlere daha 6zgiin ¢ozlimler iiretebilirler (Toulmin, 2003).

Veri: iddialara temel olan gerceklerdir. Bunlar mutlaka deneylerle desteklenen gercekler olmak zorunda degildir.
Burada verilerin itiraz edilemeyecek sekilde ve herkes tarafindan kabul gériiyor olmasi yeterlidir. Aksi halde
gergeklikleri kabul gorene kadar iddia olarak kalacaklardir (Toulmin, 2003).

Gerekge: Iddianin veriyle iliskisini agiklayan ve bu verilerden sonug ¢ikarmamizi saglayan ifadeler, gerekcedir.
Formiiller ve algoritmalar 6rnek olarak verilebilir (Toulmin, 2003).

Burada bir argiimanin olusumunda iddia, veri, gerek¢e segimlerinin etkisi sosyal baglamla alakalidir. Sadece
stirecin dogru isleyisi ya da mantikl bir zemine oturtulmasindan &te izleyicilerin ikna olma derecesi de dnemlidir
(Forman vd., 1998). Bu siiregte ise yardimer 6geler (destekleyici, smirlayici ve giiriitiiciiler) izleyicileri ikna
etmede biiyiik etkiye sahiptir:

Destekleyici: iddiay1 gii¢lendiren ifadelerdir (Toulmin, 2003).
Smirlayict: Iddianin sinirlarini gizen ifadelerdir (Toulmin, 2003).
Ciiriitiicii: Iddianin ne zaman veya hangi durumlarda gegersiz olacagimi belirten ifadelerdir (Toulmin, 2003).

Arglimantasyon sosyal baglamin yam sira diyalektik olarak ele alindiginda ise Aristoteles’in Topics’inde yer
verilen kavramlar {izerinde durulmalidir (Blair & Johnson, 1987):

e Argiimantasyon bir zriin olarak diisiiniildiigiinde bir satrang ya da futbol oyunundaki gibi siirecin arka
plan1 6n planda tutulmalidir. Yani ortaya atilan bir soru ve ona daha dnceden verilmis cevaplar
detaylica ele alinmalidir.

e Argiimantasyon siirecinde bir fikri sorgulayan kisi rolil ve sorular1 cevaplayan kisi rolleri olmak {izere
iki kisilik rol vardir. Bu roller farkli agamalarda ayni kisiler tarafindan oynanabilir.
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e Argiimantasyon siireci bir dneri veya bir siipheyle baslar. Burada kisi neyin argiiman oldugunu, neyin
olmadigini yapilan itirazlar ve siipheler dogrultusunda degerlendirir. Bu degerlendirmeler sirasinda
yapilan itirazlar hakkinda geliskiye diisiiliirse desteklere ihtiya¢ duyulur.

e Argiimantasyon fikirleri degistirmeyi ya da pekistirmeyi amaclayan bir etkinliktir. Burada soru soran,
iddiasmin itiraz gorecegini, zorluklarla karsilasacagini ya da reddedilecegini bilir. Cevap veren ise
iddianin zorluklara dayanabilecegini ya da reddedilecek kadar yetersiz oldugunu 6ngérmeye ¢alisir.

Tiim bu yaklagimlar irdelendiginde, arglimantasyonun iki ya da daha fazla bireyin etkilesimi sonucu ortaya ¢ikan
bir degisim siireci oldugu belirtilebilir (Blair & Johnson, 1987). Bireylerin etkilesimi sonucu ortaya ¢ikmasi da
bu siirecin 6nemini vurgulamaktadir.

Arglimantasyon siirecinin Onemi, yapilan gesitli faaliyetler ile de g6z Oniinde bulundurulmustur. Amerika
Birlesik Devletleri’'ndeki matematik egitiminin yetersizligini miifredat degisikligiyle ¢6zmeyi Ongdren
arastirmalar neticesinde Matematik i¢in Ortak Temel Eyalet Standartlar1 (Common Core State Standarts for
Mathematics [CCSSM], 2010) ortaya atilmistir. CCSSM’nin kullandigi Matematik Uygulama Standartlari
sunlardir:

e  Sorunlar1 anlamlandirmak ve ¢ézmeye gayretli olmak

e Soyut gerekcelendirme yapmak

e Upygulanabilir argiimanlar ve baska fikirlere elestiriler olusturmak
e Matematiksel model kurmak

e  Stratejik olarak uygun araglart kullanmak

e Hassasiyete katilmak

e  Yapiyr aramak ve kullanmak

e  Tekrarlanan muhakemelerdeki diizenliligi aramak ve ifade etmek

CCSSM standartlarina gére matematik konusunda yetkin 6grenciler daha 6nceden ortaya atilmis bir argiimanin
sonuglarint kullanarak, akil yiiriiterek, tanim ve varsayimlart kullanarak mantik ¢ercevesinde varsayimlar ortaya
atabilirler. Bu varsayimlarin dogrulugunu destekleyecek vaka analizlerini ve karsit ornekleri kullanabilirler.
Arglimanlarini kars1 tarafa iletirler ve onlarin argiimanlarina da cevap iiretirler. Ayrica iki argiimani kiyaslayarak
hangisinin mantik ger¢evesine uygun oldugunu ¢dziimleyebilirken, yanlis olan ya da akla uygun olmayan
arglimanlarin da neden yanlis oldugunu agiklayabilirler. Bu sekilde 6grenciler birbirlerinin arglimanlarini
dinleyebilir ve merak ettikleri noktalar1 sorarak dgrenebilirler (CCSSM, 2010). Dolayisiyla bu siirecin temelinde,
fikirler olusturup bunlarn farkl sekillerde ifade edebilmek yatmaktadir.

Arglimantasyon siirecinin 6nemine CCSSM (2010) standartlarinda deginildigi gibi iilkemizdeki matematik
dgretim programlarimizda da deginilmistir. Ulkemizde ilkdgretim ve ortadgretim diizeyinde kullanilan
matematik 6gretim programlart incelendiginde, Milli Egitim Bakanligi ((MEB], 2018) &gretim programinda agik
bir sekilde argiimantasyon kavramindan bahsedilmemis olsa da bireylerin matematiksel fikirler olusturup bu
fikirleri ifade edebilme becerilerinden bahsedilerek ortiilii bir sekilde argiimantasyon siirecine deginilmistir.
Tiirkiye Yiizyilh Maarif Modeli’nde (2024) ise fen bilimleri alan becerisine dahil edilen argiimantasyon
kavramma matematiksel alan becerisinde deginilmedigi; ancak matematiksel muhakeme kavramiyla
arglimantasyon siirecine isaret edildigi goriilmektedir. Tirkiye Yiizyili Maarif Modeli’nde (2024) ¢éziimleme,
yorumlama, ¢ikarim yapma ve matematiksel dogrulama veya ispat yapma matematiksel muhakeme becerileri
olarak belirtilmislerdir. Ozellikle bu modelde bahsi gecen muhakeme, dogrulama veya ispat yapma ifadeleri
arglimantasyon siireciyle dogrudan iliskilidir. Ciinkii matematiksel argiimantasyon, matematiksel iddialarin
gegerliligini, veriler ve gerekgeler kullanarak sistematik bir sekilde gerekgelendirme ve ispat etme siirecidir
(Rodriguez Nieto vd., 2023). Dolayisiyla argiimantasyon siireci bireylerin {ist diizey diisiinme becerileriyle
iligskilendirilebilir.

Arglimantasyon temelli 6gretim Ogrencilerin elestirel diisiinme, problem ¢6zme gibi diisiinme becerilerini
gelistirebilir. Bu becerilerden problem ¢dzme, bir problemin sonucuna ulasabilmek i¢in izlenen yollart kapsar.
Kizilkaya ve Askar’a (2009) gore problem ¢6zme bir bireyin sahip olmasi gereken en 6nemli becerilerdendir. Bu
becerinin kazanilabilmesi ic¢in problemin anlagilmasi, problemin ¢6ziimii adina plan yapilmasi, planin
uygulanmasi ve elde edilen sonucun dogrulugunun ve gegerliliginin kontrol edilmesi gerekmektedir (Schoenfeld,
1987). Bu asamalar yansitic1 diisiinme siirecini de kapsadigindan ve problem ¢dzme siireci bireyin yansitic
diisiinme becerisinin en iyi gozlenebilecegi siire¢ (Kizilkaya & Askar, 2009) oldugundan problem ¢ézme
becerisi yansitict diisiinme becerisiyle de iliskilendirilebilir. Yansitict diisinme kavraminin temeli Dewey’in
How We Think kitabina dayanmaktadir (Cinar, 2016). Dewey’e (1910) gore yansitici diisinme; “bir inanis ve
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varsayilan bilgi biciminin bu inanmisi ve bilgiyi destekleyen temeller ve yol agabilecegi muhtemel sonuglar
isiginda etkin, stirekli ve dikkatli bir bigimde ele alinmasi”dir. Yansitic1 diisiinme bireyin yeni elde ettigi bilgileri
daha 6nceden zihninde var olan bilgilerle harmanlayip 6ziimsemesidir (Cinar, 2016). Dewey (1910), yansitma
stirecinin Oneriler, problem, hipotezler, nedenleme ve test etme olmak iizere bes asamadan olugtugunu one
stirmiistiir. Her ne kadar asamalarin siras1 dnemsiz goziikse de birbirleriyle iligkileri yadsinamaz (Kizilkaya &
Askar, 2009). Kizilkaya ve Askar (2009) ise yansitict diisiinmenin sorgulama, nedenleme ve degerlendirme
becerilerinden olustugunu belirtmiglerdir. Sorgulama, bireylerin problem c¢ozme siirecinde kendilerinin
olusturdugu veya kendilerine yoneltilen sorulara dair fikir sunma siirecidir. Nedenleme, bireyin eylemlerinin
nedenini sorgulayarak neden-sonug iligkisi kurmasma dayanir. Degerlendirme ise bireyin eylemlerini gézden
gecirerek yanlis ve dogru adimlarinin farkina varmasini kapsar. Argliimantasyon siireci, 6grencileri iddialarini
gerekgelendirmeye zorladigi igin, dogal olarak yansitici diisiinme becerilerini de tetikler; ¢iinkii bir iddiay1
savunmak, o iddia iizerine derinlemesine diisiinmeyi ve onu elestirel bir siizgegten gegirmeyi gerektirir (Cho &
Jonassen, 2002). Argiimantasyon siireci problem ¢6zme siirecindeki belirsizliklerin giderilmesi ve yansitict
diisinme yoluyla kazanilan ig¢goriilerin yapilandirilmasi i¢in vazgecilmez bir aragtir (Giilen & Yaman, 2019).
Bu baglamda problem ¢6zme, sorgulama siirecini kapsarken, yansitict diisiinme de izleme ve 6z diizenleme
stirecini kapsayarak bireylerin kendi zihinsel modellerini elestirel bir bakis agisiyla degerlendirmelerini gerektirir
(Zorlu & Ates, 2024). Dolayisiyla arglimantasyon temelli 6gretim siirecinde dgrenciler karsilastiklar: problemleri
arglimantasyon 6gelerini kullanarak asamalar halinde ¢ozdiiklerinden argiimantasyon temelli 6gretim problem
¢cozme siirecine yonelik yansitic diistinme becerileri ile iligkilendirilebilir.

Matematik alaninda argiimantasyon ile ilgili yapilmis calismalar oldukca sinirli olmakla birlikte son yillarda
matematiksel arglimantasyona (Aberdein, 2009; Ayalon & Hershkowitz, 2018; Dede, 2018; Demiray, 2019;
Demiray vd., 2023; Demirel vd., 2017; Dogruer & Akyiiz, 2022; Doruk vd., 2018; Duran vd., 2017; Firat vd.,
2016; Gokge vd., 2020; Giines, 2013; Kiigiik Demir, 2014; Marchant vd., 2021; Mercan, 2015; Rino vd., 2021;
Ro & Armesen, 2020; Sengiil & Tavsan, 2019) ilgi artmaktadir. Argiimantasyon temelli 6gretim yonteminin
Ogrencilerin akademik basarisina etkisini inceleyen bir¢ok calisma (Akkas & Memis, 2020; Aktas & Dogan,
2018; Aydogdu, 2017; Demirbag & Giinel, 2014; Karakus & Yalgimn, 2016; Yesildag Hasangebi & Giinel, 2013;
Uluay & Aydin, 2018) olmasmma ragmen ogrencilerin matematik dersindeki akademik basarisia etkisini
inceleyen ¢alismalar (Can & Isleyen, 2020; Cross, 2009; Duran vd., 2017; inam, 2020; Kii¢iik Demir, 2014;
Kiiciik Demir & Isleyen, 2019; Mercan, 2015) smirhidir. Argiimantasyon temelli 6gretim yd&nteminin
ogrencilerin matematige kars1 tutumuna etkisini (Mercan, 2015) inceleyen ¢aligmalar sinirlidir. Argiimantasyon
temelli 6gretim yonteminin problem ¢ézme yontemiyle iligkilendirildigi (Akhdinirwanto vd., 2020; Cho &
Jonassen, 2002; Fettahlioglu & Aydogdu, 2020; Gillies & Khan, 2009; Tirk & Kilig, 2020) yansitici diisiinme
becerisine etkisini inceleyen ¢alismalar sinirh (Baydar, 2018; Giilen, 2016; Rosmiati vd., 2020) olmakla birlikte
problem ¢6zmeye yonelik yansitici diisiinme becerisine etkisini inceleyen bir caligma bulunmamaktadir.

Tiirkiye’deki 6grencilerin uluslararas: fen ve matematik alanlarinda degerlendirmelerinin yapildig1 sinavlardaki
basarilar1 diger birgok iilkeden geridedir. Bu yiizden matematik egitiminde farkli 6gretim metotlarinin kullanimi
Ogrenci basarisina katki saglayabilir (Goktepe Yildiz, 2019). Bu metotlardan biri olan argiimantasyon temelli
Ogretimin 0grencilerin matematik dersinde akademik basarilarina ve matematik dersine kars1 tutumlarina etkisini
incelemek bu g¢alismanin amaglarindandir. Ayrica argiimantasyon siirecine dair 6gelerin kullaniminin problem
¢ozme siirecindeki adimlarla iligkilendirilebilecegi ve siiregte Ogrencilerin problem ¢dzme siirecine dair
yansimalar sunabilecegi diigiiniilmektedir (Dogruer & Akyliz, 2022). Arastirmada 6grencilerin somut sekiller
kullanarak problem ¢oziim siireclerini daha detayli acgiklayabilecekleri diisiiniildigiinden geometri alani;
geometri alanma dair temel ifadeleri icerdiginden Uggenler konusu iizerinde ¢alisilmistir. Ayrica Uggenler
konusu, 6grencilerin soyut diisinme ve mantiksal ¢ikarim yapma yeteneklerini ortaya koymasimi saglayan,
dolayisiyla argiimantasyon ve yansitict diisiinme becerilerinin gelisimine en uygun zeminlerden biri olarak
gorilmiistiir.

Bu calisma, argiimantasyon temelli 6gretimin akademik basari ve tutum {izerindeki etkilerini incelemenin yani
sira, bu &gretim yonteminin literatiirdeki problem ¢ézmeye yonelik yansitict diisiinme becerisi iizerindeki
etkisini alt boyutlar diizeyinde (nedenleme, sorgulama, degerlendirme) inceleyen ilk ¢alismalardan biri olmasi
nedeniyle 6zgiin bir ¢aligma olarak nitelendirilebilir. Ayrica ¢alismanin Tiirkiye Yiizyilh Maarif Modeli’nde
(2024) belirtilen 6gretim hedefleri dogrultusunda &grencilerin diisiinme becerilerini gelistirmede ve diisiinen,
sorgulayan, aragtiran ve kesfeden birey olmalarinda etkili olacag: diisliniilmektedir. Tiirkiye’de argiimantasyon
temelli 6gretim yonteminin matematik alaninda kullanmildigi ¢aligmalarin sinirli olmasi da goz Oniinde
bulundurularak bu caliymada argiimantasyon temelli 6gretim ydnteminin 9. simf dgrencilerinin Uggenler
konusunda akademik basarilarina, problem ¢ézmeye yonelik yansitic diisiinme becerileri ve matematige karsi
tutumlarina etkisini arastirmak amaclanmustir.

Bu ¢alismada asagidaki aragtirma sorularina cevap aranacaktir:
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1) 9. sinif Uggenler konusunun &gretiminde argiimantasyon temelli gretim ydnteminin uygulandig1 deney
grubu ve geleneksel dgretim uygulandigi kontrol grubu 6grencilerinin akademik basarilart arasinda
anlamli bir fark var midir?

2) 9. siif Uggenler konusunun dgretiminde argiimantasyon temelli 6gretim yonteminin uygulandig: deney
grubu ve geleneksel 6gretim uygulandigi kontrol grubu 6grencilerinin matematige karsi tutumlari
arasinda anlamli bir fark var midir?

3) 9. sif Uggenler konusunun égretiminde argiimantasyon temelli gretim yonteminin
uygulandigi deney grubu ve geleneksel 6gretim uygulandigi kontrol grubu 6grencilerinin
problem ¢6zmeye yonelik yansitict diisiinme becerileri arasinda anlamli bir fark var midir?

2. Yontem

Bu arastirmada nicel aragtirma yontemi kullanilmistir. Nicel arastirma yontemleri, teorilerin gegerliligini test
edebilme veya sosyal olgulari tasvir edebilme amaci tagiyan ¢aligmalardir (Giiglii, 2020). Deneysel desenler
dogal ya da yapay ortamlarda bagimsiz degiskenin bagimli degiskene nasil etki ettigine dair bilgiler elde etme
siirecini kapsarken, yart deneysel desenler orneklemin amaglt segildigi desenlerdir (S6nmez & Alacapinar,
2019). Bu ¢alismada argiimantasyon temelli 6gretim yonteminin 6grencilerin akademik basarilarina, matematige
karsi tutumlarina ve problem c¢ozmeye yonelik yansitict diisiinme becerilerine etkisini incelemek
amagclandigindan bu ¢aligma 6n test-son test kontrol gruplu yar1 deneysel desen iizerine tasarlanmugtir.

2.1. Katilimcilar

Bu aragtirma Uggenler konusu 9. smif 6gretim programinda yer aldigindan, 9. simf dgrencileri iizerinde
ylriitiilmiistiir. Bu arastirmanin calisma grubu 2017- 2018 egitim- dgretim yilinda Konya iline bagh bir devlet
okulundaki 9. simf dgrencileri olarak segilmistir. MEB (2018) dgretim programinda Uggenler konusu 9. simf
miifredati kapsaminda oldugundan veriler 9. sinif 6grencilerinden elde edilmistir. Bu siniflardan deney grubu
olarak rasgele secilen 9-A smifinda 30 dgrenci; kontrol grubu olarak rasgele secilen 9-B sinifinda 28 6grenci
mevcuttur.

2.2. Veri Toplama Araci ve Verilerin Toplanmasi

Argiimantasyon temelli 6gretim yaklasimi bu calismanin bagimsiz degiskenidir. Bu c¢alismanin bagimli
degiskenleri ise akademik bagari, matematige karsi tutum ve problem ¢6zmeye yonelik yansitict diisiinme
becerisidir.

Arastirmada arastirmacilar tarafindan daha oOnceki yillarda liselere giris sinavlarinda sorulmus sorular ve
aragtirmacilarin hazirladig1 sorulardan agik uglu olarak olusturulmus Ucgenler Basar1 Testi (UBT) deney ve
kontrol grubu dgrencilerine on test- son test olarak uygulanmustir. On ve son testte kullanilan UBT ayni
sorulardan olusmaktadir. UBT hazirlanirken dgretim programindaki kazanimlar esas alinarak kapsam gecerliligi
saglanmistir. Ayrica iki matematik Ogretmeni ve bir akademisyenin goriisleri alinmigtir. Uzman goriisleri
dogrultusunda son sekli verilen UBT, Konya ili genelinde 6grenim géren 100 6grenciye pilot galisma olarak
uygulanmistir. Pilot ¢alisma sonucunda 24 soruluk testte yer alan maddelerin madde giicliik ve ayirt edicilik
indeksleri ayr1 ayr1 hesaplanmistir. Madde giiglikk indeksi 0.00- 0.20 arasindaki maddeler ¢ok zor, 0.20- 0.40
arasindaki maddeler zor, 0.40- 0.60 arasindaki maddeler orta, 0.60- 0.80 arasindaki maddeler kolay, 0.80- 1.00
arasindaki maddeler ¢ok kolay kabul edilmistir (Biiylikdztiirk vd. 2014). Madde ayirt edicilik indeksi 0.40’1n
iizerindeki maddeler ise ayirt edici olarak kabul edilmistir (Biiylikoztiirk vd., 2014). Pilot uygulama sonucuna
gore madde giigliik ve ayirt edicilik diizeyleri yetersiz olan 4 soru testten ¢ikarilmistir. Giigliik ve ayirt edicilik
seviyesi uygun olmayan sorular testten atildiktan sonra elde edilen giivenirlik katsayis1 0,974 tiir. UBT’de yer
alan sorulardan bir 6rnek Sekil 1’de verilmistir:

A

ABC bir dik {tiggen.
|AD=DC|,  BEFFC| ve
[BGl= 6 cm ise [AC|=?

0

Sekil 1. UBT’de yer alan sorulardan bir 6rnek

Calismada Ogrencilerin matematige karst tutumunu belirlemek igin kullanilabilecek tutum &lgekleri
incelenmigtir. Tutum Olgegi seg¢iminde Olgek maddelerinin &grencilerin igtenlikle ve kolaylikla yanit
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verebilecekleri basitlikte, anlagilirlikta ve kisalikta olmalarina dikkat edilmistir. Calismada kullanilan Matematik
Tutum Olgegi (MTO) Kabaca (2006) tarafindan gelistirilmis 5li likert tipindeki 26 soruluk bir 6lgektir. Olgekten
alinabilecek minimum puan 26, maksimum puan 130’ dur. Olcegin Cronbach Alpha giivenilirlik katsayis1 0,934’
tur.

Argiimantasyon silirecinin problem ¢ozme siireciyle iliskisi goz 6niinde bulundurularak 6grencilerin bu siiregte
kendilerini nasil gordiiklerini incelemek amaglandigindan g¢alismada Kizilkaya ve Askar (2009) tarafindan
gelistirilen Problem Cozmeye Yonelik Yansitict Diisiinme Becerisi Olgegi (PCYYDBO) kullanilmistir. Olgegin
sorgulama, nedenleme, degerlendirme olmak iizere 3 alt boyutu bulunmaktadir. 5li likert tipindeki 6l¢ekteki 14
sorudan alinabilecek minimum puan 14, maksimum puan 70’ tir. Olgegin giivenilirlik hesaplamasi igin Cronbach
Alpha kullanilmistir. Olgegin sorgulama alt boyutu i¢in 0,73, nedenleme alt boyutu igin 0,71, degerlendirme alt
boyutu i¢in 0,69 degerleri elde edilirken testin tamami ig¢in bu deger 0,83 olarak hesaplanmistir. Bu olgek,
yansitici diisiinme becerisini alt boyutlar diizeyinde incelemeye olanak tanidigi ve problem ¢dzme baglamina
odaklandigi i¢in ¢aligmada tercih edilmistir.

Arasgtirmanin uygulama asamasi bir devlet okulunda, 9. simf &grencileri ile ‘Uggenler’ konusu iizerinde
gerceklestirilmistir. Uggenler konusu geometri alanina dair temel kavramlari igeren ve argiimantasyon ve
yansitict diistinme becerilerinin gelisimine zemin hazirlayan bir konu oldugundan ¢alismada kullanilmasina karar
verilmistir. Arastirmada deney grubundaki G6grencilere dersler argiimantasyon temelli dgretim yontemi ile
islenmistir. Deney grubunda siirecte arastirmacilar tarafindan hazirlanan calisma kagitlar1 kullanilmigtir. Bu
calisma kagitlar1 hazirlanirken argiimantasyon becerilerini gelistiren stratejilerden yararlanilmis ve uzman
goriislerine bagvurulmustur. Siirecte Ogrenciler gruplara ayrilarak c¢alisma kagitlarina dair sorulari
cevaplandirirken argiimantasyon 6gelerini kullanmiglardir, her ¢alisma kagidinda yer alan etkinlikten sonra grup
sOzciileri tarafindan bu 6geler agiklanmis ve sinif ortaminda tartigilmistir. Gruplar her hafta degistirilerek farkli
Ol¢iitler yoluyla yeni gruplar belirlenmistir. Siire¢ sonunda ¢aligsma kagitlart aragtirmaci tarafindan toplanmustir.
Kontrol grubunda ise dersler geleneksel yontemle islenmistir. Ogrencilere Uggenler konusu sunus yoluyla
anlatilmis, soru-cevap teknigi kullanilmis ve her dersin sonunda 6grencilere anlamadiklari noktalar sorularak o
noktalara tekrar deginilmistir. Her iki gruba da on ve son test olarak Uggenler Basar1 Testi, Matematik Tutum
Olgegi, Problem Cézmeye Yonelik Yansitict Diisiinme Olgegi uygulanmistir.

2.3. Verilerin Analizi

Calismadan elde edilen verilerin analizinde nicel analiz yontemleri kullamlmistir. UBT, MTO ve PCYYDBO
uygulanarak ogrencilerden toplanan veriler SPSS 24.0 programi ile ¢6ziimlenmistir. Bu verilerden normal
dagilim saglayan ve parametrik testlerin uygulanmasi i¢in diger kosullar1 saglayan verilerde parametrik testler
uygulanmistir. Bir grubun 6n test-son test puanlari ortalamalari arasindaki farki belirlemek igin bagimli
orneklemler t testi, iki grubun puan ortalamalari arasindaki farki belirlemek i¢in ise bagimsiz 6rneklemler t testi
uygulanmistir. Normal dagilim saglamayan veriler igin parametrik olmayan testlerden Mann Whitney U ve
Wilcoxon testleri kullanilarak gruplarin puanlar arasindaki farklar saptanmistir. Aragtirmada deneysel ¢alisma
kullanildigindan gruplarin puanlar1 arasindaki farklar bulgularin yorumlanmast igin yeterli goriilmiistiir.

2.4. Siireg

Deney ve kontrol gruplarma UBT, MTO ve PCYYDBO 6n test olarak uygulanmistir. Elde edilen veriler
analiz edilmistir. Deney grubundaki 6grencilere 6ncelikle daha dnce tecriibe etmedikleri argiimantasyon temelli
ogretim (ATO) yaklagimu giinliik yasamdan &rneklerle tanitilmigtir. Ogrenciler giinliik hayattan argiimantasyon
temelli 6gretim yaklagimini igeren etkinliklerle argiimantasyonu kavramaya galismuglardir. Uggenler konusuyla
ilgili 6n bilgileri agiga ¢ikarmak adina dogru, dogru pargast, 151n, ag1 kavramlar1 6grencilere hatirlatilmigtir.

Deney grubunda siire¢ arastirmacilar tarafindan olusturulan ve uzman goriisleri alinan ¢alisma kagitlarinin
ogrencilere uygulanmasi seklinde gergeklestirilmistir. Arastirmacilardan biri veri toplama siirecinde etkin rol
oynamistir. Bu aragtirmacinin ¢alismadaki gorevi ise dgrencileri soru sormaya, argiiman iiretmeye ve fikirlerini
ortaya atip savunmaya yoOnlendirmek olmustur. Siirecin Ogrenciler tarafindan baslatilamadigi durumlarda
aragtirmaci kisa sorularla argiimantasyon siirecini baglatmis ve hazirlanan etkinliklerle siirecin devamina katki
saglanustir. Ogrenciler ise siirece aktif katilmis, 6gretmenlerinin sorularma cevap vermis ve kendilerine sunulan
etkinliklerle ilgili argiimanlarint ortaya koymuslardir. Siire¢ sonunda, fikrini degistirmek isteyen Ogrenciler
olmustur. Bu 6grencilerin yeni fikirlerini rahatga ifade edebilmelerine olanak saglanmustir.
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CALISMA KAGIDI: ALAN OLCME

Bir tiggenin alanini hesaplayabilmek i¢in hangi bilesenlerin lciilerini bilmek gereklidir ya da

veterlidir? Bu konuda tartisan Jetsons ailesinin hangi ferdi sizce dogruyu sovlemektedir? Grup

arkadaglarmzla tartisimz.

Sadece kenar
uzunluklarini
bildigimiz tiggenin
alanmni bulabiliriz

>

George

Sadece ag1
Slgiileri
kullanilarak alan

Yiikseklik
bilinmeden alan
hesaplanamaz

Judie

Alan hesabr igin
birden fazla
yontem
kullanilabilir.

hesaplanabilir.

Bay Spacely

Iddia:

Veri:
Gerekge:
Niteleyici:
Destekleyici:

Ciiriitiici:
Sekil 2. Deney grubuna uygulanan ¢alisma kagitlarindan bir 6rnek

Sekil 2’de deney grubunda yapilan etkinliklere yonelik bir calisma kagidi 6rnek olarak sunulmustur. Bu
etkinlikte 6grenci hangi karakterin goriisiine katiliyorsa o goriisii iddia olarak ifade etmis ve iddiasina veri,
gerekee, niteleyici, destekleyici ve ¢iirtitiicii 6gelerini de ekleyerek etkinligi tamamlamistir.

Kontrol grubunda 6gretmen 6grencilere konuyu anlatmig, 6grencilerden anlayip anlamadiklarina dair doniit
alarak Ogretimi sunus yoluyla gergeklestirmistir. Burada &gretmen farkli sorular sormus ve Ogrencilerin
6grendiklerini bu yolla pekistirmelerini beklemistir. Siirecin sonunda &grenciler anlamadiklart kisimlari
Ogretmenlerine soru olarak yoneltmislerdir ancak deney grubundaki gibi yapilandirilmis bir argliman olusturma
ve savunma siireci yer almamustir.

_ Aragtirma haftada 6 saat olmak lizere 12 hafta boyunca devam etmistir. Uygulama sonunda, her iki gruba da
UBT, MTO ve PCYYDBO son test olarak tekrar uygulanmustir.

Tablo 1. Deney ve kontrol gruplarindaki uygulama siireglerinin karsilagtiriimasi

Ozellik Deney Grubu (ATO) Kontrol Grubu (Geleneksel)

Ogretim Y 6ntemi Argiimantasyon Temelli Ogretim Sunus Yoluyla Ogretim
Aktif katilimei, argliman {ireten,
sorgulayan

Rehber, kolaylastirici,
arglimantasyon siirecini tetikleyici
Siire 12 hafta (72 ders saati)

Ogrenci Rolii Pasif alici, soru soran

Bilgi aktarici, agiklayict
12 hafta (72 ders saati)

Ogretmen Rolii

3. Bulgular
Bu kisimda arastirmacilar tarafindan uygulanan UBT, MTO ve PCYYDBO sonuglari analiz edilmistir.

Arastirmacilar tarafindan hazirlanan Uggenler Basar1 Testi’nden elde edilen veriler asagida yorumlanmustir:
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Tablo 2. Ucgenler Basar1 Testi normallik testi sonuglari

Grup Test Istatistigi Sd p
Kontrol On Test 0,441 28 0,000

Son Test 0,959 0,339
Deney On Test 0,556 0,000

Son Test 0,966 30 0,447

Shapiro-Wilks testinin sonuglarina goére gruplarin  6n test puanlari normal dagihm (p<0,05)
gostermemektedir. Bu nedenle deney ve kontrol grubunun basari On testleri puanlart arasinda fark olup
olmadigini belirlemek icin parametrik olmayan testlerden Mann Whitney-U testi kullanilmistir.

Tablo 3. Bagar1 Testinin 6n test Mann Whitney-U Testi sonuglari

Grup N Sira Ortalamasi Sira Toplamu U p
On Test Deney 30 30,75 922,5
Kontrol 28 28.16 788.5 3825 0409

Mann-Whitney U testinin sonuglarina gore gruplarin 6n test puanlari arasinda anlamli bir farklilik yoktur [U=
382,5, p> 0,05]. Bu durum deney ve kontrol gruplarmin uygulama dncesi Uggenler konusu akademik basarilari
arasinda anlamli bir fark olmadigin1 géstermektedir.

Shapiro- Wilks testinin sonuglarina gore gruplarin son test puanlart normal dagilim gostermektedir (p>0,05).
Bu nedenle deney ve kontrol grubunun basar1 son testleri ortalamalari arasinda fark olup olmadigini belirlemek
icin parametrik testlerden bagimsiz t testi kullanilmistir.

Tablo 4. Bagar1 Testinin son test bagimsiz t testi sonuglari

Grup N X s S, t D
Son Test Deney 30 36,13 16,59
Kontrol 28 18,87 10,59 56 4,69 0,00

Bagimsiz t- test sonuglarina gére gruplarin son test puanlari ortalamalari arasinda deney grubu lehine anlamli
bir farklilik vardir [t=4,69, p< 0,05]. Bu durum uygulama sonrasinda deney grubu 6grencilerinin akademik
basarilarinda daha fazla artis oldugunu gostermektedir.

Kabaca (2006) tarafindan gelistirilen Matematik Tutum Olgeginden alman sonuglar bu kisimda analiz
edilmistir:

Tablo 5. Matematik Tutum Olcegi normallik testi sonuglar

Grup Test Istatistigi Sd P
Kontrol On Test 0,921 28 0,036

Son Test 0,970 0,578
Deney On Test 0,962 0,340

Son Test 0,941 30 0,096

Shapiro-Wilks testinin sonuglarina gére kontrol grubunun 6n test puanlari normal dagilim gdstermemektedir
(p< 0,05). Bu nedenle deney ve kontrol grubunun MTO 6n test puanlari arasinda fark olup olmadigini belirlemek
icin parametrik olmayan testlerden Mann Whitney-U testi kullanilmistir.

Tablo 6. Deney ve kontrol gruplarinin Matematik Tutum Olgegi 6n test Mann Whitney U testi sonuglari

Grup N Sira Ortalamasi Sira Toplami ) p
On Test Deney 30 31,18 935,5
Kontrol 28 27,7 775,55 369,5 0,418

Analiz sonuglarina gore gruplarin Tutum Olgedi 6n test puanlari ortalamalari arasinda anlamli bir farklihk
yoktur [U=369,5, p> 0,05]. Bu durum uygulama 6ncesinde deney ve kontrol grubu 6grencilerinin matematige
kars1 tutumlarinda anlamli bir fark olmadigini gostermektedir.

Shapiro-Wilks testinin sonuglarina gére gruplarin son test puanlari normal dagilim géstermektedir (p> 0,05).
Bu nedenle deney ve kontrol grubunun MTO son testleri ortalamalar1 arasinda fark olup olmadigini belirlemek
icin parametrik testlerden bagimsiz t testi kullanilmistir.
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Tablo 7. Deney ve kontrol gruplarinin Matematik Tutum Olgegi son test bagimsiz t testi sonuglar

Grup N X S S, n 0
Son Test Deney 30 3,70 0,67
Kontrol 28 2,65 0.6 56 6,19 0,00

MTO deney ve kontrol gruplari son test puanlar1 ortalamalar1 arasinda deney grubu lehine anlamli bir
farklilik goriilmektedir [t=6,19, p< 0,05]. Bu durum uygulama sonrasinda deney grubu dgrencilerinin matematik
dersine karsi tutumlarinda olumlu yonde daha fazla gelisme oldugunu gostermektedir.

Kizilkaya ve Askar (2009) tarafindan gelistirilen Problem C6zmeye Yonelik Yansitict Diisiinme Becerisi
Olgeginden alinan sonuglar bu kisimda analiz edilmistir.

Tablo 8. Problem Cdzmeye Yénelik Yansitic1 Diisiinme Becerisi Olgegi normallik testi sonuglari

Grup Alt Boyut Test Istatistigi Sy P
Kontrol On Test Sorgulama 0,950 28 0,198
Degerlendirme 0,935 0,082
Nedenleme 0,966 0,472
Son Test Sorgulama 0,965 28 0,455
Degerlendirme 0,974 0,686
Nedenleme 0,976 0,735
Deney On Test Sorgulama 0,953 30 0,204
Degerlendirme 0,976 0,725
Nedenleme 0,954 0,213
Son Test Sorgulama 0,887 30 0,004
Degerlendirme 0,964 0,397
Nedenleme 0,963 0,361

Shapiro-Wilks testinin sonuglarma gore gruplarm 6n test puanlari normal dagilim gostermektedir (p> 0,05).
Bu nedenle deney ve kontrol grubunun PCYYDBO 6n testleri ortalamalari arasinda fark olup olmadigim
belirlemek i¢in bagimsiz t testi kullanilmigtir.

Tablo 9. Deney ve kontrol gruplarnin PCYYDBO 6n test bagimsiz t testi sonuclari

Alt Boyut Gp N X s t Sa P
e pmrE 0E on s o
P S B B o s o
e Fm BE B e w w

Bagimsiz t—testi sonuglarina gore 6grencilerin deney ve kontrol gruplart 6n test puanlari ortalamalar1 arasinda
anlamli bir farkliik goriilmemektedir (p> 0,05). Bu durum uygulama oOncesinde deney ve kontrol grubu
Ogrencilerinin problem c¢ozmeye yonelik yansitici diisiinme becerilerinde anlamli bir farklilik olmadigt
gostermektedir.

Shapiro-Wilks testinin sonuglarina gore deney grubunun son testinin sorgulama alt boyutu normal dagilim
gostermemektedir (p<0,05). Bu nedenle deney ve kontrol grubunun PCYYDBO son test puanlari arasinda fark
olup olmadigini belirlemek i¢in parametrik olmayan testlerden Mann Whitney-U testi kullanilmistir.

Tablo 10. Deney ve kontrol gruplarinin PCYYDBO son test Mann Whitney U Testi sonuglari

Alt Boyut Grup N Sira Sira Toplami U p
Ortalamasi
Sorgulama Deney 30 33 990
E pime B mR T
c% Nedenleme ggrr]lér;)l :232 gggg 170815655 | |
Kontrol 28 24’,8 694,,5 288,5 0,039
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Problem Coézmeye Yonelik Yansitici Diisinme Olgegi’nin son test puanlari arasinda nedenleme alt
boyutunda anlamli bir fark goriilmiistiir (U= 288,5, p=0,039). Sorgulama ve degerlendirme alt boyutlarinda ise
anlamli bir farklilik goriilmemektedir (p> 0,05). Buna gore argiimantasyon temelli 6gretimin 6grencilerin
problem ¢ézmeye yonelik yansitict diisiinme becerilerinden nedenleme boyutunu geleneksel 6gretime gore daha
fazla gelistirdigi ve diger boyutlarda arglimantasyon temelli 6gretimin geleneksel 6gretime gore farkli bir etkiye
sahip olmadig1 sdylenebilir.

4. Tartisma ve Sonug

Bu calismada, argiimantasyon temelli 6gretim yonteminin G6grencilerin akademik basarilarina, problem
¢ozmeye yonelik yansitici diisiinme becerileri ve matematige karsi tutumlarina etkisini aragtirmak amaglanmustir.
Argiimantasyon temelli 6gretim yonteminin 6grencilerin akademik basarilarina etkisini incelemek amaciyla
deney ve kontrol grubu dgrencilerine uygulanan UBT sonuglar incelendiginde, deney ve kontrol gruplarmin
stire¢ sonunda basarilarinin arttig1 goriilmiistiir. Ancak son test sonuglarina bakilarak deney grubunda basarinin
daha fazla arttig1 sdylenebilir. Buna gore argiimantasyon temelli 6gretimin 6grencilerin Uggenler konusundaki
basarisini geleneksel 6gretime gore daha fazla artirdigi sonucuna ulasilabilir. Bu sonug, argiimantasyon temelli
Ogretimin dgrencinin kendi fikirlerini inga edip gerektiginde fikirlerini yeni fikirlerle degistirmesinin bir sonucu
olarak goriilebilir. Bu siirecte fikirler hazir alinan degil; 6grenci tarafindan iiretilen konumda olduklarindan
Ogrenci basarisinin arttig1 diistiniilmektedir.

Literatiirde argiimantasyon temelli 6gretim yontemin 6grencilerin fen alaninda basarilarini olumlu etkiledigi
sonucunu elde eden ¢aligmalar mevcuttur (Akkas & Memis, 2020; Aksoy & Demirkaya, 2021; Aktag & Dogan,
2018; Eroglu & Yildirim, 2020; Kara vd., 2020; Kristiani & Saragih, 2012; Uluay & Aydin, 2018; Yesildag
Hasangebi & Giinel, 2013; Zengin vd., 2011). Matematik alaninda ise mevcut ¢alismanin bulgulariyla ortiisen
calismalar mevcuttur. Nitekim Cross (2009), mevcut ¢alismanin bulgulariyla uyusan c¢alismasinda yalnizca
argiimantasyon temelli 6gretim yonteminin kullanildigi, argiimantasyon temelli 6gretim yontemi ile yazma
etkinliklerinin kullanildig1 ve geleneksel yontemin kullanildigi matematik derslerinde 6grencilerin basarilarim
kargilagtirmistir. Arastirma sonucunda en fazla basarilart artan 6grencilerin hem argiimantasyon siirecine hem de
yazma etkinliklerine katilan 6grenciler oldugu; basari orani en diisiik olan dgrencilerin ise geleneksel 6gretim
yonteminin kullanildigi 6grenciler oldugu gorilmistir ki bu sonuglar mevcut caligmanin verileriyle
uyusmaktadir. Mevcut ¢alismanin bulgulariyla uyusan ¢alismalarinda, Kii¢iik Demir (2014) ve Mercan (2015),
argiimantasyon temelli 6gretim yonteminin, 9. simmf Ogrencilerinin Fonksiyonlar konusunda akademik
basgarilarinin artmasinda etkisinin oldugu sonucuna ulagsmislardir. Duran vd. (2017) caligmalarinda, mevcut
caligmanin bulgularim1 destekler nitelikte, argiimantasyon temelli 6gretim yonteminin, 8. simf dgrencilerinin
Olasilik konusunda akademik basarilarinin artmasinda etkisinin oldugu bulgusunu elde etmislerdir. Can ve
Isleyen (2020) galismalarinda, argiimantasyon temelli 6gretim yonteminin 6gretmen adaylarinin Olasilik
konusunda akademik basarilarina olumlu etkisi oldugu sonucuna ulagsmislardir ki bu sonu¢ meveut ¢alismanin

sonuglartyla uyusmaktadir. Inam (2020), ¢alismasinda, mevcut ¢aligmanin bulgulartyla uyusacak sekilde,
arglimantasyon temelli 6gretim y6nteminin, 6. suuf 6grencilerinin Geometrik Cisimler ve Hacim Olgme,
Swvilarda Olgme konularinda akademik basarilarma olumlu etkisi oldugu bulgusunu elde etmislerdir. Benzer
sekilde Korkmaz (2020), calismasinda argiimantasyon temelli Ggretim yonteminin Ogretmen adaylarinin
Doniisiim Geometrisi konusunda akademik basarilarina olumlu etkisi oldugu sonucuna ulagsmigtir ki bu sonug
mevcut ¢alismanin bulgulariyla uyusmaktadir. Tiim bu bulgular argiimantasyon temelli dgretim ydnteminin
farkli smif diizeylerinde ve farkli konu alanlarinda 6grencilerin akademik bagarisina olumlu etki ettigini
gostermektedir. Bu durumun argiimantasyon temelli dgretimin gerekge, destekleyici ve ¢lirlitiicii gibi 6geler
yoluyla kendi ¢6ziimlerini iiretmelerini saglayarak 6grencilerin daha derin ve kalici 6grenmesine katki saglamasi
ve kavramsal iligkilerin kurulmasinda rol oynamasiyla iligkili olabilecegi disiiniilmektedir. Ayrica
arglimantasyon temelli 6gretim, 6grenciyi pasif bilgi alicis1 konumundan ¢ikararak aktif bilgi yapilandiricisi
haline getirmektedir. Ozellikle Uggenler gibi ispat ve muhakeme gerektiren konularda &grencilerin kendi
arglimanlarini olusturarak bilgi diizeyinden 6te, uygulama ve analiz diizeyinde ¢oziimler sunabilmelerine olanak
saglanmasinin akademik basarinin artmasinda etkili olabilecegi diistiniilmektedir.

Bu ¢alismada uygulanan MTO’ niin sonuglar1 incelendiginde, argiimantasyon temelli gretimin, dgrencilerin
matematige karsi olumlu tutum gelistirmelerinde geleneksel yonteme gore daha etkili oldugu sdylenebilir. Bu
durumun sebebinin 6grencilerin siirece aktif katilmalari, yaparak yasayarak O0grenmeleri ve arkadaslariyla
gruplar halinde olumlu baglilik duygusuyla hareket etmeleri oldugu diisiiniilmektedir. Nitekim bu sonug
Mercan’in (2015) matematige karsi olumlu tutum gelistirmede argiimantasyon temelli 6gretimin etkili oldugu
sonucunu elde ettigi calismasi ile uyumludur. Ayrica Aksoy ve Demirkaya (2021), Ates (2019), Aydogdu
(2017), Balc1 (2015), Oksiizer (2019), Ugar (2019) argiimantasyon temelli dgretimin 6grencilerin fene karst
tutumlarina olumlu etki ettigi sonucuna ulagsmislardir ki bu sonuglar mevcut ¢caligmanin sonucu ile drtiismektedir.

Literatiirde mevcut calismanin bulgulariyla gelisen ¢aligmalar da mevecuttur. Ozdemir (2022), argiimantasyon
temelli 6gretim yaklagiminin ilkokul tigiincii sinif 6grencilerinin matematige karsi tutumlarina anlamli bir etkisi
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olmadig1 sonucuna ulagmistir. Bu sonucun, mevcut ¢alismanin sonuglartyla ¢eligmesinin nedeni olarak ise
argiimantasyon temelli 6gretim siirecinde yapilan etkinliklerin ilkokul 3. sinif dgrencilerine zaman alici, zor ve
stkict gelmesinden kaynaklanmis olabilecegi diistiniilmektedir. Ayrica yalnizca Ogretim ydnteminin
farklilastirilmasi tutum gibi duyussal beceriler iizerinde tek basina anlamli diizeyde etki etmemis olabilir. Bu
calismada deney grubu ogrencilerinin matematige karsi tutumlarinda goriilen olumlu etkinin ise 6gretim
yonteminin farklilasmasindan 6te 6grencilerin derste daha aktif olabilmeleri ve &gretmenleriyle daha fazla
iletisim kurabilmelerinden kaynaklandig: diistiniilmektedir.

Yapilan ¢alismada argiimantasyon temelli 6gretimin 6grencilerin sorgulama ve degerlendirme boyutlarina
geleneksel yonteme gore anlaml bir etkisinin olmadigi goériilmistiir. Bu durum 6grencilerin argiimantasyon
stirecinde sinif tartigmasi sonunda, arastirmaci tarafindan defalarca belirtilmesine ragmen, argiimanlarini
degistirmemeleri seklinde ortaya ¢ikmistir. Bu da 6grencilerin siirecte degerlendirme ve sorgulama boyutlarini
gelistiremediklerinin goézlenebilir kaniti olmustur. Bu duruma, o&grencilerin yillardir alistigi geleneksel
yaklagimlarda sorgulama ve degerlendirmeye yer olmadigi igin &grencilerin bu becerileri yeterince
kullanamamasit ve g¢alisma siiresinin bu durumu degistirmek igin yeterli olmamasinin sebep oldugu
diisiiniilmektedir. Nedenleme alt boyutunu gelistirmede argiimantasyonun geleneksel yonteme gore daha etkili
oldugu goriilmiistiir ki bu durum G6grencilerin ezbere dayalt 6grenmek yerine arastirip sorgulamaya dayali
ogrenmesiyle iliskilendirilmistir. Bu durum Baydar’in (2018) sonuglariyla ortiismektedir. Baydar (2018)
calismasinda, FeTeMM ve arglimantasyon temelli 6gretim yoluyla "Elektrik Enerjisi" tinitesinin islenmesinin 7.
smif Ogrencilerinin problem ¢ézmeye yonelik yansitict diisiinme becerilerine anlamli bir etkisi olmadig:
sonucuna ulagmistir.

Literatiirde mevcut c¢alismanin bulgulariyla ¢elisen calismalar da mevcuttur. Giilen (2016), ¢aligmasinda
mevcut ¢alismanin aksine, argiimantasyon temelli 6gretimin 6grencilerin yansitici diisiinme becerisini artirdigi
sonucunu elde etmistir. Giiner (2023), ¢alismasinda argiimantasyon temelli 6gretim yaklagiminin 7. siif
ogrencilerinin fizik dersinde problem ¢dzmeye yonelik yansitict diisiinme becerine olumlu etki ettigi sonucuna
ulasmigtir ki bu sonu¢ mevcut ¢aligmanin verileriyle ¢elismektedir. Bu g¢alismalarin bulgularmin mevcut
calismanin sonuglariyla ¢elismelerinde dgrencilerin ezbere dayali olmayan- sorgulayici 6grenme ortamlariyla
karsilagip karsilagmamalari, 6grencilerin hazirbulunugluklari, 6grenme ortami ve araglarinin etkili oldugu
diigiiniilmektedir.

Bu arastirmada arglimantasyon temelli 6gretimin 6grencilerin akademik basarilarina ve matematik dersine
yonelik tutumlarina olumlu etki ettigi sonucuna ulasilirken, problem g¢ézmeye yonelik yansitici diistinme
becerilerine anlamli bir etkisinin bulunmadigi bulgusu da elde edilmistir. Bu durum calismanin siurliliklart
kapsaminda degerlendirilebilir. Tutum ve problem ¢ézmeye yonelik yansitici diisiinme becerisi gibi duyussal
becerileri yalnizca nicel veriler kullanarak yorumlamak sonuglar hakkinda net bir bilgi vermeyebilir. Ayrica bu
becerilerin 12 haftalik bir siirede 6l¢iilmiis olmasi da ¢alismanin sinirliliklart arasindadir.

5. Oneriler

Bu c¢aligmada argiimantasyon temelli 6gretimin akademik basartya, matematik dersine yonelik tutuma ve
problem ¢dzmeye yonelik yansitict diigiinme becerilerine etkisi incelenmistir. Yapilan ¢alismanin sonuglart goz
Oniline alinarak, arastirmacilara ve uygulayicilara Oneriler sunulmustur. Caligmanin bulgular1 arglimantasyon
temelli Ogretimin Ogrencilerin akademik basarilarini ve matematige yonelik tutumlarini olumlu ydnde
etkiledigini gostermektedir. Bu baglamda, matematik derslerinde kavramsal Ogrenmenin yogun oldugu
konularda argiimantasyon temelli etkinliklere daha fazla yer verilmesi 6nerilmektedir.

Caligmada arglimantasyon temelli 6gretimin problem ¢dézmeye yonelik yansitict diisiinme becerilerinin
yalmzca nedenleme alt boyutunda anlaml bir etkisi oldugu goriilmiistiir. Bu durum, égrencilerin neden-sonug
iligkisi kurma siireglerinde argiimantasyon temelli 6gretimin etkili oldugunu ortaya koymaktadir. Bu nedenle
smif i¢i tartismalarda Ogrencilerin yalnizca sonuca ulasmayr hedeflemeleri yerine ¢6ziim yollarini
gerekcelendirerek savunmalarinin tegvik edilmesi 6nerilmektedir. Sorgulama ve degerlendirme alt boyutlarinda
ise anlaml farklilik elde edilememesi bu becerilerin daha uzun siireli biligsel izleme gerektirmesi ve geleneksel
6grenme aligkanliklarindan kopmanin zaman almasiyla iliskilendirilebilir. Gelecek ¢aligmalarda sorgulama ve
degerlendirme becerisinin gelisimine imkan saglayacak sekilde daha uzun siireli boylamsal ¢aligmalar yapilmasi
onerilmektedir. Ayrica Ogrencilerin sorgulama ve degerlendirme becerilerinin gelismeme nedenlerini tespit
etmek adina nitel veya karma ¢aligmalar yapilabilir. Sorgulama ve degerlendirme alt boyutlarinda anlamli bir
etkinin olmamas1 Uggenler konusuna dair bir bulgu da olabileceginden farkli simf diizeylerinde farkli konularda
benzer calismalar planlanabilir. Ogrencilerin ¢oziim siireglerini degerlendirmelerine yonelik 6z degerlendirme,
akran degerlendirmesi ve agik uclu tartigma etkinliklerinin siirece dahil edilmesi 6nerilmektedir.

Bu caligmada argiimantasyon temelli 6gretim araglari olarak caligma kagitlar1 kullanilmig olup teknolojik
araclarin kullanildig1 bir ¢alismanin 6grencileri motive etmek adina etkili olacagi diisiiniilmektedir. Bu baglamda
Maarif Modeli dogrultusunda, &zellikle Uggenler gibi gorsellestirmenin kritik oldugu konularda, dinamik
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geometri yazilimlar1 ile desteklenen argiimantasyon siireglerinin Ogrencilerin biligsel becerilerine etkisi
incelenebilir.

Aciklama: Bu calisma, Merve Oz’iin yiiksek lisans tezinin verilerinin bir kismindan iiretilmistir. Ayrica ¢aligma
ICCME’de (2019) sozlii olarak sunulmustur.

Etik Kurul izin Bilgisi: Calismanin verileri 2020 yilindan 6nce toplandigindan etik kurul belgesi alinmanustir.
Finansman: Bu ¢alisma igin herhangi bir fon bildirilmemistir.

Cikar beyan1: Yazar herhangi bir ¢ikar catismasi beyan etmemektedir.
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