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age, he can live his life more meaningfully, be inquisitive and find solutions
to problems after school. For this reason, the opinions of teachers and
hence prospective teachers concerning both critical thinking and doing
proof are important. In this study, survey and correlational research
methods were used together since it was intended to explore the views of
Doing mathematical proof pre-service elementary mathematics teachers regarding critical thinking
Pre-service teachers and doing mathematic proof and to understand whether these two
correlates. The study was carried out on 158 pre-service elementary
mathematics teachers enrolled in a state university in the Eastern Black
Sea Region of Turkey. According to the results, the pre-service teachers in
this study have a low level of critical thinking disposition. service teachers
depending on the grade level at which they were studying. When the
participating pre-service teachers’ opinions on mathematical proof were
examined, it was noticed that mental process was the highest while self-
confidence was the lowest.
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INTRODUCTION

Thinking is a fundamental feature that distinguishes humans from all other living things.
Although it has different meanings, one of its meanings in the dictionary of the Turkish Language
Association (TDK) is "to examine, compare and contrast units of information in order to reach a
conclusion; and to produce thoughts, to form mental abilities, to do reasoning by means of the
relations among them". As can be seen understood from the definition, thinking includes different
skills. There are different thinking skills depending on these skills, and critical thinking is one of them.

Critical thinking is defined as making judgments and making decisions in line with a purpose
by explaining evidence, concepts, methods, criteria and contexts as well as interpretation, analysis,
evaluation and inferences (Ozdemir, 2005). It can also be described as a process in which an
individual makes logical inferences independently (Kiilah¢i, 1995). A critical thinker organizes
thoughts, uses proven information with expertise and authenticity; is successful in developing
regular plans for the solution of complex problems and open-minded; can easily express their
feelings and thoughts thanks to these abilities, postpones their interpretation of an issue in the
absence of enough evidence to support a decision, makes observations on the subject in an objective
and detailed manner, insists on collecting data and evidence, can make original decisions on any
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subject without the need for the opinion of another individual, always questions the reliability of the
sources from which he receives help, can initiate discussions about an event or issue and maintain
these within a scientific framework, is willing to resolve an issue and learn more about it no matter
how complex it is, has a ground for all their conclusions, and they can ask their questions about a
subject clearly and unequivocally (Ozdemir, 2005). All these show that critical thinking contains
many skills in itself. These skills are about spotting the difference between proven facts and asserted
claims, testing the reliability of the sources of information, discarding irrelevant information from
the evidence, being aware of bias and cognitive errors, being aware of inconsistent judgments, doing
proof, asking effective questions, effectively using the spoken and written language, and having
metacognition, in which the individual becomes aware of his own thoughts (Kékdemir, 2003). As can
be seen, one of the skills that critical thinking includes is the ability of proof.

Proof provides the correctness or falsity of every situation in mathematics (Tall & Mejia-
Ramos, 2006). However, it shows not only whether a situation is right or wrong, but also justifies it
(Hanna, 2000). Doing mathematical proof means communicating mathematically and recording
mathematics (Schoenfeld, 1994). Creating proof is quite similar to mathematical problem solving in
that the right idea comes to the mind of the individual at the right time (Selden & Selden, 2003). At
the same time, proving is defined as a mental act used to eliminate the doubts of an individual or
community about the accuracy of a claim (Harel, 2008; Harel & Sowder, 1998; Harel & Sowder,
2007)Therefore, proof is a very important tool in learning mathematics (Knuth, 2002). The
development of proof, in turn, depends on individuals’ gaining different ways of logical thinking
(Almeida, 2003). In Turkey, the meaning and importance of proof in mathematics and mathematics
education is rapidly increasing. When the curricula are examined, it can be seen that proof skill is
now given a larger part compared to the past. For this reason, it can be said that the level of proof
and the perceptions and opinions of mathematics teachers and prospective teachers matter as they
are going to train students who can become mathematicians in the future (Morali, Ugurel, Ttrniikld,
& Yesildere, 2006). However, when the literature is examined, it is seen that the number of proof-
making studies carried out with teachers and teacher candidates is limited (Flores, 2002; Jones, 2000;
Ozer & Arikan, 2002; Sowder & Harel, 1998).

According to the previous research, Almeida (2003) argues that teachers' perceptions and
experiences about proof affect their students’ gaining proof skills. In order to be able to structure
their lessons effectively, mathematics teachers need to know where their core concept derives from
and what its underlying mathematical knowledge or principle is. This requires teachers to be
equipped with mathematical proof.

Like in proving, teachers have an important role in critical thinking because critical thinking is
not an innately given skill, rather, it is acquired later in life. When the studies on critical thinking in
the literature are examined, it is seen that there are studies on determining the critical thinking
disposition of teachers and teacher candidates (Arisoy, 2017; Arslan, 2020; Balci, 2021; Bebek, 2022;
Cing6z , 2019; Dede, 2021; Ekici, 2022; Farah & Ayoubi , 2020; Gilinay, 2022; Kahraman,
2022;Kertiyani & Sarjana, 2022; Nas, 2021; Onal, 2020; Oz, 2019; Siburian, Corebima & Saptasari,
2019; Tezcan, 2020; Tunger, 2020).

Critical thinking is sown with the self-confidence that the individual gains in the family and
then continues in every stage of life. However, at this point, educators have a lot of responsibilities
because if the individual can transfer critical thinking to his life at school age, he can live his life more
meaningfully, be inquisitive and find solutions to problems after school. These can happen only if the
education system is suitable for this and educators have critical thinking skills and are able to
transfer this to their students. By teaching critical thinking skills, our country's standard of living will
be moved forward (Cikrikei, 1996).

The teaching of this skill falls largely on the teachers. Therefore, it is important not only to
determine the skill levels, but also to reveal the factors that will affect the skill and to determine in
which direction these factors affect the skill. For this reason, it is important to determine the views
of teachers, and therefore prospective teachers who will be teachers in the future, on both critical
thinking and proving. In addition, it is very important to reveal the relationship between critical
thinking dispositions and their views on making mathematical proofs. In line with this importance,
the research problems are as follows:
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1. Whatis the level of pre-service elementary mathematics teachers’ critical thinking disposition?

2. How does pre-service elementary mathematics teachers’ critical thinking disposition vary by
grade level?

3. What is the level of pre-service elementary mathematics teachers’ views on doing mathematical
proof?

4. How do pre-service elementary mathematics teachers’ views on doing mathematical proof vary
by grade level?

5. Isthere a significant relationship between pre-service elementary mathematics teachers’
critical thinking dispositions and their views on doing mathematical proof?

6. Is critical thinking a significant predictor of pre-service elementary mathematics teachers’
views on doing mathematical proof?

METHODS

In this study, quantitative research approaches were used. In this study, survey and
correlational research methods were used together since it was intended to explore the views of pre-
service elementary mathematics teachers regarding critical thinking and doing mathematic proof
and to understand whether these two correlates. Survey is a descriptive research model conducted
to portrait participants’ skills, attitudes, abilities, interests or opinions about a phenomenon or
subject. It is also a descriptive research method. Descriptive research is used to answer questions
such as "what, where, how, when". On the other hand, the aim of correlational research is to establish
the relationship between two or more variables, if any, without making intervention to the variables
(Biiytikoztiirk, Kilic Cakmak, Akgiin, Karadeniz & Demirel, 2014). The present study attempts to
describe pre-service elementary mathematics teachers’ critical thinking skills and their views on
doing proof through survey model in the first place. Secondly, it checks whether there is a
relationship between these two variables by using correlational research method.

Study group

The study was carried out on 158 pre-service elementary mathematics teachers enrolled in a
state university in the Eastern Black Sea Region of Turkey. The number of students participating from
each grade level is shown in Tablel. As can be seen in Table 1, the study involved undergraduate
students attending all four grades of elementary mathematics teaching department. Of these
participants, 34 were enrolled in the 1st grade, 43 in the 2nd grade, 38 in the 3rd grade, and 43 were
enrolled in the 4t grade at the time of the study. Proofs are an important part of mathematics, and
elementary mathematics teachers also lay the foundation for proofs and therefore for critical
thinking. Pre-service elementary mathematics teachers with advanced critical thinking skills can
support their students in this regard when they become teachers in the future. Therefore, in this
study, pre-service elementary mathematics teachers were studied.

Data collection tools

Two different scales were used in this study. One of these is The California Critical Thinking
Disposition Inventory (CCTDI) and the other one is The Questionnaire for Constructing Mathematical
Proof (QCMP).

The california critical thinking disposition inventory (CCTDI)

This scale was designed by Facione at the end of the "Delphi Project" organized by the
American Philosophical Society in 1990. The Turkish validity and reliability study of the scale was
carried out by Kékdemir in 2003. The internal consistency coefficient of the scale was found to be
0.88, but it was calculated as 0.83 in the Turkish version. The California Critical Thinking Disposition
Inventory is a six-point Likert-type scale consisting of 51 items. The items in the scale are rated as
following: "Totally Disagree", "Disagree", "Partially Disagree", "Partially Agree", "Agree", "Totally
Agree", and these statements are given 1, 2, 3, 4, 5, 6 points, respectively. The total score of the scale

ranges between 51 and 306 points. As the total score increases, critical thinking disposition becomes
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Table 1
Number of Participants for Grade Levels
Grade n (%)
1 34 21.5
2 43 27,2
3 38 24.1
4 43 27.2
Total 158 100

higher. Scale items numbered 5, 6, 9, 11, 15, 18, 19, 20, 21, 22, 23, 25, 27, 28, 33, 36, 41, 43, 45, 47,
49, 50 are scored in reverse. The inventory consists of six subscales as truth-seeking (items no 6, 11,
20, 25,27, 28,49), open-mindedness (items no 5,07, 15, 18, 22, 33, 36, 41, 43, 45, 47, 50), analyticity
(items no 2, 03, 12, 13, 16, 17, 24, 26, 37, 40), systematicity (items no 4, 09, 10, 19, 21, 23), self-
confidence (items no 14, 29, 35, 39, 44, 48, 51), and inquisitiveness (items no 1, 08, 30, 31, 32, 34, 38,
42, 46) (Kokdemir, 2003). Facione, Facione and Giancarlo (1998) state that a score below 40 in any
subscale indicates low critical thinking disposition while a score above 50 means high critical
thinking disposition. In total, scores below 240 on the entire CCTDI refer to lower levels of critical
thinking disposition, 240-300 refer to moderate levels, and scores above 300 refer to higher critical
thinking disposition (Kékdemir, 2003).

The questionnaire for constructing mathematical proof (QCMP)

The measurement instrument was developed by Lee (1999) and adapted by iskenderoglu
(2010) to determine pre-service elementary mathematics teachers’ proof-related opinions. The
internal consistency coefficient of the scale was found to be 0.79. The questionnaire comprises 27
items based on 5-point Likert type. The items are rated with expressions of frequency such as
“Always”, “Often”, “Occasionally”, “Seldom” and “Never”. Positive items responded as “Always” are
given 5 points whereas 1 point is given to the response at the other end, i.e. “Never”. In addition,
items 1, 2, 5,7, 8, 10, 13, 23, 25, 26 contain reverse statements and they are analyzed by reversing.
There are four factors in the scale. The dimension regarding the individual's mental processes has 7
items (items no 3, 4, 16. 17, 18, 24, 25), the dimension of self-confidence in writing proof has 7 items
(itemsno 1, 2, 6,7,12, 20, 23), the dimension regarding self-assessment includes 5 items (items no 9,
15, 19, 21, 22), and the last dimension is about attitude-belief regarding proof and includes 8 items
(items no 5, 8, 10, 11, 13, 14, 26, 27) (Iskenderoglu, 2010).

Data collection

Two different scales were used in the study. These scales were applied to pre-service
elementary mathematics teachers at different times before they started the lesson. Thus, it was
thought that pre-service elementary mathematics teachers would fill in the scales more carefully.
Because it will take a longer time to fill in the two scales at the same time. Necessary explanations
were given to the pre-service elementary mathematics teachers before filling out the scales.

Analysis of data

The data collected in the study were analyzed by using SPSS 21. The statistical methods
conducted for analysis included frequency, arithmetic mean and standard deviation. As for the data
collected with the CCTDI and QCMP, the total scores were assessed in relation with the variable of
grade by using ANOVA test. The relation between the pre-service teachers’ critical thinking skills and
their views on doing mathematical proof was tested with Pearson Correlation test. Lastly, Simple
Linear Regression analysis was applied to calculate the effect of pre-service teachers' critical thinking
skills on their views on providing mathematical proof. Decision was made for the applicable tests
(parametric, nonparametric) based on the skewness and kurtosis values of the data and the Levene
test results (Blyiikoztiirk, 2010).
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FINDINGS

In the following part, findings from the assessment of the pre-service teachers in respect to The
California Critical Thinking Disposition Inventory (CCTDI) and the Questionnaire for Constructing
Mathematical Proof (QCMP) are presented separately. It is followed by findings about the
relationship between the two scales. Table 2 illustrating the pre-service teachers’ scores from the
CCTDL

Table 2 illustrates the total score, standard deviation, minimum and maximum values,
skewness, and kurtosis values in The California Critical Thinking Disposition Inventory (CCTDI). As
can be seen above, the respondents’ total score is 46,25 (sd=5,24) in the dimension of analyticity;
43,76 (sd=7,83) in open-mindedness; 39,54 (sd=6,16) in inquisitiveness; 27,70 (sd=5,12) in self-
confidence; 22,20 (sd=4,90) in truth-seeking; and the total score in the dimension of systematicity is
22,46 (sd=3,86). The sum of the subscales equals to 201,92 with a standard deviation value of 22,42.
Also, the results of the skewness and kurtosis calculations show whether the questionnaire data meet
the normality assumption. As can be seen in Table 2, the skewness and kurtosis values are as 0.59
and 0.10, respectively. These figures reveal that the data collected with the CCTDI show a normal
distribution. Table 3 displays total CCTDI scores obtained by pre-service teachers in each grade level.

Table 3 shows the CCTDI scores obtained in the subscales by each subgroup of participants
attending different grades. For analyticity dimension, the 1st-graders’ score was 46,18 (sd=4.99), the
2nd-graders was 46,60 (sd=6.07), the 3rd-graders’ was 46,68 (sd=5,64), and the 4th-graders’ score
was 45,60 (sd=4,17). In the second dimension, open-mindedness, the 1st-graders got 45,26 points
(sd=7,38), 2nd-graders got 44,74 (sd=7,36), 3rd-graders got 44,79 (sd=7,36), and the 4th-graders
got 40,67 points (sd=9,05). In another dimension, inquisitiveness, the score of the 1st-graders was
found to be 39,56 (sd=5,83), 2nd-graders to be 40,72 (sd=6,79), 3rd-graders to be 38,08 (sd=6,34),
and the score of the 4th-graders was 39,63 (sd=5,51). Under the dimension of self-confidence, the
1st grade collected 26,62 (sd=6,10), 2nd grade collected 28,37 (sd=4,98), 3rd grade collected 26,84
(sd=5,29), and the 4th grade collected 28,63 points (sd=4,06). The figures for the dimension of truth-
seeking were found as 22,47 (sd=4,74) for the 1st grade, 22,77 (sd=5,04) for the 2nd grade, 23,03
(sd=4,31) for the 3rd grade, and 20,70 (sd=5,19) for the final grade. The last dimension,
systematicity, the score of the 1st-graders was 22,12 (sd=3,59), 2nd-graders was 22,65 (sd=3,93),
3rd-graders was 23,45 (sd=3,88), and the 4th-graders was 21,67 (sd=3,92). In the following part,
Table 4 shows the significance analysis on the differences among the CCTDI scores obtained at grade
levels.

A one-way ANOVA test was conducted to check whether the CCTDI scores of the pre-service
teachers vary significantly from one grade to another (see Table 4). The results of the analysis
showed no significant difference among CCTDI scores of different grade levels [F(3, 154)=1.188,
p>0.05]. In other words, the pre-service teachers' CCTDI results do not change depending on their
grade level (see Table 4). In this study, besides critical thinking dispositions, the participants’ views
on mathematical proofs were exposed. The pre-service teachers’ scores in The Questionnaire for
Constructing Mathematical Proof (QCMP) are given in Table 5.

Table 5 demonstrates the arithmetic mean, standard deviation, minimum and maximum
values, skewness and kurtosis values related to the scores obtained from the Questionnaire for
Constructing Mathematical Proof (QCMP). It was found that the arithmetic mean of the pre-service
teachers’ scores was 3,89 (sd=0,54) for mental process; the same value was 3,11 (sd=0,62) for self-
confidence; 3,74 (sd=0,57) for self-assessment; and it was 3,62 (sd=0,46) for attitude-belief. The
arithmetic mean of the overall QCMP scores was 3,58 with a standard deviation of 0,43. In addition,
the skewness and kurtosis coefficients were calculated as to whether the total scores in the QCMP
met the assumption of normality. As can be seen in Table 5, the skewness and kurtosis coefficients
were found as -0,34 and 0,38, respectively. It means that the data obtained from this scale satisfied
the assumption of normal distribution. Apart from these, the participants’ scores in the QCMP were
found to differ against the variable of grade level (see Table 6).
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Table 2
Pre-service teachers’ CCTDI scores
No  of X SS. Min Max Skewne Kurtosis
Items SS
Analyticity 10 46,25 5,24 2,10 5,70 -1,01 2,72
Open- 12 4376 7,83 1,33 5,33 -0,29 0,58
mindedness
Inquisitiveness 9 39,54 6,16 2,89 6,00 0,22 -0,52
Self-confidence 7 27,70 5,12 1,86 6,00 -0,09 0,06
Truth-seeking 7 22,20 4,90 1,00 5,43 0,19 0,42
Systematicity 6 22,46 3,86 2,33 5,17 0,02 -0,57
CCTDI TOTAL 51 2019 22,42 3,08 5,33 0,59 0,10
Table 3
Pre-service teachers’ CCTDI scores for grade levels
CCTDI i
Subscale Grade N X ss
1 34 46.18 499
Analvtici 2 43 46.60 6.07
ytieity 3 38 46.68 5.64
4 43 45.60 417
1 34 45.26 7.38
Open-mindedness 2 43 44.74 7.36
P 3 38 44.79 6.47
4 43 40.67 9.05
1 34 39.56 5.83
Inquisitiveness 2 43 40.72 6.79
4 3 38 38.08 6.34
4 43 39.63 5.51
1 34 26.62 6.10
. 2 43 28.37 498
Self-confidence 3 33 26.84 599
4 43 28.63 4.06
1 34 22.47 4.74
. 2 43 22.77 5.04
Truth-seeking 3 38 23.03 431
4 43 20.70 5.19
1 34 22.12 3.59
Svstematicit 2 43 22.65 3.93
y y 3 38 23.45 3.88
4 43 21.67 3.92
1 34 202.21 22.33
2 43 205.86 23.70
CCTDITOTAL 3 38 202.87 22.31
4 43 196.91 21.09

For the dimension of self-confidence, the arithmetic mean scores were recorded as 2,94
(sd=0,69) for the 1st grade; 3,08 (sd=0,66) for the 2nd grade, 3,16 (sd=0,50) for the 3rd grade, and
3,24 (sd=5,19) for the 4th grade. In the second dimension, self-assessment, the 1st-graders’ mean
score was 3,66 (sd=0,66), the 2nd-graders’ was 3,73 (sd=0,52), the 3rd-graders’ was 3,84 (sd=0,55),
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Table 4
Distribution of pre-service teachers’ CCTDI scores across grade levels
Significant
Scale Grade n X sd sd F p difference
(grade)
1 34 3.96 0.44
2 43 4.04 0.46
CCTDI 3 38 3.97 0.44 3-154 1.188 0.32
4 43 3.86 0.41
Table 5
Pre-service teachers’ QCMP scores
NO of X sd. Min Max Skewne Kurtosis
items S
Mental 7 389 054 186 500 0.55 130
process
Self” 7 311 062 143 500 -0.10 036
confidence
Self-
5 3.74 0.57 1.60 5.00 -0.47 0.69
assessment
Attitude- 8 362 046 225 438 -0.43 -0.32
belief
QCMP TOTAL 27 3.58 043 2.22 4.59 -0.34 0.38

and the 4th-graders’ was 3,72 (sd=0,57). From attitude-belief, the 1st grade obtained the arithmetic
means of 3,58 (sd=0,41), the 2nd grade obtained 3,59 (sd=0,43), the 3rd grade obtained 3,72
(ss=0,49), and the final grade obtained 3,58 (sd=0,51). In the last dimension, mental process, the
values were found as 3,58 (sd=0,51) for the 1st grade; 3,89 (sd=0,66) for the 2nd grade; 4,00
(sd=0,49) for the 3rd and 3,75 (sd=0,45) for the 4th grade. Below is Table 7, which reveals the results
of significance analysis conducted on the participants’ QCMP scores at varying grade levels.

A one-way ANOVA test was conducted to see whether the pre-service teachers' QCMP differed
significantly according to the variable of grade (see Table 7). The results showed that there was no
significant difference across grade levels in this regard [F(3, 154)=0.848, p>0.05]. In other words, the
students' QCMP do not vary depending on the grade at which they are (see Table 7). Table 8 below
shows the results regarding the existence or lack of a relationship between the respondents’ critical
thinking disposition and their views on doing mathematical proof.

Pearson Correlation test was conducted to test the relationship between critical thinking and
the view towards mathematical proofs (see Table 8). It was found that there was a moderate and
significant positive correlation between CCTDI and QCMP [r=0.58, p=0.00]. Table 9 below displays
results of the analysis conducted to see whether critical thinking is a significant predictor of views
regarding doing mathematical proof.

The analysis results showed that the critical thinking dispositions of the pre-service teachers
were a significant predictor of their views on doing mathematical proofs (R=0.582, R2=0.34, F(1,
156)=79.901, p<0.01) (see Table 9). It can be suggested that the pre-service teachers' views on doing
mathematical proof can be accounted for by their critical thinking skills at a rate of 34%.
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Table 6
Pre-service teachers’ QCMP arithmetic means for grade levels

QCMP subscale Grade N X Sd
1 34 2.94 0.69
. 2 43 3.08 0.66
Self-confidence 3 23 316 0.50
4 43 3.24 0.59
1 34 3.66 0.66
Self-assessment 2 43 3.73 0.52
3 38 3.84 0.55
4 43 3.72 0.57
1 34 3.58 0.41
. . 2 43 3.59 0.43
Attitude-belief 3 38 3.72 0.49
4 43 3.58 0.51
1 34 3.89 0.66
Mental process 2 43 3.94 0.54
P 3 38 4.00 0.49
4 43 3.75 0.45
1 34 3.51 0.49
2 43 3.57 0.43
QCMP TOTAL 3 38 3.67 0.41
4 43 3.56 0.41
Table 7
Distribution of pre-service teachers’ QCMP scores for grade levels
Significant
Scale Grade n X sd sd F p difference
(grade)
1 34 3.51 0.49
2 43 3.57 0.43
QCMP 3 2g 367 0.41 3-154 0.848 0.47 -
4 43 3.56 0.41
Table 8
CCTDI and QCMP correlation analysis results
QCMP
n r p
CCTDI 158 0.58 0.00**
**p<0.01
Table 9
CCTDI and QCMP simple regression analysis results
Variable B Standa;d Error B ¢ 0
MKYYGO 1.300 0.257 5.067 0,000
CCTDI 0.576 0.064 0.582 8.939 0,000
R=0.582 R?=0.34
Fa, 156= 79.901 p=0.00
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DISCUSSION AND CONCLUSIONS

This study was carried out to examine pre-service elementary mathematics teachers’ critical
thinking levels and their views on doing mathematical proofs, as well as to find out if there is a
significant relationship between their critical thinking levels and views on doing mathematical proof
against the variable of grade level. Moreover, it exposed the relationship between the pre-service
teachers' levels of critical thinking and their views on doing mathematical proof.

According to the results, the pre-service teachers in this study have a low level of critical
thinking disposition. One possible reason could be the students’ lacking real-life and educational
experience leading to the development of this skill. Recalling that critical thinking is an acquired skill,
not innate, it develops beginning from the family before school and continues through schooling. In
this study, the pre-service teachers exhibited a moderate level of disposition to think critically only
in two dimensions, that is analyticity and open-mindedness (see Table 2). Although the critical
thinking levels of the pre-service elementary mathematics teachers were low in this study, the same
skill was found to be at a moderate level by Altuntas, Yilmaz, & Turan (2017). Similarly, Korkmaz
(2009) found out that the students at the faculty of education had an intermediate disposition
towards critical thinking, like in the study of Ozdemir (2005) noting critical thinking disposition of
university students at moderate level. However, Giilveren (2007) found similar results to the present
study in that the pre-service teachers' critical thinking dispositions were low. Acish (2015),
Aliustaoglu and Tuna (2015), and Can and Kaymakel (2015) studies support the result of this
research.

Considering the pre-service teachers’ critical thinking dispositions depending on their grade,
the lowest score was recorded by the 4th-graders. Apart from this, while the critical thinking
disposition level increased from the 1st to the 2nd grade, the level decreased after the 2nd grade (see
Table 3). Among other possible reasons, it might be accounted for with the fact that pre-service
teachers predominantly take major area courses starting from the 3rd grade. Additionally, as they
approach the final year of undergraduate education, pre-service teachers might come under the
influence of the upcoming KPSS (Public Personnel Selection Examination) for employment and their
anxiety about starting to teach professionally. Such concerns might factor into weakening critical
thinking skills among pre-service teachers. Another result of the study revealed that there was no
significant difference in the critical thinking levels of the pre-service teachers at different grade levels
(see Table 4). In the same vein; Besoluk and Onder (2010), Ekinci (2009), Kii¢iik and Uzun (2013)
concluded that was no significant difference between the critical thinking dispositions of pre-service
teachers depending on the grade level at which they were studying. In the study conducted by Karali
(2012), it was emphasized that the students in the upper class had higher levels of critical thinking
disposition than those in the lower classes. In the study conducted by Can and Kaymakge1 (2015), it is
determined that as the grade level increases, the critical thinking dispositions of pre-service teachers
improve

When the participating pre-service teachers’ opinions on mathematical proof were examined,
it was noticed that mental process was the highest while self-confidence was the lowest (see Table
5). Mental process dimension covers the individual’s ideas about individual thinking. This dimension
relates to the thinking skills, sources of information and motivations that students develop while
writing proof. The other dimension, self-confidence, means the individual's confidence in providing
proof through his own point of view, and his belief in himself. It implies that pre-service teachers are
able to design proof but they are deficient in putting this design into practice. Similar results were
reached in Furinghetti and Morselli's (2009), study which suggested that the views on proof affect
students’ ability to construct proof.

As regards the average of the pre-service teachers’ views about doing mathematical proof in
connection with grade level, an increase was observed from the 1st through the 3rd grade but the
curve turned to the opposite direction during transition to the final year. This could be explained
with the students’ anxiety about the KPSS to take upon graduation or exam-oriented studying style.
When examined in relation with specific dimensions, an increase was seen in the average scores in
self-confidence and self-assessment from the 1st through the 4th grade. Likewise, while the
dimensions of attitude-belief and mental process increased from the 1st grade until the 3rd grade,
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the average scores tended to decrease at transition from the 3rd to the 4th grade. As a conclusion,
there was no significant difference in the pre-service teachers’ views about providing mathematical
proof against grade level variable (see Table 6). In parallel with these results, the study by Moralj,
Ugurel, Tirniikli, and Yesildere (2006) analyzed pre-service mathematics teachers’ proof-related
opinions and found no significant difference between different class levels. Likewise, in the study of
Doruk & Giiler (2014), in which prospective teachers' views on proof were examined according to
their grade levels, it was determined that pre-service teachers studying in the third grade had more
negative views than the candidates in the first and second grades.

Finally, the relationship between critical thinking and views on doing mathematical proof
yielded a significant, positive relationship between CCTDI and QCMP at a moderate level. What is
more, it is understood that the critical thinking dispositions of the pre-service teachers are a
significant predictor of their views on doing mathematical proof. It was seen that pre-service
teachers' critical thinking skills were influential at a rate of 34% on their views about doing
mathematical proof (see Tables 7-8). To put differently, pre-service elementary mathematics
teachers with higher critical thinking tendency held stronger views on constructing mathematical
proof. Similarly, the activities organized in the "critical thinking teaching model" proposed by Ivie
(2001) encompass a number of processes such as conscious research, active thinking, and evidence-
seeking. It is obvious that mathematical proof and critical thinking are interrelated phenomena.
Similarly, in Aksu's (2012) study examining the relationship between students' critical thinking
dispositions and logical thinking abilities, it was found that there was a positive and significant
relationship between critical thinking and logical thinking abilities

Since critical thinking skills contain multiple skills, it is important to develop these skills. To
this end, activities should be implemented both at elementary and secondary and tertiary education
level. Teachers have an important role for realizing such activities in the classroom environment. For
this reason, critical thinking skill can be integrated into some courses or new courses can be offered
so that prospective teachers can both develop their critical thinking skills and see good, concrete
examples of developing those skills. Thus, proof, which has a place in critical thinking skills, can
receive the necessary emphasis as part of these courses. Besides these, future research can address
pre-service teachers enrolled at different grade levels for assessing their critical thinking skills, as
well as their opinions on mathematical proofs. In this way, it could be understood why this target
population possess low critical thinking skills and weak views about mathematical proof.
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