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This study investigates preservice teachers’ faults in problem posing. Based on 

earlier theoretical and empirical contributions in the field of problem posing, the 

study focuses on preservice teachers’ ability to pose problems based on a given 

representational settings within area of multiplication and division. Qualitative 

analysis of problems produced by 95 preservice teachers unveils typical mistakes. 

Classification of faults in problem posing primarily points to limitations in 

mathematical content knowledge but also in pedagogical content knowledge of 

prospective teachers. I discuss implications of the findings: what these mistakes tell 

us and how these findings can help us in prospective teachers’ training. 

Keywords: preservice teachers, problem posing, representations, multiplication and 

division. 

INTRODUCTION 

Could problem posing activity be used as a diagnostic tool for revealing students’ 

knowledge of mathematics and/or knowledge of math pedagogy? Expertise of 

prospective mathematics teachers includes complex set of different elements of 

psychology, pedagogy, mathematics, philosophy, and other sciences. Ma (1999) 

discusses teachers’ “profound understanding of fundamental mathematics” as 

expertise in mathematics and how to communicate with students. Ball and colleagues 

(2008) categorized mathematics knowledge for teaching into subject matter 

knowledge and pedagogical content knowledge (Ball et al., 2008). The later includes 

knowledge of content and students, content and teaching, and content and 

curriculum. One of newly recognized elements in math pedagogy is problem posing 

(Brown & Walter, 1990; Margolinas, 2013; Singer et al., 2015). Researchers 

recognize that knowledge about students, mathematical content and pedagogical 

content knowledge in teaching are intertwined (e.g. Ball et al., 2008; Liu, 2005). I 

presume that “problem posing proficiency” should not be looked upon as general 

element of teaching pedagogy separated from the math domain which is a subject of 

interest in the problem posing activity. Therefore, I focused on pre service faults in 

teacher’s problem posing in particular area of whole number multiplication and 

division. Note that evaluating teachers’ competences by studying faults is already 

recognized as a valuable approach in mathematics education research. For example, 

Ma (1999) examined and compared mathematics teachers in the United States and 

China by drawing attention to the type of mistakes they make.  
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In the following paragraph I explain how we can analyse design of math problems.  

Then, I will discuss in more details about what I mean by “proficiency in problem 

posing” and why I believe that it is important to attend to problem posing as a key 

teachers competence. 

Any problem can be characterized by context (real or formal mathematical), given 

information (quantities, relations), requirements and mathematical environment 

(Malaspina et al., 2016).  Math problems are described within a problem space in 

terms of its context, of givens and unknown elements and of the relations between 

the elements.  Psychologically, problem space is defined as a mental representation 

of a problem that contains knowledge of the initial state and the goal state of the 

problem. The context may be abstract as well as realistic. Stoyanova and Ellerton 

(1996) discuss problem posing situations in terms of the source of ideas (e.g. 

classroom activities or textbook).  A collection of problems with the  same problem 

space may be posed by setting or varying 1) what is given, 2) what is searched for 

(unknown), or 3) the context (Milinković, 2015). In my study students were 

challenged to pose multiplication and division problems initialized by information 

set within various representations (pictorial, tabular and in words given numerical 

values to be used in problems).   

Proficiency in problem posing might be considered by someone as a part of 

pedagogical content knowledge (i.e. math pedagogy) while for others it is part of 

subject matter knowledge. Kilpatrick (1987) thinks that problem posing should be 

seen not only as a means of instruction but as a goal of instruction. In problem 

posing activities, teaching competences such as fluency and flexibility of subject 

matter knowledge as well as inventiveness become visible. In the literature on 

relations among subject matter knowledge, pedagogical (didactical) knowledge and 

curricular knowledge we find that problem posing was an underestimated issue. For 

Shulman and Grossman subject matter knowledge consists of understanding of 

concepts, facts and principles as well as rules of evidence and proof (Shulman & 

Grossman, 1988). For them pedagogical content knowledge includes understanding 

of how to represent subject matter in ways suitable to the needs and abilities of 

learners. Malaspina et al. (2016) show that problem posing has beneficial impact on 

the development of teachers’ didactic and mathematical competencies.    

Representations in problem posing 

Our training route in problem posing is based on a representational approach.  The 

idea that representations are “tools in thinking” is well documented in the literature 

(Cuoaco & Curcio, 2001). Representations may be informally explained as different 

ways to represent a problem. Different representations are more often seen as tools in 

problem solving than as means to problem posing. Some physical representations 

such as counters or beads, or pictorial representations, such as number line or place 

value table provide good contexts for posing various problems. Tichá & Hošpesová 

(2016) explored graphical representations called branched chains to solve and pose 



  

word problems. They found that for both pre-service and in-service teachers it was 

more difficult to pose a problem to match a chin model than to create a picture to 

illustrate the problem in a process of solving it. 

Friedlander and Tabach (2001) maintain that the teacher’s presentation of a problem 

situation in different representations encourages flexibility in students’ choice of 

representations. Representations might be seen as ways of presenting a problem on 

different levels of abstraction (Milinković, 2015).  It means thinking about particular 

math idea in different paradigms. I inquired the results of problem posing efforts 

based on a range of representations which set a stage for the activity.  

METHODOLOGY 

The sample was drawn from students preparing to become elementary school 

teachers in a large university in Serbia. There were 95 students, all enrolled in the 

course Methodology of Teaching Mathematics which I taught during the fall 

semester of the third year of studying. In the course, participants learned about 

elementary school mathematics curriculum and teaching methods. They had 2 

lessons per week over 15weeks long semester involving activities of problem posing 

and problem solving. A teaching assistant attended all my lectures and was the 

second person (beside myself) who assessed student's productions with scoring 

guidelines set in advance. 

The course was designed to focus their attention to studying structure of math 

problems. As a part of regular class activities they were encouraged to analyse 

problems in different math domains (arithmetic, algebra, geometry, fractions) and 

explore possibilities to create variations of them.  Each week they were asked to pose 

problems. In some occasions they designed variations of problems found in math 

textbooks. In others, they were asked to pose own problem from scratch, fulfilling 

some requirement (problems of different levels of difficulty, problems set in specific 

real context, etc.).  As they learned about representations in mathematics they were 

asked to create problems using different representations or to solve problem by using 

different representations. Their productions were part of portfolios assessed at the 

end of semester. For example, they were asked to pose a problem involving numbers 

32 and 4. Students came up with simple problems of division and multiplication 

(Figure 1).    

 

Figure 1 From student portfolios, problems with numbers 32 and 4. 



  

Without doubt the most common representation of a problem situation to be 

modelled is through word problems. Students need to develop competencies in 

constructing appropriate mathematical formulations, often in a form of math 

expression on the basis of syntactical surface tools. Another way of representing 

problems is in pictures (diagrams, graphs, or tables). In this case, problems are 

related to analysing pictures and understanding what the information given in 

pictures is telling them and how it can be used to provide answer or find a solution. 

I set our investigation within the area of multiplication and division. Earlier, 

investigations of teachers’ knowledge of representations of multiplication pointed to 

limitations in their knowledge (Barmby & Milinkovic, 2011). It was found that 

teachers tend to use simple contexts when posing problem (distributing flowers in 

cases or quantitatively describing a problem given in picture). 

The problem posing test was administered at the end of the semester. The problem 

posing items were set in different representational frame. Two items referred to 

pictorially set contexts with jars and cookies (Figure 2). In the first one they were 

asked to pose ‘multiplication’ problem, in the second  they were asked to pose 

‘division’ problem.  

 

Figure 2 Pictorial contextual frame for designing task. 

In the next, students had to design “equation with unknown divider”. The final item 

assessed students’ ability to pose different problems based on information provided 

in a tabular form (Figure 3).  

 

Figure 3 Tabular contextual task frame. 

Two evaluators (myself and the teaching assistant) evaluated test independently. We 

compared and discussed our judgments  about students’ productions. The data were 

sorted and analysed qualitatively. During evaluation emerged categories of faults in 

posing problems. Consequently, faulty posed problems were analysed along three 

identified characteristics: context, math formulation (meaningfulness of question) 



  

and language. Note, “math formulation” is what defines relations between given and 

unknown elements within problem space. Also, we earlier identified context as one 

of key elements in problem space. In the analysis offered in this paper I focus on 

those two elements: context and math formulation, as they appear in problems 

designed by students. 

RESULTS AND DISCUSSION 

Before turning to the qualitative analysis let me mention that only 15 out of 95 

(about 16%) students designed all problems without faults. Equal number of students 

correctly posed multiplication and division tasks based on the picture (Figure 2). Yet, 

only 52 out of 95 posed both problems correctly. Exactly the same number of 

students successfully posed three different problems based on the data given in the 

table. Slightly less, 49 students managed to pose a problem with which could be 

solved by equation with unknown divisor. (Remark that this type of requirement is 

commonly found in elementary school textbooks.) I turn now to the analysis of 

examples of faulty problems designed by students.    

Analysis of tasks based on pictorial representations 

First, I attend to results of posing multiplication tasks based on a picture. Here are 

some problems with faults made by students. I discuss how students use pictorially 

set context. 

    ‘Multiplication’ problems 

M04: There are 20 cookies, and 5 jars. You need to split them so that you have equal 

number of cookies in each jar.  How many cookies will you put in each jar? 

M19: Bogdan’s aunt has bought 5 jars with equal number of cookies. After turning over 

all cookies, she divided them into 2 equal parts. Bogdan got 10 cookies.  

How many cookies was in jars all together? 

M51: Ana had18 cookies. She divided them into 3 jars. How many cookies did she put in 

each jar? 

M84: How many cookies will be in a jar if there are equal number of cookies in each jar? 

As we can see, M04 is designed correctly. But, to find the answer we need to use 

division instead of multiplication. This is an example of faulty defined relation 

between given and unknown elements within problem space. Problem M19 is a 

complex problem involving multiplication and division. But, from the text one 

cannot discern how many cookies were involved in the story at the beginning. If one 

should rely on picture when solving this problem, then the first part of the problem is 

not needed.  If not, than it is not clear were those 10 cookies all cookies involved in 

the story or half of the total amount. Here, the student made mistake in creating 

context. The idea of “equal grouping” is missing in problem M51. In Problem M84, 

quantitative information is missing (or reference to the picture).  



  

In the cases of designing ‘division’ problems based on pictorial representation 

students made similar mistakes. First, they could not discern for which word problem 

solution may be solved by multiplication and which one by division; second, they 

often forget to mention that objects need to be split equally (e.g. problem D09).  In 

some, students omitted some elements of the context or added some which were not 

present on the picture. 

    ‘Division’ problems 

D09: Sara bought 12 cookies. She needs to split them into 3 jars. How man jars                                                       

will be in each jar? 

D95: There were 3 jars on a shelf. In the first there was 2 times less cookies than in the 

second. How many cookies was in the third jar if there was total of 9 

cookies.  

Analysis of tasks based on numerical representation 

Next, I analyse problems posed based on defined relation between numerals whereas 

students were free to define context. To start up, look at E14. The model equation for 

E14 is an equation with unknown addend (not divider). Similarly nonmatching 

example is E67. The model equation for E67 is not the one which the student wrote, 

which unveils students’ failure to model realistic problem situation into 

mathematical formula. Deficiency in subject matter knowledge prevented her from 

being successful in attempt to pose problem.  

I remarked cases in which a student did not set problem space properly as he failed to 

give sufficient information. For example, in E71 and E89 quantitative information 

were missing. In addition, the student who wrote E89 actually did not know what the 

model equation for the designed problem should be (again having flows in 

knowledge of mathematics).  

‘Equation with division’ problems 

E14: Marko have had few stickers when his mother brought him 10 more.  Now he has 15 

stickers. How many stickers he had before he got stickers from his mum?  

E67:  How many grandchildren does granny have if she gave to each of them 5 apples and 

she had 2 leftovers?  (Student wrote equation x : 5=2!) 

E64:  Jovan had few marbles out of which he gave half to his younger brother. How many 

marbles he had at the end? 

E71: Marko have had few stickers when his mother brought him 10 more.  Now he has 15 

stickers.  How many stickers he had before he got stickers from his mum?  

E89: Novak had few candies. He gave to each of his friend 5 candies. He had 4 left over. 

How many candies did mother gave to Novak? (Student wrote:  x: 5=4!) 



  

Analysis of tasks based on ‘Tabular’ representation 

Finally, I examine problems designed whereas the information was given in a table. 

Most of the constructed problems were in the domain of statistics. These problems 

appear to be good at first glance. Yet, they were out of reach of pupils aged 7 to 11 

given the fact that statistics was not part of the elementary school curriculum in 

Serbia (e.g. E48). This indicates lack of knowledge of PCK (content and curriculum). 

In addition, there were students who were making logical mistakes (e.g. wording of 

problem T63; it is not possible to get two different grades at the same time). In the 

problem T77, as I looked at the student’s solution, I found that he did not recognize 

that there were multiple solutions for the problem.    

T48:  What is the mean value on this test? 

T63:  How many pupils got grade 3 and 5? 

T77:  In one class out of 30 students 12 of pupils received a grade lower than 3 on a test 

in mathematics; number of pupils whose grade was 4 more than double the 

number of pupils who got grade 5. How many pupils got grade 4?   

Classification of mistakes when posing problems 

The problems discussed above exemplified different types of mistakes student 

teachers made such as providing insufficient information, incorrect direction for 

solving problem, creating impossible contexts or problems which were not part of 

primary school curriculum. As I went through all faulty problems I found that certain 

mistakes repeat. I recognized and classified them as follows. 

Here is a categorization of faults in problem posing with reference to how we define 

problem space:    

1. Not using (all) elements of the defined context 

2. Using ill-chosen relations for given elements 

3. Using unfitting context 

4. Math semantics - using inappropriate mathematical formulation 

5. Posing problem within math domain out of reach of children (unfamiliar math 

relations) 

6. Syntax faults - using inappropriate sentence structure (not discussed in this 

paper)  

To summarize, along lines of Shulman and Grossman (1988) and of Ball and her 

colleagues (2008), problem faults predominantly pointed to weaknesses in subject 

matter knowledge.  Particularly, mistakes of type 1, 2, 4 and 6 indicate limitations in 

subject matter knowledge. On the other hand, mistakes of type 3 and 5 belong to 

pedagogical content knowledge.   



  

CONCLUSIONS 

The problem posing activities based on variation of representational problem setting 

exposed in this paper could be a good methodological tool in teacher training. Our 

study shows how the activity of problem posing may also be a diagnostic tool in 

evaluating student teachers knowledge. This activity can help us recognize hidden 

students’ limitations either in subject matter knowledge or in pedagogical content 

knowledge. The identification of faults could give us clue how we could help 

students to overcome weaknesses them by analysing problems in details.  

Our classification of faults in problem posing points primarily to preservice teachers’ 

partial comprehension of multiplication and division. Thus, the results cannot be 

generalized. But, future research could explore students' competences by studying 

mistakes they make when posing problems in other math domains. From a research 

point of view, it would be valuable to examine further whether specific form of 

representation used to set a stage for the activity of problem posing may influence 

teachers’ ability to design appropriate task. As I look about the next generation of 

students, I am thinking about ways to discuss potential mistakes in problem posing 

before they happen.  
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