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The worldwide trend for reforms in mathematics education is also happening in 
Singapore. A growing concern within mathematics education is that teaching methods 
that focus on standard textbook questions and solving problems through drilling only 
encourage the development of procedural knowledge. This paper describes the use of 
short open-ended tasks that teachers can implement in the classroom to develop 
students' mathematical creativity. Three cases of primary teachers implementing such 
activity are shared to elicit from these experiences the classroom-based factors that 
could support or inhibit creativity in the pupils' work. 

Introduction 
The Third International Mathematics and Science Study (TIMSS) put Singapore on the 
world map when the achievement of her pupils in mathematics exceeded that of 
competitors from more than 40 countries. The mathematics curriculum in Singapore 
schools can be said to be traditional with strong emphasis on content that has well
defined inner structures. To challenge pupils' analytical skills numerous complex 
multiple-step problems are normally given. Pupils are trained to classify problems into 
types and to tackle them according to some specific methods. These aspects of 
mathematical learning in developing basic concepts, skills and problem solving have 
been very successful in our Singapore curriculum for the TIMSS mathematics 
achievement data released in 1996 and 1997 ranked the performance of Singapore 
pupils at ages 13 and 9 respectively in the top place. The fact that the TIMSS items had 
high test-curriculum match with what we were teaching in Singapore schools, was of 
course an advantage to our pupils participating in the study. 

As to the teaching methods in our mathematics classrooms, the prevalent practice is 
using whole class teaching, textbooks and regular testing (Chang, Kaur, Koay and Lee, 
200 1 ). Pupils do a lot of practice sums, mostly one-method and one-answer kind, to 
consolidate and reinforce the mathematics concepts or procedures taught by the teacher 
through an expository method. A growing concern within mathematics education is that 
teaching methods that focus on standard textbook questions and solving problems 
through drilling only encourage the development of procedural knowledge. Desirable 
learning outcomes such as meaningful conceptual understanding, critical and creative 
thinking in problem solving, as well as giving students' ownership in their learning 
cannot be brought about through such product-oriented methods. Supporters of 
process-based curriculum are now arguing for creativity in the mathematics classrooms 
through more open-ended, practical and investigative tasks in mathematics to 
supplement textbook questions that teachers have been so dependent upon. Students 
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can benefit in many ways while working on the open-ended tasks that would require 
them to make their own decisions, plan their own strategies as well as apply their 
mathematical knowledge. In this paper, I will share the experiences of three primary 
teachers who had tried open-ended questions .on their pupils and to elicit from these 
experiences the classroom-based factors that could support or inhibit creativity in the 
pupils' work. 

Creativity and Open-ended Questions 
What does it mean to have creativity in the mathematics classroom? To answer this 
question will depend on one's view of the nature of mathematics. To many people 
creativity is not usually associated with the traditional image of school mathematics 
which is often seen as static structured systems of facts, procedures and concepts. This 
portrayal of school mathematics has led to lessons where students tediously learn a 
collection of techniques by following predetermined rules. However there is a view 
emerging with increasing acceptance that mathematics is an exciting and dynamic 
science (de Lange, 1993) which focuses on the active generative processes engaged by 
the learners as they do mathematics. One cannot count on the standard mathematical 
textbook questions used by teachers to support this new view of mathematics 
education. Pupils must encounter rich mathematical problems where they can reason 
and offer evidence for their thinking, communicate and present their ideas in 
mathematics, and find connections across mathematics as well as in real life. Foong 
(2002) has been advocating the use of short open-ended questions that teachers can 
convert from their textbook sums to engage pupils in higher level thinking and 
creativity. Take for example a standard closed textbook question: , 
There are 12 oranges to put into 3 bowls. Each bowl must have the same 
number of oranges. How many oranges are there in each bowl? 

By leaving out an element we can transform it to an open-ended version that has higher 
level cognitive demands: 

Open-ended Version 

Bowls of Oranges 

There are 12 oranges to put into bowls. Each 
bowl must have the same number of oranges. 
Show how you could put the oranges into 
bowls. 

Cognitive demands of the open-ended task 

• Pupils to make own assumptions about the 
missing data: the number of bowls/number of 
oranges in each bowl 

• Pupils to access relevant knowledge 
multiplication, division, fraction, factors etc .. 

• Pupils to display number sense & equal 
grouping patterns 

• Pupils to use the strategy of systematic listing 
• Pupils to communicate their reasoning using 

multiple modes of representation 
• Pupils to display creativity in as many 

possible strategies and solutions 

The characteristic features of such open-ended questions are many possible answers 
and it can be solved in different ways. They should offer pupils room for own decision 
making and natural mathematical way of thinking. There are three categories of open
ended questions that teachers can create from textbook sums: 

Problem with missing data or hidden assumptions 
• Problem to explain a concept, procedure or error 
• Problem Posing 
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For the purpose of this paper, we will not discuss the construction of such problems 
which can be found in Foong (2004). Many teachers who had attended the author's 
workshop on using open-ended questions had tried such question on their own pupils. 
Initially many of them were apprehensive about giving their students such tasks. It had 
never been part of their teaching where they required pupils to give explanations and 
reasons for their solutions. Neither were they used to giving pupils more room and time 
for group discussions in mathematical problem solving. The practice had always been 
giving students problems that had only one answer and one taught method of finding it, 
and mostly as individual work. After the teachers had trialed the open-ended questions 
with their students, many of them were surprised by the rich responses that most of 
their students could give. Of course, there were also reports by some teachers that their 
pupils did not engage in the tasks as intended and were not able to show their reasoning 
and communication skills. In the following section we will discuss classroom-based 
factors that support or inhibit thinking and creativity when teachers attempt to use 
open-ended tasks with their pupils 

Classroom-based factors that support and inhibit thinking and creativity 
Research has shown that the mere presence of high level tasks in the classroom will not 
automatically results in pupils' engagement in high-order thinking. The same can be 
said of open-ended questions that hope to develop critical and creative thinking even 
though the tasks have been specifically designed for such outcomes. Henningsen and 
Stein ( 1997) suggest that although attention to the nature of mathematical instructional 
tasks is important, attention to the classroom processes surrounding the tasks is equally 
important. One must create the ambient classroom environment to balance classroom 
management needs and the academic demands. In their study they found that high level 
tasks were more susceptible to various factors that could cause a decline in pupils' 
engagement to less demanding thought processes. High level tasks such as open-ended 
problems involve more ambiguity and higher level of personal risks for pupils than they 
are normally exposed to in routine problems. A very important phase in carrying out 
open-ended high level tasks in the classroom is the set-up phase where the teacher 
announces the task in such a way as to encourage pupils to use more than one strategy, 
to use multiple representations, to supply explanations and justifications. And during 
the implementation phase to sustain pupils' high level engagement in the task, teacher 
must be willing to let pupils struggle and that pupils are willing to persevere in their 
struggle. From their analysis of successful and non-successful classroom processes that 
aimed to encourage high-level mathematical thinking and reasoning, Henningsen and 
Stein, observed the following inhibiting and supporting factors: 

Inhibiting factors that lead to decline in high-level cognitive demand 

• Tendency of pupils not used to ambiguity in the open-endedness of the task 
would pressure the teacher to provide explicit procedures for completing the 
task. 

• Tendency of teacher to "taking over" difficult parts of the task and performed 
them for pupils in order to manage their anxiety. 

• Tendency of pupils and teacher to drift away from a focus on meaning and 
understanding toward an emphasis on accuracy and speed; sometimes ignoring 
the challenging part of the task to quickly get to the answer. 
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• Lack of alignment between tasks and pupils' prior knowledge, interest, 
motivation and learning disposition thus leading decline into unsystematic 
exploration. 

• Lack of time for pupils to grapple with the important mathematical ideas 
embedded in the task. 

• Lack of accountability for high level products when pupils were not expected to 
justify their methods or when their unclear or incorrect explanations were 
accepted; or when pupils thought such work would not be "counted". 

Supporting factors that maintain high-level demands 

• Scaffolding actions by teacher or more capable peer whenever a pupil was 
stuck; providing assistance without reducing the cognitive demands of the task. 

• Modeling of high-level performance by teacher or selected pupils. 
• Sustaining pressure on pupils to provide meaning, explanation and justification 

to demonstrate their understanding of the mathematics underlying the task. 
• Encouraging pupils' self-monitoring as they progressed through the tasks, 

giving them a sense of competence and control which in turn motivated them to 
remain engaged in the task. 

• Providing and planning the appropriate amount of time for the whole process. 

Polar Bear Problem 
For the purpose of this paper, we discuss the classroom experiences of three primruy 
school teachers who had tried the Polar Bear problem (figure 1) on their pupils. 

A Polar bear weighs 500 kg. How many children from 
our class weigh together as much as the polar bear? 

Figure 1: Polar Bear Problem 

This open-ended activity aims to elicit pupils' high level cognitive processes and 
mathematical creativity. It represents an important goal of mathematics education. In an 
open-ended situation, pupils in addition to applying calculation procedures are also 
required to solve realistic problems where there is no known solution beforehand and 
not all data is given. It would require pupils' own contributions, such a5 making 
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assumptions on the missing data. Without giving the children's weight, it becomes a 
real problem and the pupils have to think about and estimate the weight of an average 
child. There is no cue word for pupils to figure out which operation to use as in a closed 
question. The Polar bear context is also an interesting situation that could arouse 
curiosity in pupils to want to investigate. From a curriculum perspective the task has 
been designed specifically for the following high-level cognitive pupils' outcomes: 

• Pupils to identify the missing information critical to the question 
• Pupils to make own assumptions about the missing data: weight of a child 

Pupils to access relevant knowledge and estimate the average weight of a child 
in relation to themselves 

• Pupils to display number and measurement sense 
• Pupils to communicate their reasoning 
• Pupils to display creativity in using possible strategies and solutions 

Three teachers from different schools used this problem with their P4 classes, of sizes 
ranging from 39 to 40 pupils. In all the three classes, the pupils worked in small groups. 
Three different levels of pupil outcomes resulted due to the different orientations of 
teachers in setting up the task. We compared features of the teachers' task 
implementation, pupils' engagement on task and outcomes for factors that supported or 
inhibited high level thinking and creativity in the pupils' work. 

Three Cases 
Data for this study were drawn from the case reports written by the teachers 
themselves. This was part of a project undertaken by the author involving in-servjce 
teachers enrolled in her course. The participants had to report on how they set up and 
implemented the task; made observation of pupils at work, took notes of pupils' 
behaviors and cognitive processes; interviewed some for their attitudes towards such 
tasks and their participations in group work. They had also to analyse pupils' work; 
evaluate and reflect on their lesson outcomes. 

Case of Teacher A: Successful 
Teacher A set up the task using an interesting introduction to stimulate interest and 
arouse curiosity in her pupils. She used a catch-theme for them to identify themselves 
as "We are math investigators". She told them that as math investigators they were 
required to solve problems and explore as many approaches as possible. They were also 
required to explain, compare and justify their solutions. Before introducing the actual 
problem she showed pictures of various animals and discuss with pupils their habits 
and sizes. She was able to use cooperative learning strategy and provided the 
appropriate scaffolding whenever the pupils needed help to move on. Initially there 
were looks of frustration in the pupils who found the question ambiguous. She 
appeased them with clarifications without giving away too much or reducing the 
cognitive level of the task. She asked the pupils why they thought the question in the 
problem was not clear. She also asked them what was needed to make the problem 
solvable. She observed that after clarification of initial doubts, pupils were more 
proactive and clear in their activity, there was an obvious change in attitudes. While 
pupils worked in cooperative groups, she discouraged them from dismissing any of 
their member's ideas without first assessing it critically. They had to ask the "solver" to 
explain in detail and checked the solution before moving on. At the end of the group 
session, she selected samples of pupils' work to share with whole class and allowed 
other groups to comment on their friends' work. 
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Pupils ' Work 
As the Polar Bear problem asked for "how many children from our class ... " most of 
the pupils tended to personalize the situation by using actual weights of themselves or 
friends in the class. They could see that there, was a wide range of sizes in the class. 
They did not see a global situation involving children in general. However there were 
about 8 different solutions from the groups. Some groups estimated weight of a small
sized or a big-sized pupil and using a reasonable proportion of su~h sizes to work out 
the answer. The four operations were used for calculation. Some seemed to have 
worked mentally on the numbers first to make up the 500kg. Some estimated the 
weight of a "skinny" girl to 25 kg, or a "fat" girl to 50kg, then using mental sum of 
multiplication to work out the answer as 20 skinny or 10 fat pupils showing number 
sense in working with compatible numbers. There was attempt to find an"average" 
weight among the members in the group, but was distracted by one member who was 
larger than normal. There was a group who performed at the low level without thinking 
strategically. They attempted to add all the big-sized pupils' weights first and then 
added others to make up 500kg. There were lots of addition computations and tedium 
set in that led to incomplete solution. Below are two successful works of the pupils: 

Tbe Polar Bear Problem 

... .. - ~- .............. ·..... -· ·:. .. . ""' -- A Polar bear w.elab• 500 Icc• How 
maay cblldrea fi'om o~r clan welch 
t~etber u mueti u tbe pol@!" .,_,.-, 

.-,..~~~,:,;.~~;:~-~~t~~.;;.-~~·~:~· .. ~·""-Oftlf.l 
toryte_..._._.,.,...."'""., ........... -..-- .......... yeur- ..... ~ •. ·---· , S.f-e.pl: Cou"'·.,_ -the. sf<.(r-~":'<J ~ople.. Ql'ld es·h~ i+le..•r- ·w~"'4-s.· 

Th~ wel9l-.+ · !S. 2~~ ( 1._1i.,.-l-.26 ~.)a:lcJ up +o r:xx:,!3 · 1 I . · · Y,_f I 
Ste.p2 ".: Mul.fipl:/ #)e·a~u...,+ of- people.. +o +\-le. Ne.::J · ' • . 

{pe9>14e. is :;20_) 

Qt19; 20 )('2S a SOc (~?lA~ o-f ~~~j.,+-f'~~ :J.O.:J~·yls'J 

Teacher A 's Reflection: 
"Personally, I feel that such activity provides pupils with some kind of excitement 
as they are required to relate with mass of real-life objects. It actually challenges 
their mind to think beyond textbook answers and allow them to be creative. 
Honestly, I was surprised to see how active they were in getting the answer as they 
knew that this type of investigative question can lead to more than one solution. 
The moment I mentioned this, the pupils tried to 'outdo ' each other in getting the 
best answer. During presentation, pupils were then exposed to the rmmber of 
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possibilities that their classmates could think of At the same time, their 
presentation skills could also improve. On the whole the lesson is a fruitful and 
meaningful one as it did bring out the creativity in the pupils. Pupils are able to 
think out of the box and provide logical reafoning. " 

Case of Teacher B: Too Guided 
Teacher B started with a preliminary problem to discuss with pupils the nature of an 
open-ended question where they had to come up with their own assumptions. However 
when she introduced and explained the bear problem to the pupils she asked them this 
leading question "What information do you need to solve this problem?" She did not 
give pupils the opportunity to analyse and ask this critical question themselves. In a 
way she "closed" the problem and hence the intent of letting pupils use high level 
reasoning of identifying the missing information, making assumption and accessing 
their own knowledge in this open-ended situation was somewhat curtailed. However it 
was her belief that asking leading questions was useful to pupils to help them think 
through the steps and be systematic in their approach. She guided them in a method to 
find average weight using the group members' weights. She then suggested that they 
made appropriate assumption of their own weights by estimation. As a result most of 
the pupils' solutions followed a certain fixture structure modeled by her. Below is an 
example of pupils' common presentations: 

\• Ho ? 

i!whgt ,, \\.e "'ee""eP bJ.bse? 
... P4 Gtx,Y-<r We 'ebt ~ 

In a way, the performance of the pupils did decline to procedural thinking except for 
the estimation on the weight of a pupil. From the observation of the pupils at work, she 
noted that the leading questions from her guided them to look for the right clues and 
made the appropriate assumption about a child's average weight. There were few pupils 
who needed clarifications on how they could get a fair estimate of a P4 child. She 
observed that they were later guided by the better ones. The better ones found this sum 
interesting and they went on to give other estimates to find different answers. A few 
pupils were held up because they could not agree on the assumption. Time was wasted 
as they argued on the appropriate weight of a P4 pupil. The problem was resolved by 
voting and they consulted the teacher before making the final decision. Pupils were 
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glad to note that all their answers were not the same as it depended on the assumptions 
made. 

Teacher B 's Reflection 
"It was encouraging to note that pupils find the activity interesting and engaging. 
It was an effective way to get pupils to work independently with the proper 
procedures planned out. Although this is a mixed ability group,. most of them could 
understand the problem sum. The leading questions guided them along, so they had 
no problem looking for the right clues and come up with the right assumptions. As 
such most of them were able to give the answer correctly with some variations. The 
task motivated pupils to want to look for clues and had engaged them in meaningful 
discussion to find the best assumption of the weight of a P4 pupil. It had also been 
very satisfying to see pupils learned while they enjoyed themselves. " 

Teacher C: Unsuccessful 
Teacher C might not have a full understanding of the nature of the open-ended question 
and the cognitive demands of this task. She did not have the correct concept underlying 
the problem. In setting up the task, she made a big mistake by giving out copies of the 
weight/height list of every pupil taken from the school's PFT (Physical Fitness Test) 
file. She miscued the pupils by asking them to use the list and to find as many ways as 
possible ''from adding the weights of the various pupils together which would bear the 
same mass as the bear's weight (500kg)". 
She observed that three groups of pupils seemed did not have the slightest idea of what 
to do and took some time to get started. She encountered class management problem. as 
some pupils did not work well with team members. Some pupils tended to dominate 
other weaker pupils within the same group. Some weaker pupils when working alone 
could not do anything. There was no evidence of any scaffolding actions from the 
teacher in her report to help pupils see the actual demand of the task. 

Pupils ' Outcome 

Pupils' engagement with the task declined from the very start as Teacher C 
misconstrued the question and miscued the pupils. With the given list of their 
classmates' names and weights, pupils were only interested in getting an answer by 
selecting names and weights that would make up 500. Hence most of their solutions 
were lists of names of pupils and their weights with attempts to find the right 
combination that will add up to 500kg. By way of "different" solutions the pupils tried 
different combinations of their friends in the class but mostly unsuccessful. The whole 
task was reduced to tedium of adding many two digit numbers without strategic 
processing to get a sum of 500. Many of the pupils' workings were unsystematic and 
were abandoned halfway. A common example of pupils' work that declined to low 
level performance is shown below: 
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Summary 
Teacher C did not provide any reflection of her lesson but when she handed in her 
lesson report to the author she expressed doubts about what she had implemented was 
correct. In her case, she might not have a good understanding of the mathematical 
thinking embedded in the task and the kind of cognitive demands to be made of ,the 
pupils. Her pupils were not held accountable for the required high cognitive processes 
as she accepted all the unsystematic trials of her pupils. The activity declined and 
pupils became disengaged. In the case of Teacher B, the lesson was partly successful 
with pupils' engagement in a systematic way, although too guided to allow room for 
pupils' creativity. In her reflection, Teacher B still believed that it was important to 
guide pupils with a planned procedure especially when the class was of mixed abilities. 
At a deeper level, she curtailed the openness of the problem by providing cues that 
would reduce the task to more procedural outcomes. Teacher A had implemented the 
lesson successfully with the appropriate set-up of the task and provided scaffolding that 
maintained pupils' high level engagement. She did not give in to pupils' anxiety over 
ambiguity in problem situation at the beginning. 

Conclusion 
Cases of Teacher A, B and C support what research has found that by merely giving 
pupils high level tasks in the classroom will not automatically result in the pupils' 
engagement in high level thinking, reasoning and sense making. A very important 
phase in carrying out open-ended high level tasks in the classroom is the set-up phase 
where the teacher announces the task in such a way as to encourage students to use 
more than one strategy, to use multiple representations, to supply explanations and 
justifications. This was very evident in the case of Teacher A, who had successfully 
implemented the lesson. In the cases of Teacher B and C, pupils' engagement with 
tasks declined to lower levels of processing. In this study, the task selected was 
appropriate to the mathematical prerequisite knowledge of the pupils although this was 
the first time they came across such an open-ended situation. Time was not an issue as 
the task was not complicated that demanded much pupil exploration. All teachers 
allotted the appropriate time for the pupils to complete the problem. 
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For the desired outcomes to be achieved, these three classroom experiences have 
implications for the role of the teacher in implementing open-ended tasks in which 
pupils are expected to actively engage in qigh level mathematical reasoning and 
creative thinking. Teachers must have a paradigm shift towards a more process-based 
approach where getting a correct answer to a problem is not the main criteria. Teachers 
often have a misguided idea that if they can come up with a set of procedures that 
pupils can follow to solve mathematics problems, then pupils will be well equipped to 
solve problems. It might not help them solve open-ended problems which often do not 
have a precise answer or a specific method of solution. If teachers carry this 
misconception into a process-oriented problem-solving classroom they will be reducing 
a high level problem to applying procedural skills. Importantly in implementing open
ended tasks, teachers must know the mathematical ideas embedded in the task and 
connections that might evolve, in order to create an encompassing classroom 
environment that allows pupils to take risk and ask appropriate questions. In order not 
to inhibit pupils' creativity in mathematical thinking, teachers must proactively and 
consistently support pupils' cognitive activity without reducing the high level demands 
of the task. They should not give in to pupils' anxiety and take over to show them how 
to get the answer. They should sustain pressure on pupils to provide meaning, 
explanation and justification to demonstrate their deep conceptual understanding and 
high order mathematical thinking. 

References , 
Chang, S.C., Kaur, B., Koay, P.L., & Lee, N.H. (2001). An exploratory analysis of 

current pedagogical practices in primary mathematics classroom. The NIE 
Researcher, 1(2), 7-8. 

Lange, J. de (1993). Innovation in Mathematics Education using Applications: Progress 
and Problems. In J.de Lange, I. Huntley, C. Keitel & M. Niss (eds.) Innovation in 
Maths Education by Modeling and Applications. Ellis Horwood. 3-18. 

Foong, P.Y. Roles of Problem to Enhance Pedagogical Practices in the Singapore 
Classrooms. _The Mathematics Educator, Singapore, 2002, Vol. 6, No.2, 15-31. 

Foong, P.Y. Opening Textbook Sums for Mathematical Creativity. Maths Buzz, 
Singapore, 2004, Vol.6 Issue I, 2-5. 

Henningsen, M., & Stein, M. K. ( 1997). Mathematical tasks and student cognition: 
Classroom-based factors that support and inhibit high-level mathematical thinking 
and reasoning. Journal for Research in Mathematics Education, 28, 534-549. 

149 


	ERAS-2004-140_cover
	ERAS-2004-140

