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The purpose of this study was to investigate the mediating effect of
metacognitive strategies in the relationship between gender and
mathematical reasoning skills. 350 eighth-grade students participated in the
research. Data were obtained using the mathematical power scale and the
metacognitive strategies scale. Reasoning and metacognitive strategies were
compared based on gender by applying independent groups t-test. The
mediating effect of metacognitive strategies was investigated using SPSS
Process Macro model 4. The results showed that the mathematical reasoning
skills of female students were higher than male students. In addition, female
students used more metacognitive strategies in mathematics lessons.
Metacognitive strategies partially mediated the gender difference in
mathematical reasoning skills. By enabling male students to learn and use
metacognitive strategies effectively, gender differences in mathematical
reasoning skills can be reduced.
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INTRODUCTION

The importance of individual differences in education has been known for a long time. Today,
education systems are considered successful to the extent that they are sensitive to differences
between individuals. Individual differences have a significant impact on students’ academic
performance (Farsides & Woodfield, 2003; Humphreys & Revelle, 1984; Sanli, 2020). Individual
differences come to the fore, especially in acquiring mathematical skills (Adams, 2007; Agrillo et al.,
2013; Dulaney et al., 2015). Gender is one of the individual differences that affect mathematical skills
(Gallagher & Kaufman, 2005; Lindberg et al., 2008). Mathematical reasoning skills, spatial skills, and
mathematical problem-solving skills of females and males may differ (Mills et al., 1993; Tzuriel & Egozi,
2010; Zhu, 2007). According to the results of a meta-analysis study, it was stated that the mathematics
achievement of females in the eighth grade is higher than that of males (Li et al., 2018). It is crucial to
determine the factors that may mediate the gender difference to reduce gender-based differences in
mathematics achievement. This study examined the mediating role of metacognitive strategies in the
relationship between gender and mathematical reasoning skills. The results may advance helpful
information for suggestions to reduce gender differences in mathematical skills.

GENDER DIFFERENCES IN MATHEMATICAL REASONING

Mathematics is a branch of science that requires reasoning. Mathematical reasoning is the
process of acquiring new knowledge with mathematical tools (symbols, definitions, relations, etc.) and
ways of thinking (inductive, deductive, comparison, generalizing, etc.). According to the National
Council of Teachers of Mathematics (2000), reasoning is a fundamental part of mathematics and is
among the basic standards. Reasoning is a mathematical force that should be developed for all
students. Indicators of mathematical reasoning ability are a) preparing arguments, b) predicting
results, c) explaining models by relating them to facts, d) using mathematical induction, e) developing
assumptions, f) inferring and checking assumptions, g) using patterns and relationships h) making
logical conclusions (Sumarmo, 2006). The secondary school mathematics curriculum aims to equip
students with these indicators (MoNE, 2013). There are individual differences in mathematical
reasoning. It is essential to consider individual differences for effective teaching of reasoning skills.

There are studies in the literature indicating that mathematical reasoning differs by gender. In a
study of grades 2-6, males performed better on a mathematical reasoning test than females. It has
been stated that males outperform females in tasks that require the application of algebraic rules or
algorithms and in tasks that require understanding mathematical concepts and number relations (Mills
et al., 1993). Sumpter (2016) aimed to determine which types of mathematical reasoning are used
more by male and female students. It has been found that male students tend to use algorithmic
reasoning, and female students have a higher tendency to use familiar algorithmic reasoning methods.
Triyadi (2013), on the other hand, revealed that females outperform males in mathematical
communication, mathematical connection, mathematical reasoning, and mathematical solving.
Rosdiana et al. (2019) examined the reasoning styles used by male and female students in
understanding mathematical problems and checking the accuracy of results. It was found that the
answers given by the male students at the stage of understanding the problem were more detailed
than the answers of the female students. In checking the results’ accuracy, male and female students
used similar reasoning techniques. Subekti et al. (2021) noted that female students had a higher rate
of making correct assumptions about the patterns. Male students’ explanations of the patterns are
more superficial. It has been observed that male students have a higher tendency to misunderstand
the patterns and accordingly draw wrong conclusions. Studies indicated that reasoning skills, which
are very important for success in mathematics, differ according to gender.

Some research conducted in Turkey compares general mathematical reasoning skills by gender
(Erdem & Soylu, 2017; Kocaman, 2017; Pay, 2018), while some research compares mathematical
reasoning skills related to probability, fraction, and ratio-proportion by gender (Karaduman, 2018;
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Kayhan, 2005; Saribas, 2019). Saribas (2019) examined the probabilistic reasoning skill levels of the
sixth, seventh, and eighth-grade mathematics students. In the “sample space” dimension of the
reasoning, a result in favor of the girls emerged. It has been stated that female students have a higher
level of probabilistic reasoning skills on “sample space.” Kocaman (2017) concluded that the logical
thinking scores of eleventh-grade female students are better than male students. Kayhan (2005)
emphasized that sixth and seventh-grade female students are more successful in choosing and using
the right strategies in the reasoning process. Erdem and Soylu (2017) emphasized that mathematical
reasoning improved as age increased in secondary and high school students (8th, 9th and 10th grade).
In addition, male students performed better than female students in mathematical reasoning.
Karaduman (2018) stated that female sixth, seventh, and eighth-grade students had higher
proportional reasoning performances. Pay (2018), who worked with preschool students, reported that
mathematical reasoning skills did not differ according to gender. Studies have shown that
mathematical reasoning skills differ according to gender during middle and high school years. There is
a need to investigate the reasons behind the observed gender difference in mathematical reasoning.

METACOGNITION AND ITS MEDIATING ROLE

Metacognition is the core of cognitive activities. Metacognition is thinking to think (Blakey &
Spence, 1990) and means that the individual is aware of his cognitive processes and controls these
processes (Jager et al., 2005). The concepts of cognition, self-control, and self-control are the most
used concepts to explain metacognition (Flavell, 1979). Students with high self-control can control
their minds and learning processes by effectively using cognitive strategies.

Knowledge and regulation are the two essential components of metacognition. Metacognitive
knowledge includes information about the learner’s learning style, information about the factors that
will affect their performance, learning strategies, and which strategies should be used and when (Kuhn
& Dean, 2004). A student with high metacognitive knowledge knows what skills and level of knowledge
they have in mathematics and what methods and techniques they should use in the problem-solving
process. Metacognitive regulation consists of planning, monitoring, and evaluation activities (Schraw
et al., 2006). Metacognitive regulation includes focusing on a task, making predictions, planning,
reviewing the whole process, evaluating, and making corrections. Thanks to metacognitive regulation,
individuals provide active control over their cognitive processes (Eilam & Aharon, 2003).

According to some researchers, metacognitive skills are general skills, not specific to a particular
field. Due to this feature, it has been stated that metacognition can be used in different fields and
transferred from one field to another (Frost et al., 2015; Mccurdy et al., 2013). It was found that the
planning, monitoring, and evaluation components of metacognition can be successfully adapted to
different tasks (Schraw et al., 1995). For example, metacognitive strategies are used effectively in the
problem-solving process orientation, organization, execution, and verification stages. (Pugalee, 2010).
Metacognition supports mathematical performance (Garofalo & Lester, 1985), and metacognitive
strategies strengthen mathematical reasoning skills (Lestari, 2018). In this respect, it can be argued
that students with low metacognitive strategies will have difficulties in mathematical reasoning.

Studies have shown that there is a relationship between metacognition and academic
achievement. It has been stated that students with high metacognitive skills have high academic
achievement, too. A low level of metacognitive skills weakens the possibility of having high academic
achievement (Holton & Clarke, 2015; Kleitman & Gibson, 2011). Students with low metacognitive skills
cannot correctly operate cognitive processes such as planning, evaluation, and monitoring learning
processes. In this regard, even if these students have high intelligence and motivation, they are less
likely to have high academic achievement (Kazuhiro & Tetsuya, 2018; Hong et al., 2020). Mathematical
metacognition is a particular form of metacognition based on metacognition knowledge. Students with
a high level of mathematical metacognition can evaluate, control and regulate cognitive processes in
mathematics (Shen & Chen, 2014). Studies have shown that students’ mathematical metacognition
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levels positively affect their mathematics achievement (Fernie et al., 2018; Kahramanoglu & Deniz,
2017; Xue et al., 2021). Having mathematical metacognitive skills can increase the likelihood of success
in mathematics.

THE PRESENT STUDY

Many studies have been conducted in the literature examining gender differences in
mathematical reasoning skills (Erdem & Soylu, 2017; Karaduman, 2018; Kayhan, 2005; Kocaman, 2017;
Mills et al., 1993; Rosdiana et al., 2019; Saribas, 2019; Sumpter, 2016; Triyadi, 2013). However, limited
studies examine the variables that moderate the relationship between gender and mathematical
reasoning skills (Kadarisma et al., 2019). There is no study in the literature concerning the mediating
effect of metacognitive strategies on the relationship between gender and mathematical reasoning
skills. The present research fills a gap in the literature by examining the mediating role of
metacognition in the relationship between gender and mathematical reasoning. The research results
are believed to help better understand the mechanisms behind the link between gender and
mathematical reasoning. Secondary school years are critical for developing mathematical skills
(Reynolds, 1991). Thanks to the suggestions provided, mathematics teaching can be more efficient for
secondary school students. In Turkey, students take the exam held within the scope of the High School
Entrance System (LGS) in the eighth grade to attend some high schools (MoNE, 2022). In the eighth
grade, students study more intensively for lessons and exams. Students are more familiar with tests
such as mathematical reasoning and problem-solving during this period, and eighth-grade students
were included in the current study. In line with the purpose of the research, answers to the following
research questions were sought;

1- Do mathematical reasoning skills and metacognitive strategies differ significantly by gender?

2- Do metacognitive strategies have a mediating role in the relationship between gender and
mathematical reasoning skills?

METHOD

RESEARCH DESIGN

This research was carried out according to the correlational research design. A correlational
study examines the relationships between two or more variables without intervention (Karasar, 2000).
The obtained correlation coefficients provide evidence to predict some outcomes. For this purpose,
the predictive relationships between gender, mathematical reasoning, and metacognition were
investigated in the present study.

SAMPLING AND PARTICIPANTS

350 eighth-grade students selected by convenient sampling method participated in the study.
40.7% (n = 142) of the students were females, and 59.3% (n = 208) were males. The ages of the students
were between 13 to 15. The participants were randomly selected from different state schools located
in a city center with different socioeconomic backgrounds. Before data collection, approval from the
research ethics committee was received, and all participants gave informed consent.

MEASURING TOOLS

Mathematical Power Scale: It was developed by Yesildere (2006) for eighth-grade students. In
the development of the scale, the basic structure for the mathematical power determined by the NAEP
(National Assessment of Educational Progress) was taken into account. There are ten open-ended
questions on the scale (Appendix 1). A question in the scale is shown in Figure 1.
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Figure 1. Open-Ended Mathematical Reasoning Question

Zeynep is trying to get bigger cubes by combining the small cubes in her hand. First, she
puts one small cube (a). She then places two small cubes side by side and places the other
small cubes so that the object is a larger cube (b).

Ny

(@) ®

Zeynep wants to calculate how many cubes are needed for the whole larger cube that she
started by putting five small cubes side by side, without adding the cubes one by one. How
can Zeynep do this? Please explain with details.

The application time of the test is approximately 40 minutes. The responses given to the
questions in the test are scored in values varying between 0 and 4 using a rubric developed by Yesildere
(2006). Two mathematics teachers performed the scoring. There was almost perfect agreement (kappa
= 0.85) between the scorer. The consensus was fully achieved by reviewing the results where there
was no agreement between the scorer. The lowest 0 and the highest 40 points can be obtained from
the test (Table 1). High scores indicate high mathematical reasoning skills. The test paper of a student
who gets 29 points from the test is shown in Appendix 2. The Cronbach’s alpha coefficient calculated
for the test in the present study was 0.78.

Table 1. The Scoring Rubric

Criterion Score

There are answers that express the way of solving the problem and its explanation correctly,
express their thoughts with correct mathematical notation and symbols, express their reasoning 4
clearly, and indicate that they are in a complete understanding.

There are answers that are correct except for a few minor errors or ambiguities in the way of
solving the problem and the explanation, expressing their thoughts with proper mathematical
notation and symbols, expressing the way of reasoning, and stating that they are in full
understanding.

Although the way of solving the problem and its explanation shows that the problem is understood
a little, there are answers that indicate that he has insufficient knowledge in some aspects of the 2
explanations for the solution.

There are answers that show that he has limited knowledge about the way and explanation of
solving the problem.

There are answers that solve the problem incorrectly or that are left unanswered. 0

Motivated Strategies for Learning Questionnaire (MSLQ): The questionnaire developed by
Pintrich et al. (1993) and adapted into Turkish by Karadeniz et al. (2008) was used to determine the
level of metacognitive strategies used by students in mathematics lessons. The measuring tool has a
multidimensional structure. The scale is a 7-point Likert type (1=Absolutely wrong for me, 7=Absolutely
true for me). In this study, the metacognitive strategies sub-dimension of the scale consisting of 11
items was used. One of the expressions on the scale is as follows; “When reading resources related to
mathematics, | ask myself questions to help me focus on the subject.” The lowest score that can be

102



Psycho-Educational Research Reviews, 11(2), 2022, 98-120 Yurt

obtained from the metacognitive strategies scale is 11, and the highest score is 77. Higher scores
indicate greater use of metacognitive strategies in mathematics. The Cronbach’s alpha coefficient
calculated for the metacognitive strategies scale in the present study was 0.85.

DATA ANALYSIS

The distribution of mathematical reasoning skills and metacognitive strategies scores was analyzed
based on skewness and kurtosis coefficients. The skewness and kurtosis coefficients in the range of +1
indicate that the scores have a normal distribution (Tabachnick & Fidell, 2013). The skewness and
kurtosis coefficients were within the specified range (Table 2). This result indicated that the scores
showed univariate normal distributions.

Relationships between gender, mathematical reasoning skills, and metacognitive strategies scores
were examined using Pearson Correlation coefficients. The correlation coefficient takes values in the
range of +1. Coefficients between 0 and +0.30 indicate low, coefficients between +0.30 and +0.70
indicate moderate, and coefficients between +0.70 and *1 indicate high-level relationships (Ratner,
2009).

Table 2. The Skewness and Kurtosis Coefficients

Skewness Kurtosis
Variables
z SE z SE
Mathematical reasoning 0.71 0.15 -0.15 0.31
Metacognitive strategies -0.19 0.15 0.01 0.31

SPSS Process Macro Model 4 (Version 4.0) was used to test the mediating role of metacognitive
strategies in the effect of gender on mathematical reasoning skills (Hayes, 2017). Hayes Macro
performs the basic analysis of the bootstrap method. This method determines whether the direct and
indirect effects are significantly based on the confidence interval (Shrout & Bolger, 2002). Cook
distance values (<1) showed no multivariate outliers in the data set. VIF>10 values indicate
multicollinearity between the variables (Menard, 2002). The calculated VIF value was calculated as
1.15. The value showed that there was no multicollinearity between the variables. SPSS 25.0 statistical
package program was used for the analysis.

RESULTS

The mathematical reasoning skills and metacognitive strategies mean scores of male and female
students are shown in Table 3. Female students’ reasoning skills (M=14.84, SD=7.50) score was
significantly higher than the mean (M=9.40, SD=6.23) score of male students (t(249)=6.26, p <0.001).
Female students’ metacognitive strategies mean (M=54.98, SD=11.34) score was significantly higher
than male students' mean (M=45.87, SD=11.72) score (t(249)=6.13, p<0.001).

Table 3. Means and Standard Deviations of the Variables by Gender

Female (n=142) Male (n=208) All (n=350)
Variables
M SD M SD M SD Min. Max.
Mathematical reasoning 14.84 7.50 940 6.23 11.61 7.27 1.00 30.00
Metacognitive strategies 54.98 11.34 45.87 11.72 49.57 12.38 16.00 77.00
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Relationships between gender, mathematical reasoning skills, and metacognitive strategies
scores were examined by calculating Pearson Correlation coefficients. Calculated correlation
coefficients are given in Table 4.

Table 4. Pearson correlation with Gender, Mathematical Reasoning, and Metacognitive Strategies

Variables 1. 2. 3.
1. Gender? 1
2. Mathematical reasoning -0.37" 1
3. Metacognitive strategies -0.36" 0.39™ 1

**p<0.01, N=350, 0 = Female, 1 = Male.

Table 4 shows that gender was negatively correlated with mathematical reasoning skills (r=-0.37,
p<0.01) and metacognitive strategies (r=-0.36, p<0.01). Mathematical reasoning skill was positively
correlated with metacognitive strategies (r=0.39, p<0.01).

SPSS Process Hayes (2017) Macro Model 4 (Version 4.0) was used to test the mediating role of
metacognitive strategies in the effect of gender on mathematical reasoning skills. In the model, gender
was the independent variable, mathematical reasoning was the dependent variable, and
metacognitive strategies were included as the moderator variable (Figure 2). Path coefficients for
direct and indirect effects are displayed in Table 5.

Figure 2. Direct And Indirect Effect of Gender on Mathematical Reasoning, ***p<0.001, c¢'= Indirect Effect

Metacognitive
strategies

(a) -036™** (b) 0.30%**

(c) -0.26***
Mathematical

Gender .
reasoning

(c!) -0.11%**

Table 5. Direct And Indirect Effect of Gender on Mathematical Reasoning

Model B B SE t p LLCI ULCI
Model 1

Gender —> MR -3.71 -037 087 -6.27 0.007" -0.47 -0.26
Model 2

Gender > MS -9.12 -0.36 0.06 -6.14 0.00"" -0.47 -0.25
Model 3

Gender > MR -3.87 -0.26 0.06 -4.34 0.000" -0.39 -0.14

MS > MR 0.17 0.30 0.06 490 0.00"" 0.17 0.42
Model 4

Gender --—--> MS -—-> MR -1.58 -0.11 0.03 0.00"" -0.17 -0.06

***¥p<0.001, MR= Mathematical Reasoning, MS= Metacognitive Strategies, LLCl= Lower limit of the Confidence
interval, ULCI= Upper limit of the Confidence interval
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When Table 5 is examined, the effect of gender on mathematical reasoning was examined in
model 1 (F(1,249)=39.16, R=0.37, p<0.01). The fact that the confidence interval (95% Cl= -0.47, -0.26)
did not contain a zero-value showed that the observed effect was significant (Shrout & Bolger, 2002).
Gender had a negative and significant effect on mathematical reasoning skills (B=-0.37, p<0.001). Thus,
the negative coefficient of the direct effect of gender on mathematical reasoning indicated that female
students, on average, scored -0.37 standard deviations higher mathematical reasoning scores than
male students.

In Model 2, the effect of gender on metacognitive strategies was examined (F(1,249)=37.60,
R=0.36, p<0.010). The fact that the confidence interval (95% Cl= 0.47, -0.25) did not contain a zero-
value showed that the observed effect was significant (Shrout & Bolger, 2002). Gender had a negative
and significant effect on metacognitive strategies (B=-0.36, p<0.001). Thus, the negative coefficient of
the direct effect of gender on metacognitive strategies indicated that female students, on average,
scored -0.36 standard deviations higher mathematical reasoning scores than male students.

In Model 3, the effects of gender and metacognitive strategies on mathematical reasoning skills
were examined (F(2,248)=33.31, R=0.46, p<0.01). Confidence intervals calculated for gender (95% Cl=
-0.39, -0.14) and metacognitive strategies (95% Cl= 0.17, 0.42) did not contain zero values, indicating
that the observed effects were statistically significant (Shrout and Bolger, 2002). Gender (B =-0.26,
p<0.001) and metacognitive strategies (B=0.30, p<0.001) had a significant effect on mathematical
reasoning.

In Model 4, the indirect effect of gender on mathematical reasoning skills was examined. The
indirect effect (B =-0.11, p<0.001) was statistically significant as the confidence interval (95% Cl=-0.17,
-0.06) did not contain a zero value (Shrout & Bolger, 2002). The significant indirect effect showed that
cognitive strategies had a mediating role in the relationship between gender and mathematical
reasoning skills. The fact that only a part of the total effect was realized through the mediating variable
indicates that metacognitive strategies were partial mediators.

DISCUSSION, CONCLUSION, AND IMPLICATIONS

This study compared the mathematical reasoning and metacognitive strategies of eighth-grade
secondary school students by gender. Additionally, the relationships between gender, metacognitive
strategies, and mathematical reasoning were examined. It was investigated whether metacognitive
strategies mediated the gender difference in mathematical reasoning.

The present research showed that female students had higher mathematical reasoning
performance than male students. Gender plays a crucial role in mathematics learning and may lead to
differences in the mathematics achievement of male and female students (Xue et al., 2021). There are
studies indicating that men (Erdem & Soylu, 2017; Mills, Ablard & Stumpf, 1993; Rosdiana et al., 2019)
or women (Gherasim et al., 2012; Robinson & Lubinski, 2011) are more successful in mathematics.
However, some researchers suggested that there is no gender-related difference in math (Sarouphim
& Chartouny, 2017). There are studies that attribute the cause of gender difference in mathematics to
cultural factors (Devine et al., 2012; Else-Quest, Hyde & Linn, 2010; Sarouphim & Chartouny, 2017).
For example, Tsui (2007) noted that the perception that males are better at mathematics is transmitted
to students by parents and teachers, and this is reflected in students’ mathematics achievement. These
observations may be valid in countries where gender-related cultural factors predominate. It may not
be enough to explain the gender difference with cultural factors alone. Mathematics is a discipline that
requires cognitive ability. There are also studies showing that cognitive abilities are the basis of
individual differences in mathematics (Efklides et al., 1997; Erdem & Soylu, 2017; Karaduman, 2018;
Kayhan, 2005; Kocaman, 2017; Rohde & Thompson, 2007; Rosdiana et al., 2019; Saribas, 2019; Subekti
et al., 2021). For example, Kayhan (2005) emphasized that female students are more successful in
choosing and using the right strategies in the mathematical reasoning process. Subekti et al. (2021)
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stated that female students had a higher rate of making correct assumptions about mathematical
patterns. Male students’ explanations of the patterns are more superficial and tend to misunderstand
the patterns and accordingly draw wrong conclusions. Sumpter (2016) found that female students tend
to use familiar algorithmic reasoning methods. Rosdiana et al. (2019) examined the reasoning styles
used by male and female students in understanding mathematical problems and checking the accuracy
of results. It was noted that the answers given by the male students at the stage of understanding the
problem were more detailed than the answers of the female students. Previous research has revealed
that the cognitive approaches of females and males to mathematical reasoning differ. Unlike the
literature studies, the present research argues that this difference may be of metacognitive origin.

One of the findings obtained in the research is that female students use metacognitive strategies
more than male students. These results are consistent with the researchers whom that indicated
females had better knowledge of metacognitive strategies (Liliana & Lavinia, 2011; Kolic’-Vehovec &
Bajsanski, 2006; Sheorey & Mokhtari, 2001; Topcu & Yilmaz-Tiziin, 2009; Wu, 2014; Zimmerman &
Martinez-Pons, 1990). Topgu and Yilmaz-Tiiziin (2009) emphasized that in 4th to 8th grades, being a
girl was positively correlated with knowledge of cognition and regulation of cognition. Liliana and
Lavinia (2011) stated that 8th-grade male students use prior knowledge in problem-solving, planning,
various learning strategies, and monitoring the learning process. Also, female students have more
knowledge about their intellectual strengths and weaknesses. Zimmerman & Martinez-Pons (1990)
noted that among self-regulation skills, females mostly used record keeping and monitoring,
environmental structuring, goal setting, and planning than males. While planning the mathematics
teaching process, it should be considered that female students may be superior in using metacognitive
strategies.

Another significant result of the present research is that metacognitive strategies partially
mediate the gender difference in mathematical reasoning. Cornoldi (1997) stated that metacognition
is one of the most critical cognitive skills required for learning. A low level of metacognitive skills
weakens the possibility of having high academic achievement (Holton & Clarke, 2015; Kleitman &
Gibson, 2011). Students with low metacognitive skills cannot correctly operate cognitive processes
such as planning, evaluation, and monitoring learning processes. In this regard, even if these students
have high intelligence and motivation, they are less likely to have high academic achievement
(Kazuhiro & Tetsuya, 2018; Hong et al., 2020). Shen and Chen (2014) emphasized that mathematical
metacognition is a particular form of metacognition based on metacognition knowledge. Students with
a high level of mathematical metacognition can evaluate, control and regulate cognitive processes in
mathematics. Pugalee (2010) stated that metacognition is effectively used in the orientation,
organization, execution, and verification stages of problem-solving. Lestari (2018) noted that using
metacognitive strategies strengthens mathematical reasoning skills. In this respect, students who use
metacognitive strategies effectively are more likely to solve mathematical problems. The present
research supports studies that emphasize metacognition’s importance in mathematics skills. It was
observed that females who used mathematical strategies more effectively had higher mathematical
reasoning performance than males. The present research has provided quantitative evidence that the
observed gender differences in mathematical skills are of metacognitive origin.

In conclusion, the present research showed that metacognitive strategies mediated gender
differences in mathematical reasoning ability. To reduce the gender difference in mathematical
reasoning, male students can be taught to learn metacognitive strategies and use these strategies
effectively. Teachers’ inclusion of applications that support metacognitive strategies while teaching
mathematics may prevent the emergence of gender differences in mathematical reasoning.
Conducting this research with only eighth-grade students limits the results’ generalizability. The
mediating role of metacognitive strategies in different cultures and age groups can be studied with
further research. These studies may help clarify and generalize the relationships between gender,
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reasoning, and metacognition. In addition, it can be investigated whether metacognitive strategies
mediate gender differences observed in other mathematical skills.
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Appendix 1
Mathematical Power Scale
1. You have to fill the inside of a sphere with colored liquid. Since you cannot move the sphere, you must fill
it with one of the cylinder, cone, square pyramid or square prism shaped glasses you have.

v" All glasses and globes are of equal height.
v' Radius lengths of the cylinder, cone, sphere, the length of one side of the square pyramid and

the length of one side of the square prism are equal to each other.

Choose such a glass that it can fill the sphere with the least number of moves. Explain in detail how

you made this choice.

2. 2.The teacher asked Sema and Yasemin to show the numbers they have learned so far as diagrams. These
number sets are Natural Numbers (N), Integers (Z), Rational Numbers (Q), Irrational numbers (1) and Real

numbers (R).
e Sema and Yasemin's answers are given below.

R R
Q Semas’s Q I
Yasemin’s

I:IN = answer N | Z
[ ] = nswer

e  Which student's drawing is correct? Explain with reason.
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3. Below are the views of a pair of dice from two different angles. These dice are exactly “cube” shaped and
the numbers are placed on the dice in the same order.

According to this information,

e  Which number is on the reverse side of the face with 3 on it?
e What s the probability that the face that comes after the face
with 4 is the number 6?

4. The following dialogue takes place between Sertap, Sibel and Orhan:
Sertap: The object formed by rotating any triangle about one side 360° is called a right cone.
Sibel: But when it rotates around its different sides, other objects form, some of which are bent, some
of which are not. Then why is it called a "vertical" cone?
Orhan: No, all cones are upright anyway. A cone that is not perpendicular cannot be drawn.
Is there any information given incorrectly or incompletely by the students here?
Write a statement for each student highlighting where they are wrong or right.

5. Zeynep is trying to get biggest cubes by combining the small cubes in her hand. First, she puts one small
cube (a). She then places two small cubes side by side and places the other small cubes so that the object
is a larger cube (b).

N

(a) (b)

Zeynep wants to calculate how many cubes are needed for the whole larger cubes that she started by
putting five small cubes side by side, without adding the cubes one by one. How can Zeynep do this?
Please explain with details.
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6. Fatma's teacher asked her to put her hand in a bag that she could not see, and to understand what the
regular geometric object was in it without seeing -just by touching-. Fatma took the following notes in her
notebook about the geometric object she could feel by touching:

o It has atotal of 5 corners.
o Its lateral faces are triangular and its base is not triangular.
o The opposite sides of the base are equal in length.

According to this information;

a) Predict what this geometric object might be. Explain in detail why you made this prediction.
b) What is the probability that it is a cylinder? Explain with reasons.

c) What is the probability that it is a prism? Explain with reasons.

d) What is the probability that it is a square pyramid? Explain with reasons.

7. The following dialogue takes place between the teacher and Canan and Ayse:
Teacher: What is the intersection of a sphere with a rectangular plane?
Canan: | think it's rectangular. A portion of the plane's size intersects the sphere.
Ayse: | think it is a flat. Since the plane is an infinitely expanding region, its intersection will be a circle.

Is there any incorrect or incomplete information given by the students here? Write a letter to each
student highlighting where they were wrong or right.
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9.

Yurt

Salesman, Mehmet Bey, frequently travels between cities due to his job and markets 1000 liters of goods
per week in a nearby city. Mehmet Bey wants to buy the vehicle that consumes the most fuel, which will
make the least trips. Evaluate the suitability of each car in terms of these criteria. According to the
information given below, which car would meet Mehmet Bey's wishes? Why? Express your way of thinking

clearly.

RENAULT PEUGEOT
Motor Hacmi (cc) 1598 Motor Hacmi (cc) 1587
Son Hiz (km/s) 181 Son Hiz (km/s) 190
0-100 km/s Hizlanma (sn) 12.4 0-100 km/s Hizlanma (sn) 10.7
Sehir fginde (litre) 8.6 Sehir ici (litre) 9.5
Sehir digi (litre) 5.8 Sehir disi (litre) 5
Bagaj Hacmi (litre) 485 Bagaj Hacmi (litre) 420

OPEL VOLKSWAGEN

Motor Hacmi (cc) 1199 Motor Hacmi (cc) 1896
Son Hiz (kmv/s) 180 Son Hiz (km/s) 180
0-100 km/s Hizlanma (sn) 14.0 0-100 km/s Hizlanma (sn) 12.6
Sehir fginde (litre) 1.3 Sehir ici (litre) 6.5
Sehir digi (litre) 4.8 Sehir disi (litre) 4.1
Bagaj Hacmi (litre) 260 Bagaj Hacmi (litre) 330
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10. The rate of our heartbeat is the basic function of our life. For the continuation of our life in a healthy way,

our heart rate should beat in the ranges given below:

Heart rate

190 A

170 / \

150 \

130 Duration
(min)

arnvrsan )

>

20 40 60 90

If our heart beats within the ranges found
by this formula, our heart health is in place.

On the side, the heart rate graph of 25-
year-old football player Serhat during a
match is given. Using the safe heart rate
calculation given above, interpret whether
the player's heart beats regularly during
the match by associating with the graph.

Safe heart rate = 220-human age)
Minimum safe heart rate = safe heart rate x 60%

Maximum safe heart rate = safe heart rate x 90%

e Serhat's heart during the first 20 minutes,

e Between 45 and 70 minutes, Serhat's heart,
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Appendix 2 (Turkish Version, Sample)

Matematiksel Muhakeme Testi (Mathematical Power Scale)

1. Bir kiirenin iginin renkli sivi ile doldurmaniz gerekiyor. Kiireyi yerinden oynatamadiginiz igin, elinizde olan
silindir, koni, kare piramit veya kare prizma seklindeki bardaklardan biriyle doldurmalisiniz.

v" Tim bardaklarin ve kiirenin yikseklikleri esittir.
v Silindirin, koninin, kiirenin yarigap uzunluklar, kare piramidin bir kenarinin uzunlugu ve kare
prizmanin bir kenarinin uzunlugu birbirine esittir.

Oyle bir bardag seginiz ki, en az sayida hamle ile kiireyi doldurabilsin. Bu segmi necse gore ya;;tlgl{nul
ayrintilaniile agiklayiniz. <)) ei se cecion cunlke =T= g
hete o nden o a2 o bu%uk‘k WC(C—M\ v an

A N ) 7 /}Z
]

\
1
>

b a..3 <
q I a9\ PN Ehe) Aty
o 0 (i L iniev oS S P51
._—-:—"—~ /\
S

2. Ogretmenleri Sema ve Yasemin’den simdiye kadar 6grendikleri sayilar sema olarak gostermelerini
istemistir. Bu sayl kiimeleri Dogal Sayilar(N), Tam sayilar (Z), Rasyonel Sayilar (Q), irrasyonel sayilar (1) ve
Reel sayilar (R)’ dir.

e Sema ve Yasemin'in yanitlari asagida verilmektedir

R R

=T | =~ =] -

e Hangi 6grencinin cizimi dogrudur? Nedeni ile aciklayiniz.

I 2
ha dggo(\ SO tom Qct.\jldl(

Yurt

= het... Fevm... Soua, cots Aol .SSrEqA Olocrle ﬁapc)r
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3. Asagida bir cift zarin farkl iki agidan gorundisleri verilmektedir. Bu zarlar tam “kiip” seklindedir ve rakamlar
zarlarin Gzerlerine ayni sirayla yerlestirilmistir.

Buna gore,

e Uzerinde 3 yazan yiiziin tam arka yiiziinde hangi rakam
vardir?

e Dort yazan yiiziin arkasina gelen yiiziin 6 olma olasiligi
nedir?

K TR DY, % ) Ky A dooxw ccwrdc@;mmc)g;,

ot Sedeclel el \«L eld . ccilile M@ﬂ; ..........
couvrdlmr’o de ku cd-v.g:; tiuluh Lhmg Q_L(hg,-v!'t

VoA, 0ok 1 Jx Jeemekttrelle... 2. 0.0 A i 2un
lesor S5m0k [f/r nnldrm L l‘:’!rl oul wana s e

4. Asagidaki diyalog Sertap, Sibel ve Orhan arasinda gegmektedir:
Sertap: Herhangi bir iiggenin, bir kenari etrafinda 360° déndiriilmesiyle olugan cisme dik koni denir.
Sibel: Ama farkl kenarlan etrafinda déndiigiinde baska cisimler olusuyor bazilar egik duruyor, bazilari
egik durmuyor. Madem o zaman neden “dik” koni denilsin ki?
Orhan: Hayir, zaten biitiin koniler diktir. Dik olmayan koni gizilemez.
Buradaki 6grenciler tarafindan hatali veya eksik olarak verilen bilgi var midir? Her bir 6grenciye,
nerede hatali veya nerede hakli olduklarini vurgulayan bir mektup yaziniz.

(FLﬂQn:_ au’ Jeeden d(’al'.)dc-
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/er M ser
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5. Zeynep elindeki kiigiik kiipleri bir araya getirerek daha biyuk kipler elde etmeye calisiyor. ilk dnce bir tane
kiigiik kiip koyuyor (Sekil 1). Daha sonra iki tane kiigik kipt yan yana koyuyor ve diger kigiik kipleri de
cisim daha biiyiik bir kiip olacak sekilde yerlestiriyor (Sekil 2).

sekil 1 sekil 2 3

3
S

Zeynep bes tane kiiglik kiip yan yana koyarak basladigi daha blyik kiipin tamami icin kag kip
gerektigini tek tek kipleri koymadan hesaplamak istiyor. Zeynep bunu nasil yapabilir? Ayrintilari ile

agiklayiniz.
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6. Fatma’dan 6gretmeni, icini goremedigi bir torbaya elini sokmasini ve iginde olan diizgiin geometrik cismin
ne oldugunu gérmeden -sadece dokunarak- anlamasini istemistir. Fatma dokunarak hissedebildigi
geometrik cisme iligkin, defterine asagidaki notlar almistir:

o Toplam 5 tane kosesi var.
o Yanyiizleri iicgensel bélge, tabani tiggensel bolge degil.
o Tabanin karsilikh olan kenar uzunluklari esit.

Bu bilgilere gore;

a) Bu geometrik cismin ne olabilecegini tahmin ediniz. Neden bu tahmini yaptiginizi
ayrintilariyla agiklayiniz.

b) Silindir olma olasiligi nedir? Nedenleri ile agiklayiniz.

c) Prizma olma olasilig nedir? Nedenleri ile agiklayiniz.

d) Kare piramit olma olasiligi nedir? Nedenleri ile agiklayiniz.

(a) S ]lntlrf)[) )x(‘hrult
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7. Asagidaki diyalog 6gretmen ile Canan ve Ayse arasinda ge;mektednr €37

Ogretmen: Bir kirenin bir dikdortgensel dizlem ile arakesiti nedir?
Canan: Bence dikdértgendir. Diizlemin buyiikligi kadarlik bolim kire ile kesisir.
Ayse: Bence dairedir. Diizlem sinirsiz genisleyen bir bélge oldugundan kesisimi daire olacaktir.

Buradaki &grenciler tarafindan verilen hatali veya eksik bilgi var midir? Her bir dgrenciye, nerede hatali
veya nerede hakli olduklarini vurgulayan bir mektup yaziniz.
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Pazarlamaci Mehmet Bey, isi geregi siklikla sehirlerarasi yolculuk yapmakta ve haftada 1000 IQrellk mallari

yakin bir sehirde pazarlamaktadir. Mehmet Bey en az seferi yapacag en ekonomik yakit tilketen araci satin
almak istiyor. Bu kriterler agisindan her bir arabanin uygunlugunu degerlendirin. Asagida verilen bilgilere
gore hangi arabayi almasi Mehmet Bey’in isteklerini kargilar? Neden? Diisiince bigiminizi agikca ifade

ediniz.
RENAULT PEUGEOT

Motor Hacmi (cc) | 1598 Motor Hacmi (¢¢) 1557

Son Hiz (kn/s) [T8T | [Son Hiz (ks 90

G100 knvs HizZlanma (sn) | 124 || 0-100 knvs Hizanma (sn) | 10.7

Sehir Iginde dlitre) X6 Sehir igi (litre) 9s

Sehir digs (litre) 58 Sehir disy itre)y 5

Bagaj Hacmi (litre) QJB/ Bagay Hacmi (litre) 420

OPEL VOLKSWAGEN

Motor Hacmi (cc) 1199 || Motor Hacmi icc) 1896

Son Hiz (knvs) 180 || Son Hiz (kivs) 150

=100 knv's Hrzlanima (sn) 140 || 0-100 knvs Hizkwma (sn) | 12,6

| Schir Iginde (litre) 7.3 Sehir ii (litre) 6.5

Sehir g (litre) 48 Sehir digt (litres 41

_L Bagay T:um (litre) 260 __|| Bags) Hocmi (lire) )
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9. Asagidaki sekilde kag tane iggen bulunmaktadir? Buldugunuz tggenleri harflendirerek listeleyiniz.
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10. Kalp atiglarimizin hizi, yasamimizin temel fonksiyonudur. Yasamimizin saghkh olarak devami icin, kalp atig
hizimiz agagida formiilii verilen araliklarda atmalidir:
1 SRlusiee Kalbimiz, bu formdille bulunan araliklarda
190 . atarsa, kalp saghgimiz yerindedir.
71\ Yan tarafta 25 yagindaki Fenerbahgeli
170 4 \ futbolcu Serhat’in bir mag boyunca kalp
e P NIz \ atig hizi grafigi verilmistir. Yukarida verilen
\ guvenli kalp atis hizi hesabindan
130 yararlanarak, mag boyunca futbolcunun
kalbinin diizenli atip atmadigini grafikle
Strek) jjiskilendirerek yoruml
=5 0 r o5 skilendirerek yorumlayiniz.
Guivenli kalp atigi hizi= 220-insanin yasi) 1 %S éib — 1 Q_
Asgari (en az) giivenli kalp atig hizi = giivenli kalp atisi x %60 1W
195 . 24721%5,5
Azami (en ¢ok) giivenli kalp atis hizi = giivenli kalp atisi x %90 10
e Ik 20 dakika boyunca Serhat’in kalbi
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e 20 dakika ile 40 dakika arasinda Serhat’in kalbi,
12et el Jeadioadis. Jouoe. LFO. Ke.. b
Conre i VA RUYD GRS W N 2o Cusd. Cju.mn)}
EOJIQ@_J'IS (1.2.200L0.... 1G22 RS
e 45 ile 70 dakika arasinda Serhat’in kalbi
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