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Abstract. The aim of this research is to examine the problem posing skills of 

mathematics teacher candidates in detail according to different variables through 

a task and to reveal the effects of the “Task-Focused Problem Solving and Posing 

Training” given to teacher candidates within the scope of these variables. The 

research was conducted using case study design. The study group of the research 

consists of 29 mathematics teacher candidates. The data was collected gradually 

with the activity sheet called “Draw Your Picture, Pose Your Problem” developed 

by the researchers. The activity sheet was applied to teacher candidates (pre- test), 

“Task-Focused Problem Solving and Posing Training” was given, and the task 

sheet was re-applied to teacher candidates (post-test). The data obtained were 

analyzed with the analysis framework prepared to cover the themes of “role of 

the drawn picture, mathematical problem-solving strategy, context, learning field, 

creativity”, which were determined as variables. As a result of the research, it was 

seen that the “Task-Focused Problem Solving and Posing Training” given to 

teacher candidates had positive effects on their problem posing skills. It was 

determined that the number of teacher candidates posed problems that required 

the use of strategy to solve in the post-test was higher than the number of problems 

that required the use of strategy to solve in the pre-test. Similarly, another result 

obtained was that the number of creative problems posed by teacher candidates 

in the post-test was higher than the number of creative problems they posed in 

the pre-test. 

Keywords: Mathematics Teacher candidates, Problem Posing, Teacher 

Education. 

1 Introduction 

Problem solving and problem posing are considered as two basic components of 

mathematics teaching [1]. Problem posing is mostly preferred in the looking back 

phase, which is the last of the problem-solving steps. In this regard, by using problem 

posing at the relevant stage, the solved problem can be interpreted in different ways and 

the changes made in the problem can be discussed.
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Given the intertwined nature of problem solving and problem posing, it is essential that 

these two skills are integrated into learning environments without being separated from 

each other. Problem posing was discussed in more detail as it constitutes the scope of 

the current research. 

Problem posing, which is considered one of the keys to mathematical discovery [2], 

can simply be defined as the creation of a new problem or the redesigning of a given 

problem [3]. In other words, posing a problem means producing a new problem, 

constructing it with personal interpretations and presenting these constructions as 

mathematical problems [4]. Through problem posing, individuals have the opportunity 

to create their own problems in different environments [5]. Problem posing, which 

creates more learning opportunities for students, is used as an effective teaching strategy 

[6]. 

In recent years, this important place of problem posing in mathematics teaching has 

begun to be noticed among researchers and educators [7]. Various countries include 

problem posing in their mathematics teaching curricula [1] [8] [9] [10] can be 

interpreted as an indication that they accept its importance. The National Council of 

Teachers of Mathematics states that students should be given opportunities to pose 

problems based on a variety of situations and to generalize and expand the problems 

[1]. In the Hungarian Government Decree, problem posing is called “problem creation” 

with the expressions “The learner can solve concrete situations using visual and 

symbolic models and strategies, thereby developing problem-solving and problem-

creating skills” [8]. Based on this, it is useful to say that posing problems requires 

creative ideas [11]. Among mathematics education researchers, there are those who 

claim that the connection between creativity and problem posing is quite strong, and 

there are also those who state that problem posing has the potential to enrich creativity 

[12]. At the same time, students’ creativity can be evaluated through problem posing 

[3]. Creativity can be defined as producing new and useful products and includes two 

ways of thinking: convergent thinking and divergent thinking [13]. Within the scope 

of creativity, new ideas are associated with divergent thinking and traditional ideas are 

associated with convergent thinking, so studies on creativity and mathematics generally 

focus on diver- 

Encouraging students to enjoy mathematical creativity and realize their creative 

potential should be among the goals of school mathematics [15]. Despite this, fostering 

creativity is not a strategy frequently implemented by teachers [16]. However, it can be 

stated that fostering creativity to achieve these goals can be effectively accomplished 

through problem-posing activities. Problem posing should be included in the teaching 

process not only to foster creativity but also to develop mathematical knowledge and 

reinforce concepts [17] [18]. 

Kilpatrick [19] states that having students experience creating their own 

mathematical problems is an important part of the teaching process. For this reason, 

providing this experience to teacher candidates and supporting them in the context of 

problem posing has become a goal within the scope of the current study. It is important 

for prospective teachers, who are future teachers who will evaluate the problems 

posed by 
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their students and guide them in this regard, to be informed about their own problem 

posing performances and the difficulties they may encounter in this process [20]. 

In the current study, it was deemed important and necessary to support teacher 

candidates with a task focused education in the context of problem solving and problem 

posing, to focus on the effects of task focused education in the context of problem pos- 

ing, to examine the problems posed by teacher candidates based on the pictures they 

created, and to carry out this examination based on different variables. 

The aim of the current research was determined to examine the skills of teacher 

candidates according to different variables. Within the scope of the research, teacher 

candidates were supported with task focused training included problem solving and posing. 

Therefore, in the examination of problem posing skills according to different variables, 

the effects of the training given were also focused on. The different variables mentioned 

were determined as the themes of “role of the drawn picture”, “mathematical problem-

solving strategy”, “context”, “learning field” and “creativity”. In this context, the 

general problem of the research was shaped as “What are the problem posing skills of 

mathematics teacher candidates?” 

2 Method 

This research was conducted with the case study design, which is one of the qualitative 

research methods. Qualitative research is a type of research that aims to focus on the 

phenomena that occur in the course of life and examine them without changing them 

[21]. In the case study design, which is one of the qualitative research methods, a limited 

research subject is examined in detail as it exists in its real environment [22]. In this 

research, it was aimed to examine in detail the current mathematical problem pos- ing 

situations of mathematics teacher candidates. For this reason, the data source was 

limited to only one of the problem posing activity sheets applied before and after the 

problem solving and posing training given to teacher candidates. Therefore, the re- 

search method of the study is suitable for the case study design, which is one of the 

qualitative research methods. 

The study group of the research consists of 29 teacher candidates studying in the 

“Primary Mathematics Teaching” undergraduate program of a state university in Tur- 

key. Within the scope of the “Problem Solving in Mathematics” course, which is one 

of the first-year compulsory courses of the undergraduate program, teacher candidates 

are given a 14-week course shaped around the main topics of problems, problem-

solving, problem-solving strategies, problem posing, problem posing strategies, 

evaluation of problem solving and problem posing, creativity, and metacognitive 

thinking. This training is also within the scope of the project named “Examination of 

Task Focused Problem Solving and Problem Posing Training According to Different 

Variables”. All teacher candidates who participated in both stages of the two-stage data 

collection process were included in the study group. 

While collecting the data of the research, an activity sheet named “Draw Your 

Picture, Pose Your Problem” was used. In the activity sheet, teacher candidates were 

asked to draw a picture and pose a problem appropriate to this picture. The problem 

posing 
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activity was designed by the researchers with the idea of observing the creative thinking 

of teacher candidates. The activity sheet is in Figure 1. 

 
Fig. 1. Activity sheet titled “Draw Your Picture, Pose Your Problem” 

In line with the purpose of the research, data was collected gradually in order to examine 

problem-posing skills in detail. The flow of the data collection process is shown in 

Figure 2. Teacher candidates were informed that their answers on the activity sheets 

would be kept confidential, the results would be evaluated scientifically, and their 

answers and personal information would not be shared with anyone without their 

personal permission. 

 
Fig. 2. Data Collection Process 

The analysis of the data collected within the scope of the research was analyzed using 

the descriptive analysis method. The purpose of descriptive analysis is to organize, 

interpret and present the data to the reader [23]. Data are classified according to 

predetermined themes [24]. This approach allows the data to be organized and 

presented according to the themes revealed by the questions in the data collection tool 

[25]. For this purpose, some themes were determined by the researchers before 

analyzing the problems posed by the teacher candidates. Determined themes, the role 

of the picture, the mathematical problem-solving strategy, the context, the learning field 

and the creativity situation. The analysis framework created with these themes is 

included in Table 1. 



 

 

 
   Table 1. Analysis Framework  

 

 
What problem-solving strategies/s does the posed problem require in its 

solution? Drawing Diagrams, Using the Solution of Similar Simple 

Problems, Finding Relationships, Making Systematic Lists, Reasoning, 

Estab lishing Equations. 

Strategy types were limited to the strategy types preferred by teacher 

candidates. 

 

 

 

 

 

 

 

 

What context was used when posing the problem? 
Context is the vital situation in which problems are presented [26]. The 

contexts used by teacher candidates are categorized according to the con- 

text types determined by OECD [27]. 

OECD [27] discusses real-world contexts in four categories. 
Personal: Problems classified in the personal context category focus on 

the activities of the person himself, his family or his peer group [27]. 

Occupational: Problems classified in the occupational context category 

focus on the business world but must be accessible to the individual who 

will face the problem [27]. 

Societal: May include things like voting systems, public transport, 

government, public policies, demography, advertising, national statistics 

and the economy [27]. 

Scientific: Problems classified in the scientific category may include areas 

such as weather, climate, ecology, medicine, space science, genetics, 

measurement and the mathematical world itself [27]. 
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Theme  Analysis Detail 

The role of the 

drawn picture 

Is the drawn picture necessary to solve the posed problem? Or does it just 

add visual appeal? 

Mathematical 

problem-

solving  

strategy 

Context 

Learning field 

Which mathematical learning field is the problem pose for? 

The learning fields preferred by teacher candidates are categorized 

according to the learning fields determined by the Ministry of Education 

[9]. 

Numbers and Operations, Algebra, Geometry and Measurement, Data 

Processing, Probability. 

Creativity 

Is the posed problem convergent or divergent within its group (compared 

to other posed problems)? 

new ideas within the scope of creativity are thought to be formed by 

divergent thinking, convergent thinking is generally associated with 

traditional ideas [14]. 

The data were analyzed by two different researchers, adhering to the analysis 

framework. The percentage of agreement between researchers was calculated using the 

reliability formula suggested by Miles and Huberman [28]. This formula is as follows; 
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Consensus 
Reliability = 

Consensus + Dissension 
. 100

 

In the analysis of the data, the percentage of agreement between the studies was 

calculated as 91.2%, and this percentage is sufficient for the analysis results to be 

considered reliable [28] [29]. The researchers then came together and reached consensus 

on the points where they were incompatible, and thus the analysis of the data took its 

final form. 

3 Findings 

In this section, the findings obtained within the scope of the research will be discussed 

respectively according to the themes specified within the framework of the analysis. 

The analysis of the posed problems according to themes was carried out by frequency 

counting. The findings of the problems posed by the teacher candidates regarding the 

theme of “Role of the Drawn Picture” are given in Table 2. 

 Table 2. Frequencies Related to the Theme “Role of the Drawn Picture” in the Posed Problems 

Theme Required for solution 1 Adds visuality 2 

Pretest 19 10 
Role of the Drawn Picture 

Posttest 22 7 

1 Picture needed to solve the established problem. 
2 The picture is not necessary to solve the problem; it only adds visuality to the problem. 

As seen in Table 2, the picture drawn by 19 of the 29 teacher candidates to pose a 

problem within the scope of the pre-test is a necessary picture for the solution of the 

problem. The picture drawn by 10 teacher candidates only adds visuality to the problem. 

At the same time, post-test findings show that while the picture drawn by 22 of the 29 

teacher candidates is a picture that is necessary for the solution of the problem, the 

picture drawn by 7 of them is not necessary for the solution of the problem. 

TC7 (TC: teacher candidate) drew a picture that only added visuality to the problem 

in order to pose a problem in the pre-test, and a picture that was necessary to solve the 

problem in the post-test. The problems posed by the teacher candidates are listed in 

Figure 3 (pre-test and post-test from top to bottom). 

 

Fig. 3. Problems posed by TC7. 



 
 

 

 
Table 3. Frequencies of Situations Requiring the Use of Strategy in Solving Problem
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The findings of the problems posed by the teacher candidates regarding the theme of 

“Mathematical Problem Solving Strategy” are given in Table 3 and Table 4. 

 
Solving the posed problem requires 

the use of strategy 

Solving the posed problem does 

not require the use of strategy 

Pretest 8 21 

Posttest 11 18 

Total 19 38 

Looking at Table 3, it can be seen that in the pre-test, 8 out of 29 teacher candidates 

posed problems that required the use of strategy to solve and in the post-test, 11 out of 

29 teacher candidates posed problems that required the use of strategy in solution. The 

problem posed by TC15 in the pre-test was a problem that did not require the use of 

strategies in its solution, while the problem posed in the post-test was a problem that 

required the use of strategies in its solution. The problems posed by the teacher 

candidate are listed in Figure 4. 

 
Fig. 4. Problems posed by TC15. 

Detailed findings about the strategies needed to solve problems that require specific 

strategies are presented in Table 4. 

Table 4. Frequencies of Problems Requiring the Use of Strategy to Solve, Related to the 

Theme of “Mathematical Problem Solving Strategy” 

Theme DD SSSP LP MSL MR EE 

Mathematical Problem Pretest 3 3 2 1 3 1 

Solving Strategy* Posttest 4 1 1 3 5 1 

Total 7 4 3 4 8 2 

*It is limited to the types of strategies preferred by teacher candidates. If the posed problem contains more 
than one strategy, each strategy is included in separate frequencies. 



 
 

 

 

 
Table 5. Frequencies Related to the “Context” Theme in the Problems Established 
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DD: Drawing a diagram 

SSSP: Solve a similar simple problems 
LP: Look for a pattern 
MSL: Making a systematic list 

MR: Mathematical reasoning 

EE: Establishing an equation 

In the pre-test, where eight teacher candidates posed problems that required the use of 

strategies to solve, the strategies of drawing diagrams, benefiting from the solution of 

similar simple problems and reasoning were the most preferred strategies (f = 3). In the 

post-test, where 11 teacher candidates posed problems that required the use of strategy 

to solve, reasoning strategy was the first most preferred strategy (f=5), while drawing 

a diagram was the second most preferred strategy (f=4). Similarly, in the pre-test and 

post-test, the most preferred strategy (f=8) in a total of 19 problems that required the 

use of strategy to solve was the reasoning strategy. The findings of the problems posed 

by the teacher candidates regarding the “Context” theme are shown in Table 5. 

Theme Personal Social Scientific Vocational No context 

Pretest 16 - 4 2 7 
Context 

Posttest 12 2 1 7 7 

Total 28 2 5 9 14 

Looking at Table 5, it can be seen that the context that teacher candidates use most in 

the problems they pose is the “Personal” context (f=28). The second most used context 

is the “Professional” context (f=9). While there are no problems posed in the “Social” 

context in the problems posed within the scope of the pre-test, there are also problems 

posed for this context in the post-test (f = 2). While TC12 posed a problem in the “Per- 

sonal” context category in the pre-test, the problem he posed in the post-test was directed 

to the “Professional” context. The problems posed by the teacher candidate are listed in 

Figure 5. 

 
Fig. 5. Problems posed by TC12. 

The findings of the problems posed by the teacher candidates regarding the “Learning 

Field” theme are shown in Table 6. 



 

 

 

 

 

 

 

 
Table 7. Frequencies Related to the Theme of “Creativity” in the Problems Posed 
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Table 6. Frequencies Related to the “Learning Field” Theme in the Problems Pose 

Themes 

 Numbers 

and 

Operations 

Algebra 
Geometry and 

Measurement 

Data 

processing 
Possibility

Learning Pretest 21 7 9 - - 

Field* Posttest 19 6 9 1 2 

Total 40 13 18 1 2 
* If the posed problem contains more than one learning field, each learning field is included in separate 

frequencies. 

As seen in Table 6, the most preferred learning field in the problems posed by teacher 

candidates was the “Numbers and Operations” learning field (f = 40). While there were 

no problems related to the “Data Processing” and “Probability” learning fields in the 

problems posed within the scope of the pre-test, there were also problems posed for 

these two learning fields in the post-test. 

While TC10 posed a problem related to the “Numbers and Operations” learning filed 

in the pre-test, he preferred the “Probability” learning field in the problem he posed in 

the post-test. The problems posed by the teacher candidate are listed in Figure 6. 

 
Fig. 6. Problems posed by TC10. 

The findings of the problems posed by the teacher candidates regarding the “Creativity” 

theme are shown in Table 7. 

Theme  Convergent Divergent 

Pretest 21 8 
Creativity 

Posttest 15 14 

 Total 36 22 

Looking at Table 7, it can be seen that the problems posed by 8 teacher candidates 

within the scope of the pre-test were included in the divergent thinking category, 

differing from the other 21 problems posed in their group. Therefore, it can be said that 

8 teacher candidates posed creative problems in the pre-test. Similarly, in the post-test, 

the problems posed by 14 teacher candidates differed from the other 15 problems posed 

in their group and were included in the divergent thinking category. 
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It can be said that 14 teacher candidates posed creative problems within the scope of 

the post-test. This frequency shows that approximately half of the study group (14/29) 

posed creative problems in the posttest. 

While TC27 posed a problem that fell into the convergent thinking category within 

the group he was in in the pre-test, he posed a problem that fell into the divergent thin- 

king category within the group he was in the post-test. The problems posed by the 

teacher candidate are listed in Figure 7. 

 
Fig. 7. Problems posed by TC27. 

4 Results, Conclusions and Recommendations 

The current research examined the problem posing skills of mathematics teacher 

candidates according to different variables through an activity and revealed the effects 

of the “Task-Focused Problem Solving and Posing Training” given to teacher 

candidates within the scope of these variables. On the activity sheet used as a data 

collection tool, mathematics teacher candidates were asked to draw a picture and pose a 

problem appropriate to this picture. The activity sheet was applied to teacher candidates 

twice, before and after the “Task Focused Problem Solving and Posing Training”. The 

different variables mentioned were determined as the themes of “role of the drawn 

picture, mathematical problem solving strategy, context, learning field, creativity”. 

In the analysis of the posed problems regarding the theme of “Role of the Drawn 

Picture”, it was concluded that the teacher candidates mostly designed the picture they 

drew as a picture that would be necessary for the solution of the problem they posed. 

There are also teacher candidates who draw the picture just to add visuality to the 

problem. However, after the training provided, there was a decrease in the number of 

problems posed with pictures drawn solely for visual appeal. This may be a result of 

the frequent inclusion of problems whose solutions can be achieved through pictures, 

dia grams and figures in the content of the training provided. 

In the analysis of the posed problems regarding the theme of “Mathematical Problem-

Solving Strategy”, it was seen that teacher candidates tended to pose problems that did not 

require the use of strategies in their solution. This can be considered an expected result 

since the teacher candidates in the study group are only in the first year of their 
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undergraduate education. However, it can be said that the training provided had a 

positive effect on teacher candidates' problem-posing situations that require the use of 

strategies to solve. Because the number of problems posed after the training, which 

required the use of strategies to solve, increased. In their study where they provided 

problem solving and posing training, Leavy and Hourigan [30] saw that teacher 

candidates were able to design problems that had the potential to use strategies after the 

training. In the current study, teacher candidates who posed problems that required 

specific strategies for solving predominantly chose the strategies of reasoning and 

drawing diagrams. 

The results obtained in the analysis of the posed problems regarding the “Context” 

theme indicate that teacher candidates tend to pose problems regarding the “Personal” 

context category. Similarly, Joaquin [31], in his study examining the problem posing 

situations of mathematics teachers and teacher candidates, states that the personal con- 

text is dominant in the problems posed in both groups. In addition, the training provided 

in the current research enabled teacher candidates to focus on the “Social” context when  

posing problems. In other words, the contexts of the problems posed after the training 

showed more diversity. 

When the posed problems were analyzed regarding the theme of “Learning Field”, 

it was concluded that the most preferred learning field was “Numbers and Operations”. 

Joaquin [31], in his study examining the problem posing situations of mathematics 

teachers and prospective teachers, revealed that although both groups could use various 

topics such as numbers, algebra, geometry, measurement and data, they turned to rou- 

tine when posing problems. In their study where Lee et al. [32] examined teachers’ 

subject and content knowledge within the scope of problem posing, they concluded that 

teachers had subject knowledge, but were insufficient to reflect their subject knowledge 

on the problems while posing problems. In the current study, the problems posed after 

the training showed more diversity regarding learning fields. In this case, the training 

provided moved the prospective teachers away from the routine within their group and 

enabled the prospective teachers to focus on different learning fields of mathematics 

while posing problems. 

The results of this study, in which problem solving and problem posing training was 

provided and the problem posing skills of mathematics teacher candidates were 

examined, are similar to the results of the study of Cai et al. [33]. They examined the 

effect of the problem posing workshop on teachers' problem posing understanding and 

skills. As a result of their research, although the majority of teachers had little 

experience in problem posing before the workshop, they found that they had the ability 

to pose mathematical problems in various situations, and that the problems they posed 

at the end of the training process were characterized by specific features. They indicate 

that they show more diversity. 

Another result of the research shows that convergent thinking is more dominant in 

the problems posed by teacher candidates, but they were able to pose more creative 

problems after the training provided. Because the problems posed after the training 

became more differentiated within the group they were in, teacher candidates tended to 

think divergently. In this case, it can be said that the training provided has positive 

effects on the creative thinking of teacher candidates. Context has a significant impact 

on creativity [12]. Based on this, educators can be advised to enrich the contexts when 
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it comes to developing creativity. For example, Daher and Anabousy [11] revealed that 

more creative problems are posed in a learning environment supported by technological 

contexts. 

When the results obtained within the scope of the current research are evaluated from 

a general perspective, it is obvious that positive results will be achieved when teacher 

candidates’ learning experiences regarding problem solving and posing are increased. 

Supporting learning experiences with activities will enrich learning environments and 

enable teacher candidates to see more example situations. In this way, teacher 

candidates will have experience not only in implementing problem-posing activities, but 

also in preparing them and carrying them into their classrooms. 
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