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Abstract  Keywords 

This study aimed in order to investigate cognitive aspects of the 
processes of constructing algebraic proofs of pre-service and 
service secondary math teachers. We used explanatory sequential 
design from mixed research methods in the study. Secondary math 
teachers working in the province east of Turkey and pre-service 
secondary math teacher in this province participated to the study. 
Quantitative data of the study were collected through a “Proving 
Diagnostic Test” and qualitative data were gathered from the 
participants through a think aloud protocol. We used two different 
activity cards that each of them included one algebraic proof 
question in the think aloud protocol. Quantitative data were 
analyzed using descriptive and inferential statistics. Content 
analysis was applied to qualitative data. The study show that the 
cognitive skills performed by pre-service and service secondary 
math teachers emerge five categories: read the proposition of the 
proof, evaluating the correctness, determining strategies, carry out 
plans and heuristic shortcuts thinking strategy. Eight categories 
were identified in the theme (context of) of meta-cognitive skills. 
These categories are: facilitating the operations, questioning, 
awareness, planning, strategy determination, controlling, 
correlating, and analogical reasoning. 
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Introduction 

Proofs are important concepts for mathematics education. Because the proof will facilitate the 
understanding of mathematical concepts that will provide the rationale for the mathematical 
expression, formula or theorems (Berggren, 1990; Solow, 2014). Furthermore, the proof will contribute 
to the development of mathematical reasoning and analytical thinking skills by positively affecting the 
mental processes of individuals (National Council of Teachers of Mathematics [NCTM], 2000, s. 56; Rice, 
2014). Considering that the proof is a process requiring advanced knowledge and high level cognitive 
skills (Duval, 1999), it is understood that it is not easy to understand the proof for students and teachers 
(Aljaberi, 2014). For this reason, in order to prove, individuals must employ their cognitive and 
metacognitive skills after fill the deficiency of theoretical knowledge (Zazkis, Weber, & Mejía-Ramos, 
2016). Because some facts that are important for the process of proving require cognitive and 
metacognitive skills -determining why a proposal is correct or not, or whether it can be generalised, 
knowing why it does it- (Özsoy, 2008). In this context, investigating of the process of proving in terms 
of cognitive perspective reveals the processes of thinking that individuals use to prove. Moreover, this 
can help to learn how to prove. Indeed, Selden and Selden (2015) pointed out firstly can be detected 
cognitive factors in proving for learning and teaching of proof. Examining the proving process by 
cognitive will help to create a theoretical framework for the teaching of proof. Because revealing the 
process from the reading of the propositions of individuals to the evaluation of the proof, they will 
provide an understanding of the processes of proof by revealing what skills they are working in this 
process. 

Mathematical Proof 
Proof in mathematics education convinces the students of the correctness or inaccuracy of the 

propositions which have been shown before (Aydoğdu-İskenderoğlu, 2016). The process of constructed 
mathematical proof is called proving. Yıldırım (2000) defines proving as “a judgment, an assertion, or a 
consequence to impose the correctness (or falsehood) with sufficient evidence.” Algebraic proof, 
mathematical validity of the necessary logical inferences and using symbolic expressions (mathematical 
notations) can be explained as proof (Arslan & Yıldız, 2010). In mathematics, the way in which 
mathematical proofs are used differs because everyone has different knowledge, reasoning and thought. 
The different ways that individuals use in the process of proving are generally referred to as proof 
schemes (Sowder & Harel, 1998). Harel and Sowder (1998) categorized the proof schemes as "External", 
"Experimental " and "Analytical ". Under these schemes, rituals have determined that students evaluate 
the correctness of the proof according to the schemes of authoritarian, symbolic, inductive, perceptual, 
transformational and axiomatic proofs. In addition to saying that a proof is true, it is necessary to use 
advanced cognitive skills (Fitzgerald, 1996; Senk, 1985) because it makes it necessary to explain why it 
is right (Almeida, 2000); reasoning, inference, in-depth understanding, and comprehension of 
mathematical relations (Berggren, 1990; Solow, 2014). 

Proof and Mathematical Thinking 
The mental representation process requires thinking skills, such as problem-solving, 

abstraction, and reasoning (Solso, Maclin, & Maclin, 2014; Yıldırım, 2000). Some the thinking skills 
include heuristic shortcuts, perceptual set-ups, analogical reasoning, creative thinking, inductive 
reasoning, and deductive reasoning. Heuristic shortcuts are defined as operations that reduce the 
number of transactions to provide a faster, easier solution to the problem, and these shortcuts are often 
used in decision making and developing conclusions (Plotnik, 2009). However, they do not guarantee 
an end result, and sometimes, they move away from it (Bruning, Schraw, & Norby, 2014). A perceptual 
set-up is a type of cognitive activity that occurs while individuals think and perceive in the problem-
solving process (Solso et al., 2014). Analytical reasoning is the adaptation of a solution path that results 
in the solution to a new problem (Plotnik, 2009). Therefore, the solution methods that have similarities 
in several features has not been known by using the similarity of the solutions and reaching to the 
unknown (Fersahoğlu, 2015). Creative thinking reorganizes information and produces innovative ideas 
and unusual solutions (Sternberg, 2000). Goldstein (2013) argued that creative thinking is usually the 
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result of analogical reasoning. Creative thinking is divided into divergent and convergent thinking 
(Woolfolk-Hoy, 2015). Divergent thinking produces a number of solutions or ideas (Plotnik, 2009). 
Convergent thinking reduces several solutions to a single solution, while divergent thinking begins at 
one point and increases the number of solution paths (Woolfolk-Hoy, 2015). Deductive reasoning is 
based on the reduction of the general situation (Fersahoglu, 2015). Deductive reasoning has two premise 
propositions and deduction proposals (Goldstein, 2013). In induction, the individual uses one or more 
specific ideas or solutions to propose a conclusion (Goldstein, 2013). Inductive reasoning requires 
inference and takes advantage of an individual’s experience (Solso et al., 2014). It is not the validity, as 
in deductive reasoning, in inductive reasoning that matters, but the weakness or strength of the 
argument (Goldstein, 2013). 

Cognition and Metacognition 
As explained above, perhaps the most important of the components of mathematical thinking 

is the metacognition. Metacognition is usually a concept that is evaluated together with cognition and 
difficult to distinguish from cognition. Because cognition and metacognition are two very close 
concepts. Cognition is information and activities that the individual uses in performing certain tasks-
including mental processes (Özdemir & Sarı, 2016). Forrest-Pressley and Gillies (1983, p. 134) cited 
cognition as the skills and strategies used by the reader. Metacognition defines the individual as aware 
of the learning process and regulates their cognition (Akin, 2013). In other words, metacognition is the 
task control center of the cognitive system (Bruning et al., 2014). Metacognition is a part of a person's 
ability to perform any task (problem solving, reading, proofing) or organizing their own learning (Paris 
& Winograd, 1998). For example, a teacher who knows that students can not actually hold their names 
shows that students have the upper hand to write their names on the paper and ask them to hang them 
on their hands (Bruning et al., 2014). Metacognition is part of the person's ability to perform any task 
(such as problem solving, reading, proofing) or regulated his/her own learning (Paris & Winograd, 
1998). For example, a teacher who knows that the students cannot remember their names can write their 
names on a paper and ask them to hang the paper on the students' collar. This shows that the teacher 
has metacognitive skills (Bruning et al., 2014). 

The distinction between cognition and metacognition is related to how information is used 
(Özdemir & Sarı, 2016) what is the object of the process (Karakelle & Saraç, 2010). The skills required to 
complete a task (knowing the strategies, using the representations) are cognitive; the awareness of these 
skills is metacognitive (Okçu & Kahyaoglu, 2007; Özdemir & Sarı, 2016). Weinert (1987) explains 
cognition as a quadratic cognition, i.e. thinking about thinking, to cognition and metacognition. When 
working on a topic or performing a task, notes taken, cognitive processing mistakes are made, and the 
result reached by the target is metacognitive. When performing the same task, instead of taking notes, 
copying, using memorized ready-to-use formulas, etc., are cognitive. These skills provide a way to 
distinguish cognitive and metacognitive skills. This distinction can explained as follows; cognitive skills 
use to perform tasks without having to use any similar skills, while metacognitive skills require 
awareness or critical thinking (Akin, 2013). 

Raising individuals who can think correctly (using mathematical thinking skills) using high 
level cognitive skills is a difficult condition for mathematics educators (Hamilton, Kelly, & Sloane, 2002). 
First of all, professional development of mathematics teachers should be sufficient (Rosenholtz, 1985). 
Various variables such as the duration of vocational experience of mathematics teachers and the 
trainings they receive are at the forefront in this assessment (Copur-Gencturk & Lubienski, 2013). These 
variables can be examined through developmental studies. Comparing the pre-service teacher 
according to the first and last grade levels (Imamoglu & Yontar-Toğrol, 2010), with the knowledge they 
have acquired in secondary education, by adding the knowledge they have received in the universities 
to the concept of proof. In this study, first and last grade pre-service teachers were included in the study 
in order to examine the differentiation status of proving skills according to the traineeship of the pre-
service teachers. We think that first grade pre-service teachers can prove their knowledge by the 
information they bring from secondary education. Because these teacher candidates have completed 
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secondary education and are at the beginning of higher education. Last grade teacher candidates 
completed the required field courses in higher education. For this reason, it is expected that teacher 
information in secondary education is added to the knowledge they have obtained in higher education. 
In addition, since teachers do not use most of the courses they have taken in their undergraduate studies 
and the secondary curriculum does not adequately cover the notion of proof (Knuth, 2002), it can be 
observed that teachers forget their old knowledge. This can cause the individual to prove himself by 
using mathematical reasoning, using metacognitive knowledge and skill, without formal proof. Because 
teachers with sufficient professional development can improve their students' knowledge and skills in 
a positive way. Mathematics knowledge must be taken into account when assessing the professional 
development of mathematics teachers. For this reason, teachers and pre-service teachers were included 
in the study and tried to examine how the situation changed in a developmental way. 

Literature Review 
The literature show that studies usually involve only quantitative or qualitative methods. 

Quantitative studies are generally studied in terms of scale development, descriptive research, and 
relational research (Komatsu, 2016; Yang & Lin, 2008; Yang, 2012). Qualitative researches are conducted 
to examine opinions or examine the knowledge and skills of the prosecution process (Alcock, 2010; 
Alcock & Weber, 2005; Almeida, 2000; Ceylan, 2012; Doruk & Kaplan, 2015; Fukawa-Connelly, 2012; 
Knuth, 2002 ; Lesseig, 2016; Martin & Harel, 1989; Stylianides & Stylianides, 2009). In this study, mixed 
research method was used by using qualitative and quantitative methods. This will allow analytic 
generalization from a wider sample. In addition, this study focuses on the thinking processes of the 
participants and leaves the previous studies in terms of the cognitive perspective of the process of proof. 
Many studies carried out were carried out only with students (Bell, 1976), only teacher candidates 
(Ceylan, 2012; Demiray & Işıksal-Bostan, 2017), mathematicians (Almeida, 2000), students and teachers 
(Samper Perry, Camargo, Sáenz-Ludlow, & Molina, 2016). This study is different from other studies in 
terms of sampling. Since the participants of the work were teacher and teacher candidates, it was 
possible to examine them from a developmental point of view. Scales, interviews and observation forms 
were used for data collection in poof studies. Thinking aloud protocol was generally used in the studies 
on metacognition. In this study, because the cognitive skills in the process of proving the cognitive skills 
were examined from the perspective of the study, the thinking aloud protocol, activity cards and 
observation form were used. Besides these, there is also a diagnostic test for proving ability. Descriptive 
and predictive statistics were used in the analysis of the quantitative data obtained in field studies. In 
the analysis of qualitative data, more descriptive analysis is performed and case are presented. The 
analysis of the quantitative part of the present study was done using descriptive and predictive statistics 
as in the field studies. In the qualitative part, content analysis was applied and the data were compared 
according to the participants' levels. In addition, comparative tables covering all the questions were 
presented. Finally, qualitative and quantitative data are correlated. However, there are studies that aim 
to investigate the cognitive structures of pre-service and service teachers together (Metallidou, 2009) 
and to study the cognitive structures of the pre-service mathematics teacher during the proving process 
(Barnard & Tall, 1997) in the literature. However, we detected that pre-service and service math teachers 
do not have enough knowledge in the literature to study the cognitive processes in the proving process. 
Setting cognitive situations in the proving process will also be a decisive factor for the ways to be 
followed in the teaching of proof (Harel & Sowder, 2007). Güler (2013) stated that it is necessary to 
examine the proving process in order to understand the nature of the proof. When we look at today's 
popular work areas, it seems that they focus on cognitive research by moving away from studies to 
determine opinions or knowledge-skills in areas such as problem solving, understanding mathematics 
(Kieran, 2017). In fact, these studies have been carried out further mentally by means of fMRI, PET, etc. 
(Krueger, et al., 2008; Newman, Carpenter, Varma, & Just, 2003). Such studies are important in order to 
expose the thinking processes of individuals (Kieran, 2017). Because when the cognitive and mental 
processes of the individual are known, more activities that are comprehensive can be organized and 
facilitated to learn. In this respect, it is important that the examination of the cognitive processes directed 
towards in terms of learning proof, teaching and examining the mental processes. 
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Barnard and Tall (1997) examined in terms of cognitive of the proving process of first year 
university math students. They concluded that students perform skills, which is the notion of proof by 
contradiction, translation from verbal to algebraic, a routinised algebraic manipulation, a link from 
algebra to verbal representation, synthesising a non-procedural step - correct justification, strong 
conviction but without justification, empirical verification, inconclusive reasoning, false reasoning, 
unable to respond without help- determining the way from symbols, the chance to repeat earlier 
arguments, establishing the contradiction. Yang (2012) studied the skills of students in reading and 
understanding cognitive reading, metacognitive reading, and geometry proofs by structural equations 
modeling in their work with secondary school students. Yang (2012) have developed a scale for this. At 
the scale, the skills are separated as cognitive and metacognitive. Some of the researchers' cognitive 
skills include reading the proposition for the first time, underlining to identify important points, 
drawing the shape to recognize the proposition. The researcher has metacognitive addressed the step-
by-step reading of proposition, thinking about given ones, determining the key idea of proof, asking 
yourself how to start and ending the proof, determining the part that made the mistake, thinking and 
controlling what to do during the proof steps. 

For this reason, the study aims to examine in order to cognitive in process of constructed 
algebraic proof of the pre-service and service math teacher. For this purpose, we sought to answer the 
following questions: 

1. What kind of performed cognitive skills do pre-service and service math teachers in process of 
constructed algebraic proof? 

2. What kind of performed metacognitive skills do pre-service and service math teachers in 
process of constructed algebraic proof? 

3. Are there different the ability to proving the different levels pre-service and service math 
teachers according to their levels? 

Method 

Research Model 
In the study, we used explanatory sequential design that it one of the mixed research designs. 

The explanatory sequential design is to begin with an objective quantitative study and to describe the 
results obtained at this stage in qualitative studies (Creswell, 2017). This design begins with the 
collection of quantitative data. The collected quantitative data was analyzed and the participants of the 
qualitative research are identified. At the next stage, we collected qualitative data and analyzed. Finally, 
we related quantitative and qualitative data (Creswell, 2017, p.39; Hesse-Piber, 2010). This is interesting 
for quantitative researchers since this pattern starts with quantitative study. However, it is the strengths 
of this design that it is also possible to identify participants with certain characteristics. However, this 
design takes too much time, as the work process requires sequential execution of quantitative and 
qualitative approaches. The main reasons for using explanatory sequential design in the study are; to 
quantitatively compare whether or not the ability to make evidence differs according to the groups, to 
examine the cognitive and metacognitive skills in the process of making proof by qualitative means and 
to examine whether the quantitative-qualitative data support each other. Another reason is to generally 
in the results of study, thus we conducted explanatory sequential design. 

Sample 
Twenty-five math teachers and forty-eight pre-service math teacher at different levels (29 senior 

pre-service math teacher, 19 first grade pre-service math teacher) participated in the quantitative part 
of the study. These participated in the qualitative part of the study of six math teachers and 12 pre-
service math teacher at different levels -6 senior and 6 first grade pre-service math teachers-. Creswell 
and Plano-Clark (2014) stated that a two-step sample selection is more appropriate for quantitative and 
qualitative stages in studies using explanatory design. In the selection of the sample for the quantitative 
part of the study, the typical case sampling method is used. The typical case sampling method based on 
the selection of the average individuals to represent a case. (Gürsakal, 2013). In the qualitative part of 
the study, maximum diversity sampling method was used from purposeful sampling methods. The 
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maximum diversity sampling method aims to identify different considerations in a given situation, and 
this type of sampling can provide a wide range of situations (Patton, 2002). Since this study aims to 
interpret the obtained cases on a wider sample, we used these sample selection methods respectively. 

The vocational seniority of math teachers who participate in the quantitative part of the study 
is between 2-23 years. Seven of the teachers are female, 18 are male and 56% of the teachers graduated 
from Mathematics Department of Science Faculty and 44% from Mathematics Teaching Department of 
Faculty of Education. Fifteen of them graduated bachelor, seven of them graduated master, three of 
them graduated doctorate. Two teachers are in the Science High School, 2 are in the private school, 5 
are in the Vocational and Technical High Schools, 6 in the “Imam-Hatip” High School and 10 in the 
Anatolian High School. Fifteen of the senior pre-service math teachers are female and 14 are male. 41% 
of senior pre-service math teacher have the experience of teaching mathematics, and 59% do not have 
this experience. All of the senior pre-service math teachers took the courses of Abstract Algebra and 
Numbers Theory I-II. Nine of the first grade pre-service math teacher are female, 10 are male. While 3 
of the first grade pre-service math teachers have the experience of teaching mathematics anywhere, 
other prospective teachers do not have the experience of teaching anywhere. The first grade pre-service 
math teacher have not yet taken the courses of Abstract Algebra and Numbers Theory I-II. Proof 
teaching is more making these courses in math teachers programs.  

In selected participants of the qualitative study, groups of achievement points were formed 
according to the scores obtained from the “Proving Diagnostic Test”. Participants were first ranked in 
their own groups according to their scores in the creation of success groups (high, middle, low). Then 
three groups were formed by dividing the number of participants by 3. Two groups of participants were 
selected from the groups formed - one male, one female - were included in the qualitative part of the 
study. In the selection of the participants, attention was paid to the absence of participants in the group 
border (the lowest level of the good score group, the lowest or the top of the midpoint group, and not 
the top of the low score group). We have made such an application because we believe that the 
participants in these values will not fully reflect the characteristics of the group. Sub-category names 
were used for participants in direct transfers from participants. The creation of sub-category names has 
been made possible by aij matrix encoding. In this coding a: Teacher = T, Last grade pre-service teacher 
= PTL, 1st grade pre-service teacher = PT1; i: High achievement score = H, Medium achievement score 
= M, Low achievement score = L; j: male = 1, female = 2. For example, TH1: Male with high achievement 
score represents teacher. Researcher was sub-category is R. 

Table 1 indicated the characteristics of teachers participating in the qualitative part of the study. 
These variables fixed for pre-service teachers, thus we do not show in the table them. 

Table 1. The Characteristics of Teachers Participating in the Qualitative Part of the Study 

Participants 
Faculty/ 
department 

Level of  
education that 
graduates 

Duration of 
undergraduate 
programs 

Duration of 
experience 

High-school 

TL1 Education/ SME B.S. 5 6 
İmam Hatip Anatolian 
High School 

TL2 Education/ SME B.S. 5 4 
Vocational and 
Technical Anatolia 
School 

TM1 Education/ SME M.S. 5 12 Anatolia High School 

TM2 
Sciences/ 
Mathematics 

M.S. (Ph.D. 
Student) 

4 10 Science High School 

TH1 
Sciences/ 
Mathematics 

B.S. 3,5 6 Anatolia High-School 

TH2 Education/ SME M.S. 5 2 
İmam Hatip Anatolian 
High School 

SME: Secondary Mathematics Education 
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Data Collection 
We used four different data collection tools in the study as "Proving Diagnostic Test", think 

aloud protocol, activity card and observation form. We described data collection tools in detail below. 

Proving Diagnostic Test 
The "Proving Diagnostic Test" used in the study was developed by Öztürk and Kaplan (2017) 

with secondary math teachers. In this study, we used this test because we aimed to measure the ability 
of mathematics teachers and teachers of mathematics to make proof. Since there is no other proof of 
success test in Turkish language secondary school mathematics teachers and pre-service teachers and 
this test includes both geometry and algebra questions, we selected “Proving Diagnostic Test” for the 
study. The test consists of six questions. A sample question from the geometry questions in the test is: 
“’The measure of the angle formed by the intersections of the two inner bisector in a triangle is 90 more than half 
the size of the third angle.’ Show the correctness of the proposition.” A sample question from the algebra 
questions in the test is: “’Each number divisible by 3 and 4 on the set of integers can be divided by 12.’ 
show the correctness of the proposition”. In the test development process, a statement table was 
prepared and it was determined that the content validity ratio (CVR) for each item changed between 
.50-1.00. The average CVR value for the 6 questions was calculated as .72. The test was applied to 80 
teachers and Explanatory Factor Analysis (EFA) and item analyzes were conducted. As a result of the 
AFA, the test was found to be one-factor structure and explain 41.41% of the total variance. In the 
calculation of item discrimination, the sample was divided into upper group and lower group and the 
difference between them was examined by t test. As a result of the analysis made, it is determined that 
each substance is distinguishable. It has been determined that the item difficulty rate of the prepared 
test substance is within the range of .48 - .80. To provide the internal consistency of the test, the Cronbach 
Alpha reliability coefficient was calculated as .77. As a result of the analyzes made, it is stated that the 
measuring instrument is valid and reliable. For this study, Cronbach Alpha internal consistency 
coefficient of the test was found .65. According to Field (2009), this value is sufficient for academic 
achievement tests. 

Think Aloud Protocol 
In the think aloud protocol, we informed was informed participant about the record of the 

interviews, the purpose of the study, and we stated that they should voice all of their thoughts in the 
process. We emphasized that the participant we expected to express what he or she did and what he 
thought in the think aloud protocol. In the think aloud protocol, two activity cards and a semi-structured 
observation form were used. Firstly, we gave participants an activity card with the first proposition, 
and after completing the proof of the statement on this event card, we gave an activity card with the 
second proposition. We asked the participants to work on the activity card. At this stage, the 
participants' statements were recorded with a voice recorder, while the behaviors and actions of the 
participants were observed. We have not provided any information about the correctness or inaccuracy 
of the actions they have made throughout the process. To the participants, “Is the proposition correct, 
why?”, “Is the proof you made is valid? Why, how did you decide?”, “Why did you do your operation?”, “Is there 
a generalization of proof you have written? Need generalization? If so, how can you generalize?” questions such 
as asking questions to be fully understood. 

Activity Card 
Two algebra propositions have been prepared overlapping the questions in Proving Diagnostic 

Test the creation of the activity card. Before choosing propositions, we conducted informal interview 
with six secondary math teachers to determine how they should be selected using some propositions in 
a similar type. Two selected propositions were used as a result of the interviews. The reasons for 
selection and reasons for selection are explained below. 

Proposition 1: "We have a formula that gives the sum of consecutive odd numbers starting from one (n-
odd numbers)." 
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The main reason for choosing this proposition is that both the proposal and the proof are likely 
to be encountered at every stage of the educational environment. The proposition is important in terms 
of revealing the meaning of the concept of proof. Because the proposition can easily be proved by 
induction when the second side of the equation is given, it is not appropriate to apply the induction 
method as given in the question. Proposition does not require high level knowledge and requires basic 
knowledge and thinking. The proposition is to be completed with certain strategies, not the insight 
problem. We selected the proposition through informal interviews conducted prior to the study. In 
psychology studies examining the cognitive structure, problems that are generally not insightful are 
selected (Goldstein, 2013). Because the solution of the problems in the way of insight suddenly appears 
and at the same time it is not even possible to determine the skills (Goldstein, 2013).  

During the informal interviews, three questions were asked to the participants. For example, 
“How can you write the expression of ‘2+4+6+⋯+2.n’ in the simplest form?”, Prove that for all natural number n 
for which 2+4+6+⋯+2.(n-1)+2n=n.(n+1).”, “Find formulate to added of even number”. We detected that the 
problem is usually solved by inductive method and the skills in the process can not be determined 
sufficiently. In order to prevent the demonstration of correctness by induction of the problem, we 
removed the question from the equality form. The opinions of a mathematics educator and a cognitive 
psychology expert have been consulted to what extent the proposal can put forward the proving process 
cognition. It has been determined that the question is appropriate to examine the cognitive process in 
view of the opinions received from the teaching members. The prepared activity card was applied with 
four teachers and it was determined that the language of the problem was sufficiently understood.  

Proposition 2: “Prove that let 𝑎𝑎, 𝑏𝑏 be relatively prime, 𝑎𝑎, 𝑏𝑏 ∈ 𝑍𝑍+ such that a|c and b|c, we have a.b|c.” 

The question is that participants can easily recognize accuracy with intuitive or a few examples; 
but it is a proposition that they can have difficulty expressing symbolically. The proposition is easily 
progressing with algebraic operations until the latest one from the proof steps. In the last step, however, 
it is necessary to know another theory that is essential for divisibility so that the proof can be completed 
- “The two natural numbers differ from zero, each common divisor, the largest of the common divisors.” 
The proposition can be proved using the definition of divisibility and an auxiliary theorem (lemma) 
rather than the internal vision problem.  

The choice of this problem is based on informal negotiations conducted prior to the study. 
During the informal interviews, three questions were asked to the participants. For example, “Prove that 
If ∀𝑥𝑥 ∈ 𝑅𝑅 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 ≠ 0, then there is a single 𝑧𝑧

𝑥𝑥
= 𝑦𝑦, 𝑦𝑦 ∈ 𝑅𝑅  for ∀𝑧𝑧 ∈ 𝑅𝑅” “𝑎𝑎 ∈ 𝑍𝑍+ 𝑎𝑎𝑎𝑎𝑎𝑎 𝑏𝑏 ∈ 𝑍𝑍+, prove that if 

𝑎𝑎|𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 𝑏𝑏|𝑐𝑐 then 𝑎𝑎. 𝑏𝑏|𝑐𝑐” and “Each number divisible by 3 and 4 in the integer set can be divided by 12.” In 
informal interviews, participants were able to prove their chosen proposition, suggesting that they can 
see it easily and prove it; But only when they arrive at the final stage of the proof, they can not use the 
symbolic language they can only spell verbally. In this respect, it is thought that this problem should be 
included in the event card and that the situation there is necessary in order to uncover it. The opinions 
of a mathematics educator and a cognitive psychology professor have been consulted to determine the 
degree to which the proposition can put forward the process of proving cognitively. It has been 
determined that the question is appropriate to examine the cognitive process in view of the opinions 
received from the teaching members. The prepared interview form was applied to four teachers and it 
was determined that the language of the problem is understandable. 

Observation 
During the preparation of the observation form, informal interviews on the development of the 

activity card were utilized. Informal interviews were the first prepared unstructured observation. At 
this stage, the teachers were asked to take note of the skills displayed by the teachers. Observation form 
was created by taking notes from the notes and using the field. The observation form is written in two 
parts. A part of the form is designed to be likert as it examines the skills that pre-service and service 
teachers exhibited in the process. The other part is designed as a commentary section that will emerge 



Education and Science 2019, Vol 44, No 197, 25-64 M. Öztürk & A. Kaplan 

 

33 

in the process but will take note of the skills that are not included in the likert section. The sections are 
designed in triple likert type. Evaluation criteria are rated as "0, 1, 2". Participant; "0" is displayed if the 
specified skill is not displayed in any question, "1" is displayed in one of the questions, and "2" is 
displayed in the other two of the questions. When the option "1" is ticked, it is written next to the option 
to show the article to which question. If a description of the skills is required, the form is recorded in 
the description section. The observation form has been transformed into a semi-structured form in 
accordance with the skills demonstrated by the teachers in the process of proving. 

Researcher Role 
In this study the researcher is in the role of non-participant observer. The researcher asked 

questions that would reveal the participants' opinions in the think aloud protocol; but they have never 
been involved in the answers given by the participants. The researcher has not made any attempt to 
harmonize with the participants of the study. Participants in the study have been given permission to 
observe and are aware that participants are observed. 

Studying Process 
We was informed participation in the “Proving Diagnostic Test” about the study, and 

participants who were selected to have two phases of the study were required to attend the second 
phase. Teachers who indicated that they could not attend the second stage were excluded from the 
study sample. The “Proving Diagnostic Test” was conducted under the supervision of the investigator 
in the teachers' room of the school where the participant teachers were working and in the classroom 
under the supervision of the investigator. Participants were given 40 minutes for the test and no 
additional time for those who could not complete it. 

Participants were allowed to record voice during the second session of the workshop with a 
think aloud protocol. All participants allowed voice recording. In the process, participants were given 
an activity card and asked to reveal their thoughts. The study process was carried out outside the 
teacher's course in the teachers' schools for the schools they were working for. Interviews with each of 
the teachers were held on different days. The interviews with the pre-service teachers were conducted 
in the guest teaching staff room of the faculty where the study was conducted. The interviews conducted 
with the pre-service teachers were also completed within the appropriate time frame except for the 
duration of the courses. Interviews conducted with pre-service teacher; was conducted in three days 
with first grade teacher candidates in two days with last grade teacher candidates. 

Data Analysis 
In the mixed method research, data analysis made according to the determined model (Creswell 

& Plano Clark, 2014). According to the explanatory sequential design, the data analysis should proceed 
as “quantitative data analysis → qualitative data analysis → associating quantitative and qualitative 
data” (Creswell, 2017). In this direction, firstly we concluded the analysis of quantitative data, then 
made the analysis of qualitative data and finally the information about the relation of quantitative and 
qualitative data is given. The analysis of the quantitative part of the current study was done using 
descriptive and inferential statistics as in the studies in the literature. In the qualitative part, content 
analysis was applied and the data were compared according to the levels of the participants. In addition, 
all the questions are presented in the comparison tables. Finally, qualitative and quantitative data have 
been associated. 

Analysis of Quantitative Data 
In the analysis of the quantitative data, we used the data collected in the diagnostic test. We 

applied descriptive and inferential statistics to the quantitative data in the study. As a result of 
descriptive statistics, the individuals participating in the quantitative study are divided into the high, 
medium and low groups. In this way, individuals were selected who would participate in qualitative 
research. The inferential statistics were used to determine the difference between the scores of teachers, 
senior pre-service teacher, and first grade pre-service teachers in the “Proving Diagnostic Test”. For this, 



Education and Science 2019, Vol 44, No 197, 25-64 M. Öztürk & A. Kaplan 

 

34 

it was first tested whether the data provided normality assumptions. This assumes normality 
assumptions for both groups and for all data. For normality assumptions Kolmogorov-Smirnov test was 
performed, respectively, then the kurtosis and skewness values were examined, then the histogram 
graph was examined and finally the Q-Q and P-P graphs were examined. As a result of these operations, 
collected data are found to provide normality conditions. The assumptions of homogeneity of variance 
and independence of data were also tested and one-way ANOVA was performed because the conditions 
were appropriate. Among the groups with significant differences, the Games-Howell test was used 
when the variances were not equal. This test is the strongest among the tests used in small samples 
(Field, 2009). 

Analysis of Qualitative Data 
In the study, content analysis were used for analyzing the collected data. In the content analysis, 

think aloud protocol were analyzed (transcript). The data is then sub-categories by the first researchers. 
The resulting sub-categories are categorized according to their common characteristics. Finally, the 
categories are named so as to overlap with the field text, taking into consideration the features of the 
categories. The code-behind coding matrix is presented to a specialized teaching staff in the field of 
mathematics education and is required to code for 25% of the data. Then, the inter-encoder reliability 
[(Common answer/Total answer)x100] was used. Then the conformity between two researchers is 
determined as .79. According to Miles and Huberman (2015), this value is sufficient for reliability. In the 
sub-category not specified as inappropriate, the researcher and the expert have come together to decide 
whether the sub-category should be retained, modified or removed. Following the coding of the think 
aloud protocol, the observation forms and the activity card (document) were examined and participated 
in the coding of the data which could not be detected in the think aloud protocol. Categorization was 
created as a result of coding. The categories were created as a result of combining similar sub-categories. 
Finally, categorizations were grouped according to their common characteristics and cognitive skills 
and metacognitive skills were collected. 

Related on Qualitative and Quantitative Data 
There are two ways of relating quantitative and qualitative data in the study. The first of these 

is the selection of participants of qualitative research which is explained in the participants section. The 
second is comparisons of the participants according to the level of proving success and the types of 
metacognitive skills. At this stage, the comparison of the quantitative comparison of the achievements 
of the mathematics teachers, the last grade pre-service mathematics teachers and the first grade pre-
service mathematics teacher. 

Validity and Reliability 
The present study, the sample is described in detail to provide external validity and the 

participant characteristics are presented in full detail. In addition to this, different data collection tools 
were used together in the data collection, and the opinions of the participants and the images of the 
activity cards were included. Three methods have been used to provide internal validity. The first of 
these is the methodological variation. In the study, the think aloud protocol, observation form and 
activity card were compared with each other. In this way, overlapping and different parts of the three 
data collection tools have been tried to be revealed. The second is participant validation. For this, after 
the coding, the participants are asked to revisit the sub-categories prepared in the think aloud protocol 
and to present the sub-categories to them as appropriate / not appropriate. Participants all expressed 
their opinion that coding is appropriate. The third is the researcher variation. For this, the data collection 
process has been described in detail and progress has been made by checking the entire study period to 
a specialized teaching member.  
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In order to ensure the external reliability of the work, interviews made during the data collection 
process were recorded with voice recorder. In the presentation of the direct transcripts, the number of 
the interviewed transcript and the number of the transcript is given. In order to ensure internal 
reliability, appropriate research model was used for the research problem, participants and data 
collection tools were determined in accordance with the selected research model. The collected data 
were analyzed according to the research problem. In addition, a mixed method research has been 
established to increase the generalization of the study. 

Results and Discussion 

Results are presented in accordance with research problems. For this, firstly, findings obtained 
from quantitative data were presented, then the skills displayed on the basis of cognitive skills were 
presented, and finally, the skills exhibited on the basis of metacognitive skills were presented. 

Comparison of In-Service and Pre-Service Teachers' Proving Abilities According to Different 
Level Groups 

In this part of the study, presentations were made according to the findings obtained from 
quantitative data. Descriptive statistics are presented in Table 2. 

Table 2. Descriptive Statistical Results for Proving Diagnostic Test Scores 

Sample N M SD Low and Upper Limitations 

Teachers 25 20.28 8.58 [16.74, 23.82] 
Last grade pre-service teachers 29 16.69 6.07 [14.38, 19.00] 
1st grade pre-service teachers 19 11.89 3.74 [10.09, 13.70] 
Total 73 16.67 7.27 [14.97, 18.37] 

Table 2 show that the group with the highest average scores is teachers (M = 20.28), then final 
grade teacher candidates (M = 16.69) and the lowest average is first grade teacher candidates 
(M = 11.89). The variance analysis results are presented in Table 3. 

Table 3. Results of Variance Analysis 

 Sum Squares df 
Mean 

squares 
F p 𝜼𝜼𝟐𝟐 Significant 

Between group 759.073 2 379.54 
8.708 .000 .45 

Ö-ÖA1 
ÖAS-ÖA1 

Within group 3051.036 70 43.59 
Total 3810.110 72  

Table 3 show that the difference between the groups was significantly as a result of the one-
factor variance analysis conducted to determine whether the proving diagnostic test scores differed 
from group to group(F(2,70) = 8.71, p < .05, η2 = .45). As a result of the Games-Howell test 
emphasized that there is a significant difference between teachers, 1st grade pre-service teachers and last 
grade pre-service teachers and 1st grade pre-service teachers. According to this, both the teachers 'and 
last grade pre-service teacher' proof test proves that the average of the achievement scores is 
significantly higher than the 1st grade pre-service teacher; the difference between the teachers and the 
final teacher candidates was not significant. 

Results and Discussion on Cognitive Skills Theme 
As seen in the cognitive skills theme, this theme is gathered in five categories as “Read the 

proposition of the proof”, “Evaluating the correctness”, “Determining strategy”, “Carry out plans” and 
“Heuristic shortcuts”.  



Education and Science 2019, Vol 44, No 197, 25-64 M. Öztürk & A. Kaplan 

 

36 

First of the categories of cognitive skills theme is "Read the proposition of the proof". In this 
category, we detected those sub-categories: "Writes proposition symbolically", “Reading proposition for 
the first time", "Transforms the proposition expression into an inconsistent form", "Expresses it with its 
own cues to understand proposition", "Feels correctness of proposition intuitively”, “He/She reads the 
propositions step by step”, “Reads several times when it does not understand proposition and thinks 
about given ones”, “Detected the hypothesis, the rule and aims”, “Detected the key idea of proof” and 
“Underlying proposition to understand the hypothesis and judgment of the proof.” 

The skill obtained in the category of “Read the proposition of the proof” is the sub-category that 
“Writes proposition symbolically". From the identified participants exhibiting this skill, the solution to 
TL2's first question presented in Figure 1. 

 
Figure 1. Screen Image Showing that TL2 Symbolically Expresses the Suggestion 

The Figure 1 appeared that the teacher has shown the skill of “Writes proposition symbolically". 
Participants identified in the second proposition as symbolic writing suggest that they have exhibited 
the skill of the PT1M1 as "[19.19] ... This is probably expressed as (a, b) = 1 ... (Line, 98)". This skill is not need 
high-level cognitive skill. It is understood that the candidate teacher demonstrates this skill in an 
automated manner, not only in his own knowledge but also in the knowledge of the present. For this 
reason, the skill was assessed cognitively. Hanna (1995) and Fukawa-Connelly (2012) emphasized in the 
context of information use symbolic expressions for formal proof is cognitive skill. Therefore, we can 
say that interpreted skill of “Writes proposition symbolically” as cognitive skill confirms earlier 
findings. 

Another cognitive skill that is reached in this category is the sub-category “Reading proposition 
for the first time". This sub-category was unearthed when the participants read the whole thing without 
hesitation. The participant expressions obtained for this skill are identical. To give an example, we can 
say that the expression "[04.20] We have a formula that gives the sum of odd-number consecutive odd-numbered 
numbers starting from one to n up to n ... (Line, 32-33)" of TL1 supports this situation. “Reading proposition 
for the first time” when dealt with we detected in the present study that this skill is not need high-level 
cognitive skill. Therefore, this sub-category was interpreted as cognitive skill. There are studies that 
indicate that this skill is a cognitive skill in the literature (McKeown & Beck, 2009; Yang, 2012). In this 
context, it can be stated that skill of “Reading proposition for the first time” was cognitive skill. This 
result confirms earlier findings. 

Another cognitive skill that is detected in the category of “Read the proposition of the proof” is 
the sub-category “Transforms the proposition expression into an inconsistent form.” It has been 
determined that this skill is exhibited only by the TM2 participant in the first proposition. The participant 
"[18.30] ... 1-3-5-7 and n is the odd number. We have a formula that gives the sum of consecutive odd numbers. 
(Line 104) has been found to exhibit this skill from the expressions “Transforms the proposition 
expression into an inconsistent form”. The skill was transformed proposition more complex structure. 
In this context, this skill was evaluated as cognitive skill. Bruning et al. (2014) mentioned transformed 
inconsistent form while problem solving can be difficult and caused issue with language. In this regard 
interpreted of skill of “Transforms the proposition expression into an inconsistent form” as cognitive 
skill confirms their study. 
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Another skill that is detected in the category of “Read the proposition of the proof” is “Expresses 
it with its own cues to understand proposition”. Participants who were determined to exhibit this skill 
expressed his opinion with the expressions of PTLL2 “[27.21] Expressing their desire for the sum of 
consecutive natural numbers counted from one to the other ... (Lines, 151-152). This sub-category is only found 
at the beginning of the proposition. The skill of “Expresses it with its own cues to understand 
proposition” is not need high-level activity. Thus, it was interpreted as cognitive skill. Another cognitive 
skill that is reached in the relevant category is the sub-category, “Feels correctness of proposition 
intuitively.” PTLL2, which is determined to exhibit this skill, which is determined to be exhibited only 
on the first proposal, in the continuation of the skill determined in the previous sub-category. “[27.21] 
... I want to do a few tests (Makes a few trials) ... the square of 1, the square of 2, the square of 3 will continue. 
It will obviously continue in the following. So the term will continue to be the square of the number. I feel like that. 
(Line, 156-158)” is understood to show this skill. Many studies emphasized this skill is metacognitive 
skill (Aydemir & Kubanç, 2014; Cozza & Oreshkina, 2013; Schraw & Dennison, 1994). This result 
conflicts earlier findings. The reason for this, a skill was cognitive for an individual, it maybe 
metacognitive for another individual. This reason, although this skill detected as cognitive skill earlier 
research, we detected it as metacognitive skill in the present study. 

Participants identified as exhibiting “He/She reads the propositions step by step” sub-category 
were found to display this sub-category from the following expressions of PTLL1. “[30.39] If a and b are 
positive integers and prime between them ... (Line, 197), [30.49] ... If a and b are prime ... (Line, 197), [30.49] ... 
dividing a, c ... (Line, 200), [31.39] ... if c divides b ... (Line, 203), [32.49] ... does ab, c divide 2𝑘𝑘2 ? It says ... 
(Line, 212)“. Another skill was sub-category of “He/She reads the propositions step by step”. As seen in 
expression of participants, this although this skill requires awareness, it has been automated in this 
study. Therefore, we interpreted this sub-category as cognitive skill. 

Another cognitive skill reached in the category of “Read the proposition of the proof” is the sub-
category “Reads several times when it does not understand proposition and thinks about given ones”. 
PTLH1 of participants determined to exhibit this skill “[10.49] Starting from 1 to n, the odd number starts 
from 1 ... 1 + 3 + ... + n n is the last odd number ... (Line, 60-61), [14.28] ... from 1 to the sum of the numbers up 
to the number n ... (Line, 77).” The skill of “Reads several times when it does not understand proposition 
and thinks about given ones” was not needed high-level thinking. Participants repeat read because of 
lack of attention or they thinking a short time for not understand. Thus, we interpreted it as cognitive 
skill. Yang (2012) founded that thinking about given is metacognitive skill as planning. Evaluated as 
cognitive of this skill result conflicts findings of Yang (2012). However, we detected that this skill was 
not supra-memory activity. Therefore, we interpreted that skill of “Reads several times when it does 
not understand proposition and thinks about given ones” was cognitive skill. Upper memory activity 
is the ability of the individual to be aware of the information and operation of his or her own memory 
and to use the information by manipulating it for the purpose of operation. It is a process involving 
three stages of recall, awareness and recall (Irak, 2005). 

Another cognitive skill that is identified in this category is the sub-category “Detected the 
hypothesis, the rule and aims”. The opinions of some of participants performed this skill are 
presented in Table 4. 
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Table 4. The statements of some of the identified participants demonstrating the skill of "Detected the 
hypothesis, the rule and aims" 
Participant Proposition Expressions 

PTLL2 1 

“[27.21] ... 1 is a consecutive number; 1, 3, 5, 7, 9, 11, 13 and finally is n. 
Here n is odd number. Now we have to find the formula that gives this 
sum. It would be good to find the final step of the operating step in front 
of my eyes. (Line, 152-154)”  

TM2 2 
“[24.14]... I'm going to show you the following: a.b. Will c split? So if I  
can show that c = a.b.m, I can show that at least one m is an integer of  
m number if the equation is true… (Line, 145-147)” 

Table 4 indicated that both propositions have participants identified as “Detected the 
hypothesis, the rule and aims.” This skill generally made automatically and it is not high-level thinking 
skill for formal proof. Therefore, we interpreted it as cognitive skill. Kaplan and Duran (2015) evaluated 
as metacognitive skill for middle school students determined skill purpose and semi-purpose. 
Evaluated as cognitive of this skill result conflicts findings of them. The reason of this different maybe 
from sampling. In other words, this skill can be metacognitive skill for middle school students, cognitive 
skill for pre-service and service teachers. 

Another cognitive skill that is reached in the relevant category is “Detected the key idea of 
proof.” The dialogue between TL2 and the researcher, determined to exhibit among the determined 
participants exhibiting this skill, is as Figure 2 (Line 55-59). 

 
Figure 2. Dialogue is between on TL2 and R 

When the dialogue is examined, it is understood that the teacher identifies the concepts of 
greatest common divisors and least common multiple as key proofs of proof. This situation is 
interpreted as “Detected the key idea of proof.” We detected it as cognitive skill in the present study. 
Similarity to Şahin (2016) reveal that pre-service math teachers determined key idea for proof while 
made divisible proof. Raman (2003) reported that determining key idea of proof was intuitive. In this 
context, interpreted as cognitive of skill of “Detected the key idea of proof” confirm study of Raman 
(2003). 

The last skill to be reached in the category of reading propositions is the sub-category 
“Underlying proposition to understand the hypothesis and judgment of the proof.” The dialogue 
between TH2 and the researcher (Fig 3) is determined by participants who have demonstrated this skill 
(Line, 79-83). 

[15.55] TL2: a divides c and b divides c. Implies a.b divides c. Is not it? ... Since a and b 
are prime number, their greatest common divisors (gcd) are equal to the 
number of 1 least common multiple (lcm). 

[17.25] R: Why did you move from greatest common divisors and least common 
multiple? 

[17.28] TL2: When you gave them prime number, greatest common divisors and least 
common multiple called me. When we get out of here, gcd (a,b) are multiplied 
by 1 and gcd (a,b) are multiplied by numbers. If a divides c, b divides c, c is 
the common multiple of these numbers. 
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Figure 3. Dialogue is between on TH2 and R 

When dialogue is examined, it is understood that the participant exhibits his / her skill as 
“Underlying proposition to understand the hypothesis and judgment of the proof”. Because of 
participants performed this skill as automatically, this skill interpreted as cognitive skill. Erdem (2005) 
point out its underlying while reading test is important, but if this skill made as automatically, he/she 
can be underlying unnecessary section. We detected participants performed this skill as automatically. 
Thus, we interpreted this skill as cognitive skill. This result confirm earlier findings. 

Another category reached in the study is the category “Evaluating the correctness”. In this 
category, “Evaluates the correctness of the proof according to the ritual proof scheme”, “Evaluates the 
correctness as intuitive”, “Asks the researcher the correctness of written operations in the proving 
process”, “Evaluates the correctness of the proof according to the authoritarian proof scheme”, 
“Evaluates correctness as inductive proof scheme”, “Evaluates correctness by checking operations” and 
“Evaluates correctness of proof by performing all operations again.” This skill is not ensure validity of 
mathematical proof.  

First of sub-categorys in this category was “Evaluates the correctness of the proof according to 
the ritual proof scheme”. Participant performed of this skill who is TL2 emphasized “[21.15] Proof is 
correct, but I don’t know it is validity. Experts know its validity (Line, 69)” and PTLL2 emphasized 
“[42.41] Proof was not validity. In other words I show that correctness as a symbolic, but maybe I don’t 
written this as a mathematical (Line, 202-203).” This sentences show that participants performed 
“Evaluates the correctness of the proof according to the ritual proof scheme”. Individuals made 
justification in according to ritual proof scheme were unstable. In other words, they self-indulgent about 
correctness of proof. Many studies show that participants performed this skill (Doruk & Kaplan, 2015; 
Doruk, 2016; Harel & Sowder, 1998; Martin & Harel, 1989). Determined of skill of “Evaluates the 
correctness of the proof according to the ritual proof scheme” confirm earlier findings. 

Another skill in this category was sub-category of “Evaluates the correctness as intuitive”. The 
opinions of some of participants performed this skill are presented in Table 5. 

Table 5. The statements of some of the identified participants demonstrating the skill of “Evaluates 
the correctness as intuitive” 
Participant Proposition Expressions 

PTLM1  1 

“[39.46] I understood that two prime numbers divides one number 
implies their multiple divides it number. Indeed if I written (𝑥𝑥 + 1) 
instead of 𝑘𝑘, 𝑐𝑐 multiple 𝑎𝑎. 𝑏𝑏. Therewithal 𝑓𝑓 multiple 𝑥𝑥, therefore c 
multiple ‘a.b’. However, I don’t put on paper.” (Line, 98-101) 

TM1 2 
“[39.46] If 𝑎𝑎 and 𝑏𝑏 divides 𝑐𝑐, and 𝑏𝑏 relatively prime, only if 𝑎𝑎 and 𝑏𝑏 
multiplier c. Thus if 𝑐𝑐 have got two multiplier as 𝑎𝑎 and 𝑏𝑏, 𝑎𝑎. 𝑏𝑏 equality 
to 𝑐𝑐. However, I must be proving this expression.” (Line, 105-107) 

  

[18.43] R: In this question, you underlined proposition. Why? 
[18.45] TH2: I have rounded the end again. I'm doing something to tell you 

what you want from us. The reason for this is that the number n is one 
number, so to understand what the questions are. 

[19.02] R: So the place where you put the round is a more important place, 
the place where you underlying is an important place? 

[19.04] TH2: So it can be said. But I think more like hypothesis and provision. 
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As seen in Table 5, examining participants’ expressions we can interpreted participants 
performed “Evaluates the correctness as intuitive” skill. In addition to it is not need high-level thinking 
skill and it based only on heuristic. Thus, we interpreted it as cognitive skill. Samper et al. (2016) found 
that participants made proof as heuristics. MacDonald (1973) noted intuitive proof is not as easy as 
taking the memorandum. This proof method was instructor, but it is not proof in reality. 

Another cognitive skill in this category was sub-category of “Asks the researcher the correctness 
of written operations in the proving process”. For instance, TH2 answered Proposition 1-2 as follows:  

“[18.18] I understood correctness, isn’t it? Consecutive odd numbers up to n... starting from 1. 
(Line, 78).” (Proposition 1) 

“[32.07] Will be the last (k.t)/c? Is it true? (Line, 135)” (Proposition 2)  

This skill is not need self-evaluated and made questioning. Therefore, it evaluated as cognitive 
skill. Similarity to Şahin (2016) found that pre-service math teacher questioning researcher correctness 
of proving process. Dialogue between the researcher and the participant in the process of the study asks 
the investigator to verify that the participant is the investigator as the authority. In other words, the 
participant has gone to an authority here (this authority can be a teacher sometimes and sometimes 
books, etc.). If the student had directed the same question to himself, he could have been accepted as a 
metacognitive, considering that the participant was questioning. However, this skill is cognitively 
categorized as it is understood that the participant has tried to confirm to an authority. 

Another sub-category was “Evaluates the correctness of the proof according to the authoritarian 
proof scheme”. This skill was detected only first proposition. TL1’s answer to illustrate it. He said, 
“[11.05] If my proof is validity, I must be proving to correctness total of numbers from 1 to n. I think don’t problem 
because of based on theorem (Line, 48-49).” We interpreted these sentences as “Evaluates the correctness 
of the proof according to the authoritarian proof scheme”. This skill is not need high-level thinking. It 
is evaluated based on authoritarian. Therefore, we interpreted it as cognitive. In her study, in which he 
investigated the proof schemes of pre-service middle mathematics teachers in Çontay (2017), he 
determined that the teacher candidates used authoritarian proof scheme when making proof. The skill 
of evaluating the correctness of the proof according to the authoritarian proof scheme is considered to 
be cognitive skill since it does not require the higher level reasoning skills of the person and requires an 
authority-based evaluation. 

“Evaluates correctness as inductive proof scheme” was a another sub-category. As seen in 
PT1M2’s answer, performed this skill can be achieved. She said that “[00.51] When I written only the 
formula, it isn’t proof. (Line, 6) [00.58] … I can prove it by value. (Line, 8). [01.02] … For example, it said that 
from 1 to n. If I try to 1, it is 1 (2-1). If I try to 2, it is 3 (4-1). If I try to 15, it is 29 (30-1). It happens this way. 
(Line, 10-11).” This result confirm earlier findings. Smith and Kosslyn (2014) noted inductive reasoning 
is not give exact result about correctness of information. It provide foresight as generally. Goldstein 
(2013) emphasized inductive reasoning is not awareness performed skill as generally. Martin and Harel 
(1989) found that pre-service teachers performed this skill overcharged. This result confirm earlier 
findings. 
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Another cognitive skill that is determined in this category is the sub-category “Evaluates 
correctness by checking operations”. The dialogue between TL1 and the researcher (Fig. 4) is determined 
by participants who have demonstrated this skill (Line, 39-41). 

 
Figure 4. Dialogue is between on TL1 and R 

As shown in Fig. 4, the teacher performed skill of "Evaluates correctness by checking 
operations". Another cognitive skill was the sub-category of “Evaluates correctness by checking 
operations”. Participants who performed this skill controlling operations and evaluated whether true 
or not as automatically. Öztürk, Akkan, and Kaplan (2014) found gifted students controlling operations 
in evaluated process of problem solving. They emphasized this skill is metacognitive. Different 
assessments of skills may be due to different sampling characteristics. 

The last skill to be reached in the category of “Evaluating the correctness” is the sub-category 
of “Evaluates correctness of proof by performing all operations again.” PTLH2’s answer is depicted 
following (Line, 65-69): 

“[18.58] I controlled my operations again. I called as 𝑎𝑎 which is total of numbers from 1 to 2𝑡𝑡 + 1 
that it is any odd number. I called as 𝑏𝑏 which is even numbers in this rank. I bought 2 parentheses 
to 𝑏𝑏. I hypothesize that I know total of numbers from 1 to 𝑎𝑎. In that case 𝑏𝑏 is 𝑡𝑡2 + 𝑡𝑡. I substituted 
total of 𝑎𝑎 + 𝑏𝑏 and then I reached that 𝑎𝑎 is (𝑡𝑡 + 1)2. Firstly I had written 𝑎𝑎 was 2𝑡𝑡 + 1. Thus 𝑡𝑡 + 1 
was (𝑎𝑎 + 1)/2. I reached again my transformers.” 

These expressions indicated that pre-service teacher performed skill of “Evaluates correctness 
of proof by performing all operations again”. This skill is not need high-level thinking skill. Thus, we 
interpreted it as cognitive skill. Özkaya and İşleyen (2012) found pre-service math teachers made 
operations again while problem solving in theme of functions. So they evaluated whether true or not. 
This result confirms earlier findings. 

Another category reached in theme of cognitive skills was the category of “Determining 
strategy”. In this category, we have reached the following cognitive skills: “Verbally expresses the proof 
of proposition”, “Proving in the way it memorizes” and “He/she has low self-efficacy in applying the 
proof strategy.” 

The first skill to be reached in the category of “Determining strategy” is the sub-category of 
“Verbally expresses the proof of proposition.” PT1M1’s answer is depicted following (Line, 37-41): 

“[10.19] For example, let’s accepts it was 1+3+5+...+n. Number of terms was (last term-first term)/ 
amount of increase. Amount of increase is 2. For example, if we bring this and make half of the 
sum of the first term with the last term, it was (n+1)/2. We are doing the same here. We collect the 
first term in the last term, but it is half the total number of terms. Then divide it by 2 so maybe I 
can get the formula like this.” 

When the expressions of participants are examined, it is understood that they exhibit the skill 
of “Verbally expresses the proof of proposition.” TL2 written the data shown in Fig. 5 for proposition 2. 

[06.41] TL1: … [He has understood operations as made] I did not find the formula.  
[08.05] R: Why are you think like that?  
[08.11] TL1: Because this operation wasn’t correctness. Maybe this formula can be 

equality it.... [He made operations again] 
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Figure 5. The skill of “Verbally expresses the proof of proposition.” (TL2 written the data) 

Fig 5 show that the participant performed the skill of “Verbally expresses the proof of 
proposition.” Another category reached in theme of cognitive skills was the category of “Determining 
strategy”. This skill interpreted as cognitive skill, because of it is not important for correctness of 
mathematical proof. Many studies show that participants performed this skill (Nool, 2012; Şahin, 2016). 
In this context, we can said that the results confirm earlier findings. 

Another cognitive skill that is reached in this category is "Proving in the way it memorizes." The 
statements of some of the participants identified as exhibiting this skill are presented in Table 6. 

Table 6. The statements of some of the identified participants demonstrating the skill of “Proving in 
the way it memorizes” 
Participant Proposition Expressions 

TL2 1 

“[13.29] There was a formula that gave the sum of consecutive odd 
numbers. Sum of terms = number of terms. The median term... The 
number of term is (Last term- first term)/ (amount of increase+1). Other is 
(Last term+1)/2. The results of these two operations is multiplied. In other 
words this formula is square of (n+1)/2. (Line, 48-50)” 

PT1L2 1 
“[26.21] …Starting from 1 and consequent odd number. Thus I aided 2 for 
even term. It was reached n as 1+3+5+7. This formula is based on the 
recipe. I do not remember the formula. (Line, 198-199)” 

PTLH1 2 
“[24.39] We are already showing her presence here; But I do not know it is 
very accepting. It was a nice surprise; But the moment does not come to 
mind... (Line, 115-116)” 

Table 6 show that the participants exhibit the skill of “Proving in the way it memorizes.” 
Another cognitive skill was sub-category of “Proving in the way it memorizes”. This skill based on 
memory of individual. Therefore participants done as much as they can remember. We interpreted it as 
cognitive skill with this reason. A few study show that participants performed this skill (Şahin, 2016). 

The last cognitive skill in the category of “Determining strategy” was sub-category of “He/she 
has low self-efficacy in applying the proof strategy.” PTLM1’s expressions indicated his performed this 
skill. He said that “[27.04] I can apply proofs by contrapositive, but I don’t believed that I will solve it. (line, 77-
78).” This sentences show that pre-service teacher performed skill of “He/she has low self-efficacy in 
applying the proof strategy.” Self-efficacy ensures that you are engaged for a longer period of time and 
work longer if you can not solve a problem in mathematics (Bruning et al., 2014). Because this skill has 
low self-efficacy, it will shorten the length of time that individuals are engaged in proposals or are 
concerned with proposals if they cannot. For this reason, low self-efficacy was assessed as cognitive skill 
without metacognitive activity.  
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The category of “Carry out plans” was another category in the theme of cognitive skills. In this 
category, pre-service and service teachers performed those sub-category: “He/she considered that 
lemma is proved in proving process”, “He/she made pattern generalization” and “He/she refuses to 
give examples by saying that he is not right”. 

The sub-category of “He/she considered that lemma is proved in proving process” was first 
sub-category in this category. The dialogue between TH2 and the researcher (Fig. 6) is determined by 
participants who have demonstrated this skill (Line, 100-104). 

 
Figure 6. Dialogue is between on TL1 and R 

When examining the dialog, we understood that teacher considered lemma is proving for every 
proof. This case show that teacher performed skill of “He/she considered that lemma is proved in 
proving process”. This skill is an idea that expresses the opinions of individuals on the concept of proof 
and has been evaluated as metacognitive since it does not require supra-memory activity. 

Another sub-category in category of “Carry out plans” was skill of “He/she made pattern 
generalization”. This sub-category detected only for proposition 1. PTLL1’s expressions show that pre-
service teacher performed this skill. 

“[28.16] …I will do this formula. So what is the rationale first, for example, the sum of the first 
four terms? I will use as a term 16.n and I generalization formula for 16. I don’t memorized. What 
should I do? Now, because for 𝑎𝑎 = 1 are equal to 1. Because for 𝑎𝑎 = 2 are equal to 4. Because for 
𝑎𝑎 = 3 are equal to 9. Because for 𝑎𝑎 = 4 are equal to 16. We find 𝑎𝑎2. Thus, result equal to 𝑎𝑎2.” (Line, 
183-186) 

Another skill in this category was the sub-category of “He/she made pattern generalization”. 
Pattern generalization is not proof. In other words, pattern generalization does not guarantee 
correctness of proof. Thus, we interpreted this skill as cognitive. Čadež and Kolar (2015) noted 
generalization is the deductive reasoning carried out in formal ways that do not require experience. In 
this sense, it can be said that the determination of pattern generalization as cognitive skill is supported 
by the mentioned studies.  

The last skill in the category of “Carry out plans” was skill of “He/she refuses to give examples 
by saying that he is not right”. This sub-category detected only for proposition 2. PT1L2’s expressions 
show that pre-service teacher performed this skill. 

“[19.14] For example, let 𝑎𝑎 and 𝑏𝑏 be relatively prime numbers. Obtain 𝑎𝑎 and 𝑏𝑏 odd numbers and 
𝑐𝑐 even number. This is not corrected. I assumed that 𝑎𝑎 equality to 𝑐𝑐. It is enough to give one non-
example.” (Line, 64-66) 

When examining the expression of pre-service teacher, we understood that PTLL2 performed 
skill of “He/she refuses to give examples by saying that he is not right”. This skill evaluated as cognitive 
skill in the present study. Because the proposals involved in the activities given to participants in the 
study are correct and their correctness needs to be shown. Participants determined to exhibit this skill 
often misunderstood or misrepresented the proposition. Güler and Ekmekci (2016) found pre-service 
mathematics teachers offer weak justifications when refusing to proposition. This result confirm earlier 
findings. 

  

[22.40] TH2: I think this solve isn’t the proof. 
[22.41] R: Why? 
[22.42] TH2: Because I starting with an admission. Indeed, while proving us 

sometimes admission to postulate. We made admission, but I must be 
explained this. In other words, I starting by knowing. 
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The last category in the theme of “Cognitive Skills” was category of “Heuristic shortcuts”. The 
sub-categories of “Always advances towards purpose”, “Analyzed instrument and purpose”, “Climb 
the hill” and “Searching random” were collected this category. 

The sub-category of “Always advances towards purpose” the first cognitive skill in this 
category. This sub-category detected only for proposition 2. TL1’s expressions show that pre-service 
teacher performed this skill (See. Fig. 7). 

“[14.08] Let 𝑎𝑎. 𝑘𝑘 equality to 𝑏𝑏. 𝑡𝑡 and 𝑎𝑎, 𝑏𝑏 relatively prime numbers. 𝑎𝑎 is not equality to 𝑏𝑏. If multiple 
of these numbers equality, 𝑘𝑘 and 𝑡𝑡 were relatively prime numbers. The numbers relatively prime 
number and equality to multiple, thus I can say that 𝑏𝑏 equality to 𝑘𝑘 and 𝑎𝑎 equality to t.” (Line, 61-
64) 

 
Figure 7. The skill of “Always advances towards purpose.” (TL1 written the data) 

These sentences indicated to teacher performed skill of “Always advances towards purpose”. 
Activity card of same teacher the data in Fig. 7. This case indicated to teacher performed skill of “Always 
advances towards purpose”. In other words, the solution of some problems, especially in the field of 
algebra, can not be achieved directly by simplification. After a complexification process is performed, 
simplification can be started. In such problems, if you go directly to the result when you see the target, 
the result will usually not be reached (Arcavi, Drijvers, & Stacey, 2017). 

Another cognitive skill that is reached in this category is " Analyzed instrument and purpose." 
The statements of some of the participants identified as exhibiting this skill are presented in Table 7. 

Table 7. The statements of some of the identified participants performed the skill of “Analyzed 
instrument and purpose” 
Participant Proposition Expressions 

TL1 1 

“[09.45] I made proof again. From (4𝑎𝑎2 + 2𝑎𝑎): 2 − 𝑎𝑎 I deduce that 4𝑎𝑎2 −
2𝑎𝑎2 + 2𝑎𝑎 − 2𝑎𝑎. After expanding and rearranging I obtained (2𝑎𝑎2: 2).𝑎𝑎2. I 
take from 1 to n. Then because for finding for total of odd numbers 
subtraction from 1 to 2n. Therefore I has 𝑎𝑎2. Proof is finished. (Line, 43-46).” 

PTLM1 2 

“[34.22] …When we divide this as 𝑥𝑥. (𝑥𝑥 + 1) divide one x. We arrived this 
question -Is (𝑥𝑥 + 1) divided 𝑘𝑘?-. (𝑥𝑥 + 1) equality to b. We arrived this 
question -Is 𝑏𝑏 divided 𝑘𝑘? Indeed, b common multiple of k. So I understand 
it from here (Line, 91-93).” 

When Table 7 indicated the participants try to analyze by doing process in the process. 
However, the transactions performed by the participants are actions that will not guarantee the 
correctness of their results. Approaches in which certain algorithms are used, but these algorithms do 
not guarantee to reach the end are called vehicle-objective analysis. The finding obtained for this reason 
is interpreted as exhibiting the participant's " Analyzed instrument and purpose." 
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Another cognitive skill that is reached in this category is the “Climb the hill.” Some examples 
of participants identified as exhibiting this skill are presented in Table 8 as an example. 

Table 8. The statements of some of the identified participants performed the skill of “Climb the hill” 
Participant Proposition Expressions 

PT1L1 1 
“[11.27] No, I don’t agree with this. This solve was firstly recall from my 
mind, thus I made this.” (Line, 41). 

TH2 2 
“[27.18] …I will controlling whether integer or not. Let's put a question 
mark here. Suppose that 𝑐𝑐/[(𝑐𝑐/𝑘𝑘). (𝑐𝑐/𝑡𝑡)]. Therefore (𝑘𝑘. 𝑡𝑡)/𝑐𝑐. If replace 
𝑐𝑐 with 𝑎𝑎. 𝑘𝑘, 𝑘𝑘 was dissolved and 𝑡𝑡/𝑎𝑎 stay…” (Line, 127-128). 

Table 8 show that the participants are approaching the correct solution, but they can not reach 
the correct conclusion (they use shortcuts). The closest wrong solution to the right solution is called 
peak climbing. For this reason, it was understood that the participants exhibited the skill of "Climb the 
hill." (Smith & Kosslyn, 2014, p. 417). 

The last cognitive skill in this category was sub-category of “Searching random”. We detected 
perform of this skill with observations for Proposition 1. TH2 performed this skill for Proposition 2. The 
teacher said that “[34.00] Can not I write 𝑎𝑎 in 𝑏𝑏? This time, instead of 𝑘𝑘, I'll change a little more how will look? 
𝑎𝑎. 𝑐𝑐 instead of writing 𝑐𝑐 / 𝑏𝑏... (Line, 142-143).” PTLL2 who performed this skill for Proposition 2 written 
the data Fig. 8. 

 
Figure 8. The skill of “Searching random.” (PTLL2 written the data) 

Fig 8 show that the participant performed the skill of “Verbally expresses the proof of 
proposition.” 

The last category in the theme of “Cognitive Skills” was category of “Heuristic shortcuts”. The 
sub-categories of “Always advances towards purpose”, “Analyzed instrument and purpose”, “Climb 
the hill” and “Searching random” were collected this category. It has been determined that participants 
identified by these skills are trying to reach the shortest path. These skills can cause the participants to 
go to the destination in a short way when they see it as a target, which may cause the actions to be done 
in the meantime to be ignored and done wrongly (Smith & Kosslyn, 2014, p. 417). This result confirm 
earlier findings. 

Table 9 indicated that distribution in according to propositions and participants of the sub-
category of theme of “Cognitive skills”.
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Table 9. Distribution in according to propositions and participants of the sub-category of theme of “Cognitive skills”. 

Category Sub-category 
Propositions Performed skill teachers 

Performed skill last grade 
pre-service teachers 

Performed skill 1st grade 
pre-service teachers 

f No f Teachers f Pre-service teachers f Pre-service teachers 

R
ea

d 
th

e 
pr

op
os

iti
on

 o
f t

he
 p

ro
of

 

Writes proposition symbolically 2 
1.S 4 TL2- TM1- TM2- TH2 3 PTLL2- PTLM2- PTLH2 6 PT1L1- PT1L2- PT1M1-   

PT1M2- PT1H1- PT1H2 
2.S  4 TM1- TM2- TH1- TH2 2 PTLL2- PTLH1 - - 

Reading proposition for the first time 2 
1.S  5 TL1- TL2- TM1- TH1- TH2 3 PTLM2- PTLH1- PTLH2 6 PT1L1- PT1L2- PT1M1-  

PT1M2- PT1H1- PT1H2 
2.S 4 TL1- TL2- TM1- TH1 2 PTLM2- PTLH1 - - 

Transforms the proposition expression into an inconsistent 
form 

1 1.S  1 TM2 - - - - 

Expresses it with its own cues to understand proposition 1 1.S  - - 1 PTLL2 - - 
Feels correctness of proposition intuitively 1 1.S  - - 1 PTLL2 - - 

He/She reads the propositions step by step 2 
1.S  1 TM2 2 PTLL1- PTLM1 - - 
2.S  1 TM2 2 PTLL1- PTLM1 - - 

Reads several times when it does not understand  
proposition and thinks about given ones 

2 
1.S  1 TM1 2 PTLM1- PTLH1 - - 
2.S  1 TM1 2 PTLM1- PTLH1 1 PT1L2 

Detected the hypothesis, the rule and aims 2 
1.S  - - 2 PTLL2- PTLH1 - - 
2.S  3 TL2- TM2- TH2 3 PTLL1- PTLH1- PTLH2 - - 

Detected the key idea of proof 1 2.S  3 TL2- TM1- TM2 1 PTLH2 - - 
Underlying proposition to understand the hypothesis and 
judgment of the proof 2 

1.S  1 TH1 - - - - 
2.S  1 TM2 - - - - 

Ev
al

ua
tin

g 
th

e 
co

rr
ec

tn
es

s 

Evaluates the correctness of the proof according to the ritual 
proof scheme 

2 1.S  - - - - 1 PT1M2 
2.S  1 TL2 2 PTLL1- PTLL2 - - 

Evaluates the correctness as intuitive 
2 1.S 1 TM2 2 PTLM1- PTLH2 - - 

2.S  4 TL1- TM2- TH2 - - 2 PT1M2- PT1H1 
Evaluates the correctness of the proof according to the 
authoritarian proof scheme 

1 1.S 3 TL1- TM2- TH2 - - 1 PT1H2 

Evaluates correctness as inductive proof scheme 1 1.S - - - - 2 PT1L1- PT1M2 
Asks the researcher the correctness of written operations in 
the proving process 

2 1.S 1 TH2 2 PTLM1- PTLH1 - - 
2.S 1 TH2 3 PTLL1- PTLH1- PTLH2 - - 

Evaluates correctness by checking operations 1 1.S 1 TL1 - - - - 
Evaluates correctness of proof by performing all operations 
again 

1 1.S - - 1 PTLH2 - - 
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Table 9. Continued 

Category Sub-category 
Propositions Performed skill teachers 

Performed skill last grade 
pre-service teachers 

Performed skill 1st grade 
pre-service teachers 

f No f Teachers f Pre-service teachers f Pre-service teachers 

D
et

er
m

in
in

g 
st

ra
te

gy
 Verbally expresses the proof of proposition 2 

1.S - - - - 1 ÖA1O1 
2.S  1 ÖD2 - - - - 

Proving in the way it memorizes 2 
1.S 2 ÖD1- ÖD2 2 ÖASİ1- ÖASİ2 1 ÖA1İ2 
2.S  - - 1 ÖASİ1 1 ÖA1O2 

He/she has low self-efficacy in applying the proof strategy 1 2.S - - 1 ÖASO1 - - 

C
ar

ry
 o

ut
 

pl
an

s 

He/she considered that lemma is proved in proving process 1 1.S 1 Öi2 - - - - 

He/she made pattern generalization 1 1.S - - 3 ÖASD1- ÖASD2-ÖASO2 - - 

He/she refuses to give examples by saying that he is not right 1 2.S - - - - 2 ÖA1D2- ÖA1İ1 

H
eu

ri
st

ic
 s

ho
rt

cu
ts

 Always advances towards purpose 1 2.S 2 ÖD2-ÖO2 1 ÖASİ1 - - 

Analyzed instrument and purpose 2 
1.S 1 ÖD1 1 ÖASO1 - - 
2.S - - 1 ÖASO1 - - 

Climb the hill 2 
1.S - - - - 1 ÖA1İ2 
2.S 1 Öİ2 2 ÖASD2- ÖASİ2 - - 

Searching random 2 
1.S 1 ÖD1 - - - - 
2.S 1 Öİ2 2 ÖASD2- ÖASO1 - - 
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Table 9 show that the most performed skill was “Reading proposition for the first time” in 
theme of cognitive skills. The least performed skills were “Transforms the proposition expression into 
an inconsistent form”, “Expresses it with its own cues to understand proposition”, “Feels correctness of 
proposition intuitively”, “Evaluates correctness by checking operations”, “Evaluates correctness of 
proof by performing all operations again” and “He/she considered that lemma is proved in proving 
process”. In the context of categories, the category which is determined to be the most frequently 
exhibited category is the category of “Read the proposition of the proof”, while the least exhibited 
category is the “Carry out plans” category. The skills that teachers most performed “Reading 
proposition for the first time”, pre-service teachers most performed “Reading proposition for the first 
time” and “Writes proposition symbolically”. In the theme of cognitive skills, teachers showed the 
greatest number of skills, while the least skill was in the first grade pre-service math teacher. 

Results on Metacognitive Skills Theme 
When examining metacognitive skills theme, this theme is gathered in eight categories as 

“Facilitation the operations”, “Questioning”, “Awareness”, “Planning”, “Strategy determination”, 
“Controlling”, “Relationship” and “Analogical reasoning”. 

We detected three sub-categories in the category of “Facilitation the operations”. These sub-
categories were “Change of variable for facilitation the operations”, “Avoid fractional expressions for 
facilitation the operations” and “Detected key idea for proof”. 

The first metacognitive skill in category of “Facilitation the operations” was “Change of variable 
for facilitation the operations”. TH1 was one of participants who performed this skill. For example, TH1 
said that: 

“[18.49] Since we can express 𝑎𝑎 easily here, I have defined an 𝑘𝑘-number myself. Question say that 
up to 𝑎𝑎, but it must be an odd number. We used 𝑘𝑘-number to make it easier to express the odd 
number here. If I turn this to n, the number of terms (k + 1) will still appear. After all, nothing will 
change. Here, (2n + 1) as he said because he did not say the number n as a single number. But we 
could express it more easily in a single-number format. I did not recognize anything new. I'm 
going to write n numbers here now, but looking at it maybe it's the only one that will forget. 2k + 
1 or 2k-1 seems to be clearer in odd number format. We can be transformed 𝑎𝑎-number. We take 
the 𝑘𝑘-number and replace it. For example, if we take k-number, it was (n-1):2. What comes from 
here? We written replace k with (n-1):2. What comes from here? I guess I just said that I said it. 
In other words, it was (last term + first term):2. It was square of mean. Since we are arithmetic, 
we will end up with the first term from the beginning, the last term from the beginning, and the 
previous term from the second term. The same thing will happen if we connect 𝑎𝑎-number.” (Line 
124-136) 

When examining sentences of the teacher, we interpreted the case as performed skill of “Change 
of variable for facilitation the operations” of teacher. Because TH1 made change of variable and he 
explained this case made for facilitation the operations. 

Another metacognitive skill in this category was sub-category of “Avoid fractional expressions 
for facilitation the operations”. PTLL1, one of participants performed this skill, said that “[31.39] Let 
replace 𝑎𝑎 with 2𝑘𝑘. If 𝑐𝑐 divisible 𝑎𝑎, 𝑐𝑐 equality to 4𝑘𝑘. If 𝑐𝑐 divisible 𝑏𝑏 and 𝑐𝑐 equality to 4𝑘𝑘, then 𝑏𝑏 equality to 4𝑘𝑘... 
(Line, 203-204)”. Then research asked that “[32.47] Why did you use 2k, 4k expressions? (Line, 209)”. 
Teacher answer, “[32.49] Replace not with 2. For example, if k equality to five, it was don’t. In other words, I 
must be combine in the common multiple in divisibility questions… (Line, 210-211)”. This dialogue indicated 
that pre-service teacher performed skill of “Avoid fractional expressions for facilitation the operations”. 
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The last sub-category in the category of “Facilitation the operations” was skill of “Detected key 
idea for proof”. This sub-category performed only for Proposition 2. PTLH1 was one of the participant 
performed in this skill. For example, he said that “[19.19] … If this numbers relatively prime numbers, 
𝑙𝑙𝑐𝑐𝑙𝑙(𝑎𝑎, 𝑏𝑏) is 1. No, 𝑔𝑔𝑐𝑐𝑎𝑎(𝑎𝑎, 𝑏𝑏) is 1. (Line, 97-98).” We understood, pre-service teacher detected key idea 
and his detected key idea was 1 of least common multiple. 

The first category in the theme of “Metacognitive Skills” was category of “Facilitation the 
operations”. We reached sub-categories of “Change of variable for facilitation the operations”, “Avoid 
fractional expressions for facilitation the operations” and “Detected key idea for proof” in this category. 
These skills are evaluated as metacognitive in the context of self-regulation, as it is a skill to facilitate it 
by being aware of the knowledge that one has. Bruning et al. (2014) noted the individual is aware of his 
or her own skill and explains the regulation of these skills as metacognitive self-regulation. Yüksel 
(2004) point out the self-regulation of the individual to organize his own skills to achieve his goal. These 
results confirm earlier findings. 

Another category in the theme of metacognitive skills was category of “Questioning”. We 
reached sub-categories of “He/she continues proof steps by asking himself questions”, “He/she explains 
with reason operations”, “Questioning for detected purpose”, “Questioning whether operation error or 
not” and “Questioning for controlling correctness of operations”. 

The first skill in the category of “Questioning” was sub-category of “He/she continues proof 
steps by asking himself questions”. Some of the identified participants exhibiting this skill are presented 
as an example in Table 10. 

Table 10. The statements of some of the identified participants performed the skill of “He/she 
continues proof steps by asking himself questions” 
Participant Proposition Expressions 

PTLM2 1 
“[05.59] … Let 𝑎𝑎 equality to 1, then results is 1. Let 𝑎𝑎 equality to 2, then 
results is 4. Assume that 𝑎𝑎 equality to (n+1). We must prove n equality to 
(n+2). Can we show that it's true?” (Line, 44-45) 

TM2 2 
“[29.28] … I don’t get the square root of both sides, but I do the side impact. 
Can I say the following from here? Can I tell you that 𝑎𝑎. 𝑏𝑏 divisible 𝑐𝑐? 
Yes…” (Line, 176-177). 

Table 10 show that the participants continued their process steps by asking themselves 
questions. In other words, it is understood that the participant exhibits his / her skill of " He/she 
continues proof steps by asking himself questions." 

The second metacognitive skill that is reached in the “Questioning” category was the sub-
category of “He/she explains with reason operations.” Examples of some of the participants identified 
as exhibiting this skill are presented in Table 11. 
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Table 11. The statements of some of the identified participants performed the skill of “He/she explains 
with reason operations.” 
Participant Proposition Expressions 

TH1 1 
“[18.16] I can square the number of the terms or say: I can do this because 
the array is an arithmetic array...” (Line, 118-119). 

TM2 2 
“[29.28] …𝑔𝑔𝑐𝑐𝑎𝑎(𝑎𝑎, 𝑏𝑏) = 1. What does this mean? Greatest common divisor 
was 1…” (Line 141-142). 

Table 11 indicated the participants express their actions by their reasons. In other words, 
participants explain what they are doing. This situation was interpreted as exhibiting the participants' 
skill “He/she explains with reason operations.” 

Another metacognitive skill in this category was sub-category of “Questioning for detected 
purpose”. This skill detected only for Proposition 1. TM2 who one of the participants performed this skill 
said that “[20.16] … I will show that: Maybe is equality to (𝑘𝑘 + 1)2 total of the number of 𝑎𝑎 = (𝑘𝑘 + 1) odd 
numbers? Is equality to (𝑘𝑘 + 1)2 total of the number of (𝑘𝑘 + 1) odd numbers? (Line, 116-117)”. This expression 
show that teacher performed this skill.  

Another metacognitive skill in the category of “Questioning” was sub-category of “Questioning 
whether operation error or not”. This skill detected only for Proposition 1. TL1 who one of the 
participants performed this skill said that “[08.11] …2𝑎𝑎2, 2𝑎𝑎, 4𝑎𝑎2... Did I make a mistake in there somewhere? 
(Line, 41-42).” We interpreted the expression of teacher as skill of questioning whether operation error 
or not.  

The last metacognitive skill in this category was sub-category of “Questioning for controlling 
correctness of operations”. This skill detected only for Proposition 2. TH1 who one of the participants 
performed this skill said, “[18.16] … Like what from 1 to 55? It is between 1 and (𝑘𝑘 + 1). (Line, 119).” The 
expression of teacher shows that teacher questioning for controlling correctness of operations. We 
interpreted this case as teachers performed this skill. 

We reached sub-categories of “He/she continues proof steps by asking himself questions”, 
“He/she explains with reason operations”, “Questioning for detected purpose”, “Questioning whether 
operation error or not” and “Questioning for controlling correctness of operations”. This skill assessed 
as metacognitive, because they based on questioning. Many studies show that these skills is 
metacognitive skill (Aydın & Ubuz, 2010; Jiang, Ma, & Gao, 2016; Schraw & Dennison, 1994). These 
results confirm earlier findings. 

Another category in the theme of “Metacognitive Skills” was category of “Awareness”. This 
category was detected only for Proposition 2. Sub-categories of “Awareness of proof strategy”, “Self-
reflection” and “He/she thinking needed proving of all expression in proposition” were detected in this 
category. 

The first metacognitive skill in the category of “Awareness” was sub-category of “Awareness 
of proof strategy”. PTLM1 who one of the participants performed this skill said that “[32.41] I cannot 
remember the sum of the even numbers, I know that if I can recall the result I will say is the result. (Line, 81-82).” 
This expression indicated that pre-service teachers performed this skill. For this reason, it is understood 
that the pre-service teacher is performed sub-category of “Awareness of proof strategy”. 
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Another metacognitive skill in the category of “Awareness” was sub-category of “Self-
reflection”. PTLH1 who one of the participants performed this skill said that “[25.05] A proof that 
mathematical notations are used is a bit like a fake. I have never used the concept of relatively prime numbers. I 
need to use them. Relatively prime a and b. (Line, 118-119).” These statements indicate that the person 
evaluates himself / herself. The sentences of teacher show that teacher performed this skill. Since the 
self-evaluation of the person in the literature is called reflective thinking, these expressions are 
interpreted as showing that the preservice teacher exhibits the sub-category of “Self-reflection”. 

Another metacognitive skill in the category of “Awareness” was sub-category of “He/she 
thinking needed proving of all expression in proposition”. PTLH2 who one of the participants performed 
this skill said that “[30.27] Normally, I go, but I don’t use anything, I do not use relatively prime number, it 
will probably come out of there. a.m = c, b.n = c, a and b are relatively prime. (Line, 100-101).” This expression 
indicated that the teacher is aware that all the data in the proposal can be used for proof. 

This category was detected only for Proposition 2. Sub-categories of “Awareness of proof 
strategy”, “Self-reflection” and “He/she thinking needed proving of all expression in proposition” were 
detected in this category. We assessed these skills as metacognitive in the context of situational 
knowledge. Many studies show that awareness of when and how will use of a strategy was 
metacognitive (Mokhtari & Reichard, 2002; Schraw & Dennison, 1994; Yang, 2012). In this context, 
interpreted as metacognitive of this skill confirm earlier findings. 

Another category in the theme of “Metacognitive Skills” was category of “Planning”. Sub-
categories of “Guessing”, “Decides what to prove before proof begins”, “Question asking for detected 
purpose” and “He/she make it in his/her mind first and then roll it” were detected in this category. 

The first sub-category in this category was sub-category of “Guessing”. It has been seen that 
PTLM2 has decided to target this formula by writing a formula previously known to the participants and 
then tried to confirm this expression. The activity card display of the participant's "Guessing" skill is 
presented in Figure 9. 

 
Figure 9. The skill of “Guessing” (PTLM2 written the data) 

Another metacognitive skill in the category of “Planning” was sub-category of “Decides what 
to prove before proof begins”. TM2 who one of the participants performed this skill said that “[24.16] I 
think how I should prove it. I try to find the starting point for the proof and determine what I will prove. Now I 
have to do mathematical proof of what I'm saying. Everything we give in mathematics is supposed to be a surplus... 
(Line, 111-113).” This expression indicated that teacher performed this skill.  

Another sub-category in the category of “Planning” was skill of “Question asking for detected 
purpose”. TH2 who one of the participants performed this skill said that “[24.45] Now what do we prove? 
I proved that 𝑐𝑐/(𝑎𝑎. 𝑏𝑏) ∈ 𝑍𝑍 (Line, 118-119).” This expression indicated that teacher performed skill of 
“Question asking for detected purpose”. 

The last metacognitive skill in the category of “Planning” was sub-category of “He/she make it 
in his/her mind first and then roll it”. TM2 who one of the participants performed this skill said that: 

“[29.00] Now here. If I pour an expression in my mind on the paper I see the righteousness, and 
I see the truth, I bring it. When I do operations, I pour my mind design on the paper, and if I see 
a mistake in one place, this time I try to look at the other side of the mind. (Line, 165-168)”. 

These sentences show that teacher performed skill of “He/she make it in his/her mind first and 
then roll it”. 
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Sub-categories of “Guessing”, “Decides what to prove before proof begins”, “Question asking 
for detected purpose” and “He/she make it in his/her mind first and then roll it” were detected in this 
category. Many studies show that these skills is metacognitive skill (Cozza & Oreshkina, 2013; Lesseig, 
2016; Zazkis et al., 2016). Interpreted as metacognitive of skills in category of “Planning” confirm earlier 
findings.  

Another category reached in the theme of “Metacognitive skills” was the category of “Strategy 
determination” category. In this category, we reached the sub-categories of “Divergent thinking ability” 
and “Convergent thinking ability”.The skills of “Divergent thinking ability” and “Convergent thinking 
ability” were stages of creative thinking. TM1 who one of the participants performed skill of creative 
thinking said that “[18.26] I'm thinking of a few proof strategies and choosing one of them... (Line, 93)”. This 
statement indicates that the participant uses the skill of divergent thinking ability and then the 
convergent thinking ability before determining the strategy. 

These two skills, defined, as stages of the creative thinking process, have been as metacognitive 
evaluated because they require high-level thinking skills. Goldstein (2013) noted creative thinking is 
more associated with divergent thinking. Divergent thinking allows us to converge to the right thinking 
and it is confused with convergent thinking. Plotnik (2009, p. 310) and Woolfolk-Hoy (2015, p. 976) 
emphasized convergent and divergent questions are questions that require analysis, synthesis and 
evaluation. Schraw and Dennison (1994) point out it is metacognitive skill to choose the best one from 
these solutions by considering several solutions. These results -evaluated as metacognitive of stage of 
creative thinking- confirm earlier findings. 

Another category in the theme of “Metacognitive skills” was the category of “Controlling”. In 
this category, we detected sub-categories of “Evaluated correctness of proof according to axiomatic 
proof scheme”, “Controlled results purposed whether reach or not”, “He/she repeated solved when 
made wrong operation” and “He/she controlled proof strategy when made mistake”. 

The first sub-category in the category of “Controlling” was the skill of “Evaluated correctness 
of proof according to axiomatic proof scheme”. Examples of some of the identified participants 
demonstrating their ability to “Evaluated correctness of proof according to axiomatic proof scheme” are 
presented in Table 12. 

Table 12. The statements of some of the identified participants performed the skill of “Evaluated 
correctness of proof according to axiomatic proof scheme.” 
Participant Proposition Expressions 

TM2 1 

“[23.26] Yes, it is true. First of all, I tried to see the formula with simple 
methods. I tried to show the formula that was formed later by induction 
method. The Induction method of proof is showing me the truth.” (Line, 
128-129). 

TH1 2 

“[24.44] The proof is valid on integers. As a result, 𝑎𝑎 and 𝑏𝑏 are liberal to 
each other because they are relatively prime. No common divisors. In a 
number, they are divided into what they say as a multiplier if they pass 
separately. If they split apart, they show that they have both in 𝑐𝑐.” (Line, 
157-160). 

 

  



Education and Science 2019, Vol 44, No 197, 25-64 M. Öztürk & A. Kaplan 

 

53 

Table 12 shows that participants are systematically transmitting within the logical framework 
of what they are doing. The justification made in this way is called the Axiomatic Proof Scheme, so the 
skill exhibited by the participants is called “Evaluated correctness of proof according to axiomatic proof 
scheme.” This skill was considered as metacognitive because it is based on the individual's symbolic 
expression and adequate justification. Dede and Karakuş (2014) noted this proof scheme is a skill that 
requires deductive reasoning. According to this scheme, the justifying individuals can understand and 
perceive the new propositions and proofs they meet. For this reason, it can be defined as the top proof 
scheme when compared to all other proof schemes (Aydoğdu-İskenderoğlu, 2016). In this context, we 
can say that this result confirms earlier findings. 

Another metacognitive skill in this category was the sub-category of “Controlled results 
purposed whether reach or not”. PTLH1 who one of the participants performed this skill said that 
“[14.28] If any of these made simplification was (𝑎𝑎 − 1)2. If (𝑎𝑎 − 1)2: 4, then was (𝑎𝑎 − 1): 22. (Line, 81-82).” 
Later in the process of think aloud protocol the participant used sentences -“[17.25] … I got a lot of them. 
I made it right there. The end would be +1. OK, I guess it turns out right. (Line, 89-90).”- indicated that pre-
service teacher performed skill of “Controlled results purposed whether reach or not”. This skill, which 
is based on checking whether the individual achieves the goal, he has set, has been assessed as 
metacognitive. Similarity Schraw and Dennison (1994) found controlling whether it has reached its 
intended outcome or whether the interrogation is metacognitive. 

Another metacognitive skill in the category of “Controlling” was the sub-category of “He/she 
repeated solved when made wrong operation”. TM2 who one of the participants performed this skill said 
that “[33.55] I'm trying to get to the end right now. I do not see a place, I realize this. I turn to the question again. 
(Line, 187-188)”. This expression indicated that teacher if made wrong operation, she repeated solving 
the problem. This skill is need monitoring of solving process. Thus, it interpreted as metacognitive. 
Similarity Nool (2012) reported pre-service mathematics teacher are solving the problem by returning 
to the beginning when the problem cannot be solved in the non-routine problem solving process. 

The last metacognitive skill in this category was the sub-category of “He/she controlled proof 
strategy when made mistake”. TH2 who one of the participants performed this skill said that “[31.56] At 
first I made a mistake on this road, I am trying to control it. If there is an error, I will try another strategy. (Line, 
132-133)” The expression of the teacher show that she performed this skill. This skill has needed 
controlling and monitoring of proving process. Therefore, it considered as metacognitive. Similarity 
Fang and Cox (1999) demonstrated controlling after determining of proof strategy was metacognitive.  

Another category in the theme of “Metacognitive skills” was the category of “Relationship”. In 
this category we detected that participants performed sub-categories of “Relationship between proof 
steps” and “Relationship while question asking”.  

The first metacognitive skill in the category of “Relationship” was sub-category of “Relationship 
between proof steps”. Examples of some of the identified participants demonstrating their ability to 
“Relationship between proof steps” are presented in Table 13. 
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Table 13. The statements of some of the identified participants performed the skill of “Relationship 
between proof steps.” 
Participant Proposition Expressions 

TH1 1 
“[14.47] … The other side of equality has made 2𝑎𝑎. Now 2𝑘𝑘 +  2 is related 
to the number of terms. I have to go to the number of terms... (Line, 105-
106).” 

PTLH2 2 

“[28.42] The expression I write does not seem to mean much to prove. The 
expression seemed to help. But what I want to find is that c is completely 
divisible to m? I want to find out exactly where c is divided into m above. I 
will have completed the test if I found him, so I did something like that.” 
(Lines, 92-95) 

When the Table 13 are examined, it is understood that they demonstrate the skill of 
“Relationship between proof steps”. In other words, the participants are trying to establish a connection 
between the process they have done in one step and the process they have done in the next step. This 
situation makes the participants “Relationship between proof steps.”. It is interpreted as exhibiting his 
skill. 

Other metacognitive skill in this category sub-category of “Relationship while question asking”. 
TM2 was of the participants performed the skill of “Relationship while question asking” in the 
Proposition 1. He said that “[20.16] Now here is what I have to pay attention to here: one k-number missing in 
𝑘𝑘2 + 𝑘𝑘 + 1. Where do I get this 𝑘𝑘-number? (Line, 119-121).” TM2 was of the participants performed this skill 
in the Proposition 2. For example she said that “[26.15] …The last I want to show is 𝑎𝑎. 𝑘𝑘 =  𝑏𝑏. 𝑙𝑙. I know 
something more that it was 𝑙𝑙𝑐𝑐𝑙𝑙(𝑎𝑎, 𝑏𝑏) = 1. (Line, 154-155). What can I say about 𝑘𝑘 and 𝑙𝑙? (Line, 156)”. This 
expression indicated that participants performed this skill. 

We assessed these skills as metacognitive because they require high-level reasoning. Many 
studies show that these skills were metacognitive (Cozza & Oreshkina, 2013; Yang, 2012; Zazkis et al., 
2016). Interpreted as metacognitive of skills in category of “Relationship” confirm earlier findings. 

The last category in the theme of “Metacognitive skills” was the category of “Analogical 
reasoning”. In this category, we detected sub-categories of “He makes analogical reasoning by changing 
the strategy he has used before”, “Made analogical reasoning benefit from complement of a set” and 
“Made analogical reasoning benefit from contradiction of proposition”. 

The first metacognitive skill in this category was the sub-category of “He makes analogical 
reasoning by changing the strategy he has used before”. Examples of some of the identified participants 
demonstrating their ability to “He makes analogical reasoning by changing the strategy he has used 
before” are presented in Table 14. 

Table 14. The statements of some of the identified participants performed the skill of “He makes 
analogical reasoning by changing the strategy he has used before” 
Participant Proposition Expressions 

TH1 1 
“[14.47] …I also wrote array opposite to it. I have not actually proved this 
before. I will use the logic I use from the sum of numbers from 1 to n... 
(Line, 101-102).” 

PTLM1 2 
“[32.50] I have tried to do this when you ask the previous question, but 
again I have given something like 2k, 2k + 2, so I recall. Therefore, I adapt it 
to that.” (Line, 84-86). 
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Table 14 show that the participants changed to the solution that they had used and reached the 
right result and adapted new probing. This situation was interpreted as exhibiting the skill of the 
participants “He makes analogical reasoning by changing the strategy he has used before.” 

Another sub-category in this category was the skill of “Made analogical reasoning benefit from 
complement of a set”. This sub-category was performed only for Proposition 1. For example, PT1L2 said 
that “[30.50] Yes, I work on the thing, if I recall the even number of this term, if I recall the consecutive even 
numbers, I said I would take the odd numbers out, but I'm not sure of the double numbers either. (Line, 216-
218)”. This expression indicated that participants performed this skill. 

The last metacognitive skill in this category was the sub-category of “Made analogical reasoning 
benefit from contradiction of proposition”. TH2 was one of the participants performed this skill. Her 
expression as following: 

“[25.17] Such a proposition, yes, actually, I say: We use more inversions, for example, what we 
are saying is that if a number is divisible by 12, it can be divided by 3 and 4. This is the high school 
we used more often. If it is divided by 24, it is divided by 8 and 3. In fact, this is what we use 
more. But that is to say, reasonably also lies in the mind; If it is divided in pieces, it has to be 
divided in the whole (Line, 162-166)” 

When the statements of the teacher are examined, he states that he had met the opposite with 
the inverse of proposition. In other words, it is understood that the teacher knows the proof in contrast 
to this double-sided proposition. When the teacher' statements are examined, it is understood that she 
performed the skill of “Made analogical reasoning benefit from contradiction of proposition”. 

In this category, we detected sub-categories of “He makes analogical reasoning by changing the 
strategy he has used before”, “Made analogical reasoning benefit from complement of a set” and “Made 
analogical reasoning benefit from contradiction of proposition”. These skills require the ability to reason 
and associate with a method that one has already used because it requires adaptation of the new 
problem. Thus, we interpreted it as metacognitive. Similarity, many studies show that analogical 
reasoning is metacognitive skill (Goldstein, 2013; Smith & Kosslyn, 2014). 

Table 15 indicated that distribution in according to propositions and participants of the sub-
category of theme of “Metacognitive skills”.
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Table 15. Distribution in according to propositions and participants of the sub-category of theme of “Metacognitive skills”. 

Category Sub-category 
Propositions 

Performed skill 
teachers 

Performed skill last grade 
pre-service teachers 

Performed skill 1st grade 
pre-service teachers 

f No f Teachers f Pre-service Teachers f Pre-service Teachers 

Facilitation the 
operations 

Change of variable for facilitation the operations 2 
1.S 1 Öİ1 1 ÖASİ2 - - 
2.S  1 Öİ2 2 ÖASD2- ÖASO1 - - 

Avoid fractional expressions for facilitation the operations 1 2.S  - - 1 ÖASD1 - - 
Detected key idea for proof 1 2.S  1 Öİ1 1 ÖASİ1 - -  

Questioning 

He/she continues proof steps by asking himself questions 2 
1.S  2 ÖD1- Öİ1 3 ÖASD1- ÖASO2- ÖASİ1 - - 
2.S  1 ÖO2 2 ÖASD1-ÖASO1 - - 

He/she explains with reason operations 2 
1.S 1 Öİ1 - - - - 
2.S  1 ÖO2 1 ÖASD1 - - 

Questioning for detected purpose 1 1.S  1 ÖO2 - - - - 
Questioning whether operation error or not 1 1.S 1 ÖD1 - - - - 
Questioning for controlling correctness of operations 1 2.S 1 Öİ1 - - - - 

Awareness 
Awareness of proof strategy 1 2.S - - 1 ÖASO1 - - 
Self-reflection 1 2.S 1 ÖO1 1 ÖASİ1 - - 
He/she thinking needed proving of all expression in proposition 1 2.S - - 1 ÖASİ2 - - 

Planning 

Guessing 1 1.S - - 1 ÖASO2 - - 
Decides what to prove before proof begins 1 2.S 1 ÖO1 - - - - 
Question asking for detected purpose 1 2.S 2 ÖO2- Öİ2 - - - - 
He/she make it in his/her mind first and then roll it 1 2.S 1 ÖO2 - - - - 

Strategy 
determination 

Divergent thinking ability 1 1.S 1 ÖO1 1 ÖASİ1 - - 
Convergent thinking ability 1 1.S 1 ÖO1 1 ÖASİ1 - - 

Controlling 

Evaluated correctness of proof according to axiomatic proof 
scheme 

2 
1.S 2 ÖO2- Öİ2 3 ÖASO1- ÖASİ1- ÖASİ2 - - 
2.S 1 Öİ1 - - - - 

Controlled results purposed whether reach or not 1 1.S - - 1 ÖASİ1 - - 
He/she repeated solved when made wrong operation 1 2.S 1 ÖO2 - - - - 
He/she controlled proof strategy when made mistake 1 2.S 1 Öİ2 - - - - 
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Table 15. Continued 

Category Sub-category 
Propositions 

Performed skill 
teachers 

Performed skill last grade 
pre-service teachers 

Performed skill 1st grade 
pre-service teachers 

f No f Teachers f Pre-service Teachers f Pre-service Teachers 

Relationship 

Relationship between proof steps 2 
1.S 1 Öİ1 - - - - 

2.S 2 ÖO1- Öİ1 1 ÖASİ2 - - 

Relationship while question asking 2 
1.S 1 ÖO2 1 ÖASİ1 - - 

2.S 1 ÖO2 - ÖASİ1 - - 

Analogical 
reasoning 

He makes analogical reasoning by changing the strategy he has used 
before 

2 
1.S 2 Öİ1- Öİ2 2 ÖASO2- ÖASİ1 - - 

2.S - - 2 ÖASO1 1 ÖA1İ2 

Made analogical reasoning benefit from complement of a set 1 1.S 1 ÖD1 - - 1 ÖA1İ2 

Made analogical reasoning benefit from contradiction of proposition 1 2.S 1 Öİ1 - - - - 
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Table 15 show that the most performed skill was “He/she continues proof steps by asking 
himself questions” in theme of metacognitive skills. The least performed skills were “Avoid fractional 
expressions for facilitation the operations”, “Questioning for detected purpose”, “Questioning whether 
operation error or not”, “Questioning for controlling correctness of operations”, “Awareness of proof 
strategy”, “He/she thinking needed proving of all expression in proposition”, “Guessing”, “Decides 
what to prove before proof begins”, “He/she make it in his/her mind first and then roll it”, “Controlled 
results purposed whether reach or not”, “He/she repeated solved when made wrong operation”, 
“He/she controlled proof strategy when made mistake”, “Made analogical reasoning benefit from 
contradiction of proposition”. The category which is determined to be the most frequently exhibited 
category in terms of categories is the category of “Questioning”, while the least exhibited category is the 
category “Strategy determination”. 

Results and Discussion on Related to Qualitative and Quantitative Data 
The quantitative findings show that points of proving test of teachers and last grade preservice 

teachers significantly higher than points of proving test of first grade pre-service teachers. The number 
of teachers who performed similar metacognitive skill prove the diagnostic test. Therefore, teachers and 
last grade preservice teachers show greater metacognitive skills than first grade preservice teachers. 
Similar results were found in the teachers and preservice teachers’ cognitive skills. However, a greater 
difference exists between the groups’ metacognitive skills than their cognitive skills. Özsoy and Günindi 
(2011) noted it differs significantly in favor of the 4th grade pre-service teacher metacognitive awareness 
of pre-service pre-school teachers. Tüysüz, Karakuyu, and Bilgin (2008) point out the level of 
metacognition of pre-service classroom teacher was increasing due to the increase in class levels. The 
findings of this study that the “Proving Diagnostic Test” scores and the cognitive-metacognitive skills 
scores of the 1st grade pre-service teachers are the least and the results of the “Proving Diagnostic Test” 
scores of the teachers and the cognitive-metacognitive skills scores are supported by these studies. As 
seen in qualitative data, skills of participants in proving process created two theme as cognitive skills 
and metacognitive skills. 

Conclusion and Suggestions 

The present study examined performed skill in proving process of pre-service and service 
teachers conducted two sections that they are quantitative and qualitative. Results of quantitative data 
indicated that proving skill of teachers and the last grade pre-service math teacher more than first grade 
pre-service teachers. The numbers of cognitive and metacognitive skills in proving process similarity 
point of “Proving Diagnostic Test”. The number of cognitive and metacognitive skills exhibited in the 
proof-making process was found to be similar to the scores obtained from the proving diagnostic test. 
In other words, while the number of cognitive and metacognitive skills performed during the proof-
making period is the highest in teachers, and then in the last grade of teacher candidates, the least 
number of skills displayed is in the 1st grade teacher candidates. 

As seen in the cognitive skills theme, this theme is gathered in five categories as “Read the 
proposition of the proof”, “Evaluating the correctness”, “Determining strategy”, “Carry out plans” and 
“Heuristic shortcuts”. As seen in the metacognitive skills theme, this theme is gathered in eight 
categories as “Facilitation the operations”, “Questioning”, “Awareness”, “Planning”, “Strategy 
determination”, “Controlling”, “Relationship” and “Analogical reasoning”. 
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If the quantitative results of the study are assessed as developmental, we can say that as the 
education level of the individual increases, the ability to prove also increases. Moreover, the fact that 
teachers' scores of proving skills are higher than preservice teachers shows that their ability to prove 
themselves has improved when they continue to their professional lives. The same is true for the 
number of cognitive and metacognitive skills that they exhibit during the proving process. We 
interpreted this position as the fact that the preservice teacher at the undergraduate level have formal 
proof while the teachers have made informal proof. Arcavi et al. (2017) stated that teachers have two 
different perspectives, one of which must be their own perspective, and the other must be a perspective 
of students. Because teachers are constantly in the practice environment, it is also possible to look for 
proof according to the point of view of the students. This may have made them aware of what they are 
doing by taking it out of formalism, revealing meaning and exhibiting cognitive skills. 

Findings show that mathematics teachers and prospective teachers use cognitive skills more in 
the process of proving. Metacognitive skills are less used. This finding indicates that participants did 
not know what they were doing when they were doing the proof and did not make enough inquiries 
and evaluations. This case can be interpreted as the fact that pre-service math teachers do not learn 
enough to prove the course in proof teaching. In order to solve this problem, it is thought that the first 
step is to destroy the perception that is a concept that can be done by memorizing the proof in the 
individual. For this reason, teachers must give up teaching in their class and teach the pupil's reasoning, 
and play a guiding role in which their own proofs can organize themselves. Instructors conducting the 
teaching of proofs should provide awareness of the learner by asking questions about the proof process, 
explaining why they did it during an operation, and making an evaluation after completing the 
procedure. Teachers can also be given in-service trainings and awareness about how to teach them. 
Because metacognitive skills can be taught, and learning of these skills helps someone to understand 
spontaneity, accelerates learning. 

Another result show that participants should not resort to intuitive shortcuts because they do 
not know how to use in the lemma should be used stage. This case indicated curriculum must cover but 
only course that made proof, not also course that made teaching proof. In the present curriculum, 
teaching proof has made Abstract Mathematics course, but time is not enough to it. For this reason, a 
lesson on proof teaching should be put on the abstract mathematics course and necessary activities 
should be developed. The participants had difficulty using mathematical notations, and very few had 
justified it according to the axiomatic proof scheme. In addition, this case show that inclusion 
curriculum of a course with teaching proof is necessary.  

This study show that related to achievement of proof and the numbers of performed 
metacognitive skill. However, we out of scope of study question that the development of metacognitive 
skills increases the success of proof, or the increase in the success of proof increases the number of 
metacognitive skills. Future researchers can search for solutions to these problems by conducting causal 
comparison studies and empirical studies. 

  



Education and Science 2019, Vol 44, No 197, 25-64 M. Öztürk & A. Kaplan 

 

60 

References 

Akın, A. (2013). Bilişötesi. In A. Akın (Ed.), Güncel psikolojik kavramlar 1 Pozitif psikoloji (pp. 114-164). 
Sakarya: Sakarya Üniversitesi Eğitim Bilimleri Enstitüsü. 

Alcock, L. (2010). Mathematicians’ perspectives on the teaching and learning of proof. In F. Hitt, D. 
Holton, & P. W. Thompson (Eds.), Research in collegiate mathematics education VII (pp. 63-91). 
Washington: American Mathematical Society. 

Alcock, L., & Weber, K. (2005). Proof validation in real analysis: Inferring and checking warrants. Journal 
of Mathematical Behavior, 24(2), 125-134. 

Aljaberi, N. M. (2014). Pre-service elementary school teachers' level of mathematical thinking and their 
attitudes toward mathematics. Journal of Education and Human Development, 3(3), 181-195. 

Almeida, D. (2000). A survey of mathematics undergraduates' interaction with proof: some implications 
for mathematics education. International Journal of Mathematical Education in Science and Technology, 
31(6), 869-890. doi: 10.1080/00207390050203360 

Arcavi, A., Drijvers, P., & Stacey, K. (2017). The learning and teaching of algebra: Ideas, insights, and activities. 
New York, NY: Routledge. 

Arslan, S., & Yıldız, C. (2010). 11. Sınıf öğrencilerinin matematiksel düşünmenin aşamalarındaki 
yaşantılarından yansımalar. Eğitim ve Bilim, 35(156), 17-31. 

Aydemir, H., & Kubanç, Y. (2014). Investigation of the cognitive behavioral problem solving process. 
Turkish Studies, 9(2), 203-219. doi: 10.7827/TurkishStudies.6555  

Aydın, U., & Ubuz, B. (2010). Turkish version of the junior metacognitive awareness inventory: The 
validation study. Education and Science, 35(157), 30-45. 

Aydoğdu-İskenderoğlu, T. (2016). Kanıt ve kanıt şemaları. In E. Bingölbali, S. Arslan, & İ. Ö. Zembat 
(Eds.) Matematik eğitiminde teoriler (pp. 65-84). Ankara: Pegem Akademi. 

Barnard, T., & Tall, D. (1997). Cognitive units, connections an mathematical proof. In Proceeding of PME 
21 (pp. 41-48). Lahti, Finland: The International Group for the Psychology of Mathematics 
Education. 

Bell, A. W. (1976). A study of pupils' proof-explanations in mathematical situations. Educational Studies 
in Mathematics, 7(1-2), 23-40. 

Berggren, J. L. (1990). Proof, pedagogy, and the practice of mathematics in medieval Islam. Interchange, 
21(1), 36-48. 

Bruning, R. H., Schraw, G. J., & Norby, M. M. (2014). Bilişsel psikoloji ve öğretim (5. Ed., Z. N. Ersözlü, 
& R. Ülker, Trans.). Ankara: Nobel Akademik Yayıncılık Eğitim Danışmanlık Tic. Ltd. Şti. 

Čadež, T. H., & Kolar, V. M. (2015). Comparison of types of generalizations and problem-solving 
schemas used to solve a mathematical problem. Educational Studies in Mathematics, 89(2), 283-306. 
doi:10.1007/s10649-015-9598-y 

Ceylan, T. (2012). Investigating preservice elementary mathematics teachers' types of proofs in GeoGebra 
environment (Unpublished master thesis). Ankara: Ankara University. 

Copur-Gencturk, Y., & Lubienski, S. T. (2013). Measuring mathematical knowledge for teaching: a 
longitudinal study using two measures. Journal of Mathematics Teacher Education, 16(3), 211-236. doi: 
10.1007/s10857-012-9233-0. 

Cozza, B., & Oreshkina, M. (2013). Cross-cultural study of cognitive and metacognitive processes during 
math problem solving. School Science and Mathematics, 113(6), 275-284. 

Creswell, J. W. (2017). Karma yöntem araştırmalarına giriş (M. Sözbilir, Trans.). Ankara: Pegem Akademi. 
Creswell, J. W., & Plano Clark, V. L. (2014). Karma yöntem araştırmaları: Tasarımı ve yürütülmesi (Y. Dede, 

S. B. Demir, & A. Delice, Trans.). Ankara: Anı Yayıncılık. 



Education and Science 2019, Vol 44, No 197, 25-64 M. Öztürk & A. Kaplan 

 

61 

Çontay, E. G. (2017). Ortaokul matematik öğretmeni adaylarının ispat şemaları (Unpublished doctoral 
dissertation). Pamukkale University, Denizli. 

Dede, Y., & Karakuş, F. (2014). Matematiksel ispat kavramına pedagojik bir bakış: Kuramsal bir çalışma. 
Adıyaman Üniversitesi Eğitim Bilimleri Dergisi, 4(2), 47-71. doi: 10.17984/adyuebd.52880 

Demiray, E., & Işıksal Bostan, M. (2017). Pre-service middle school mathematics teachers’ evaluations 
of discussions: the case of proof by contradiction. Mathematics Education Research Journal, 29(1), 1-
23. 

Doruk, M. (2016). Investigation of preservice elementary mathematics teachers' argumentation and proof 
processes in domain of analysis (Unpublished doctoral dissertation). Atatürk University, Erzurum. 

Doruk, M., & Kaplan, A. (2015). Prospective mathematics teachers’ difficulties in doing proofs and 
causes of their struggle with proofs. Bayburt Eğitim Fakültesi Dergisi, 10(2), 315-328. 

Duval, R. (1999). Representation, vision and visualization: Cognitive functions in mathematical 
thinking. Basic issues for learning. In F. Hitt, & M. Santos (Eds.) Proceedings of the Twenty First 
Annual Meeting of the North American Chapter of the International Group for the Psychology of 
Mathematics Education (pp. 3-26). Columbus, OH: ERIC Clearinghouse for Science, Mathematics, 
and Environmental Education. 

Erdem, A. R. (2005). Öğrenmede etkili yollar: öğrenme stratejileri ve öğretimi. İlköğretim-Online, 4(1), 1-
6. 

Fang, Z., & Cox, B. E. (1999). Emergent metacognition: A study of preschoolers' literate behavior. Journal 
of Research in Childhood Education, 13(2), 175-187. doi: 10.1080/02568549909594738 

Fersahoğlu, Y. (2015). Kur'ân'da zihin eğitimi. İstanbul: Marifet Yayınları. 
Field, A. (2009). Discovering statistics using (3rd ed.). London: Sage Publication. 
Fitzgerald, J. F. (1996). Proof in mathematics education. The Journal of Education, 178(1), 35-45. 
Forrest-Pressley, D. L., & Gillies, L. A. (1983). Children’s flexible use of strategies during reading. In M. 

Pressley, & J. R. Levin (Eds.), Cognitive strategy research: Educational applications (s. 133-156). New 
York, NY: Springer-Verlag New York Inc. 

Fukawa-Connelly, T. P. (2012). A case study of one instructor’s lecture-based teaching of proof in 
abstract algebra: making sense of her pedagogical moves. Educational Studies in Mathematics, 81(3), 
325-345. doi: 10.1007/s10649-012-9407-9 

Goldstein, E. B. (2013). Bilişsel psikoloji (O. Gündüz, Trans.). İstanbul: Kaknüs Yayınları. 
Güler, G. (2013). Investigation of pre-service mathematics teachers' proof processes in the learning domain of 

algebra (Unpublished doctoral dissertation). Atatürk University, Erzurum. 
Güler, G., & Ekmekci, S. (2016). Matematik öğretmeni adaylarının ispat değerlendirme becerilerinin 

incelenmesi: Ardışık tek sayıların toplamı örneği. Bayburt Eğitim Fakültesi Dergisi, 11(1), 59-83. 
Gürsakal, N. (2013). Çıkarımsal istatistik. Bursa: Dora. 
Hamilton, E., Kelly, A. E., & Sloane, F. (2002). Funding mathematics education research: Three 

challenges, one continuum, and a metaphor. In L. D. English (Ed.) Handbook of international research 
in mathematics education (pp. 507-524). Mahwah, New Jersey: Lawrence Erlbaum Associates, Inc. 

Hanna, G. (1995). Challenges to the importance of proof. For the Learning of Mathematics, 15(3), 42-49. 
Harel, G., & Sowder, L. (1998). Students' proof schemes: Results from Exploratory Studies. In J. Kaput, 

A. H. Schoenfeld, & E. Dubinsky (Eds.) Research in Collegiate Mathematics Education III (Cbms Issues 
in Mathematics Education) (pp. 234-283). Washington: American Mathematical Society. 

Harel, G., & Sowder, L. (2007). Toward comprehensive perspectives on the learning and teaching of 
proof. In F. K. Lester (Ed.), Second handbook of research on mathematics teaching and learning (pp. 805-
842). Charlotte, NC: NCTM. 

Hesse-Biber, S. (2010). Qualitative Approaches to Mixed Methods Practice. Qualitative Inquiry, 16(6), 
455-468. doi: 10.1177/1077800410364611 



Education and Science 2019, Vol 44, No 197, 25-64 M. Öztürk & A. Kaplan 

 

62 

Irak, M. (2005). Hatırlamanın ve unutmanın farkındalığı: Sağlıklı bireylerde ve bazı beyin hasarlarında 
üst-biliş sürecinin işleyişi [Özel Ek Sayı]. Türk Psikoloji Yazıları, 8, 1-15 

İmamoğlu, Y., & Yontar-Toğrol, A. (2010). Freshmen and senior teaching science and mathematics 
students’ proving patterns and conceptualizations of the nature and role of proof in school 
mathematics. International Journal for Cross-Disciplinary Subjects in Education, 1(2), 79-87. 

Jiang, Y., Ma, L., & Gao, L. (2016). Assessing teachers' metacognition in teaching: The teacher 
metacognition inventory. Teaching and Teacher Education, 59, 403-413. doi: 10.1016/j.tate.2016.07.014 

Kaplan, A., & Duran, M. (2015). Ortaokul öğrencilerinin matematik dersine çalışma sürecinde üstbilişsel 
farkındalık düzeylerinin karşılaştırılması. Bayburt Eğitim Fakültesi Dergisi, 10(2), 417-445. 

Karakelle, S., & Saraç, S. (2010). Çocuklar için üst bilişsel farkındalık ölçeği (ÜBFÖ-Ç) A ve B formları: 
geçerlik ve güvenirlik çalışması, Türk Psikoloji Yazıları, 10(20), 87-103. 

Kieran, C. (2017). Cognitive neuroscience and algebra: Challenging some traditional beliefs. In S. 
Stewart (Ed.), And the Rest is Just Algebra (pp. 157-172). Switzerland: Springer International 
Publishing. doi: 10.1007/978-3-319-45053-7_9 

Knuth, E. J. (2002). Teachers' conceptions of proof in the context of secondary school mathematics. 
Journal of Mathematics Teacher Education, 5(1), 61-88. 

Komatsu, K. (2016). Fostering empirical examination after proof construction in secondary school 
geometry. Educational Studies in Mathematics, 1-16. doi: 10.1007/s10649-016-9731-6 

Krueger, F., Spampinato, M. V., Pardini, M., Pajevic, S., Wood, J. N., Weiss, G. H., … Grafman, J. (2008). 
Integral calculus problem solving: An fMRI investigation. Neuroreport, 19(11), 1095-1099. doi: 
10.1097/WNR.0b013e328303fd85 

Lesseig, K. (2016). Conjecturing, generalizing and justifying: Building theory around teacher knowledge 
of proving. International Journal for Mathematics Teaching and Learning, 17(3), 1-31. 

MacDonald, T. H. (1973). The role of heuristic proof in mathematics teaching. International Journal of 
Mathematical Education in Science and Technology, 4(2), 103-107. doi: 10.1080/0020739730040203 

Martin, W. G., & Harel, G. (1989). Proof frames of preservice elementary teachers. Journal for Research in 
Mathematics Education, 20(1), 41-51. 

McKeown, M. G., & Beck, I. L. (2009). The role of metacognition in understanding and supporting 
reading comprehension. In D. J. Hacker, J. Dunlosky, & A. C. Graesser (Eds.), Handbook of 
metacognition education (pp. 7-25). New York, NY: Taylor & Francis. 

Metallidou, P. (2009). Pre-service and in-service teachers' metacognitive knowledge about problem-
solving strategies. Teaching and Teacher Education, 25(1), 76-82. doi: 10.1016/j.tate.2008.07.002 

Miles, M. B. & Huberman, A. M. (2015). Genişletilmiş bir kaynak: Nitel veri analizi (A. Ersoy & S. Akbaba 
Altun, Trans.). Ankara: Pegem Akademi. 

Mokhtari, K., & Reichard, C. A. (2002). Assessing students’ metacognitive awareness of reading 
strategies. Journal of Educational Psychology, 94(2), 249-259. doi: 10.1037//0022-0663.94.2.249 

National Council of Teachers of Mathematics. (2000). Principles and standards for school mathematics. 
Reston, VA: NCTM. 

Newman, S. D., Carpenter, P. A., Varma, S., & Just, M. A. (2003). Frontal and parietal participation in 
problem solving in the Tower of London: fMRI and computational modeling of planning and high-
level perception. Neuropsychologia, 41(12), 1668-1682. doi: 10.1016/S0028-3932(03)00091-5 

Nool, N. R. (2012). Exploring the Metacognitive Processes of Prospective Mathematics Teachers during 
Problem Solving. International Proceedings of Economics Development and Research, 30, 302-306. 

Okçu, V., & Kahyaoğlu, M. (2007). İlköğretim öğretmenlerinin biliş ötesi öğrenme stratejilerinin 
belirlenmesi. Süleyman Demirel Üniversitesi Sosyal Bilimler Enstitüsü Dergisi, 6(2), 129-146. 



Education and Science 2019, Vol 44, No 197, 25-64 M. Öztürk & A. Kaplan 

 

63 

Özdemir, E. Y., & Sarı, S. (2016). Matematik öğrenme ve problem çözmede üstbilişin rolü. In E. 
Bingölbali, S. Arslan, & İ. Ö. Zembat (Eds.), Matematik eğitiminde teoriler (pp. 655-676). Ankara: 
Pegem Akademi. 

Özkaya, M., & İşleyen, T. (2012). Fonksiyonlarla ilgili bazı kavram yanılgıları. Çankırı Karatekin 
Üniversitesi Sosyal Bilimler Enstitüsü Dergisi, 3(1), 1-32. 

Özsoy, G. (2008). Üstbiliş. Türk Eğitim Bilimleri Dergisi, 6(4), 713-740. 
Özsoy, G., & Günindi, Y. (2011). Okulöncesi öğretmen adaylarının üst bilişsel farkındalık düzeyleri. 

İlköğretim Online, 10(2), 430-440. 
Öztürk, M., Akkan, Y., & Kaplan, A. (2014). Üstün yetenekli öğrencilerin problem çözerken 

sergiledikleri üst bilişsel becerilerin incelenmesi: Gümüşhane ili örneği. In 11. Ulusal Fen Bilimleri 
ve Matematik Eğitimi Kongresi (pp. 341). Adana: Çukurova University. 

Öztürk, M., & Kaplan, A. (2017). Matematik öğretmenlerine yönelik ispat yapma teşhis testi ve teste 
yönelik dereceli puanlama anahtarı geliştirilmesi. Yüzüncü Yıl Üniversitesi Eğitim Fakültesi Dergisi, 
14(1), 360-381. 

Paris, S. G., & Winograd, P. (1998). The role of self-regulated learning in contextual teaching: principles and 
practices for teacher preparation. Columbus, OH.: ERIC Clearinghouse on Adult, Career, and 
Vocational Education. 

Patton, M. Q. (2002). Qualitative research & evaluation methods (3rd ed.). London: Sage Publications, Inc. 
Plotnik, R. (2009). Psikoloji'ye giriş (T. Geniş, Trans.). İstanbul: Kaknüs Yayınları. 
Raman, M. (2003). Key Ideas: What are they and how can they help us understand how people view 

proof? Educational Studies in Mathematics, 52(3), 319-325. 
Rice, L. A. (2014). Pre-service secondary mathematics teachers’ thinking in proof and argumentation 

(Unpublished doctoral dissertation). University of Wyoming, Wyoming. 
Rosenholtz, S. J. (1985). Political myths about education reform: lessons from research on teaching. Phi 

Delta Kappan, 66(5), 349-355.  
Samper, C., Perry, P., Camargo, L., Sáenz-Ludlow, A., & Molina, Ó. (2016). A dilemma that underlies 

an existence proof in geometry. Educational Studies in Mathematics, 93(1), 35-50. doi: 10.1007/s10649-
016-9683-x 

Schraw, G., & Dennison, R. S. (1994). Assessing metacognitive awareness. Contemporary Educational 
Psychology, 19(4), 460-475. doi: 10.1006/ceps.1994.1033 

Selden, A. & Selden, J. (2015). A theoretical perspective for proof construction. In 9th Congress of European 
Research in Mathematics Education (CERME 9) (198-204). Prague: Charles University. 

Senk, S. L. (1985). How well do students write geometry proofs? The Mathematics Teacher, 78, 448-456. 
Smith, E. E., & Kosslyn, S. M. (2014). Bilişsel psikoloji: Zihin ve beyin (M. Şahin, Trans.). Ankara: Nobel 

Akademik Yayıncılık Eğitim Danışmanlık Tic. Ltd. Şti. 
Solow, D. (2014). How to read and do proofs: An introduction to mathematical thought processes (6th ed.). New 

York: John Wiley & Sons, Inc. 
Solso, R. L., Maclin, M. K., & Maclin, O. H. (2014). Bilişsel psikoloji (A. Ayçiçeği-Dinn, Trans.). İstanbul: 

İstanbul Kitabevi. 
Sowder, L., & Harel, G. (1998). Types of students' justifications. The Mathematics Teacher, 91(8), 670-675. 
Sternberg, R. J. (2000). Handbook of human intelligence. New York: Cambridge University Press. 
Stylianides, A. J., & Stylianides, G. J. (2009). Proof constructions and evaluations. Educational Studies in 

Mathematics, 72(2), 237-253. doi: 10.1007/s10649-009-9191-3 
Şahin, B. (2016). Matematik öğretmen adaylarının bölünebilme ispatlarını yapma süreçlerinin 

incelenmesi. Bayburt Eğitim Fakültesi Dergisi, 11(2), 365-378. 



Education and Science 2019, Vol 44, No 197, 25-64 M. Öztürk & A. Kaplan 

 

64 

Tüysüz, C., Karakuyu, Y., & Bilgin, İ. (2008). Öğretmen adaylarının üst biliş düzeylerinin belirlenmesi. 
Abant İzzet Baysal Üniversitesi Sosyal Bilimler Enstitüsü Dergisi, 17(2), 147-158. 

Weinert, F. (1987). Metacognition and motivation as determinants of effective learning and 
understanding. In F. Weinert, & R. Kluwe (Eds.), Metacognition, motivation, and understanding (pp. 
1-15). Hillsdale, NJ: Erlbaum. 

Woolfolk-Hoy, A. (2015). Eğitim psikolojisi (D. Özen, Trans.). İstanbul: Kaknüs Yayınları. 
Yang, K. L. (2012). Structures of cognitive and metacognitive reading strategy use for reading 

comprehension of geometry proof. Educational Studies in Mathematics, 80(3), 307-326. 
Yang, K. L., & Lin, F. L. (2008). A model of reading comprehension of geometry proof. Educational Studies 

in Mathematics, 67(1), 59-76. 
Yıldırım, C. (2000). Matematiksel düşünme (3rd ed.). İstanbul: Remzi Kitabevi. 
Yüksel, G. (2004). Bilişsel-toplumsal yaklaşım. In A. Ataman (Ed.) Gelişim ve öğrenme (pp. 317-339). 

Ankara: Gündüz Eğitim ve Yayıncılık. 
Zazkis, D., Weber, K., & Mejía-Ramos, J. P. (2016). Bridging the gap between graphical arguments and 

verbal-symbolic proofs in a real analysis context. Educational Studies in Mathematics, 93(2), 155-173. 
doi: 10.1007/s10649-016-9698-3 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


