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Abstract 
The aim of this study was to investigate whether the logical thinking level of mathematics teacher candidates 
were being affected by the variables of grade level, graduated high school type, and gender. The study was 
conducted as survey study and included 99  mathematics teacher candidates who were students in a state 
college placed in the northern part of Turkey. The data were collected through the group assessment of logical 
thinking (GALT) instrument developed for measuring logical thinking level. The GALT instrument included six 
sub-scales; conservational reasoning (4 items), proportional reasoning (6 items), controlling variables (4 items), 
combinational reasoning (3 items), probabilistic reasoning (2 items), and correlational reasoning (2 items). The 
instrument included 18 double multiple-choice items (items 1 through 18) and three constructed-response 
items (items 19-21). In responding the items 1 through 18, students were posed with a problem supported with 
pictorial presentation and asked to choose the best answer (from 2 to 5 possible answers available) for each 
stated problem. Then, students were required to choose the best justification for the chosen answer from a list 
of 2 to 5 possible justification.  The results of the study indicated that the logical thinking level of mathematics 
teacher candidates was significantly affected by the variables of grade level and high school type, but not by 
the gender. 
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INTRODUCTION 
 
Piaget (1969) defines logical thinking as mental operations used by individuals when they encounter specific 
problems. Researchers (e.g. Inhelder & Piaget, 1958; Lawson, 1982, 1985; Linn, 1982) have identified five 
different modes of formal logical thinking, namely proportional reasoning, controlling variables, probabilistic 
reasoning, correlational reasoning and combinatorial reasoning.  According to Demirel (2003), logical thinking 
includes the abilities of using numbers effectively, providing scientific solutions to problems, detecting the 
separations between the concepts, classifying, generalizing, representing with a mathematical formula, 
computing, providing a hypothesis, testing and simulating.  
 
The development of thinking abilities had considerate interest in the world of education. According to Cohen 
(1980), the ability of logical thinking is positively correlated with the ability of performing the roles in the 
society. Hence, being responsible for preparing individuals for their future positions in the social life, schools 
(or educational institutions) aim to improve the formal reasoning and thinking abilities of their clients. The 
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ability of logical thinking has a fundamental role in students’ academic performance and their construction of 
the concepts (Atay, 2006; Lawson, Banks ,& Logvin, 2006; Tobin & Capie, 1982). Literature points out that 
among the priorities of the mathematics and science education was developing students’ logical thinking 
abilities (Lawson, 1982).  Logical thinking ability is a requirement for success not only in mathematics and 
science course (Valanides, 1996) but also in others too (Lawson, 1992). Previous researchers (DeLuca, 1981; 
Hernandez, Marek, & Renner, 1984; Howe & Shayer, 1981; Meehan, 1984; Shemesh, 1990) have found a 
significant difference in logical thinking abilities of male and female students (in favor of males) while some 
studies (Fah, 2009; Kıncal & Deniz Yazgan, 2010) indicated that having a different gender did not cause 
meaningful difference in the logical thinking abilities (except for conservational reasoning). Moreover, Kıncal 
and Deniz Yazgan (2010) pointed significant differences in the students’ formal operational thinking abilities 
based on the variables of type of the school, academic success, socio-economic and socio-cultural background. 
Improving the ability of logical thinking is a key factor for conceptual learning since constructivist process that 
forms the conceptual knowledge requires logical thinking operations (Lawson, 1992). Moreover, the ability of 
logical thinking can be improved by means of education. Individuals with high logical thinking ability are more 
successful in attaining their goals, appraising the chances of the complex world and competing with challenges 
(Savant, 1997). 
 
It is assumed that students improve their logical thinking when they can judge through hypothesis. For 
example, a student who can prove a hypothesis in the form of “If …., then ….” can be categorized in the period 
of abstract operations (Kaya, 2012). This is a proof for student’s improvement in his/her logical thinking. Tobin 
and Garnet (1984) state that detecting students’ level of logical thinking precedes designing teaching programs 
to improve logical thinking skills. Besides its contribution on development of problem solving skills and 
academic achievement, logical thinking is also beneficial for improving social life (Linn, Pulos, & Gans, 1981). 
Linn et al., 1981stress out the necessity of using logical thinking strategies for solving problems encountered in 
daily life.  
 
The above literature shows the fundamental role of logical thinking in education’ especially students’ academic 
performance, and attaches an importance to the determination of the potential variables affecting students’ 
ability of logical thinking and to the development of logical thinking skills, which is among the principals stated 
in the middle school (grades 6 through 8) mathematics teaching program in Turkey (MONE, 2009). Hence, the 
aim of this study was to determine teacher candidates’ level of logical thinking and to investigate whether 
mathematics teacher candidates’ logical thinking ability was affected by the variables of grade level, high 
school type that they were graduated, and gender. Towards this aim, the research questions were  
1. Is there any difference in logical thinking ability scores of mathematics teachers candidates based on their 

grade level? 
2. Is there any difference in logical thinking ability scores of mathematics teachers candidates based on their 

high school type that was graduated? 
3. Is there any difference in logical thinking ability scores of mathematics teachers candidates based on their 

gender? 
 
METHODOLOGY 
 
This study was a case study, in which a researcher can examine a situation within its context, limited by time 
and activity, and collects detailed information (Yin, 2003). The case that was investigated in this research 
involves the determination of the effect of the mentioned variables to the logical thinking ability of the 
mathematics teacher candidates. 
 
Sampling Procedures 
The participants of the study were a total of 99 mathematics teacher candidates who were students in the 
department of elementary mathematics education at a university in Turkey. The demographics of the teacher 
candidates were provided in Table 1. The percentage of the female participants was more than double of the 
one of the males (70 percent versus 29 percent, respectively). Fifty one percent of the participants was 
graduated form Anatolian high schools where as 27 percent of them was graduated from regular high schools, 
and 21 percent from Anatolian Teacher high schools. The number of the teacher candidates who were their in 
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second year in college (n=65) was more than the total number candidates who were in their third and fourth 
year in college. 
 
Table 1: Demographic Information Regarding Mathematics Teacher Candidates Participated to The Study  

Demographic Categories  f                                  % 

 
Gender 

Female 
Male 

70 70,7 
29                              29,3 

 
Graduated high school type 

Anatolian high school 
Anatolian teacher high school 
Regular high school 

51 51,5 
21 21,2 
 
27 27,3 

 
Grade in College 
 

Second grade 
Third grade 
Fourth grade 

65 65,7 
22 22,2 
12 12,1 

Total  99 100 

 
Data Collection Tool 
The data were collected through Turkish version of the group assessment of logical thinking (GALT) instrument. 
The instrument was developed by Roadrangka, Yeany and Padilla (1982) for measuring logical thinking abilities 
and translated into Turkish by Aksu, Berberoğlu and Paykoç (1990). The GALT instrument was composed of 21 
items that were selected from the items of other instruments (Lawson, 1978; Longeol 1968). The reliability 
coefficient of Turkish version of the GALT instrument was calculated as 0.88 (Aksu et al., 1990).  
 
The GALT instrument included six sub-scales; conservational reasoning (4 items), proportional reasoning (6 
items), controlling variables (4 items), combinational reasoning (3 items), probabilistic reasoning (2 items), and 
correlational reasoning (2 items). The instrument included 18 double multiple-choice items (items 1 through 
18) and three constructed-response items (items 19-21). In responding the items 1 through 18, students were 
posed with a problem supported with pictorial presentation and asked to choose the best answer (from 2 to 5 
possible answers available) for each stated problem. Then, students were required to choose the best 
justification for the chosen answer from a list of 2 to 5 possible justification. In scoring of the participants’ 
scores on the GALT instrument, for the multiple-choice items, teacher candidates received 1 point for providing 
the correct answer with the correct reasoning behind it and 0 point when failed to detect any of them. For the 
constructed-response items, mathematics teacher candidates received 1 point for correct answers and 0 point 
for wrong answers.  
 
Data Analysis 
Data collected through the GALT instrument was analyzed by using SPSS 15.0. General characteristics of the 
research sample was determined by means of descriptive statistics and analyzed in order to answer the 
related research question. In order to test the meaningfulness of the score differences between independent 
samples, the researchers utilized a one-way analysis of variance (ANOVA) and independent-samples t-test. 
The effect size for each analysis was also reported. During all computations, p value was taken as 0,05.  
 
FINDINGS 
 
The results relating mathematics teacher candidates’ logical thinking ability were provided according to the 
research questions. 
 
Results relating to the first research question 
Table 2 shows the mean scores for the mathematics teacher candidates’ logical thinking ability based on their 
grade level. The highest mean score (M=12.7727) occurred at the third grade while the least (M=9.8923) was 
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calculated for the second grade level. 
 
Table 2: Logical Thinking Ability Mean Scores of Mathematics Teacher Candidates in Terms of Their Year in 
College 

Grades Mean n Std. Deviation 

Second  9.8923 65 3.07268 

Third  12.7727 22 3.25037 

Fourth  12.2500 12 2.98861 

Total 10.8182 99 3.33309 

 
In order to determine whether these differences in the mean scores were statistically meaningful, a one-way 
analysis of variance (ANOVA) test was utilized, and Table 3 shows the results obtained. As seen from the 
table, there was a significant difference *F(2;96)=8.535; p<0.05+ in mathematics teacher candidates’ logical 
thinking ability scores in terms of grade level.  
 
Tablo 3: ANOVA Test Results for The Logical Thinking Ability Mean Scores of Mathematics Teacher Candidates 
Based on The Grade Variable 

 Sum of Squares df Mean Square F Sig. 

Between Groups 164.367 2 82.184  
8.535             0.000 
 

Within Groups 924.360 96 9.629 

Total 1088.727 98  

 
Scheffe analysis of Post Hoc tests was applied to detect between which grades the difference was meaningful. 
Table 4 demonstrates that the meaningful differences were evident between the second and the third grades 
by favoring the third graders while there was no significant difference between the grade pairs of second-
fourth and third-fourth. Moreover, although the logical thinking ability mean scores of mathematics teacher 
candidates was at the peak at the third grade level, their mean scores decreased at the fourth grade level (see 
Figure 1), though the decrease was not statistically significant. 
 
Table 4: Post Hoc Results of Logical Thinking Ability Mean Scores of Mathematics Teacher Candidates Based on 
The Grade Variable  

(I) 
Grade 

(J) 
Grade 

Mean Difference 
(I-J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Second Third -2.88042* 0.76538 0.001 -4.7835 -0.9774 

Fourth -2.35769 0.97495 0.059 -4.7819 0.0665 

Third Second 2.88042* 0.76538 0.001 0.9774 4.7835 

Fourth 0.52273 1.11358 0.896 -2.2461 3.2916 

Fourth Second 2.35769 0.97495 0.059 -0.0665 4.7819 

Third -0.52273 1.11358 0.896 -3.2916 2.2461 

* The mean difference is significant at the 0.05 level. 
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Figure 1. Distribution of Mean Scores for Logical Thinking Ability of Mathematics Teacher Candidates Among 
Grade Levels 
 
 
Results relating to the second research question 
Table 5 provides the descriptive statistics regarding the logical thinking ability mean scores of mathematics 
teacher candidates based on the high school type that they were graduated. The mathematics teacher 
candidates who came through Anatolian teacher high school possessed the highest mean score (M=11.9048) 
while regular high school graduates held the least logical thinking ability mean score (M=8.9259).  
 
Table 5: Logical Thinking Ability Mean Scores of Mathematics Teacher Candidates in Terms of The Variable of 
High School Type 
 

School Type Mean scores N Std. Deviation 

Anatolian high school 11.3725 51 3.17465 

Anatolian teacher high 
school  

11.9048 21 3.37498 

Regular high school 8.9259 27 2.90789 

Total 10.8182 99 3.33309 

 
In order to determine whether these differences in the mean scores were statistically significant, a one-way 
analysis of variance (ANOVA) test was applied. As seen from Table 6, mathematics teacher candidates’ logical 
thinking ability scores differed significantly [F(2;96)=6.918; p<0.05] based on their high school type. 
 
Table 6: ANOVA Test Results for The Logical Thinking Ability Mean Scores of Mathematics Teacher Candidates 
Based on The High School Type Variable  

 Sum of Squares df Mean Square F Sig. 

Between Groups 137.144 2 68.572  
6.918               0.002 Within Groups 951.583 96 9.912 

Total 1088.727 98  
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Scheffe analysis of Post Hoc tests proved that the meaningful differences were evident between the 
mathematics teacher candidates who were graduated from Anatolian high school and the teacher candidates 
from regular high schools, in favor of Anatolian high school graduates (Table 7). The scores of the 
mathematics teacher candidates who were graduated from Anatolian teacher high school also significantly 
differed from those of who were from regular high school by favoring the ones graduated from Anatolian 
teacher high school. Although the logical thinking ability mean scores of Anatolian teacher high school 
graduates were higher than those of the one who were graduated from Anatolian high school, the difference 
was not statistically meaningful. The achievement of Anatolian high schools and Anatolian teacher high 
schools over regular high schools might be caused the fact that these schools accepts students who receive 
high scores on the Level Determination Exam (SBS), a nation-wide exam to be used in transition to the high 
schools in Turkey. 
 
Table 7: Post Hoc Results of Logical Thinking Ability Mean Scores of Mathematics Teacher Candidates Based on 
The High School Type Variable 

(I) High School 
Type 

(J) High school type Mean 
Difference 
(I-J) 

Std. Error Sig. 95% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

Anatolian high 
school  

Anatolian teacher high 
school 

-0.53221 0.81632 0.809 -2.5619 1.4975 

Regular high school 2.44662* 0.74932 0.006 0.5835 4.3098 

Anatolian 
teacher high 
school  

Anatolian high school 0.53221 0.81632 0.809 -1.4975 2.5619 

Regular high school 2.97884* 0.91604 0.007 0.7011 5.2565 

Regular high 
school 

Anatolian high school -2.44662* 0.74932 0.006 -4.3098 -
0.5835 

Anatolian teacher high 
school 

-2.97884* 0.91604 0.007 -5.2565 -
0.7011 

* The mean difference is significant at the 0.05 level. 

 
Results relating to the third research question  
Table 8 shows the descriptive statistics and independent-samples t-test results regarding the logical thinking 
ability mean scores of mathematics teacher candidates based on the gender variable. As seen from Table 8, 
although the logical thinking ability mean scores of female mathematics teacher candidates (M=11.1379) 
were higher than those of the male teacher candidates (M=10.6857), the difference was not statistically 
meaningful [F(97)=0.617;  P>0.05]. 
 
Table 8: An Independent-Samples T-test Result for The Logical Thinking Ability Mean Scores of Mathematics 
Teacher Candidates Based on The Gender Variable 

Gender Mean N Std. Deviation    df          F Mean 
Difference 

p 

Male 10.6857 70 3.40308  
 
    97 

  
 
   -0.617  

 
0.452 

 
0.542 

Female 11.1379 29 3.19290 

Total 10.8182 99 3.33309 
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CONCLUSIONS AND DISCUSSION 
 
This study aimed to investigate whether the logical thinking level of mathematics teacher candidates were 
being affected by the variables of grade level, graduated high school type, and gender. The results obtained 
during this study were limited to the participants. 
 
Among the results of the study was that mathematics teacher candidates’ grade levels significantly affected 
their logical thinking ability. Teacher candidates who were in their second year in college possessed lower 
logical thinking ability than those who were in their third and last year in college. Kıncal and Deniz Yazgan 
(2010) also resulted that there were a significant difference between the students’ formal operational thinking 
abilities in terms of the school type variables. This result might be caused the fact that mathematics teacher 
education programs in Turkey places an important part of the pedagogical content knowledge courses in the 
second and third years. 
 
The current study also indicated that mathematics teacher candidates’ logical thinking abilities were also 
affected by the high school that they were graduated. Teacher candidates who were graduated from Anatolian 
or Anatolian teacher high schools presented more ability regarding logical thinking than those who came 
through regular high schools. A cause for this result could be the fact that students who were placed in 
Anatolian and Anatolian teacher high schools usually hold higher scores in SBS examinations than those who 
placed in regular high schools. Similar results were also evident from the studies conducted with science and 
primary education teacher candidates (Aksu & Berberoğlu, 1991; Güler, 2010; Kılıç & Sağlam, 2009; Sert, 2006; 
Bozdoğan, 2007; Tekbıyık& İpek, 2007; Yaman& Karamustafaoğlu, 2006). 
 
Another result of the study was that gender was not distinctive variable of logical thinking ability of 
mathematics teacher candidates. Although female mathematics teacher candidates scored higher in terms of 
logical thinking ability than male teacher candidates, the difference was not statistically meaningful. On the 
other hand, previous researchers (Gabel, 2002; Howe & Shayer, 1981; Meehan, 1984; Shemesh, 1990; 
Zarotiadou & Tsaparlis, 2000) indicated that males had significantly higher level of logical thinking ability than 
females. Moreover, some studies (Fah, 2009; Kıncal & Deniz Yazgan, 2010) indicated that there was no 
significant difference in the mean of logical thinking abilities based on the gender variable. Putting all together, 
one can result that gender variable provides a delicate and fickle base in judgment of the logical thinking.  
 
Under the lights of the above results, some recommendations were as follows. Research indicates that teaching 
methodologies significantly contributes on one’s ability of logical thinking (Gerber, Marek & Cavallo, 1997; 
Johnson & Lawson, 1998; Yenilmez, Sungur & Tekkaya, 2005). At that point, during the preparation of 
mathematics teaching candidates, uses of special teaching techniques and measurement and evaluation 
strategies would have an important role. Moreover, activities requiring such critical skills as problem solving, 
creative, critical and reflective thinking would also improve teacher candidates’ logical thinking ability. Future 
studies investigating logical thinking abilities of students in different education level (elementary school, high 
school etc.) and teachers would be beneficiary in reinforcement of the results of the current study. 
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