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MATHEMATICAL PROBLEM POSING:  
TYPES OF TASKS & FRAMEWORKS FOR ANALYSIS OF RESPONSES 

Yeap Ban Har & Berinderjeet Kaur 
Nanyang Technological University, Singapore 

Abstract: Mathematical problem posing has been defined as the generation of problems or the 
re-formulation of existing ones. Research studies on students posing problems have received 
increasing attention elsewhere but have not been explored systematically in the local context. 
This paper reports the initial stages of a study in progress. This paper aims to do three things. 
Firstly, it aims to survey the literature to document and classify types of mathematical problem 
posing tasks for use in future research. This will clarify the multiple meanings associated with 
the phrase ‘problem posing tasks’. A taxonomy to classify problem posing tasks will be 
presented. Secondly, the paper aims to document and compare previous frameworks used to 
code written responses to problem posing tasks. These frameworks as well as one developed 
for the present study are used to analyze written responses of secondary one students. The 
strengths and weaknesses of these frameworks will be discussed. Thirdly, this paper aims to 
describe the Nodal Framework, which is developed to analyze mathematical problem posing 
responses. The theoretical principles underlying the framework will be presented. 

 

Introduction 

Mathematical problem posing has been defined as the generation of problems or the re-formulation 
of existing ones (Silver, 1994). Research studies on students and pre-service teachers posing 
problems have received increasing attention elsewhere (Leung, 1993; Silver & Cai, 1996; Silver, 
Mamona-Downs; Leung & Kenny, 1996; Stoyanova, 1996; English, 1997, 1998) but have not been 
explored systematically in the Singapore context.  

This paper aims to do three things. Firstly, it aims to survey the literature to document and classify 
types of mathematical problem posing tasks for use in future research. This will clarify the multiple 
meanings associated with the phrase ‘problem posing tasks’. A taxonomy to classify problem 
posing tasks is presented. Secondly, the paper aims to document and compare previous frameworks 
used to code written responses to problem posing tasks. The strengths and weaknesses of these 
frameworks will be discussed. Thirdly, this paper aims to describe the ‘nodal framework’ which is 
developed to analyze mathematical problem posing responses. The theoretical principles underlying 
the framework will be described. Responses by secondary one students and mathematics graduate 
pre-service teachers to one task are used to illustrate the features of the nodal framework. 

Types of Problem Posing Tasks 

There is a wide variety of problem posing tasks and a few ways to classify them have been 
proposed. Stoyanova (1995) classified problem posing tasks as free, semi-structured and structured. 
Silver (1994) classified them according to whether problem posing takes place before, during or 
after problem solving.  

Another way to classify problem posing tasks is according to the types of cognitive processes they 
elicit. There is however insufficient research at the present moment to describe the cognitive 
processes that each of the different types of problem posing task can elicit. The classification 
framework proposed in this section aims to approximate such a classification scheme. Problem 
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posing tasks are classified according to what the problem poser has to do with the quantitative 
information in the task. 

Quantitative information can be in actual, iconic or symbolic representations. Students posing 
problems based on quantitative information in, say, a garden are handling quantitative information 
in actual form. Similarly, students are handling quantitative information in actual form if they are 
given three red flowers and five white ones. However, the latter is a contrived situation while the 
former is an open one. Students posing problems based on a photograph or picture of these flowers 
are handling information in iconic form. Similarly, students are handling quantitative information in 
iconic form if they are given graphical representation, such as a bar graph, of the flowers. However, 
the former is less abstract than the latter. Students posing problems based on words or phrases such 
as five red flowers, 3 white flowers, five and 3 are handling quantitative information in symbolic 
form. Situations where the context is included (such as five red flowers) is less abstract than those 
where the context is absent (such as 5).  

In this paper, problem posing prior to problem solving is the focus. Thus, tasks that require students 
to pose problem during or after problem solving are excluded. Also, the tasks used include only 
quantitative information in the symbolic form. Based on a survey of previous studies, five 
categories of such problem posing tasks were identified. Table 1 lists these categories and gives an 
example of a task in each category. 

Table 1: Categories of Problem Posing Tasks 

Category Example 
Tasks that merely require students to pose a problem. Write a word problem for a friend to solve.  
Tasks that require students to pose a problem with a given 
answer.  

Write a word problem that has an answer 25.  

Tasks that require students to pose a problem that contain 
certain information. 

Write a word problem to contain the ratio 2:3, the 
number 12 and the fraction ½.  

Tasks that require students to generate questions for a problem 
situation with unstated question. 

Twenty-five pipes of lengths 5m and 8m were laid over 
a distance of 155m. Write a question that follows.  

Tasks that require students to pose a problem that fit a given 
calculation. 

Write a word problem for 27 + 38.  

A taxonomy to classify problem posing tasks based on the combination of cognitive processes they 
require is proposed. The following cognitive processes are postulated to occur when a person 
engage in problem posing:  

• generating quantitative information, 
• selecting quantitative information, 
• translating quantitative information from one form to another, 
• comprehending quantitative information, 
• organizing quantitative information, by giving them meaning or creating relationship among 

them, 
• editing quantitative information of their meaning or relationships. 

The essential cognitive processes form the basis of classification. Five problem posing tasks, each 
from a category previously described, are classified using this taxonomy. Table 2 shows the 
differences among the five tasks. The problem posing task used to generate responses used in this 
paper is shown below. 
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Ai-Ling gets $3 more pocket money than Ben each week. 
They each spend $15 per week on food and save the rest. 
Write three questions about Ai-Ling and Ben for your friend to solve. 
You need not solve the problem. Make the problem as difficult as possible.  
You can include other numbers if you like.  

Table 2: Essential Cognitive Processes in Five Problem Posing Tasks  

 G S T C O E 
Write a word problem for a friend to solve. X    X  
Write a word problem that has an answer 25. X    X X 
Write a word problem to contain the ratio 2:3, the number 12 and the fraction ½.  X   X  
Twenty-five pipes of lengths 5m and 8m were laid over a distance of 155m. 
Write a question that follows. 

 X  X   

Write a word problem for 27 + 38.   X  X  
G=Generating, S=Selecting, T=Translating, C=Comprehending O=Organizing, E=Editing 

Frameworks for Analysis of Responses to Problem Posing Tasks 

One problem identified by Silver and Cai (1996) about analysis of problem posing responses is that 
research on children’s problem posing tends “to provide only a fairly superficial analysis of the 
posed problems, if any analysis at all. (p.522)”. They attempted to rectify the situation by proposing 
a possible scheme of analysis for arithmetic problem posing. Silver and Cai (1996) analyzed 
responses of middle school students posing questions to a given set of facts in terms of their 
linguistic and semantic complexity. Linguistic complexity is indicated by the presence of relational 
(“How much more does Ai-Ling save more than Ben in a week?”) and conditional propositions (“If 
Ai-Ling gets $20 pocket money each week, how much does Ben get?”). The presence of only 
assignment propositions (“How much do Ai-Ling and Ben spend in 4 weeks?”) indicates that the 
response is a linguistically less complex one. The responses were also examined for the presence of 
previously defined semantic structural relations (Marshall, 1995). Semantic complexity is indicated 
by the number of semantic structural relations in the responses. The scheme proposed has the 
benefit of allowing problem posing responses to be analyzed, and not merely described. However, 
the scheme is limited only to arithmetic tasks (Silver & Cai, 1996). Although it is useful for 
analysis of responses to one of the five categories of tasks identified in this paper, it will not be able 
to capture sufficiently the complexity of responses to tasks in other categories.  

Ellerton (1986) used the number of operations as one indicator of problem complexity. This method 
has the advantage of analyzing responses in a straightforward and reasonable way. However, the 
use of this criteria tends to make a problem that can be solve by the repeated use of one operation 
appear more complex than another problem that can be solve using only a few but different 
operations. The latter, in many cases, are more complex than the former. Difficulty and complexity 
are two notions that need to be distinguished. 

Leung (1993) used GPS graphs (Newell & Simon, 1972) to analyze responses to tasks similar to the 
one used by Silver and Cai (1996). However there is often more than one possible graph for a 
response. Leung (1993) reduced this problem by using the minimal path solution to construct the 
graph. The technique has the benefit of allowing problem posing processes to be inferred when 
students pose a series of questions in tasks similar to the ones shown in Figure 2. 

 English (1998) examined if a response is multi-step problem or otherwise. While this method of 
analysis is a reasonable and reliable method to analyze responses, its use is restricted to responses 
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from primary school children. The same method when used on older subjects does not yield useful 
insights as nearly all the responses are multi-step problems. 

Some coding frameworks consist of prototypical problems to which responses are compared to 
(Silver, Mamona-Downs, Leung & Kenney, 1996). Others use previously developed categories of 
problem types (Leung, 1996). Several frameworks code responses according to the meaning 
attached to the mathematical operations required to solve the posed problem (Leung, 1996; English, 
1997, 1998). When subjects were asked to pose several questions, the responses by a same subject 
were analyzed for their relatedness (Silver, Mamona-Downs, Leung & Kenney, 1996; Silver & Cai, 
1996).  

It is acknowledged that there are a variety of ways to analyze problem posing responses and each 
may give a different understanding of the process. However, there is a need for a framework that 
can be used on responses from a wide range of tasks and from different age-groups so that inter-
task study and development of problem posing behaviour can be investigated.  

Nodal Framework 

The responses are initially analyzed using the scheme shown in Figure 1. This scheme is an 
extension of a version used by Silver and Cai (1996). Each response is classified as either related or 
unrelated to the given task. An unrelated response is one that ignores the given stem entirely. Some 
unrelated responses are modification of the given stem, retaining the information structure. Others 
contain entirely new information structure. Related responses are either mathematical or non-
mathematical. Mathematical responses are classified as either questions or statements. Questions 
are either solvable or unsolvable. Unsolvable responses are those with insufficient information, 
inconsistent information or ambiguous information.  

Figure 1: Initial classification of responses 

 
Each response that is a solvable mathematical question is converted into a response map for further 
analysis. Each response is converted into ‘nodes’. A ‘node’ is a word, a phrase or a sentence that 
has a truth value. The response below is used to illustrate the meaning of the term ‘nodes’. The stem 
in the task itself contains three nodes, (1) Ai-Ling gets $3 more pocket money than Ben each week. 
(2) They each spend $15 per week, and (3) and save the rest. Each can be either true or false, hence 
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has a truth value and is a node. In the response, If Ai-Ling save $10 each week is a node as the 
statement can be either true or false. The phrase find Ben’s pocket money is the ‘question node’. 

Ai-Ling gets $3 more pocket money than Ben each week. 
They each spend $15 per week on food and save the rest. 
If Ai-Ling save $10 each week, find Ben’s pocket money. 
[7020-2] 
Solution 
10 + 15 = 25 ! 25 - 3 = 22  

Two nodes are needed to obtain the answer for the question node. As such the question node is said 
to have a ‘dimension’ of 2. They are (1) Ai-Ling gets $3 more pocket money than Ben each week 
("), which is in the stem and (2) How much does Ai-Ling get? (#), which is not in the stem or 
response. The latter is called an ‘implicit node’. An ‘implicit node’ is the information that is 
required to solve the problem posed but is not present in the written response.  

Three nodes are needed to obtain the information for the implicit node. They are (1) They each 
spend $15 per week on food ($), (2) and save the rest (%), and (3) If Ai-Ling save $10 each week 
(&). Three pieces of information need to be considered simultaneously to generate information for 
the implicit node. As such the implicit node is said to have a dimension of 3. The arrows show the 
relationship among the nodes. The various nodes, those given in the stem, those provided in the 
response, question nodes and implicit nodes, together with the links among them form a ‘response 
map’. Figure 2 shows the response map for response 7020-2 

Figure 2: Response map for 7020-2 

 

Below is another response and its corresponding response map is in Figure 3. Two features that are 
not present in the previous map appear here. In this problem, a solver has to perform operations on 
undetermined numbers. The solution requires the inclusion of an implicit node how much does Ben 
(or Ai-Ling) has (') which is an undetermined number initially. Such nodes are called 
‘undetermined node’. 

Ai-Ling gets $3 more pocket money than Ben each week. 
They each spend $15 per week on food and save the rest. 
If the total amount of money Ai-Ling & Ben had is $70, how much money did Ai-Ling save? 
[7017-1] 
Solution 
x ! x + 3 ! x + (x + 3) = 70 ! x + 3 = 36.5 ! 36.5 - 15 = 21.5 
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Figure 3: Response map for 7017-1 

 

Another feature is the repeated use of the node '. Nodes that are used repeatedly are called 
‘hooks’. The presence of implicit nodes, hooks, undetermined nodes and nodes of higher 
dimensions are taken to be positive measures of problem posing. Positive measures of problem 
posing are indicators of a complex response. Another indicator of problem complexity the presence 
of ‘parallel chains’ as opposed to ‘serial chains’. Below are the responses of one graduate pre-
service mathematics teacher.  

Ai-Ling gets $3 more pocket money than Ben each week. 
They each spend $15 per week on food and save the rest. 
If Ai-Ling gets $8 for pocket money a day, how much money Ai-Ling and Ben save after 5 
months? 
[G013-1] 
Solution 
8 × 7 = 56  ! 56 - 15 = 41 
 ! 41 + 38 = 79 ! 79 × 4 × 5 = 1580 
56 - 3 = 53 ! 53 - 15 = 38 

Ai-Ling gets $3 more pocket money than Ben each week. 
They each spend $15 per week on food and save the rest. 
If Ben gets $5 a day, and wants to buy a toy which costs $30, how long must he save the 
money to buy the toy?  
[G013-2] 
Solution 
5 × 7 = 35 ! 35 - 15 = 20 ! 30 ÷ 20 = 1.5 ≈ 2 
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Figure 4: Response maps for G013 

G013-1 Parallel Chain   G013-2 Serial Chain 

 

Note: ( represents $ and % combined.   

) represents a factual information that is not in the response but is assumed. Examples include 
facts such as there are 7 days in a week. These are called ‘factual node’. In the first response the 
node that yields 41 is put aside while another node (that yields 38) is being generated. These two 
nodes were then used to generate another node. When information are generated, put aside and 
recalled for use at a later stage, ‘parallel’ information processing takes place. This contrasts with the 
second response where each information that is generated is used immediately in the very next step. 
When information is generated and used immediately, ‘serial’ information processing takes place. 
Parallel information processing is taken to be a more complex cognitive process than a serial type. 

The theoretical basis for the framework described is the notion of cognitive load. Halford (1993) 
argues that the complexity of a task depends on the number of independent information that needs 
to be considered simultaneously for a decision to be made. When a student introduces implicit 
nodes, nodes with high dimensions, undetermined nodes, hooks and parallel chains, it is postulated 
that she has to consider more information to arrive at the next step than if she does not. It is 
predicted that the former involves a higher cognitive load.  

Conclusion 

This paper addresses the meaning of the phrase ‘problem-posing tasks’. A taxonomy to classify 
problem posing tasks based on (a) the form of quantitative information contained in the tasks 
(actual, iconic or symbolic), and (b) the essential cognitive processes they elicit (generating, 
selecting, translating, comprehending, organizing and editing) is proposed.  

This paper also suggests the need to develop a framework so that responses from different problem 
posing tasks and from subjects of different ages can be compared. The former is necessary for the 
formulation of the meaning of ‘problem posing ability’. The latter is essential if mathematics 
educators want to investigate the development of problem posing ability. The nodal framework is 
proposed for these reasons. 
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