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The purpose of this study is to analyze how promising students in mathematics 

change structures or data to pose new problems while they are playing a NIM game. 

The findings of this study have led to the conclusions as follows:  Some promising 

students in the higher level were changing each data component of a problem in a 

consistent way and restructuring the problems while controlling their cognitive 

process. But students in a relatively lower level tend to modify one or two data 

components intuitively without trying to look at the whole structure. We gave 2 

suggestions about how to teach problem posing for the promising students. 

INTRODUCTION 

Problem posing has been noted as meaningful not only because it helps students 

better able to solve problems but also it is meaningful by itself (Brown & Walter. 

1990, 1993; Kilpatrick, 1987; Polya, 1981; Silver, 1994; NCTM, 2000). Problem 

posing usually enable students to reduce the level of anxiety about learning math, 

while it also help them foster a greater level of creativity (Brown & Walter, 1990; 

English, 1998; Silver, 1994). Generally, there are some strategies necessary to help 

students pose new problems: posing of new auxiliary problems, changing of 

conditions, or combination and disassembly. Among these strategies, the so-

called ‘What if not?’ strategy suggested by Brown & Walter (1990) is one of the most 

widely used strategies. Considering the perceived value of the problem posing, the 

purpose of this study is to analyze how to change structures or data on the given set 

of problems by using of the ‘What if not?’ strategies when the selected groups of 

promising students in math of elementary schools are assigned with a special task in a 

NIM game. The analysis is thus designed to help develop the teaching method on 

how to effectively lead students to pose new problems by using the ‘What if not?’ 

strategy. It is also expected to help in drawing out major points of suggestions about 

the way to develop teaching and learning materials for the promising students.  

THE THEORETICAL BACKGROUND 

Meanings of problem posing  

Posing problems have been defined in various different ways but with all of them 

referring to the same meaning. Kilpatrick (1987) put it as ‘problem formulation’, and 

Silver (1994) described it as ‘problem generation’, while Brown & Walter (1990) 

referred to it as ‘problem posing’. Kilpatrick (1987) saw it as the strategy for 
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formulating problems. He paid attention that when parts of conditions or the whole 

conditions for the given problems is changed, or when problems are revised in 

diverse ways, after these problems are formulated, how these changes would impact 

the solutions to these problems. Polya (1981) explained the concept of the problem 

posing in two different aspects: One is as a means of problem solution, and the other 

is to formulate new problems after solving problems. Brown & Walter (1990) said 

that by posing new problems in the process of solving problems, students will be able 

to re-interpret the original problems, and they will also be able to get a clue on 

solving these problems.  

It has been found that problem posing would positively impact the development of 

children’s creativity for the education of promising students.  Two groups of students 

with different level of mathematical ability are selected to compare how differently 

each group is able to pose the new problems under the ‘research on the promising 

students in math’ (Ellerton, 1986; Krutetskii, 1969). Also, problem posing is included 

into the test paper (Silver, 1994) that is designed to verify creativity for individuals. 

Silver (1994) evaluates fluency according to the number of generalized problems, and 

identifies flexibility according to the number of different categories of the newly 

posed problems. He, then, interprets the degree of originality according to the degree 

of the newness of the proposed solution. This study identified relationship that exists 

between the problem posing ability and the degree of students’ creativity, although it 

did not elaborate what is the essential nature of the relationship. A study (Ellerton, 

1986) finds that the more talented in math a student is, the more likely he is good at 

posing new problems. Given these studies, it is assumed that there is a relationship 

between the students' ability for posing new problems and the degree of their 

creativity and their talent for mathematics. 

Stages of posing problems and the ‘What if not?’ strategy  

The proposed process of formulating problems by Kilpatrick (1987) consists of 

association, analogy, generalization and contradiction. Brown & Walter (1990) 

classifies the problem posing stages into two stages of ‘accepting the given problems’ 

and ‘challenging the given problems’. At the stage of ‘challenging the given 

problems’, new questions can be raised by challenging the given problems. Brown & 

Walter name such a strategy for posing problems by challenging the given problems 

as the ‘What if not?’ strategy. Schoenfeld (1985) and Moses, Bjork, & Golenberg 

(1993) suggested how to pose new problems. What all of these proposed strategies 

have in common is that they all seek a useful way of discovering solutions to the 

problems by changing the scope, their assigned conditions, concerned variables, and 

structures of the suggested problems. Brown & Walter use such a strategy to design a 

method for posing new problems in a systematic way; Its process is presented as 

follows: Choosing a starting point, listing attributes, ‘What-if-not?’ strategy, question 

asking of problem posing, analyzing the problem.  

There has been a series of precedent studies to discuss problem posing by using 

‘What if not?’ strategies. A study (English, 1998) presents an analysis on which 
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processes eight-year-old children undergo when they are assigned to pose problem by 

using the ‘What if not’ strategies under the circumstances, which could be either 

formal or non-formal context. It raises a diversity of problems by varying conditions 

of non-formal questions like space puzzle problem. Lavy & Bershadsky (2003) also 

used ‘What if not?’ strategy to study a lot of problems that are generated by 

prospective teachers on the basis of the complicated task of space geometry 

In this study, the categories of the problems that could be presented through such a 

problem posing process are categorized into the data change and question change. It 

provides a set of components and hierarchy for the suggested problems category so 

that researcher can use them as the basis for analysis on the categories of problems 

that are posed by students.  

METHODOLOGY 

Research Tasks  

[Activity 1-1] Seeking strategies for winning the cube-taking game 

(Understand the game)  Let's make pairs and let's try to find ways to win the game 1. 

Game 1: Twenty units of yellow-

coloured tubes are connected 

with one unit of black tube. Two students on the rock-scissors-paper method determine 

order. Then, students take turns to take from one to three cubes. The student who takes the 

last cube is the winner. 

Figure 1: Basic task-Problem Level 1 for Nim game  

 [Activity 2-1](Problem posing) Let's change games in whatever way you'd like to 

(example: to modify the game after seeing the original game). Students are assigned to 

change the game by changing or adding some conditions for the rule of the game. 

Figure 2: Task to pose modified problems for NIM game-Problem Level 1              

 [Activity 2-2] Creating new rules of the game or posing new problems by modelling 

on the demonstrated example of changing problems: 

1. (Presented example) Present an example of a new game modified by one student.  

(1) Place a black-coloured cube 

at the center with 7 yellow cubes 

connected on its left side, and 13 red cubes on its right side. (2) Two students will take turn 

to take at least one and up to three cube of he same colours. They take cubes from either 

right or left side; (3) The student who takes the black cube will be the loser.  

2. (Look at the demonstrated case, make their versions of modified game)

Students will get a clue from the demonstrated case of making new games and game 

problems. Then they will be suggested to make their versions of modified games. 

Figure 3: Task to make modified problems for NIM game- Problem Level 2 
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Tasks were given as Figure 1, Figure 2, and Figure 3. The data components of the 

basic task (Fig. 1) are in Table 1, and new games can be made by changing some 

components of the given basic task. Other tasks will be imposed on a stage-by-stage 

basis at each of the four problem levels as shown in Table 2. 

Data components Example in basic task 

1. Number of game players 2 persons 

2. Number of the given cubes 21 cubes (20 + 1) 

3. Number of cubes to take for each turn 1~3 cubes 

4. Rule of the game in taking the cube(s) Take turns by rock-scissors-paper 

5. Winner of the game  Who takes the last cube 

6. The shape of arranging cubes Linear 

Table 1: Data components to fulfil the basic task 

Problem natures 
Problem 

levels Types Direction 
Number of  

given cubes 

Number of  

taken cubes 

Generalization 

type 

Related 

Activity 

Task 

Number 

Concrete One 
Concrete 

(20 units) 

Concrete 

(1~3 units) 
Implicit 1-1 

Level 1 

General One n unit k unit Formal 1-2 

Concrete Bi 
Concrete 

(10,10 units) 

Concrete 

(1~3 units) 
Implicit 3-1 

Level 2 

General Bi m, n units k unit Formal 3-2 

Concrete 
Tri-or-

more 

Concrete 

(3,4,5 units) 

Concrete 

(1~2 units) 
Implicit 4-1 

Level 3 

General 
Tri-or-

more 

l, m, n … 

units 
k units Formal 4-2 

Concrete Tri 
Concrete 

(3,4,5 units) 
Unlimited Implicit 5-1 

Level 4 

General Tri L, m, n units Unlimited Formal 5-2, 5-3, 6 

Table 2: Classification of the problem stages 

Research subjects 

The information about research subjects is shown in Table 3. They are all elementary 

school students (aged 11~12) who receive special education for the mathematically 
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gifted students as supported by the Korean government. They belong to the upper 1% 

group in their respective school years. 

Collection and analysis of data 

In order to analyze the process of how students pose game problems and the results 

from them, there is a collection of data that consists of monitoring record, interview 

data, video clips (in small group, individuals and entire group), activity data, 

dictionary or post-project online assignment material. In order to analyze the newly-

modified problems by students, it uses the Lavy ＆ Bershadsky(2003)'s model that 

put the newly-posed game problems into the visualized data codes. 

Analysis on hypothesized reaction for codification 

DN1 Changing of the numerical value of data: Change the total number of cubes to play 

DN2 
Changing of the data scope: Change the number of cubes to take for each round (2-3), 

in odd numbers or even numbers 

DN3 
Negating of the numerical value of data: Denial of the rule on the number of players 

who can play the game, the number of cubes that are left until the end of the game. 

DT1 
Changing of the data kind: Change the shape of arranging cubes (in a linear or in a tri-

dimensional form)  

DT2 
Negating of the data kind: Change in methods of deciding losers, of taking cubes, of 

being winner, etc. 

DE 

Eliminating of one of the data: Remove data components, e.g., remove the rule about 

the last cube to take, remove the rule about the order of taking cubes (at random or 

adding cubes). 

QP 
Inverting of the given problem into proof problem: Inverting of given problem into 

proof problem 

QS 
Changing of another specific question: Change to different game problems (like game 

of probability, let's take as many cubes as possible, point-awarding-by-each-cube, etc. 

Table 4: Codification of ‘What if not' for basic problems 

RESULTS AND DISCUSSION 

There is a difference between the Group A/B and Group C. Most of the Group A/B 

tend to pay attention to and are interested in the numerical conditions, while the 

Group C students tend to take data component-based approach to the problem.  

Group Subject students No. Student ID Level 

A 
5

th 
or 6

th
 grade children at the AS Education Office-

affiliated educational institution for gifted children 

16 

students 
AS1~AS16 Top 1% 

B 
5

th 
or 6

th
 grade children at the KY Education Office-

affiliated educational institution for gifted children 

14 

students 
KY1~KY14 

Top 1% 

better 

C 
Upper math elementary class in the AJ University 

Science Institute for the gifted 

9 

students 
AJ1~AJ9  

Top 

0.01% 

Table 3: Research subjects 
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○ related component ● main component 

Table 5: Responds by each student in Group C 

The Table 5 shows the each student in Group C formulates problems after they are 

assigned with the basic task of level 1. Unlike their peers in Group A/B, these 

students successfully come up with their version of new games on the level 2 or level 

3 categories of problems despite not being presented with an example of the level 2. 

Some students(AJ1, AJ2, AJ4) in group C also tend to use switches of certain 

numbers or scope of numerical values to fulfil the task of generating new problems, 

an elite student(AJ8) is changing one component after another. Even though this way 

does not lead them to generate many new problems, it is efficient to formulate 

different types. In this case, he said that he would like to pay attention to the data 

components intensively. It might be considered the structure of the given task.  

Four students(AJ5, AJ6, AJ7, AJ9) generated new problems at the level 2 or level 3 

categories of the games by changing both data and structures. They show a diversity 

of posing(e.g., changing of numerical value of data, eliminating of one of the data, 

changing of the data kind, inverting of given problem into proof problem, and 

changing of the specific question) by not only accepting but also challenging the 

given components. They also suggest mixed problem several components are related.  
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Figure 4: Changing of 

data to a particular data 

kind (AJ6, P4) 

Figure 5: Inverting the given 

problem into proof problem 

(AJ6, P1) 

Figure 6: Reshaping the 

cube's direction into a 

four-directional structure 

(AJ9, P3) 

For examples, the Figure 4 shows a case in which there is a change of data to a 

particular data kind. Also it is a case that involves simultaneous changes of diverse 

data components from one problem. The most commonly modified data components 

after changing of the numerical data value is negation of the data. This is to negate a 

particular data kind. From time to time, some students chose to eliminate part of the 

data, invert the given problem into proof problem, and change the problem into a 

whole new one. Eliminating part of the data is to remove some data components like 

the rule about ‘the last cube to take’; or to remove the rule about the order of taking 

the cube. The Figure 5 shows an example of inverting of the given problem into proof 

problem, which represents a high level of posing problem. An example of changing 

structures appears as frequently as the changing of information. The Figure 6 shows 

an example of reshaping the cube's direction into a four-directional structure.   

CONCLUSIONS AND SUGGESTIONS 

Prominent in problem solving is not always guarantees prominent in problem posing. 

It is necessary to catch the whole structures and components of the given problems to 

pose a new problem. We’ve got 3 findings: (1) Almost promising students got an 

accurate grasp of data components of the given problem, and modified one 

component after another so that they could produce their own problems that come in 

a greater diversity and in an extended scope. (2) A relatively lower level of promising 

students tended to modify one or two data components intuitively without trying to 

look at the whole structure. This way, they would turn to switchover of numerical 

data value like changing numbers or scope of numerical values. (3) The more 

promised in posing problem, the more used self-control in the process of problem 

posing. This way, they were producing a high level of new problems that near 

perfection, even though they did not pose so many problems.  

These findings have led to 2 suggestions on the ‘how to teach problem posing' as 

follows: (1) It is more desirable to start with an open-ended problem and encourage  

to pose problem by generalizing and abstracting mathematical structure, relationship 

and patterns, rather than trying to let them solve a higher level of the given problems. 

(2) Students need to be encouraged on how to solve their own-posed problems by 
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using not only strategies to solve problem but also their self-control. Even though 

there are some cases in which students pose the problems unable to find solutions to 

the given problems. Then, they will be able to remodify structure or data component 

for their own-posed problems, and will be able to reshape these problems into 

mathematically formulated problems that can be solved. 
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