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This paper attempts to address the question of the extent emphasis on mathematical problem solving as 
spelt out in the Singapore syllabus gets enacted in the classrooms of three primary 5 teachers.  Through a 
video coding scheme, a glimpse into the teachers’ pedagogies and practices through a series of lessons is 
offered.  Three conceptions of teaching problem solving: teaching about, teaching for, and teaching via 
problem solving (Schroeder & Lester, 1989) framed the analysis. The patterns that emerged from the 
findings suggest a somewhat limited focus on problem solving, and that teachers mainly teach for problem 
solving.  They further suggest that the range of heuristics observed and types of problems used were also 
limited.   

 
Background 

‘Mathematical problem solving’ (MPS) is at the centre of the framework of the mathematics 
curriculum in Singapore (Ministry of Education, MOE, 2000; see Figure 1).  Its primary aim ‘is 
to enable pupils to develop their ability in MPS’ and deal with problems that cover ‘a wide range 
of situations from routine mathematical problems to problems in unfamiliar contexts and open-
ended investigations that make use of the relevant mathematics and thinking processes.’  This is 
in line with many reform movements that call for more focus on problem solving (NCTM, 1989, 
2000; AEC, 1990). 

 
Figure 1: Framework of the Singapore Mathematics Curriculum 

 
Notwithstanding the vast literature available on mathematical problem solving, very little of 

it has explicitly investigated the kind of instructional approach advocated in such reform calls 
(Stein, Boaler & Silver, 2003).  Anecdotal evidence suggests that students in Singapore schools 
are not exposed to a wide variety of problems and the full range of problem solving heuristics.  
In a two-year study (Chang, Kaur, Koay and Lee, 2001) of four teachers, two each from two 
Singapore schools, investigating the pedagogical practices in primary mathematics classroom, a 
traditional teaching approach was found to predominate amongst the teachers – expository 
teaching, followed by pupils practicing routine exercises to consolidate the concepts, knowledge 
and skills.  This suggests that the classroom focus is very much on acquiring skills and concepts, 
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and that students are not exposed to a wider range of situations to include unfamiliar contexts 
and open-ended investigations as mandated by the syllabus. Other evidence (Hedberg, Wong, 
Ho, Lioe & Tiong, 2005) further support the view that such an approach to teaching was 
prevalent in many primary schools – the processes incorporating thinking skills and heuristics 
are not given due emphasis in classrooms. 
 

However, Singaporean students’ top ranking performance in mathematics – first in the Third 
International Mathematics and Science Study (TIMSS) (Kelly, Mullis & Martin, 2000), then in 
the Third International Mathematics and Science Study – Repeat (TIMSS-R) (Mullis, Martin, 
Gonzalez, Gregory, Garden, O’Connor, Chrostowski & Smith, 2000), and again in the Trends in 
International Mathematics and Science Study (TIMSS-2003) (Mullis, Martin, Gonzalez, & 
Chrostowski, 2004) supports the view that the extant syllabus (MOE, 2000) is working well and 
the school mathematics curriculum in place has somehow delivered.  In Cai’s (2003) study 
which explored fourth, fifth and sixth grade students MPS skills, using four tasks which were 
mathematically rich and were “embedded in different content areas and contexts and allow for 
examining Singaporean students’ thinking from various perspectives”, he found most students 
were “able to select appropriate solution strategies to solve” the tasks, and chose “appropriate 
solution representations to clearly communicate their solution processes” (p.733).   
 

Such findings beg the need to investigate what is happening inside classrooms.  On one hand 
there is some research evidence of mainly expository teaching in classrooms.  On the other hand, 
there is Singapore students’ top performance in international benchmark assessment such as the 
TIMSS.  So we have a curriculum that emphasizes MPS and a more dynamic, inquiry-based, 
problem-solving paradigm to promote thinking skills and independent learning (MOE, 2001, 
p.5), we have top performance in TIMSS to show for it, but we have very little knowledge of 
how much of the MPS emphasis is enacted in classrooms if at all.  This lack of knowledge is 
further compounded by the fact that while many may agree to this call to make problem solving 
a focus of teachers’ instructions, there has been very little agreement how it is to be achieved.  As 
pointed out by Schroeder and Lester (1989, p.32), “there are different conceptions of what it 
means to make emphasis on problem solving the focus of school mathematics.”  To grapple with 
the differences, they put forward three possible conceptions about teaching mathematics and 
problem solving.  They are teaching mathematics about, for, and via or through problem solving.  
To fully address this question of how much of MPS emphasis is enacted in classrooms and with 
what predominating conception warrants a large project undertaking and is beyond the scope of 
this paper.  Hence the narrower focus on three teachers and their practices. 

 
Method 

Data sources 
The main source of data is from classroom observations.  A sequential series of lessons are 

video recorded and transcribed.  The captured videos are coded based on a video coding scheme 
which segments each lesson into categories of pedagogical actions.  The range of heuristics and 
the types of problems used observed are also gleaned from the videos.  The details of the coding 
scheme are discussed below.  The analysis of the codes offers a perspective of the teachers’ 
classroom practices. 

 
The sample 

The focus is on three teachers from three different schools.  Their involvement came about 
on an opportunistic basis through a meeting with the schools’ superintendent.  The three schools 
were from an upper band, an average band and a lower band (in national academic ranking 
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terms).  Each teacher either taught in the top or the near-top class of their school.  All three had 
been teaching for at least eight years when the study began.   

 
The video coding scheme 

The scheme was developed using the Grounded Theory approach (Glaser & Strauss, 1967) 
where ideas of goal-directed pedagogical actions emerged as the videos were reviewed.  After 
several iterations, a coding scheme that segment each lesson to five categories of actions 
comprising problem solving, teaching of skills and concepts, going over assigned work 
(GOAW), student activities and others (Ho & Hedberg, 2005), was developed.  Each category 
was further divided into subcategories for a finer-grained analysis.   
 

The category of problem solving is divided into four subcategories based on Polya’s (1988) 
four phases, namely, understanding, planning, executing or carrying out the plan and reflecting.  
In the teaching category, the teacher’s goal is oriented towards ensuring students understand the 
concepts and learn the respective skills.  The teaching of concepts involves class time spent 
showing, demonstrating, defining, and explaining the numerical, geometrical, algebraic, or 
statistical concepts.  For the teaching of skills occurs when the teacher uses class time to teach 
skills such as arithmetic or algebraic manipulation, estimation/approximation, mental calculation, 
communication, use of mathematical tools, handling data, etc.  For example, the teacher might 
recall some common mistakes the class made in assigned work, and proceed to show and explain 
the correct steps. This teaching of skills is distinguished from the problem solving Execution 
phase where skills are used to solve a problem after some preceding understanding/planning has 
taken place. 
 

In the GOAW category, there are three subcategories: first, reworking or going over the 
problems thoroughly; second, procedural i.e. focusing on steps to solve problems and third, 
quick answer checking.  Within the student activity category, there are student presentation, 
group work and individual seat work.  The last category of other events is for episodes not coded 
in the previous four categories and it is mainly for more accurate account of time.  It is divided 
into ‘on’ and ‘off’, with ‘on’ referring to events directly related to the lesson and ‘off’, not 
related.  Altogether there are 14 subcategories within the five main categories.   
 

For the GOAW category, the goals of the actions are mainly to review and revise previous 
work.  Pupils would have had spent some time on the assigned work. Common examples include 
given exercises or worksheets, tasks/homework, test paper/assessment, etc.  There are three 
subcategories of GOAW: Reworking, Procedural and Quick Check.  Each has a slightly different 
goal although still subsume under the overarching goal of reviewing and revising assigned work.  
Reworking happens when the teacher goes over the assigned work thoroughly.  The goal is 
mainly to show/demonstrate/explain once again how to solve the problem.  It has a ‘corrective’ 
or a ‘remedial’ tone which is different from the problem solving instruction in the problem 
solving category. The instruction also tends to be ‘algorithmic’ versus the more ‘heuristic’ type 
of instruction in the problem solving category.  Although both the problem solving category and 
the subcategory GOAW (Reworking) deal with word problems, it is crucial to make the 
qualitative distinction between them; between dealing with fresh problems and reworking old 
ones; between the ‘heuristic’ and ‘algorithmic’ approaches to giving problem solving 
instructions.   
 

In the Procedural type, the teacher goes over the assigned work to focus on the correctness of 
the procedures needed to solve the problem.  The intention is very often for students to know the 
steps to solve the problem.  The third type refers to the teacher going over the answers quickly 
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for students to check against their own answers.  The goal is to ensure that the students get the 
right answers. 
 

Two other aspects important to the development of the evidence base are the type of 
mathematical word problems used in class and the range of heuristics that can be used to solve 
those problems.  Both are included in the coding scheme.  In identifying types of problems, an 
adaptation from Foong (2002) and Frobisher (1994)’s classification of problem types is used. 
There are four types of problems, namely closed-routine, closed non-routine, open-ended with 
goals known and open-ended investigations/projects.  The range of heuristics to be coded in the 
scheme is taken directly from the official syllabus (MOE, 2000, p. 6), viz., act it out, use a 
diagram/model, make a systematic list, look for patterns, work backwards, use before-after 
concept, use guess and check, make suppositions, restate the problem in another way, simplify 
the problem and solve part of the problem.  An example of a common word problem considered 
closed-routine is: “Mrs Tan made 300 tarts. She sold three quarters of them and gave one third of 
the remainder to her neighbor.  How many tarts had she left?”  For the non-routine closed 
problem, the following is an example: “With a group of people, we can count the number of 
handshakes if they shake hands with each other once. How many handshakes are there if a group 
of 5 students shake hands with each other once? A group of 20 students?”  Open-ended tasks are 
those which may or may not have a solution and are mainly for exploratory and investigation 
purposes. 
 
The analytical frame 

Schroeder and Lester’s three conceptions of teaching about, teaching for and teaching via 
problem solving is used to frame the analysis of the series of lessons.  Accordingly, teaching 
about problem solving highlights Polya’s (1988) model of problem solving, viz. the four phases 
of understanding, planning, executing and reflecting.  Students are explicitly taught the phases as 
well as heuristics from which they use in their planning and executing.  In teaching for problem 
solving, “the teacher concentrates on ways in which the mathematics being taught can be applied 
in the solution of both routine and nonroutine problems”, and “in teaching via problem solving, 
problems are valued not only as a purpose for learning mathematics but also as a primary means 
of doing so” (Schroeder & Lester, 1989, p.32-33).  By looking at the series of lessons through 
the frame and the types of problems and the range of heuristics used, the predominating 
conception can be identified through the classroom practices captured by the coding scheme.  
 

Results  
At the time of the scheduled observations, the teachers were teaching whole numbers and 

fractions.  A total of 23 lessons, averaging about 50 minutes each were video recorded: 9 lessons 
from P, a male teacher from the upper band school, 7 from Q, a female teacher from the middle 
band school and 7 from R, a female teacher from the lower band school.  Lessons were recorded 
as a continuous series for each teacher over a period of about two weeks.  The coded lessons of 
each teacher are reported first and then an overview of the three teachers. 

The following figure shows how P’s class time was distributed over the nine lessons: 
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Figure 2: Distribution of time of Teacher P’s lessons 

 
The series began with P returning pupils’ revision worksheets consisting of word problems 

on the topic of fractions.  He spent the first two lessons and a large part of Lesson 3 going over 
the worksheets, reworking a few of the assigned problems.  He also reviewed some concepts and 
skills as he went along.  The first instance where he spent time in the problem solving category 
where he presented a new word problem to solve as a class was at the end of Lesson 3.  He did 
more of it in Lessons 4 and 5, but not thereafter.  The next three lessons were predominantly 
‘Going Over Assigned Work’, the worksheets and homework that were assigned in the previous 
lessons.  The last lesson was mainly pupils doing individual seatwork, corrections of their 
previous work.   

 
The following Table 1 shows how the recorded time is distributed over each main category 

of actions in percentage terms rounded to two significant figures in the main categories. These 
numbers are further broken down to the respective sub-categories and rounded to one decimal 
place, with the total recorded time as the base of 100%.   
 

Table 1: The distribution of time of P over the five main categories and 14 subcategories 
Main Categories % of time Sub Categories  % of time 

Problem Solving 9.5% 

Understanding 1.9% 
Planning 0.5% 
Executing 4.4% 
Reflecting 2.8% 

Teaching  12% Concepts 7.0% 
Skills 4.9% 

Going Over 
Assigned Work 35% 

Reworking 23.5% 
Procedural 5.2% 
Quick Check 6.4% 

Student Activities 21% 
Presentation 1.7% 
Group Work 0.0% 
Seat Work 19.0% 

Other Events 22% On 11.7% 
Off 10.6% 

Total  100%  100.0% 
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From Figure 2 and Table 1, a notable amount of time, i.e. 22% of the class time, was spent on 
the ‘Other events’ category.  The 10.6% of off-task time reflected P’s regular practice of talking 
about things not quite directly related to the task at hand.  Notably, P did not spend any class 
time on group work.  The GOAW category features prominently in P’s lessons (35%).  In 
particular, the reworking of assigned problems of 23.5% is more than twice the 9.5% time spent 
in the problem solving category.  These are the two main ways word problems are discussed in 
P’s class, making a total of 33% of class time. 

 
Based on the series of lessons, it appears that P’s approach entails teaching of concepts and 

skills first and ensuring pupils do their exercises first before tackling fresh word problems.  Of 
the three conceptions (Schroeder & Lester, 1989), P’s way of teaching mathematics is 
conceivably mainly for problem solving.  Because the problems are only dealt with after the 
concepts and skills parts are addressed and not as a primary means for learning mathematics, P 
then is not teaching mathematics via problem solving.  This can also be gleaned from the fact 
that fresh word problems are not introduced early in the series and serve as a means of learning 
concepts and skills.  For the third conception, the 9.5% of the time spent in the problem solving 
category clearly suggests that teaching about problem solving did not feature prominently in his 
approach.   
 

Moving on to teacher Q, the following figure shows the amount of time she spent on the five 
categories of action over seven lessons.   
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Figure 3: Distribution of time of Teacher Q’s lessons 

 
The first lesson was conducted in the computer lab.  After the necessary settling down and 

booting up the computers, she told the students to start on a software program “Zarc” which were 
mainly a series of exercises and problems of various syllabus topics to work through.  She had 
just finished a subtopic on whole numbers and the four operations and had introduced the 
concept of a fraction of a quantity.  She was using the lab session for her students to practice and 
review on their own while she called on some students individually to go over their work and 
corrections.  By the second lesson she moved to reinforce the idea of fractions and fractions of 
quantities, with class time used to go over assigned work and quick checking of students’ 
answers.  In the third lesson, she introduced the concept of fraction of a fraction and the 
multiplication and division involving fractions.  The first word problem in the series of observed 
lessons was introduced about 16 minutes into this lesson.  This was followed by seat work for 
students to do exercises and practice problems in their practice workbook.  This pattern was 
repeated in lesson 4 with more time spent on the explication of word problem and less time on 
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the teaching of concepts and skills.  In lesson 5, she went through the previous lesson’s assigned 
word problems, reinforcing the concepts and problem solving skills, and did one new word 
problem with her students.  She assigned different word problems to be solved as group work by 
different groups of students, and told them to be prepared to present their solutions using 
transparencies and the overhead projector.  One group presented their solution, followed by a 
spell of question-and-answer by both the students and the teacher.  The students’ presentation 
continued into lessons 6 and 7.  Each presentation was followed by a question-and-answer 
session as the class went through a series of different word problems.  The presentations ended 
midway through Lesson 7, and students continued with individual seat work doing the assigned 
word problems in their workbook.  The series of lessons observed on the topic of fractions ended 
with Q assigning the unfinished problems as homework.   

 
The sequence of her lessons suggests that she started each topic focusing on the related 

concepts and skills.  She introduced word problems only in her third lesson, somewhat similar to 
Teacher P.  She did not use problems as a means to introduce concepts and skills.  Her time 
spent in the problem solving category was comparatively little at 5.5%.  Based on the above 
considerations, her pattern of approach suggests she was teaching for problem solving.   
 

Unlike P who spent a large part of his class time in the GOAW category, Q’s subsequent 
lessons after introducing and dealing with word problems, shifted more to student activities.  In 
the fifth lesson, she started to use some of the class time for pupils to present their solutions as 
well as to question each other’s work.  She did more of it in Lessons 6 and 7, allowing pupils 
significantly more time to present and to question each other.  In this sense, she was different 
from P.  
 

The following Table 2 shows how Q’s class time is distributed over the categories of action.  
Table 2: The distribution of time of Teacher Q over the five main and 14 sub-categories 

Main Categories % of time Sub Categories  % of time 

Problem Solving 5.5% 

Understanding 2.2% 
Planning 0.2% 
Executing 0.8% 
Reflecting 2.3% 

Teaching  5.6% Concepts 1.7% 
Skills 3.9% 

Going Over 
Assigned Work 13% 

Reworking 7.4% 
Procedural 1.2% 
Quick Check 4.3% 

Student Activities 57% 
Presentation 10.2% 
Group Work 5.8% 
Seat Work 41.0% 

Other Events 19% On 13.5% 
Off 5.6% 

Total  100%  100.0% 
 

From the Table 2, we see that more than half of the class time (i.e. 57%) was spent on student 
activities.  The main bulk of the class time (41%) was spent with students doing individual seat 
work consisting mainly of exercises and word problems from worksheets and the workbook.  
Also noteworthy is of the three teachers, Q was the only one who did group work and student 
presentation of their solutions in front of their peers.  For her, the teaching of problem solving 
featured mainly through three categories or subcategories of actions, namely the problem 
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solving, the GOAW (Reworking) and the student activities (presentation).  Together they add up 
to about 23% of the class time. 
 

For the third teacher R, Figure 3 shows the amount of time she spent on the five categories of 
action over seven lessons: 

 

Amounts of Time R spent in the 5 categories
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Figure 4: Distribution of time of Teacher Q’s lessons 

 
The series of lessons began with R going over assigned work.  Her students had just received 

their graded work and R proceeded to go over them. Mainly the focus was on procedures, on 
how to calculate fractions of given quantities.  She also did some quick check of answers and 
reworking of one word problem which many students found difficult.  This was followed by 
individual seat work with students doing their corrections and another set of assigned work. The 
second lesson started off in a similar way; R went over assigned work but this time more students 
were asked to show their work on the whiteboard, and she used the work to go over the 
problems.  The focus was on the heuristic of drawing and using of model diagrams.  She also 
taught some related arithmetic and manipulation skills.  Lesson 3 was similar to first lesson.  It 
was in lesson 4 that R was coded to have spent time in the problem solving category.  She 
extended a reworked word problem and proceeded to guide students on how to tackle it.  The 
remaining lessons were similar to the earlier ones, the predominating feature being R going over 
assigned work (sometimes with students’ presentation of their work on the whiteboard) and 
individual seat work.  On some occasions in Lessons 2, 4 and 7, time was spent in the Teaching 
Skills/Concepts categories.   

 
The following Table 3 show how R’s class time is distributed over the categories of actions. 
 

Table 3: The distribution of time of R over the five categories 
Main Categories % of time Sub Categories  % of time 

Problem Solving 2.4% 

Understanding 0.3% 
Planning 0.1% 
Executing 0.1% 
Reflecting 2.0% 

Teaching  4.4% Concepts 2.0% 
Skills 2.4% 

Going Over 
Assigned Work 35% Reworking 5.8% 

Procedural 25.4% 



 9

Quick Check 3.9% 

Student 
Activities 49% 

Presentation 18.2% 
Group Work 0.0% 
Seat Work 30.4% 

Other Events 9.4% On 7.1% 
Off 0.3% 

Total  100%  100.0% 
 

From Table 3, it can be seen that R spent nearly half her class time in the student activities 
category.  Unlike Q, her student presentation was mainly students writing their solutions on the 
white board, followed by her quick checking of answers.  The other prominent feature is the 35% 
of class time spent on the GOAW category.  Unlike P, the main focus of R was on the procedural 
(25.4%) rather than reworking (5.8%).  The latter together with the 2.4% she spent in the 
problem solving category make a total of only 8.2%, i.e. a relatively low proportion of class time 
was spent working at figuring out how to solve problems.  Instead it appears that the 
predominant approach to problems was to focus on the step-by-step procedures.   
 

Using Schroeder and Lester’s (1989) three conceptions to frame R’s series of lessons, it 
appears that R’s approach of teaching mathematics is for problem solving.  Like P and Q, R only 
introduced a fresh word problem to be solved in Lesson 4 after she had gone through the 
concepts and skills related to the topic; a clear indication of not teaching mathematics via 
problem solving.  She also spent very little time teaching about problem solving in the Pólya’s 
sense.  Instead, much of her class time is spent on getting students to learn the procedures needed 
for problem solving.   

 
The results suggest that although there were some individual variations, generally the three 

teachers’ approaches lean more towards teaching mathematics for problem solving.  The series 
of lessons show the teachers introducing and attending to the concepts and skills of the topic first 
before dealing with fresh word problems – an indication that the approach is not of learning 
mathematics via problem solving.  The relatively low amounts of time spent in the problem 
solving category clearly suggest that the main emphasis of the lessons are not about problem 
solving in the Pólya’s sense.   

 
Overview of the three teachers 

This section gives an overview of the teachers’ classroom practices.  The distribution of class 
time over the categories of actions as well as the finer details of the time spent in the problem 
solving category are listed in the following two tables, with percentage figures rounded to the 
nearest two significant figures.  This is followed by tables listing the number of problems used 
and the range of heuristics observed. 
 
Table 4: Amount and Proportion of Time Each Teacher Spent on the Five Categories 

Te
ac

he
r Problem 

Solving 
 

Teaching 
Concepts/ 

Skills  

Going Over 
Assigned 

Work  

Student 
Activities 

 

Other Events 
 

Total Time 
Observed 

 

P 0:41:00 
(9.5%) 

0:50:05 
(12%) 

2:31:25  
(35%) 

1:31:25 
(21%) 

1:37:50 
(23%) 

7:11:45  
(100%) 

Q 0:20:40 
(5.5%) 

0:20:55  
(5.6%) 

0:48:45  
(13%) 

3:33:15 
(57%) 

1:12:00 
(19%) 

6:15:35 
(100%) 

R 0:08:05 
(2.4%) 

0:14:40 
(4.4%) 

1:57:10  
(35%) 

2:41:40 
(49%) 

0:06:50 
(9.4%) 

5:32:50 
(100%)  
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The three teachers shared some common ways of teaching but differed in the amount of time 

spent in the various phases.  Focusing on the problem solving category, as noted before both the 
amount and the proportion of time the teachers spent on giving instructions via the Polya’s four 
stages of problem solving were low.  Interestingly, of the three teachers, P from the upper band 
school spent most time in this category, followed by Q from the average band, and then R, the 
lower band.  Going over assigned work featured very prominently in P and R and somewhat 
significantly in Q, where there were more of algorithmic instruction and emphasis on showing 
procedures needed to solve the problems.  Based on the proportion of time, when it comes to 
giving instructions on problem solving, teachers seem to be less inclined to tackle problems 
afresh via the four stages recommended by Pólya.  Instead, P and R seemed to approach it more 
through going over assigned work while Q has a more student-centered way through student 
presentation and the discussions generated.   
 

Looking further at the problem solving category, the following Table 5 shows the time each 
teacher spent on each of the Polya’s four stages: 
 
Table 5: Time Spent on the Four Stages of Problem Solving  

Te
ac

he
r 

Understanding  Planning  Executing  Reflecting  
Total Time Spent on 

Problem Solving 
category 

P 0:08:10 (20%) 0:02:00 
(5%) 

0:18:50 
(46%) 0:12:00 (29%) 0:41:00 (100%) 

Q 0:08:10 (40%) 0:00:55 
(4%) 

0:02:55 
(14%) 0:08:40 (42%) 0:20:40 (100%) 

R 0:00:50 (10%) 0:00:15 
(3.1%) 

0:00:20 
(4.1%) 0:06:40 (82%) 0:08:05 (100%) 

 
One clear point that emerges from the table is that the three teachers spent little time in the 

planning stage when giving instructions on problem solving.  Generally the questions were read 
(i.e. understanding the problem), and teachers would proceed to work out the solution 
immediately after.  This was followed by looking back and checking (i.e. reflecting) on the 
correctness of the solutions.  Qualitative aspects about the way the teacher went about the four 
Polya’s phases of problem solving were not reflected in these numbers.  Notwithstanding, these 
observations highlighted a need for teachers to spend more class time on solving mathematical 
problems, going through more thoroughly the four phases recommended by Pólya.  In particular, 
the need to be more explicit during the planning stage, expressing what they had in mind and 
perhaps also explore other possible plans before proceeding to execute the plan.  The reflection 
stage can also be enhanced to include not just checking the correctness of the solutions but also 
exploring the use of other heuristics, to derive the result differently. 
 

The Types of Problems Used and the Range of Heuristics Observed 
A total of 60 word problems were observed to be used by the teachers when they solved 

word problem in the problem solving category as well as the go over solutions of assigned 
problems in the GOAW (Reworking) subcategory. All 60 word problems were of the closed-
routine type.  The following Table 6 shows the number of problems used by the teachers in the 
two categories: 
 

Table 6: Number of Problems used 
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Teachers  
Number of Problems used  Total No. of 

Problems Problem solving GOAW Reworking  
P 8 25 33 
Q 2 4 6 
R 1 20 21 

Total 11 49 60 
 

The numbers in the table indicate that more problems were dealt with in the GOAW 
(Reworking) than the problem solving category.  This indicates that the teachers tend to assign 
problems first and then go over the solutions with the students rather than tackling fresh 
problems via Pólya’s four stages.  This has a more ‘remedial’ and ‘algorithmic’ tone to it versus 
the more ‘heuristic’ type of instruction in the problem solving category.  This emphasis once 
again suggests that the teachers’ approaches were not about problem solving.   

 
The following Table 7 shows the range of heuristics observed in the three classes. It must be 

noted that the total number of problems did not tally with the total number of heuristics because 
not all word problems used by the teachers were solved using the listed heuristics.  In many 
instances, teachers did not seem to have used any heuristics or were not very explicit about them.  
Instead, so-called traditional methods where information was extracted from the given problems, 
and calculations performed to get the answers directly, were used.   
 

Table 7: Range of Heuristics Observed 

Range of Heuristics observed 
Teachers  

Total P Q R 
A. Act-it-out 0 0 0 0 
B. Diagram/Model 20 6 9 35 
C. Guess & Check  0 0 0 0 
D. Systematic Lists 0 0 0 0 
E. Look for Patterns 0 0 0 0 
F. Work backwards 1 0 0 1 
G. Before-After concept 1 0 0 1 
H. Make Suppositions 0 0 0 0 
I. Restate problem 1 0 0 1 
J. Simplify problem 0 0 0 0 
K. Solve part problem 0 0 0 0 
L. Think of related problem* 3 0 1 4 

Total 26 6 10 42 
*Think of related problem is not a heuristic stated in the syllabus.  It is included here because some teachers 
used it. 

 
From the table, the heuristic most commonly used in observed in the three classrooms was 

the Use a Diagram/Model method.  It was used in about 83% of the heuristics observed.  Of the 
remaining heuristics, only P was observed to have used once three other heuristics listed in the 
official syllabus, while the other two teachers only used the Use a Diagram/Model heuristic.  The 
think of related problem heuristic is not listed in the syllabus.  It is included in the table because 
P and R used it for some of the problems.   

 
The predominance of the Use a diagram/model heuristic suggests that the teachers’ repertoire 

of problem solving heuristic instruction were limited.  The lack of range and exploration of the 
other heuristics further suggest that the emphasis of the problem solving instruction is not about 
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problem solving in the Pólya’s sense.  Instead, the focus is on using and mastering the 
diagram/model heuristic as a procedure to solve problems – an indication that the emphasis is on 
mastering the skills and procedures so that the students can use them for solving problems. 

 
Conclusions 

This study has attempted to address the question of how the intended reformed curriculum 
gets enacted in classrooms, how the purported central focus of Singapore’s MPS curriculum 
framework impacted teachers’ classroom practices.  The analysis based on the video coding 
scheme, the type of problems used, the range of heuristics observed and the analytical frame of 
teaching about, for and via (Schroeder & Lester, 1989), found that the predominating approach 
to problem solving instruction of the three teachers was teaching for problem solving.  Generally 
the teachers concentrated on the acquisition of concepts and skills first before introducing how 
these concepts and skills can be applied in the solution of problems, and only routine problems at 
that.  As pointed out by Schroeder and Lester (1989), teaching via problem solving is consistent 
with the instructional practices advocated in many reform curricula (e.g. the NCTM, 2000; 
Lester, 2003; Schoen, 2003).  In this sense, the investigation reveal that the classroom practices 
of these three teachers are not quite those advocated in many reform curricula.  It is not clear at 
this point to state if the MPS curriculum has advocated a similar teaching via problem solving 
approach.  Indeed the curriculum did not recommend any one approach over the others.  
Nonetheless the teachers’ predominating teaching for problem solving approach would be 
deemed within Schroeder and Lester’s (1989) frame as not quite in line with the approaches 
recommended in reform curricula. 

 
Another important finding is the relatively low amount of class time spent in the problem 

solving category.  For the main focus to be on MPS, a larger proportion of class time should be 
spent on dealing with problems, particularly fresh problems to encourage exploration of 
heuristics, to engage students in a thinking mode and not have a corrective or remedial tone.  
Instead the study found the teachers’ preponderance to go over assigned work, either reworking 
the given problems or procedurally to focus on the steps needed to solve the problems.  Again, 
the emphasis of the problem solving instruction seemed to be more to address the skills and 
procedures needed to solve problems than to tackle fresh problems anew where students have 
more chance of grappling with understanding and thinking about how to solve the problems.  
This finding suggests that the central focus of the lessons was not on problem solving, at least 
not in the sense recommended by Pólya (1988).   

 
One possible basis for the teachers’ emphasis of skills and procedures could be the different 

conceptions they have of what it means to make problem solving the focus of school 
mathematics.  Teaching skills and procedures needed to solve problems may well be the 
teachers’ way of focusing on problem solving.  The question now is: if the three teachers’ 
approaches and focuses are typical, then would this emphasis on skills and procedures account 
for the top performance of Singapore in TIMSS (Mullis et al, 2004)?  Did the strong emphasis 
lead students to learn enough of the skills and procedures to answer many of the standard items 
in TIMSS?  These issues certainly warrant further investigation.  Now with Singapore’s pole 
position, is there a need to shift such teachers’ conceptions towards more reform-minded 
thinking?  This is at the crux of Singapore mathematics reform consideration.  Notwithstanding, 
until the various conceptions are more clearly spelt out and grapple with, the lack of coherence 
and clear direction of just what enacting the MPS curriculum entails would continue to 
undermine reform efforts.   
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Stein, Boaler and Silver (2003) had pointed out that very little research literature about such 
teaching via problem solving is available.  Hence not much is known about the ‘road map’ to get 
there.  In a limited way, this study points to some areas to be developed to move towards 
teaching via problem solving.  First, from where they are at, teachers need to develop and widen 
their repertoire of heuristics and be familiar with the recommendations made by Pólya (1988).  In 
particular, they should deliberately dwell more on the ‘devising a plan’ phase to allow for more 
exploration and thinking about ways to solve problems.  Once they are sufficiently equipped, 
they could teach more about problem solving, exploring and expanding the range of heuristics 
and types of problems used with their classes.  At some point when they are confident enough, 
they could begin teaching a topic with a problem or problems and teach mathematics through 
them. 
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