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Abstract

This study examines the relationship between gifted students’ mathematical abilities, spatial
abilities, and their mathematics achievement. 293 7th-grade gifted students (%51 male, %49
temale) participated in the study. Mathematical reasoning and problem-solving scale were used to
determine mathematics abilities of students, mental rotation and paper folding tests were used to
determine spatial abilities of students and lastly, mathematics achievement test was used to
determine students’ mathematics achievement. Descriptive analysis, as well as Pearson product-
moment correlation coefficient and multiple linear regression analysis, were used in the data
analysis. The results showed that the mathematics achievement of the students was high, and
their mathematical reasoning and problem-solving abilities were above average. There is a high
and average significant relationship between gifted students’ mathematical abilities and
mathematics achievement. The order of importance of the gifted students” mathematical abilities
on mathematics achievement is as spatial thinking, mathematical reasoning and problem-solving.
Spatial thinking, mathematical reasoning and problem-solving are the significant predictors of
mathematics achievement.
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1. Introduction

Mathematics is a basic skill used in daily life and the most important component of technologic developments.
Mathematics has a wide area of use ranging from the design of the simplest machines to the most complex
electronic devices, from a construction of a small toy to a space shuttle. The quality of a society’s improvement in
science and technology depends on the training and supporting its people. In this respect training and supporting
gifted students is especially important. It is known that gifted students have special talents for mathematics and
they have a higher potential to become scientists (Assouline and Lupkowski-Shoplik, 2005; Ozyaprak, 2012). Gifted
students need mathematics to be successful in other fields. Individuals and societies who could use mathematics
effectively could find more chances to shape their future (NCTM, 2000). In this respect, it is understood that being
successful in mathematics and having knowledge and skills for it are so important for gifted students.

According to Gagne (2005) intelligence is innate, but it can be an ability only if it is improved. For this reason,
the variables predicting gifted students” mathematics skills are needed to be defined and systematically developed.
The international exams aiming to determine the student achievement in mathematics and science show that
Turkish students are not in the desired level (Mullis et al., 2009; Mullis et al., 2012; Ministry of National Education
(MEB), 2013). Therefore, cognitive-aftective characteristics which effect mathematics achievement become the
center of researches (Bilican et al, 2011; Pahlke et al, 2013; Akyuz, 2014). Theoretical explanations suggest that
cognitive characteristics are important factors affecting achievement (Bandura, 1997; Bloom, 1998; Schunk and
Zimmerman, 1998). Results obtained from studies regarding mathematics achievement support the theoretical
explanations (Lopez et al.,, 1997; Gainor and Lent, 1998; Pajares and Graham, 1999; Chen, 2003; Wang, 2006; IFerla
et al., 2009; Usher and Pajares, 2009). Achievement can be defined as the indicator or the measurement of one’s
taking advantage of a certain academic program or discipline in the school environment (Ozgiiven, 2005).
Mathematics achievement can be defined as the average point one gets from the exams which are done in line with
the mathematics curriculum. As in achievement, personal factors are quite important in mathematics achievement
(Peker, 2005; Usher, 2009; Akyuz, 2014). Because of the personal factors, each student cannot achieve the same
standards (NCTM, 2000; Ozgiiven, 2005). Accordingly, checking whether the students achieve in accordance with
their talents, researching the factors affecting achievement, and giving practical suggestions to teachers and
students are quite important. When the literature examined, it can be seen that there are so many factors affecting
mathematics and mathematics achievement. The major factor affecting mathematics and mathematics achievement
are self-regulation strategies (Uredi and Uredi, 2005) spatial talent (Battista, 1990; Casey et al, 1992) problem-
solving skill (Ozsoy, 2005; Giinhan and Baser, 2008; Arsal, 2009; Alci et al., 2010) reasoning skill (Kilpatrick et al,
2001; Ball and Bass, 2003; Umay, 2003; Brodie, 2009; Yurt and Siinbiil, 2014) learning styles (Peker, 2005; Sentiirk
and Ikikardes, 2011)_ motivation (Fadlelmula, 2011; Yildirim, 2011; Yurt, 2015) self-efficacy (Alc1 et al, 2010;
Yildirim, 2011; Caliskan, 2014; Yurt, 2014a). Problem-solving, mathematical reasoning and spatial skills have
important places as cognitive skills. A mathematical problem is defined as a problem which needs to be solved but
cannot be easily solved with the knowledge at hand (Kayan and Cakiroglu, 2008). Problem-solving skill in
mathematics is taught through mathematical problems. Mathematical problems are cases which requires the
mathematical knowledge to be applied and which lead to a search for solutions. With the numbers and symbols,
one turns a problem he encounters in real life into a mathematical problem. Then, he solves the problem and
applies the solution into the real life. Mathematical problem-solving contains the following stages; (i) identifying
and formulating a problem (ii) determining the consistency and sufficiency of the data (iii) using models, data and
strategies regarding mathematics (iv) producing, enlarging and reproducing mathematical operations (v) using
spatial, deductive, inductive, statistical and proportional reasoning approaches in new mathematical situations (vi)
evaluating the solutions in terms of accuracy and logical consistency (National Assessment of Educational Progress
(NAEP), 2002). Reasoning skill can be seen as the systematic and logical thinking capacity. Reasoning contains
deductive and inductive reasoning methods which are performed through models and patterns. Reasoning is a
problem-solving approach used by students when encountering nonroutine problems. It is stated that reasoning
involves making generalizations and deductions while learning mathematics, justifying the accuracy of
mathematical and non-mathematical deductions, and questioning the validity of thoughts and emotions (NCTM,
2000; MEB, 2009). In order to acquire the reasoning skill a student must learn making logical deductions, using
mathematical models, rules and relationships while expressing his thoughts, justifying the solutions and answers of
a problem, using relationships and patterns while analyzing a mathematical situation, believing in the fact that
mathematics is logical field of science, making predictions, and analyzing patterns and relationships in mathematics
(Ersoy, 2006). Another variable which is related to the problem-solving and reasoning and has a significant impact
on mathematics achievement is spatial ability. Spatial ability is one’s ability to move, spin, and bend an object or
objects in his mind. Spatial ability also requires to understand new positions or views of objects which are turned
around (Guilford and Zimmerman, 1947). Understanding relationships visually, changing, using and expressing by
reorganizing them are all about spatial ability (Tartre, 1990). Generally, spatial ability can be stated as the ability
which requires to manipulate visual objects in mind, and in two and three-dimensional space (Yurt and Siinbiil,
2014). Former studies showed that spatial ability is closely related to the mathematics achievement, problem-
solving and reasoning (Smith, 1964; Fennema and Sherman, 1977; Guay and McDaniel, 1977; McGee, 1979;
Fennema and Tartre, 1985; Booth and Thomas, 1999; Delialioglu and Askar, 1999; Hegarty and Kozhevnikov,
1999; Van Garderen and Montague, 2003; Kayhan, 2005; Markey, 2009).

1.1. Purpose and Significance of the Study

It is known that gifted students are successtul in various fields and they have different abilities. Mathematics is
one of the fields they are most successful. When the literature is reviewed it is seen that there have been no studies
on the affective skills affecting gifted students” mathematics achievement. In the education of gifted students, great
importance has been placed on mathematics. Nevertheless, no suggestions have been given regarding the abilities
and skills to be taught to improve gifted students’ mathematics achievement. The present study aims to Examine
the effects of mathematical problem-solving, mathematical reasoning and spatial abilities on gifted students’
mathematics achievement. So, the predictive power and the order of importance of the mathematical problem-
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solving, mathematical reasoning and spatial abilities affecting gifted students” mathematics achievement can be
found. Moreover, the results of this study will contribute to the development of mathematics curriculum for gifted
students.

2. Method
2.1. Model of the Study

This study, which examines the relationships among mathematical abilities, spatial abilities and mathematics
achievement, is conducted through relational screening model. Relational screening models aim to define the
presence and degree of change between two or more variables (Karasar, 2000).

2.2. Study Group

293 Tth-grade gifted students (%51 male, %49 female) studying at Science and Art Centers (SAC) in Adana,
Bursa, Corum, Elazig, [zmir, Izmit, Kayseri, Konya, Manisa and Salihli provinces of Turkey participated in the
study. Wechsler Intelligence Scale for Children which is developed by Wechsler in 1949 and revised in 1974
(WISC-R; Wechsler Intelligence Scale for Children-Revised) is used to choose the students, participated in the
study, to Science and Art Center. WISC-R is composed of two scales as verbal and performance. WISC-R was
adapted to Turkish by Savasir and Sahin. It was implemented on a sample of 1639 students whose ages difter from
6 to 16. Split-half reliability coefficient is found as 0,97 for verbal intelligence scale and 0,93 for performance
intelligence scale and 0,97 for the total intelligence. Correlation between scales is found between 0,51 and 0,86.

WISC-R is composed of 6 verbals (information, similarities, arithmetic, comprehension, vocabulary, digit span)
and 6 performance (picture completion, picture arrangement, block design, coding, object assembly, mazes)
subscales and one substitution subscale for each. As well as the standard points for these subscales, points for
verbal intelligence, performance intelligence and total test intelligence scales are obtained. Average value for these
Intelligence Scales is 100 and the standard deviation is 15. The average standard point for each subscale is 10 and
the standard deviation is 3 (Tan, 2012). Participants are chosen form the different geographical regions of Turkey
to represent students from these regions. Since a limited number of students are studying at the 7% grade of these
SACs, convenience sampling method is used.

2.3. Data Collection Tools

Problem-solving Test: to measure students’ problem-solving skills, mathematical problem-solving test developed
by Yurt (2014b) is used. It has 12 open-ended questions from numbers, measurement, geometry, pattern, algebra,
statistics, and probability fields. Students are asked to express the problem in their own words, to plan the solution,
to apply the plan, and to check the result they find for each question with help of the instructions. A scoring rubric
is used in the evaluation process and a point between 0 and 4 is given to each question. The construct validity of
the test is analyzed with factor analysis and it is found that it has a one-factor structure. The reliability of the test is
found as 0,75. The time given for the completion of the test is 40 minutes.

Spatial Ability Tests: Paper folding and mental rotation tests are used to measure students’ spatial abilities. With
the paper folding test, the spatial visualization ability is measured, and with the mental rotation test, the spatial
relations ability is measured. While calculating the general spatial ability points of students the points they obtain
from both of the tests are totalized. There are 20 questions in the paper folding test. The quality of each question
is equal. In every question first of all the paper is folded, then students make holes on it and lastly, they unfold the
paper. Students must predict where the holes will be when the papers unfolded. Every correct answer gets 1 point
and every wrong answer or unanswered question gets O points (IEkstrom et al., 1976) Mental rotation test has 24
questions. The quality of each question is equal. Mental rotation test requires to manipulate the views of the three-
dimensional shapes in the mind. For each question, students are given a three-dimensional shape and four answer
choices which are the same as the given shape but in a different view. Students are asked to find the two correct
ones out of four. Students get 1 point for every two correct answers and O points for one correct or wrong answer
(Vandenberg and Kuse, 1978). Paper folding and mental rotation tests are also speed tests. The paper folding test
lasts 6 minutes and mental rotation test lasts 16 minutes. Cronbach’s Alpha reliability coefficients for paper folding
and mental rotation tests are found as 0,75 and 0,72 respectively.

Mathematical Reasoning Test: In order to measure students’ mathematical reasoning ability, Mathematical
Reasoning subtest developed by Yesildere (2006) is used. It is based on the mathematical power concept defined by
NAEP (2002). Test consists of 10 open-ended questions. Answers are graded between 0 and 4 points according to
the scoring rubric. High points obtained from the test show that the mathematical reasoning ability is high.
Confirmatory factor analysis of one-factor structure of mathematical reasoning test is done by Yurt (2014b) and as
a result, an item is extracted from the test. The Cronbach’s Alpha Reliability coefficient of the final test, consisting
of 9 questions, is found as 0,76. Mathematics Achievement: In order to determine the students’ mathematics
achievement a placement test developed by Ministry of Education in 2011 is used. It involves 7t%-grade
mathematics subjects. There are 18 questions in it. To ensure the reliability of the test, views of four mathematics
teachers are received. The Kappa value is calculated as 0.89. Kappa values over 0.81 are accepted as perfect
adaptation (Landis and Koch, 1977). Therefore, it can be said that there is a perfect adaptation among the opinions
received to evaluate achievement test. After the item analysis, average difficulty coefficient is found as 0.46 and
average item discrimination is calculated as 0.48. The reliability of the test is examined through KR-20 coefficient
and found as 0.86.

2.4. Data Collection Process

Data was collected in the 2015-2016 education year. Suitable SACs for data collection are selected and
necessary permissions are received from Ministry of Education Directorate General for Special Education and
Guidance Services Department of Gifted Students Education. Data were collected by the mathematics teachers
working in the aforementioned SACs in four separate sessions. Tests were implemented on 474 students but not all
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of them participated in every session. 293 students participating in all the sessions were included in the study.
Mathematical problem-solving test, mathematical reasoning test, mental rotation and paper folding tests, and
mathematics achievement test were implemented in the first, second, third and fourth sessions respectively.

2.5. Data Analysis

Pearson Product-Moment Correlation method is used to calculate the relationship among mathematical
problem-solving skill, mathematical reasoning skill and spatial ability points. With the Pearson Correlation
analysis, the strength and direction of the linear relationship between two variables can be determined. The values
between 0 and +0.29, £0.30 and 0.59, +0.60 and 1 show low, medium and high relationship respectively
(Cokluk et al, 2012). In order to determine the effect of mathematical problem-solving skill, mathematical
reasoning skill and spatial ability on mathematics achievement, multiple linear regression analysis was used. Before
implementing multiple linear regression analysis, the following hypothesis were tested; (i) multivariate normal
distribution, (ii) whether there is a linear relationship between the independent variable and predictive variables,
(iii)whether there is a multicollinearity problem between the independent variable and predictive variables. In order
to examine the multivariate normal distribution, Mardia’s multivariate standardized kurtosis coefficient is
calculated and examined. That Mardia’s multivariate standardized kurtosis coefficient is below 8 means that the
data has the multivariate normal distribution values (Yilmaz and Varol, 2015). In this study, the standardized
kurtosis coefficient is calculated as 0,807 and it was understood that the data meets the multivariate normal
distribution. In the next step, whether the linearity hypothesis was met or not was examined by creating scatter
plot matrix of dependent and independent variables. When the matrix examined it was seen that the scattering
diagram created to present the relationship between standardized surplus value and standardized predictive values
defined a linear relationship. Finally, whether there is a multicollinearity problem between the variables was
examined. That the Variance Inflation Factor (VIF) coeflicient is below 10 and Durbin-Watson (D-W) coefficient is
between 1,5 and 2,5 shows that there isn’t a multicollinearity problem between variables. In the present study D-W
coefticient was found as 1,90 and the highest VIF value was found as 1,97. These results show that there isn’t any
multicollinearity problem between the variables. As a result of analysis, it was understood that the data set meets
necessary hypothesis for multiple linear regression analysis.

3. Findings

Gifted students” mathematics achievement test, mathematical reasoning test, mathematical problem-solving
test and spatial abilities are presented descriptively. The descriptive values the students participated in the study
get from the tests are examined and the points of Mathematics achievement, mathematical reasoning, mathematical
problem-solving and spatial abilities tests are shown in Table 1.

Table-1. Gifted student’s points of Mathematics achievement, mathematical reasoning,
mathematical problem-solving and spatial abilities

Variables Minimum | Maximum X Sd
Mathematics Achievement 0] 20 14,60 |2,89
Mathematical Reasoning 0 40 23,57 | 7,50
Problem-Solving 0 56 29,567 | 11,17
Spatial Ability 0 44 28,22 | 17,78

Source: These data obtained from Data Collection Tools that mathematics achievement test, mathematical
reasoning test, mathematical problem-solving test and spatial ability test.

As is seen in Table 1 gifted students’ mathematics achievement ranges from 0 to 20 points. Gifted students’
mathematics achievement test average is calculated as 14,60+2,89. According to these results, gifted students’
mathematics achievement is high. Gifted students’ mathematical reasoning test points range from 0 to 40. Gifted
students’ mathematical reasoning test average is calculated as 23,57%7,50. These results show that gifted students
mathematical reasoning skills are above average. Gifted students’ problem-solving test points range from 0 to 56.
Gifted students’ problem-solving test average is calculated as 29,57+£11,17. These results show that gifted students
problem-solving skills are above average. Gifted students’ spatial ability test average is calculated as 28,22+7,78.
These results show that gifted students spatial abilities are above average.

Multiple regression analysis results regarding predictive power of mathematical skills on mathematics achievement

The relationships among gifted students’ mathematics achievement, mathematical problem-solving skills,
mathematical reasoning skills, and spatial abilities are shown in Table 2.

As is seen in Table 2, a strong positive relationship is found among gifted students” mathematics achievement,
mathematical reasoning (r=0.60, p<0.01) and spatial abilities (r=0.64, p<0.01). A moderate positive relationship is
found between gifted students’ mathematics achievement and mathematical problem-solving skills (r=0.46,
p<0.01). A strong positive relationship between gifted students’ mathematical reasoning skills and problem-solving
skills (r=0.66, p<0.01), and between their mathematical reasoning skills and spatial abilities (r=0.60, p<0.01). A
moderate positive relationship is found between gifted students’ mathematical problem-solving skills and spatial
abilities (r=0.47, p<0.01).

Table-2. Relationships among gifted students’ mathematics achievement, mathematical skills and spatial abilities

Variables Minimum | Maximum |X Sd V1 Ve V3 V4
V1 | Mathematics Achievement 0 20 14,60 2,89 |1
V2 | Mathematical Reasoning 0 40 23,57117,60 |,60%* |1
V3 | Problem-Solving 0 56 29,57 11,17 |,46%* | 66%* |1
V4 | Spatial Ability 0 44 28,22 | 7,78 |,64%% | 60%* | 47%* | ]

*#p<0,01 N=293
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Multiple regression analysis results regarding predictive power of mathematical skills and spatial abilities on
mathematics achievement are shown in Table 3.

Table-3. Multiple Regression Analysis Results Regarding the Effects of Mathematical Reasoning, Mathematical Problem-
Solving and Spatial Ability on Mathematics Achievement

Predictor Variables R R® Standardized p |t F
(Fixed) 14,16%*
Mathematical Reasoning ,301 5,809%*
: ,695 488 89,96%*
Problem-Solving ,066 1,172
Spatial Ability ,426 8,025 %%
**p<0,01,

When the results are examined, it is seen that the mathematical reasoning, mathematical problem-solving and
spatial ability significantly affects mathematics achievement (R= 0,695; R2= 0,483; I'=89,96; p<0,01). These
variables together explain 48% of the total variance in mathematics achievement. However, when the significance
test results belonging to calculated coefficients are examined, it is understood that of the predictor variables only
mathematical reasoning and spatial abilities are the significant predictors of mathematics achievement. According
to the calculated standardized B coefficients, the most effective variables on mathematics achievement are
successively spatial ability (f=0.426; p<0.01), mathematical reasoning skills ($=0.301; p<0.01), and mathematical
problem-solving skills (B=0.066; p>0.05).

4. Results, Discussion and Suggestions

In line with the purpose of the study first of all the relationship among mathematics achievement and spatial
abilities, mathematical reasoning skills and mathematical problem-solving skills is examined. It is determined that
the mathematics achievement has a strong relationship with spatial abilities and mathematical reasoning skills, and
it has a moderate relationship with mathematical problem-solving skills. These results show that gifted students’
mathematics achievement is mostly related to spatial abilities and mathematical reasoning skills.

In the studies conducted on non-gifted students, significant relationships found between mathematics
achievement and spatial ability (Delialioglu and Askar, 1999; Kayhan, 2005; Prugh, 2012; Yurt, 2014b)
mathematical reasoning skills (Umay and Kaf, 2005; Yurt, 2014b) and mathematical problem-solving skills (Pape
and Wang, 2003; Ozsoy, 2005; Alcl et al, 2010; Yurt, 2014b). In this respect, results obtained from the gifted
students are consistent with the literature. Another finding of the study is that the most important variable
predicting the mathematics achievement is spatial ability. Spatial ability requires to manipulate visual objects in
mind, and in two and three-dimensional space (Olkun, 2008). Previous studies emphasized that spatial ability is of
vital importance in teaching mathematics (Delialioglu and Askar, 1999; Van Garderen and Montague, 2003;
Kayhan, 2005; Mix and Cheng, 2012). Since the majority of the topics in mathematics are related to spatial abilities,
individuals with spatial abilities tend to be successtul in mathematics (Casey et al, 1995; Yurt and Siinbiil, 2014
Bruce and Hawes, 2015). Especially mathematics topics such as geometry, measurements and algebra base on the
spatial relations and visualization. When encountered with a mathematical situation, individuals must mentally
associate the components related to spatial abilities and use them. For instance, when asked to compare the areas of
two polygons, individuals must use spatial visualization, mental renovation and mental degradation together.
Studies conducted on the fields of neurology and cognitive sciences suggest that human brain tends to perceive
numbers spatially (De Hevia et al., 2008). It is observed that in human brain the areas in which numeric and spatial
activities occur are very close to each other (Tommasi ef al, 2009). Therefore, several studies are carried out to
enhance students’ mathematics achievement and performances by improving their spatial abilities (Yurt and
Sunbul, 2012; Cheng and Mix, 2014; Hawes et al, 2015). When the studies stating the importance of spatial
abilities for mathematics and the results of this study are examined together, it can be suggested that gifted
students overachieve in mathematics due to their spatial abilities. Another finding of the study is that mathematical
reasoning is the second most effective variable after spatial ability on gifted students” mathematics achievement.
Studies in the field suggest that spatial ability is an important ability affecting mathematics achievement (Markey,
2009; Cetin and Ertekin, 2011; Yurt and Siinbiil, 2014). In this respect results obtained from this study support the
studies in the literature. Mathematics achievement cannot be improved without reasoning skill and it is stated that
reasoning ability is of great importance for teaching mathematics (Ball and Bass, 2003). Reasoning skill is an
important skill which holds together the mathematical competencies, and which enables to use these competencies
effectively. Reasoning skill is of great significance in that it holds together mathematical skills and makes it
possible to use them effectively. In this respect reasoning skill plays and important role in improving mathematical
competence (Kilpatrick et al.,, 2001). Reasoning skill has a mediating role in solving mathematical equations. This
skill is used latently in the problem-solving process and it coordinates ideas and hypothesis necessary for solving
the mathematical problem (Leighton and Sternberg, 2004). In this study, the data obtained from the gifted students
support the theoretical explanations. It is understood that gifted students overachieve in mathematics depending
on their using of reasoning skills effectively. An important finding of the study is that although mathematical
problem-solving skill is associated with mathematics achievement when it is included in the regression analysis a
long with the spatial ability and mathematical problem-solving skill, it has no significant effect on mathematics
achievement. This result is not consistent with the results of other studies suggesting that mathematical problem-
solving has a significant effect on mathematics achievement (Ozsoy, 2005; Tagdemir, 2008; Aydogdu and Yenilmez,
2012; Yurt and Siinbiil, 2014). One of the probable causes for this result may be that the spatial abilities and
reasoning skills, gifted students have, are more associated with the mathematics achievement and they come into
prominence. Therefore, it is possible that mathematical problem-solving skill has no significant effect on
mathematics achievement. Another probable cause for this finding may be related to the structure of the test used
for measuring gifted students’ mathematical problem-solving skills. In order to get high scores from this test,
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students have to follow the problem-solving steps instead of finding the correct result. It is observed that gifted
students tend to find the correct results instead of following the problem-solving steps. In this respect, in the
future researches, difterent tests can be used to study the effect of gifted students’ mathematical problem-solving
skills on their mathematics achievement.
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