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Abstract

This study aims to examine the relationship between middle school students' mathematical
reasoning skills and their mathematics achievement. Mathematical reasoning is a critical process that
develops students' problem-solving, analytical thinking, and logical reasoning skills. Determining the
relationship between these skills and academic achievement is important for developing effective teaching
strategies in education. The research was conducted with the relational survey model, one of the quantitative
research methods. In the study, 210 students selected by purposive sampling methods from middle schools
in the Marmara region participated during the 2023-2024 academic year. Data were collected using the end-
of-year mathematics grades and the Mathematical Reasoning Skills Assessment Scale. The data were analyzed
using descriptive statistics, independent samples t-test, and Pearson correlation analysis. The findings
revealed that students' mathematical reasoning skills were generally at an intermediate level, but they
performed poorly in the sub-dimensions of recognizing different representations of the same data,
questioning the correctness of the solution path, and developing logical ways to solve problems. Male
students were more successful in certain sub-dimensions, and 8th graders had higher reasoning skills than
7th graders. In addition, a significant positive relationship was found between mathematical reasoning skills
and mathematics achievement. These results suggest that problem-based learning, metacognitive strategies,
and non-routine problem-solving activities should be included more in educational programs. Future studies
are recommended to examine the effect of long-term instructional interventions and the role of
socioeconomic factors on reasoning skills.

Keywords: Mathematical reasoning, Mathematics achievement, Problem solving, Middle school
students

Ozet

Bu galismanin amaci ortaokul 6grencilerinin matematiksel akil yiriitme becerileri ile matematik
basarilari arasindaki iliskiyi incelemektir. Matematiksel akil yirtitme, 6grencilerin problem ¢dzme, analitik
disiinme ve mantiksal akil ylritme becerilerini gelistiren kritik bir stiregtir. Bu beceriler ile akademik basari
arasindaki iliskinin belirlenmesi egitimde etkili 6gretim stratejilerinin gelistiriimesi agisindan 6nemlidir.
Arastirma nicel arastirma yontemlerinden iliskisel tarama modeli ile yuritulmastir. Bu galismaya, 2023-2024
egitim-6gretim yilinda Marmara Bolgesi'ndeki ortaokullardan amagh 6rnekleme yontemiyle segilen 210
ogrenci katilmistir. Veriler yil sonu matematik notlari ve Matematiksel Akil Yiritme Becerileri Degerlendirme
Olgegi kullanilarak toplanmistir. Veriler betimsel istatistikler, bagimsiz érneklemler igin t-testi ve Pearson
korelasyon analizi kullanilarak analiz edilmistir. Bulgular, 6grencilerin matematiksel akil yliritme becerilerinin
genel olarak orta dlizeyde oldugunu, ancak ayni verinin farkli temsillerini tanima, ¢6ziim yolunun dogrulugunu
sorgulama ve problemleri ¢ozmek igin mantikli yollar gelistirme alt boyutlarinda disik performans
gosterdiklerini ortaya koymustur. Erkek 6grencilerin bazi alt boyutlarda daha basarili oldugu ve 8. sinif
ogrencilerinin 7. sinif 6grencilerine gore daha ylksek akil yliriitme becerisine sahip oldugu gorilmustiir. Ayrica
matematiksel akil ydriitme becerileri ile matematik basarisi arasinda pozitif yénde anlamli bir iliski
bulunmustur. Bu sonuglar, probleme dayali 6grenme, Ustbilissel stratejiler ve rutin olmayan problem ¢d6zme
etkinliklerine egitim programlarinda daha fazla yer verilmesi gerektigini gostermektedir. Gelecek ¢alismalarin

Kabul Tarihi / Received: 25.03.2025 | Onay Tarihi / Accepted: 09.08.2025


https://dergipark.org.tr/tr/pub/uefad
https://doi.org/10.19171/uefad.1665265
mailto:rumeysahan@hotmail.com

The Impact of Mathematical Reasoning on Mathematics Achievement... 577

uzun sireli 6gretimsel midahalelerin etkisini ve sosyoekonomik faktérlerin akil yiriitme becerileri tizerindeki
roliini incelemesi 6nerilmektedir.

Anahtar Kelimeler: Matematiksel akil yiritme, Matematik basarisi, Problem ¢ézme, Ortaokul
ogrencileri

1. Introduction

Mathematical reasoning is a critical process that develops students' problem-solving,
analytical thinking, and logical reasoning skills. Mathematics education aims to increase the academic
achievement of individuals by supporting these skills. However, there are still uncertainties about the
extent to which students develop reasoning skills and how exactly these skills shape academic
achievement. Although the existing literature addresses the contribution of mathematical reasoning
to the learning process in general, comprehensive and comparative research on the impact of specific
sub-dimensions on academic performance is limited. This study aims to fill this gap in the literature by
examining in detail the relationship between mathematical reasoning skills and mathematics
achievement of middle school students.

Mathematics stands out as a fundamental discipline that develops individuals' problem
solving, analytical thinking, and logical inference skills. Mathematical reasoning skill plays a critical role
in the process of individuals making sense of mathematical concepts, applying these concepts in
various situations and developing solutions (Kilpatrick et al., 2001; Schoenfeld, 2013). Mathematical
reasoning not only enables individuals to perform mathematical operations correctly, but also
supports them in questioning these operations, evaluating their accuracy, and developing more
creative solutions (National Council of Teachers of Mathematics (NCTM), 2000). In this context, a clear
theoretical framework is required to understand how mathematical reasoning operates as both a
cognitive and instructional process. In line with the NCTM standards, reasoning is not only a
competence to be acquired, but a foundational element of learning and teaching mathematics.

Mathematical reasoning refers to a complex set of cognitive skills consisting of sub-dimensions
such as estimating, generalizing, recognizing patterns, developing logical solutions, and questioning
the accuracy of solutions (Coban & Tezci, 2020). These sub-dimensions allow individuals to analyze
problem situations, develop mathematical solutions, and critically evaluate the appropriateness of
these solutions. Polya's four-stage problem solving model (understanding the problem, planning,
implementing the plan, and checking the result) is an important guide for the development of
mathematical reasoning skills (Polya, 1945). This model supports individuals to both understand and
apply mathematical concepts creatively. (NCTM, 2000) identified the development of mathematical
reasoning skills as one of the main goals of mathematics education. The NCTM standards emphasize
the importance of developing individuals' ability to understand mathematical ideas, evaluate solutions,
and adapt them to new problems.

International assessment programs such as the Trends in International Mathematics and
Science Study (TIMSS) and the Programme for International Student Assessment (PISA) frequently
emphasize that mathematical reasoning skills are among the most important factors predicting
students' academic performance (incebacak & Ersoy, 2016; OECD, 2019). Stacey (2010), Callingham &
Siemon (2021), Yesildere & Tarnakld (2007), and other researchers have proven that problem solving
and reasoning activities especially support students' higher order thinking skills.

Although research on mathematical reasoning skills has been conducted on different groups,
most studies focus on students at primary and secondary school levels (Arslan, 2007; Chukwuyenum,
2013; Coban, 2019; Coban & Tezci, 2020; Ozaydin et al., 2024, Pogan et al., 2017). Similarly,
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Chukwuyenum (2013), Herbert et al. (2023), Herbert and Williams (2023), Sukirwan et al. (2018), and
Firdausy and Indriati (2021) emphasized that critical thinking skills support students' mathematical
reasoning skills and increase their academic achievement. Altun and Memnun (2008) stated that non-
routine problems significantly improve middle school students' mathematical reasoning skills.

Arslan (2007) examined the development of reasoning and proof thinking in primary school
students and emphasized the importance of supporting these skills at an early age. He offers guidance
for understanding students' mathematical thinking processes in depth and designing appropriate
activities for these processes. Similarly, Ozaydin et al. (2024), Jader et al. (2017), and Hasanah et al.
(2019) evaluated the mathematical reasoning competencies of middle school students and found that
students performed worse on non-routine problems. These findings emphasize that problem types
should be diversified in the teaching process, and especially, non-routine problems should be included
more (incebacak & Ersoy, 2018; Yesildere & Tiirniiklii, 2007). Pogan et al. (2017), and Jazby and Widjaja
(2019) examined the mathematical reasoning skills of 7th and 8th grade middle school students in
terms of variables such as gender, grade level, parental education level, and number of siblings. The
findings showed that these skills were at an intermediate level and that the level of parental education
had a determining effect. It is emphasized that education programs should be enriched with activities
that support reasoning skills (Callingham & Siemon, 2021; Herbert et al., 2022).

The Mathematical Reasoning Skills Assessment Scale developed by Coban and Tezci (2020) has
taken its place in the literature as a reliable and valid measurement tool that includes seven
subdimensions of mathematical reasoning. In addition, the doctoral study conducted by Coban (2019)
examined the effect of differentiated instructional design on students' mathematical reasoning skills.
The findings of the study showed that the differentiated instruction method improved students'
reasoning skills and emphasized the importance of instructional designs in this field (Buchbinder &
McCrone, 2023; Erdem & Glirbliz, 2015).

Studies on pre-service mathematics teachers show that developing their mathematical
reasoning skills will make significant contributions to their future classroom practices (Ball & Bass,
2000; Beyazhanger et al., 2024; Beyazhanger & Demir, 2024; Diindar & Yaman, 2014; Kramarski &
Mevarech, 2003; Mevarech & Kramarski, 1997; Russell, 1999). Diindar and Yaman (2014) found that
pre-service teachers used reasoning skills more effectively when working with concrete data such as
interpreting tables and graphs. In addition, Beyazhanger et al. (2024) stated that pre-service
mathematics teachers' cognitive structures towards reasoning directly affect their processes of
developing effective reasoning skills in classroom practices. In another study, Beyazhanger and Demir
(2024) emphasized that pre-service mathematics teachers' self-efficacy in teaching reasoning skills is
a critical factor in teaching these skills. Kramarski and Mevarech (2003) showed that metacognitive
strategies such as the IMPROVE model are highly effective in supporting pre-service teachers'
reasoning skills. Moreover, how teachers use mathematical reasoning skills in the classroom plays a
critical role in transferring these skills to students. Ball and Bass (2000) emphasized that teachers'
effective use of mathematical reasoning processes directly affects students' understanding of
mathematical concepts. Mevarech and Kramarski (1997) stated that metacognitive strategy programs
can support teachers' classroom reasoning practices. Finally, the impact of socioeconomic factors on
mathematical reasoning skills is also a crucial area of research. It has been noted that people from low
socioeconomic backgrounds have difficulty in these skills, but these differences can be reduced with
effective teaching methods (Smit et al., 2023; Loong et al., 2013

Mathematical reasoning skills play a fundamental role in students' understanding of
mathematical concepts, the development of alternative strategies in the problem-solving process, and
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the strengthening of their critical thinking skills (Kilpatrick et al., 2001; Schoenfeld, 2013; NCTM, 2000).
Although there are studies in the literature focusing on the levels of individuals' mathematical
reasoning skills (Pocan et al. 2019; Ozaydin et al. 2024) and the effects of these skills on different age
levels (Arslan, 2007; Chukwuyenum, 2013; Ozaydin, Arslan & Yildiz, 2024), studies that compare these
skills and predict individuals' academic achievement are limited (Lesh & Doerr, 2003; Stacey, 2010).
The main point that distinguishes this study from the others is that it examines the sub-dimensions of
mathematical reasoning skills (such as estimation, generalization, pattern recognition) in detail and
reveals the relationship between these sub-dimensions and mathematics achievement.

In light of all this literature, the necessity of this study becomes clear. Although significant
research has been conducted on mathematical reasoning at both national and international levels,
there are a limited number of studies that examine in detail the sub-dimensions of reasoning, evaluate
the predictive power of these sub-dimensions on academic achievement, and explore how these vary
according to students' demographic characteristics. Furthermore, some recent or unpublished studies
addressing this relationship may not yet be widely accessible. However, despite a comprehensive
literature review, the absence of such detailed and multifaceted investigations highlights an important
research gap. Therefore, this study aims not only to fill this gap but also to provide empirical data that
will guide educational practices and future research.

This study aims to examine the relationship between mathematical reasoning skills and
mathematics achievement of middle school students, and how these skills differ according to
demographic variables such as gender and grade level. In line with this purpose, the following problems
have been identified:

1. What are the levels of mathematical reasoning skills and the scores in sub-dimensions of
middle school students?

2. Do secondary school students' mathematical reasoning skills and sub-dimension scores
differ according to demographic variables?

3. Isthere a relationship between mathematical reasoning skills and sub-dimension scores
of middle school students and their mathematics achievement?

2. Method

2.1. Research Design

In this study, descriptive relational survey model, one of the quantitative research approaches,
was used. A descriptive survey is a type of research conducted by describing the situations and
experiences of existing subjects or phenomena (Karakaya, 2012). A relational survey, on the other
hand, is a research model that shows the relationship, effect, and degree of the variables that are
associated with a given phenomenon (Kaya et al., 2012). This method was chosen because it allows for
determining the current level of students’ mathematical reasoning skills and examining their
relationship with mathematics achievement without manipulating variables.

2.2. Study Group

The study was conducted during the 2023-2024 academic year with 210 middle school
students from schools in the Marmara region. Participants were selected through convenience
sampling, one of the purposive sampling methods, and participation was based on voluntary consent.
Among the participants, 44.3% were female (n=93) and 55.7% were male (n=117). Of these students,
47.1% were in 7th grade (n=99) and 52.9% were in 8th grade (n=111). The scale used in the study was
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specifically developed to consider the cognitive developmental levels of 7th and 8th grade students.
Therefore, it is not appropriate for administration for students in 5th and 6th grades. For this reason,
5th and 6th grade students were deliberately excluded from the sample, not due to a lack of
volunteers, but because the measurement tool was not designed for those grade levels. The target
population of the study was defined based on the validity and reliability evidence of the instrument,
and data collection was limited to students for whom the scale was developmentally appropriate.

2.3. Data Collection Tools

In the data collection phase, two data collection tools were used: end-of-year grades for
mathematics exam achievement and the mathematical reasoning skills assessment scale to measure
reasoning skills.

Mathematical Reasoning Skills Assessment Scale

It was developed by Coban and Tezci (2020) to determine students' mathematical reasoning
skills. The scale consists of a total of 23 items in two parts: 11 multiple-choice questions and 12 short-
answer questions. These questions include 7 sub-dimensions of mathematical reasoning. The first part
consists of multiple-choice questions, while the second part consists of questions that provide an
opportunity to reveal mathematical thinking processes. The sub-dimensions of the scale were
determined as estimation, recognizing different representations of the same data, recognizing
patterns, deciding the correctness of the solution and the result, generalization, solving non-routine
problems, and developing logical ways to solve problems. The KR-20 reliability coefficient of the scale
was calculated as 0.81 for 23 items. During the scoring of the application results, correct answers were
scored as 1 and incorrect answers 0. The highest score that can be obtained from this scale is 23, and
the lowest score is 0. Permission to use the scale was obtained from the original developers prior to
the implementation of the study.

Table 1. Mathematical reasoning skills assessment scale score classification

Sub-dimensions Number of items Low Middle High
Forecasting 2 between 0-1 between 1-2 2

Recognize different representations of 3 between 0-1 between1-2  between 2-3
the same data

Recognizing patterns 3 between 0-1 between 1-2 between 2-3
Deciding on the correctness of the 3 between 0-1 between1-2  between 2-3
solution and the outcome

Do not generalize 3 between 0-1 between 1-2 between 2-3
Solving non-routine problems 3 between 0-1 between1-2  between 2-3
Developing logical pathways to solutions 6 between 0-2 between 2-4 between 4-6
General 23 between 0-7 between 8-15 between 16-23

Table 1 describes the score ranges and categories of the subscales in the mathematical
reasoning skills assessment scale. For each sub-dimension, the number of items and the score ranges
corresponding to low, medium, and high levels were determined. The category "General" represents
the total score ranges of all sub-dimensions.
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Year-end grade point averages in mathematics (mathematics achievement)

In the 2023-2024 academic year, the end-of-semester mathematics report card grades of 7th
and 8th grade students in all branches were evaluated.

2.4. Data Analysis

The data collected in the study were analyzed using detailed statistical methods. Within the
scope of descriptive statistical analysis, basic statistics such as the mean and standard deviation of the
data set were calculated. Descriptive statistical techniques were also used to calculate skewness and
kurtosis values for normality tests. Among the inferential statistical methods, the t-test was used for
comparisons between groups, and correlation analysis was used to determine the relationships
between variables. Statistical analyses were performed using the SPSS 27 program. In this study,
Cronbach's Alpha reliability value was found to be 0.714.

2.5. Ethics

This research was conducted in accordance with the ethics committee permission granted by
the decision of the Kocaeli University Social and Human Sciences Ethics Committee dated 21/03/2025
and numbered 40 in the meeting numbered 2025/03 and the scientific, ethical and citation rules
specified to be followed within the scope of the “Higher Education Institutions Scientific Research and
Publication Ethics Directive”.

3. Findings

In this part of the study, first descriptive statistics are given, then it is examined whether the
differences in mathematical reasoning skills between gender and grades show statistically significant
differences, and finally the relationship between mathematical reasoning skills and mathematics
achievement is analyzed

The score classification in Table 1 was used to address the sub-problem: 'At what level are the
mathematical reasoning skills and sub-dimension scores of middle school students?"

Table.2 Descriptive statistics values for the sub-dimensions of the mathematical reasoning skills
assessment test and mathematics achievement

Sub-dimensions N X S Skewness Kurtosis Level

Forecasting 210 146 0,655 -816 ,167 -396 ,333  Middle

Recognize different representations of the 210 0,70 0,653 ,387 167 -,728 ,333  Low
same data

Recognizing patterns 210 1,40 0,756 -,254 ,167  -,459 ,333 Middle
Deciding on the correctness of the 210 0,46 0,579 ,788 ,167  -,364 ,333  Low
solution and the outcome

Do not generalize 210 1,27 0,701 -,360 ,167  -,752 ,333 Middle
Solving non-routine problems 210 1,08 1,016 ,911 ,167 ,551 ,333 Middle
Developing logical pathways to solutions 210 1,69 1,358 ,479 ,167 -952 ,333  Low
Mathematical reasoning skills total 210 8,08 3,516 ,458 ,167  -,286 ,333 Middle
Mathematics achievement 210 56,0 5,143 -,077 ,167  -,965 ,333 Middle

When Table 2 was examined, it was observed that the skewness and kurtosis values of the
variables were between +2 and -2 (George & Mallery, 2010), and the assumption of normal distribution
was met. According to Table 2, it is seen, that the mathematical reasoning skill levels of middle school
students are in the medium category in all dimensions and in the total test, except for the sub-
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dimensions of recognizing different representations of the same data, assessing the accuracy of the

solution path and result, and developing logical ways for the solution, which are at a low level.

The findings of the t-test conducted to answer the question "Do middle school students'

mathematical reasoning skills and sub-dimension scores differ according to demographic variables?"

are presented in Table 3 and Table 4.

Table 3. Independent samples t test results for mathematical reasoning skills and sub- dimensions

according to gender variable

Sub Dimensions N X ss t p

Forecasting Female 93 137 ,688 -1,928 0,055
Male 117 1,54 ,609

Recognize different representations of Female 93 0,63 ,610 22,141 0,033*

the same data Male 117 0,79 ,676

Recognizing patterns Female 93 135 744 -0,968 0,334
Male 117 1,44 ,748

Deciding on the correctness of the Female 93 0,46 /522 -0,335 0,738

solution and the outcome Male 117 0,48 ,624

Do not generalize Female 93 1,20 716 -1,519 0,130
Male 117 1,32 ,674

Solving non-routine problems Female 93 0,95 1,057 -1,722 0,087
Male 117 1,17 ,973

Developing logical pathways to Female 93 1,36 1,129 -3.402 0.001*

solutions ! !
Male 117 1,99 1,468

Total Female 93 7,28 3,341 _3[513 0'002*
Male 117 8,78 3,482

*p<0.05

The findings in Table 3 revealed that the mathematical reasoning skills of middle school

students showed a statistically significant difference in the sub-dimensions of "recognizing different

representations of the same data", "developing logical ways for solution", and "mathematical

reasoning skills total score" according to the gender variable [t=-2.141, p=.033; t=-3.402, p=.001; and

t=-3.513, p=.002]. When the averages were analyzed, it was found that male students had higher

mathematical reasoning skills.
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Table 4. Independent samples t-test results for mathematical reasoning skills and sub-dimensions
according to grade variable

Sub Dimensions N X ss t p
. i 7.th grade 99 1,34 ,608 2649  0.009*
orecasting 8thgrade 111 157 667 '
Recognize different representations of the 7.thgrade 99 0,64 ,662 1489 0138
same data 8.thgrade 111 0,78 ,640 ! !
.. 7.th grade 99 1,31 ,738
Recognizing patterns 8thgrade 111 148 747 -1,713 0,088
Deciding on the correctness of the solutionand 7.th grade 99 0,51 ,630 1018 0310
the outcome 8.thgrade 111 0,43 ,532 ! !
. 7.th grade 99 1,03 ,680 *
Do not generalize 8thgrade 111 1,49 644 5,036 0,000
. . 7.th grade 99 0,67 ,871 "
Solving non-routine problems 8thgrade 111 145 1,003 5,922 0,000
Developing logical pathways to solutions 7.th grade 99 1,31 1,009

- *
8.thgrade 111 2,04 1,527 4,072 0,000

7.th grade 99 6,81 2,670

- *
8.thgrade 111 9,24 3,730 5,369 0,000

Total

The findings in Table 4 show that the mathematical reasoning skills of middle school students
according to the grade variable [t= -2.649, p=.009, t= -5.036, p=.000, t= -5.922, p=.000, t= -4.072,
p=.000, and t= -5.369, p=.000], including sub-dimensions such as "estimation", "generalization",
"solving non-routine problems", "developing logical ways for solution”, and "mathematical reasoning
skills total score" showed a statistically significant difference. When the averages were analyzed, it was
found that 8th-grade students had higher mathematical reasoning skills.

In order to answer the question "Is there a relationship between mathematical reasoning skills
and mathematics achievement of secondary school students?" the Pearson correlation coefficient was
calculated and shown in Table 5.

Table 5 shows that there is a statistically significant positive relationship at low to medium
levels (r=345,r=336,r=198,r=198,r=195,r=310,r =345, r=462,r=543,r =610, p<.01), between
middle school students' mathematics achievement and their mathematical reasoning skills and scores
in sub-dimensions. In other words, as mathematical reasoning skill level increases, mathematics
achievement also increases.



The Impact of Mathematical Reasoning on Mathematics Achievement... 584

Table 5. Relationship between mathematical reasoning skills and their sub-dimensions and
mathematics achievement
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4. Discussion & Conclusion

This study examined the relationship between mathematical reasoning skills and mathematics
achievement of middle school students, and the differences in these skills according to demographic
variables. The findings of the study revealed that reasoning skills play a critical role in students'
mathematics achievement and that these skills show significant differences according to gender and
grade level. Although these findings point toward the potential influence of individual differences and
skill development levels in mathematics education, further research is needed to draw stronger
conclusions.

The findings of the study showed that students' mathematical reasoning skills were generally
at a moderate level; however, they exhibited low performance in some sub-dimensions. Especially in
the sub-dimensions of "recognizing different representations of the same data", "deciding on the
correctness of the solution and the result" and "developing logical ways for the solution”, low levels of
achievement were noteworthy. This indicates a potential gap in students’ ability to engage with
problems that require flexible thinking and metacognitive reflection—skills increasingly emphasized in
21st-century mathematics education (Kozlowski et al., 2022). However, it is worth noting that in one
of these sub-dimensions (deciding on the correctness of the solution and the outcome), 7th graders
outperformed 8th graders on average, even though this result was not statistically significant. This
unexpected pattern suggests that reasoning development may not always follow a linear trajectory
with grade level, and it requires further investigation. This situation reveals that students have
deficiencies in using alternative representations and critical thinking skills in problem-solving
processes. Stacey (2010) and Schoenfeld (2013) emphasize that such deficiencies prevent students
from understanding mathematical concepts in depth. These results also point to Hiebert and
Carpenter's (1992) "meaningful mathematics learning" model. According to this model, students
should be more involved in problem solving, the use of representations, and reasoning to develop their
mathematical reasoning skills. In the sub-dimension “Deciding on the correctness of the solution and
the outcome,” 7th graders scored higher than 8th graders. This unexpected result suggests that
reasoning skills may not develop linearly with grade level. Factors such as task complexity, motivation,
or instructional differences could explain this. Further research is needed to clarify these findings. In
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the literature, constructivist approaches such as Polya's (1945) problem-solving steps and NCTM
(2000) standards are suggested to develop these skills.

In the study, it was observed that male students performed better than female students in
mathematical reasoning skills. This difference was especially evident in the sub-dimensions of
"developing logical paths to solutions" and "recognizing different representations of the same data".
Hyde and Linn's (2006) meta-analysis suggests that male students generally have an advantage in
spatial thinking and mathematical representation skills, and that these differences may also be related
to cultural norms and self-efficacy perceptions. Karaduman (2018) concluded that the reasoning levels
of female students were higher than those of male students. These contrasting findings in the
literature indicate that gender-related differences in reasoning may be context-dependent and shaped
by instructional practices or task design.

Considering the grade level variable, it was found that 8th grade students scored higher in
reasoning skills than 7th grade students. This can be explained by the fact that students are involved
in more complex problem-solving processes as their age and experience increase (Sfard, 1991).
Mevarech and Kramarski (1997) and Kramarski et al. (2001) also reached similar findings in their
studies with middle school students. Carpenter, Franke, and Levi (2003) emphasize that problem-
solving experience gained with age supports higher-level reasoning skills such as generalization and
abstract thinking. Diindar and Yaman (2014) stated that mathematical reasoning skills of pre-service
teachers differed significantly across different grade levels. To develop mathematical reasoning skills,
appropriate curriculum arrangements can be implemented according to the grade level, and activities
that foster problem-solving and generalization skills can be emphasized in the upper grades of
secondary school. However, future studies should also investigate possible plateaus or regressions in
sub-skills, as the superiority of older students was not consistent across all reasoning dimensions.

The positive correlation between mathematics achievement and mathematical reasoning skills
indicates that mathematical reasoning is a factor that directly affects students' academic performance.
This relationship is consistent with Kilpatrick et al.'s (2001) mathematical competence model. In
particular, the fact that the sub-dimension of "developing logical ways for solution" has the highest
correlation with mathematics achievement reveals that both abstract and critical thinking skills of
students are effective in understanding and applying mathematical concepts. Many studies show a
significant relationship between students' mathematics achievement and their critical thinking skills,
which are related to reasoning (Chukwuyenum, 2013). On the other hand, it is possible that high-
achieving students have had more opportunities to practice reasoning-rich tasks, suggesting a
reciprocal relationship that warrants experimental exploration. These findings are consistent with the
literature suggesting that students should be supported with activities for non-routine problems (Lesh
& Doerr, 2003). In particular, the problem-based learning approach stands out as an effective strategy
for developing students' reasoning skills (Hmelo-Silver, 2004).

This study suggests that more comprehensive interventions are needed to improve students'
mathematical reasoning skills. Future research could include longitudinal studies examining the impact
of long-term interventions on mathematical reasoning skills. How reasoning skills differ among various
socioeconomic and cultural groups can be investigated. The contribution of technology-supported
learning environments to reasoning skills can be examined in detail.
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Genis Ozet
Giris

Matematiksel akil yiritme, 6grencilerin problem ¢6zme, analitik disiinme ve mantiksal
cikarim becerilerini gelistiren temel bir bilissel silrectir (Kilpatrick, Swafford & Findell, 2001;
Schoenfeld, 2013). Matematik egitiminin temel amaclarindan biri, bireylerin bu becerilerini
destekleyerek onlarin akademik basarilarini artirmaktir. Ancak, 6grencilerin akil ylriitme becerilerini
ne dizeyde gelistirdikleri ve bu becerilerin akademik basari (izerindeki etkisinin ne oldugu hala
arastirilmasi gereken bir alandir. Ozellikle, bu becerilerin alt boyutlarinin (6rnegin tahmin, desen
tanima, genelleme, ¢6zim vyollar Gretme gibi) basariya katkisi konusunda yapilan kapsamh ve
karsilastirmali galismalar sinirhdir (Coban & Tezci, 2020; Stacey, 2010).

Uluslararasi degerlendirme programlari olan PISA ve TIMSS, matematiksel akil yiritme
becerilerinin 6grencilerin matematik basarisini 5nemli élgiide yordadigini vurgulamaktadir (incebacak
& Ersoy, 2016; OECD, 2019). Bu baglamda, matematik egitiminde akil yiritmeye dayal 6gretim
yaklasimlari 6n plana ¢ikmaktadir. Ozellikle problem temelli égrenme ydnteminin bu becerileri
gelistirmede etkili oldugu literatiirde siklikla belirtiimektedir (Chukwuyenum, 2013). Ayrica,
Ogrencilerin rutin olmayan problemlerle karsilagsmalarinin akil yiritme diizeylerini énemli 6lglide
artirdig1 da cesitli arastirmalarla ortaya konmustur (Altun & Memnun, 2008).

Matematiksel akil yiritme becerileri, tahmin etme, farkli temsilleri tanima, desen olusturma,
genelleme yapma ve ¢6ziim yollari Gretme gibi gesitli alt boyutlardan olusan karmasik bilissel stirecleri
kapsar (Polya, 1945; Russell, 1999). Polya'nin dort asamali problem ¢6zme modeli (problemi anlama,
plan yapma, plani uygulama ve sonucu kontrol etme) matematiksel akil ylritmenin gelisiminde 6nemli
bir yol haritasi sunar. Bu model, bireylerin hem matematiksel kavramlari anlamasini hem de bu
kavramlari yaratici bigcimde kullanmasini destekler (NCTM, 2000).

Yerli literatlirde ise Coban ve Tezci (2020) tarafindan gelistirilen Matematiksel Akil Yiirlitme
Becerileri Olgegi, bu becerileri dlgmek tizere kapsamli ve gecerli bir arag olarak kullanilmaktadir. Ayrica,
Coban’in (2019) doktora calismasi, farkhlastirilmis 6gretimin 6grencilerin akil ylriitme becerilerine
olumlu katki sagladigini gostermistir. Beyazhanger ve Demir’in (2024) yaptigl calismalarda ise
O0gretmen adaylarinin 6z-yeterliklerinin ve bilissel yapilarina iliskin farkindaliklarinin, bu becerileri sinif
ortaminda etkili sekilde kullanmalarinda belirleyici rol oynadigi belirtilmistir. Son olarak, 6grencilerin
akil yirttme becerileri lizerinde sosyoekonomik degiskenlerin de etkili olabilecegi ifade edilmektedir.
Bazi arastirmalar, diisiik sosyoekonomik diizeydeki 6grencilerin bu becerileri gelistirmekte daha fazla
zorluk yasadigini, ancak etkili 6gretim stratejileri ile bu farklarin azaltilabilecegini vurgulamistir(Loong
vd., 2013; Smit vd ., 2023).

Bu c¢alismanin amaci, ortaokul 6grencilerinin matematiksel akil yiiriitme becerileri ile
matematik basarilari arasindaki iliskiyi incelemek, bu becerilerin cinsiyet ve sinif dizeyine gore
farkhlasip farklilasmadigini ortaya koymaktir. Ayni zamanda, bu becerilerin alt boyutlarinin matematik
basarisi Gzerindeki yordayici etkisi de arastirilmistir.

Yontem

Bu arastirma, nicel arastirma desenlerinden iliskisel tarama modeli ile gerceklestirilmistir.
Arastirmanin g¢alisma grubunu, 2023-2024 egitim-6gretim yilinda Bursa ilindeki ortaokullardan amagli
ornekleme yontemiyle secilen ve gonulllilik esasina gore belirlenen 210 6grenci olusturmaktadir.
Katilimcilarin %44,3’0 kiz (n=93), %55,7’si erkek (n=117); %47,1’i 7. sinif (n=99), %52,9’u 8. sinif (n=111)
Ogrencisidir.
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Veri toplama araglari olarak iki lcek kullanilmistir: 6grencilerin donem sonu matematik ders
notlari ve Coban ve Tezci (2020) tarafindan gelistirilen Matematiksel Akil Ydritme Becerileri
Degerlendirme Olcegi. Bu lgek, 23 maddeden olusmakta olup 7 alt boyutu kapsamaktadir: tahmin,
verilerin farkh temsillerini tanima, desen tanima, ¢6ziimiin dogruluguna karar verme, genelleme, rutin
olmayan problemleri ¢6zme ve ¢6ziim icin mantikli yollar gelistirme. Olcekten alinabilecek en yiiksek
puan 23, en dislik puan ise 0’dir. Verilerin analizinde SPSS 27 programi ile betimsel istatistikler,
bagimsiz 6rneklemler igin t-testi ve Pearson korelasyon analizinden yararlaniimistir.

Bulgular

Bulgular, ortaokul 6grencilerinin matematiksel muhakeme becerilerinin, cinsiyet degiskenine
gore “ayni verinin farkli temsil bigimlerini tanima”, “¢6zim i¢in mantikli yontemler gelistirme” ve
“matematiksel muhakeme becerileri toplam puani” alt boyutlarinda istatistiksel olarak anlamh bir fark
gosterdigini ortaya koymustur [t=-2,141, p=.033; t=-3.402, p=.001; ve t=-3.513, p=.002]. Ortalamalar
analiz edildiginde, erkek o6grencilerin matematiksel muhakeme becerilerinin daha yiksek oldugu
gorilmastar.

Bulgular, sinif degiskenine gore ortaokul 6grencilerinin matematiksel muhakeme becerilerinin
[t= -2,649, p=.009, t= -5,036, p=.000, t= -5,922, p=.000, t= -4,072, p=.000 ve t= -5,369, p=.000]
“tahmin”, ‘genelleme’, “rutin olmayan problemleri ¢cozme”, “¢c6ziim icin mantiksal yollar gelistirme” ve
“matematiksel muhakeme becerileri toplam puani” gibi alt boyutlar dahil olmak Uzere istatistiksel
olarak anlamli bir fark gosterdigi goriilmustir. Ortalamalar analiz edildiginde, 8. sinif 6grencilerinin
matematiksel akil ylritme becerilerinin daha ylksek oldugu bulunmustur.

Ortaokul 6grencilerinin matematik basarisi ile matematiksel akil ylriitme becerileri ve alt
boyutlardaki puanlari arasinda diistik ve orta diizeyde istatistiksel olarak anlamli pozitif bir iliski vardir
(r=345,r=336,r=198,r =198, r =195, r = 310, r = 345, r =462, r = 543, r = 610, p<.01) ortaokul
Ogrencilerinin matematik basarisi ile matematiksel muhakeme becerileri ve alt boyutlardaki puanlar
arasinda istatistiksel olarak anlamh bir pozitif iliski oldugunu gostermektedir. Diger bir deyisle,

matematiksel muhakeme becerisi seviyesi arttikga, matematik basarisi da artmaktadir.

Sonuc ve Oneriler

Bu calisma, ortaokul 6grencilerinin matematiksel muhakeme becerileri ile matematik basarilari
arasindaki iliskiyi ve bu becerilerdeki demografik degiskenlere gore farkliliklari incelemistir. Calismanin
bulgulari, muhakeme becerilerinin 6grencilerin matematik basarilarinda kritik bir rol oynadigini ve bu
becerilerin cinsiyet ve sinif diizeyine gére 6nemli farkhliklar gésterdigini ortaya koymustur. Bu bulgular,
matematik egitiminde bireysel farkliliklarin ve beceri gelistirme diizeylerinin potansiyel etkisine isaret
etse de, daha glcli sonuglara varmak icin daha fazla arastirma yapilmasi gerekmektedir.

Calismanin bulgulari, 6grencilerin matematiksel muhakeme becerilerinin genel olarak orta
diizeyde oldugunu, ancak bazi alt boyutlarda disik performans gosterdiklerini ortaya koymustur.
Ozellikle “ayni verinin farkli temsil bicimlerini tanima”, “¢céziimiin ve sonucun dogruluguna karar
verme” ve “¢6zim icin mantikh yollar gelistirme” alt boyutlarinda dislik basari dizeyleri dikkat
cekiciydi. Bu, 6grencilerin esnek distinme ve Ustbilissel yansitma gerektiren problemlerle ilgilenme
becerilerinde potansiyel bir bosluk oldugunu gdstermektedir. Bu beceriler, 21. ylizyil matematik
egitiminde giderek daha fazla vurgulanmaktadir (Kozlowski ve ark., 2022). Bununla birlikte, bu alt
boyutlardan birinde (¢c6zimiin ve sonucun dogruluguna karar verme), 7. sinif 6grencileri 8. sinif
ogrencilerinden ortalama olarak daha iyi performans gostermistir, ancak bu sonug istatistiksel olarak
anlamli degildir. Bu beklenmedik 6riintli, muhakeme becerisinin gelisiminin her zaman sinif seviyesine
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gore dogrusal bir seyir izlemedigini ve daha fazla arastirma gerektirdigini gostermektedir. Bu durum,
ogrencilerin problem ¢ézme sireglerinde alternatif temsil ve elestirel disiinme becerilerini kullanma
konusunda eksiklikleri oldugunu ortaya koymaktadir. Stacey (2010) ve Schoenfeld (2013), bu tir
eksikliklerin ~ 6grencilerin  matematik kavramlarini derinlemesine anlamalarini  engelledigini
vurgulamaktadir. Bu sonuglar ayni zamanda Hiebert ve Carpenter'in (1992) “anlamli matematik
ogrenimi” modeline de isaret etmektedir. Bu modele gore, 6grenciler matematiksel muhakeme
becerilerini gelistirmek icin problem ¢6zme, temsil kullanma ve muhakeme siireclerine daha fazla dahil
olmahdir. “Céziimiin ve sonucun dogruluguna karar verme” alt boyutunda, 7. sinif 6grencileri 8. sinif
ogrencilerinden daha yilksek puan almistir. Bu beklenmedik sonug, muhakeme becerilerinin sinif
seviyesine gore dogrusal olarak gelismeyebilecegini gbstermektedir. Gérev karmasikligi, motivasyon
veya O6gretim farkliliklari gibi faktorler bunu agiklayabilir. Bu bulgulari netlestirmek icin daha fazla
arastirma yapilmasi gerekmektedir. Literatirde, bu becerileri gelistirmek icin Polya'nin (1945) problem
¢6zme adimlari ve NCTM (2000) standartlari gibi yapilandirmaci yaklasimlar énerilmektedir.

Calismada, erkek 6grencilerin matematiksel akil ylirtitme becerilerinde kiz 6grencilerden daha
iyi performans gosterdikleri gozlemlenmistir. Bu fark, 6zellikle “¢6ziimlere mantiksal yollar gelistirme”
ve “ayni verilerin farkh temsillerini tanima” alt boyutlarinda belirgindi. Hyde ve Linn'in (2006) meta-
analizi, erkek 6grencilerin genellikle uzamsal diisiinme ve matematiksel temsil becerilerinde avantajli
oldugunu ve bu farkhliklarin kiltirel normlar ve 6z yeterlilik algilari ile de iliskili olabilecegini
gostermektedir. Karaduman (2018), kiz 6grencilerin muhakeme dizeylerinin erkek 6grencilerinkinden
daha yiksek oldugu sonucuna varmistir. Literatirdeki bu zit bulgular, muhakemede cinsiyetle ilgili
farkhliklarin baglama bagli olabilecegini ve 6gretim uygulamalari veya gorev tasarimi tarafindan
sekillendirilebilecegini gostermektedir.

Sinif seviyesi degiskeni dikkate alindiginda, 8. sinif 6grencilerinin 7. sinif 6grencilerine gore
muhakeme becerilerinde daha yiliksek puan aldiklari gorilmistir. Bu, 6grencilerin yaslar ve
deneyimleri arttikga daha karmasik problem ¢ézme sireclerine dahil olmalariyla agiklanabilir (Sfard,
1991). Mevarech ve Kramarski (1997) ile Kramarski ve arkadaslari (2001) de ortaokul 6grencileriyle
yaptiklari calismalarda benzer sonuglara ulasmislardir. Carpenter, Franke ve Levi (2003), yasla birlikte
kazanilan problem ¢6zme deneyiminin genelleme ve soyut diisinme gibi st diizey akil yiritme
becerilerini destekledigini vurgulamaktadir. Dindar ve Yaman (2014), 6gretmen adaylarinin
matematiksel akil ylirlitme becerilerinin farkli sinif seviyelerinde énemli 6lglide farklilik gésterdigini
belirtmistir. Matematiksel muhakeme becerilerini gelistirmek icin, sinif seviyesine goére uygun
mufredat diizenlemeleri yapilabilir ve ortaokulun Ust siniflarinda problem ¢6zme ve genelleme
becerilerini gelistiren etkinliklere agirlik verilebilir. Ancak, daha buyik 6grencilerin Gstlinligu tim
muhakeme boyutlarinda tutarl olmadigi icin, gelecekteki calismalar alt becerilerde olasi duraklamalari
veya gerilemeleri de arastirmalidir.

Matematik basarisi ile matematiksel muhakeme becerileri arasindaki pozitif korelasyon,
matematiksel muhakemenin 6grencilerin akademik performansini dogrudan etkileyen bir faktor
oldugunu gostermektedir. Bu iliski, Kilpatrick ve arkadaslarinin (2001) matematiksel yeterlilik
modeliyle tutarlidir. Ozellikle, “¢c6ziim icin mantikh yollar gelistirme” alt boyutunun matematik basarisi
ile en yliksek korelasyona sahip olmasi, 6grencilerin hem soyut hem de elestirel diisinme becerilerinin
matematiksel kavramlari anlamada ve uygulamada etkili oldugunu ortaya koymaktadir. Birgok ¢alisma,
ogrencilerin matematik basarisi ile akil ylritmeyle ilgili elestirel diisiinme becerileri arasinda énemli
bir iliski oldugunu gostermektedir (Chukwuyenum, 2013). Ote yandan, yiiksek basari gdsteren
ogrencilerin akil ylrtitme becerilerini gelistirecek gorevleri uygulama firsati daha fazla olmus olabilir,
bu da deneysel arastirmayi gerektiren karsilikli bir iliski oldugunu distindirmektedir. Bu bulgular,
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ogrencilerin rutin olmayan problemler icin etkinliklerle desteklenmesi gerektigini 6ne siren literatiirle
tutarlidir (Lesh & Doerr, 2003). Ozellikle, problem tabanh 6grenme yaklasimi, 6grencilerin akil yiiriitme
becerilerini gelistirmek icin etkili bir strateji olarak 6ne ¢gikmaktadir (Hmelo-Silver, 2004).

Bu galisma, 6grencilerin matematiksel akil ylirlitme becerilerini gelistirmek icin daha kapsamli
miidahalelerin gerekli oldugunu gdstermektedir. Gelecekteki arastirmalar, uzun vadeli miidahalelerin
matematiksel akil yGritme becerileri Gzerindeki etkisini inceleyen uzunlamasina galismalar igerebilir.
Akil yirtitme becerilerinin gesitli sosyoekonomik ve kiiltiirel gruplar arasinda nasil farklilik gésterdigi
arastirilabilir. Teknoloji destekli 6grenme ortamlarinin akil ylirlitme becerilerine katkisi ayrintili olarak
incelenebilir.

Yayin Etigi Beyani

Bu arastirma, Kocaeli Universitesi arastirma ve yayin etik kurulu tarafindan 21.03.2025
tarihinde 2025-03 sayili karariyla verilen etik kurul izni ile Yiksekdgretim Kurumlari Bilimsel Arastirma
ve Yayin Etigi Yonergesi” kapsaminda uyulmasi belirtilen bilimsel, etik ve alinti kurallarina uyulmustur.
Bu arastirmanin planlanmasindan, uygulanmasina, verilerin toplanmasindan verilerin analizine kadar
olan tum siiregte “Yiiksekdgretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmasi belirtilen tim kurallara uyulmustur. Yonergenin ikinci bélimi olan “Bilimsel Arastirma ve
Yayin Etigine Aykiri Eylemler” basligl altinda belirtilen eylemlerden hicbiri gergeklestiriimemistir. Bu
arastirmanin yazim siirecinde bilimsel, etik ve alinti kurallarina uyulmus; toplanan veriler lizerinde
herhangi bir tahrifat yapilmamistir. Bu calisma herhangi baska bir akademik yayin ortamina
degerlendirme i¢in gonderilmemistir.
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