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Abstract 

Over the past four years problem solving ability tests have been administered to a national 
sample of primary age students. The data has been examined using factor analysis, and 
combinations of single and multi-dimensional and multi-component item response modelling. 
Results suggested that the problem structure should be altered from what was essentially a 
multi step mathematics problem to one that emphasised thinking strategies. Teachers were 
advised of the strategies that led to successful resolution and from these discussions, 
intervention strategies were identified. These were then implemented in the classroom to 
examine their effectiveness in improving students' problem solving strategies and resolution. 

Introduction 

This project is different from usual education research in that it is not being conducted with a 
formal state or private education system but with a commercial provider of coaching classes 
across four states, NSDC Pty Ltd. It is a study that aims to develop a new latent trait model 
of problem solving behaviour that will enable better understanding and hence improved 
teaching of problem solving strategies. Despite decades of research into problem solving, 
there is still a lack of understanding of how to sequence steps and the relationships among 
steps in a problem solving strategy. There is also little agreement in definitions of problem 
solving. Industry is increasingly requiring problem solving skills to be part of a student's 
school exit skills and to this effect successive inquiries (Finn, 1991; Mayer, 1992) defined 
problem solving as a crucial requirement of students leaving the school system. Despite this 
there is still a limited understanding of how complex problems are solved and more 
importantly, there is limited understanding of how to help students develop problem solving 
skills. Until this is understood and able to be modelled and predicted, it is unlikely that 
significant progress will be made in this important area. Successful modelling of problem 
solving strategies will make an important contribution to teaching and learning across the 
curriculum and will assist in meeting the needs expressed in the series of government 
inquiries concerning the skills needed by students exiting the school system. More 
importantly, the project has taken a different approach to previous studies of problem solving 
and examines the issue from a new perspective, extending recent work by Lai (1999) which 
opened new possibilities for empirically modelling interdependent steps within a problem 
solving strategy. 



Studies of problem solving have tended to concentrate on cognitive psychology (Chi, 
Feltovich & Glaser, 1981; Larkin, 1983; Vanlehn, 1989) and on teaching and learning 
(Huffman, 1997; Glynn & Duit, 1995). This led to the identification of student's knowledge of 
problem schemas, level of conceptual understanding and metacognitive skills as influential 
in explaining differences in problem solving performances. Until recently, there were few 
opportunities to explore these relationships, because of interdependence among them. 
Attempts to explore problem solving strategies on complex problems, which rely on 
sequences of steps to be taken by the students (Griffin & Callingham, 1998, 2000, Griffin, 
2001), have not been possible if the focus of attention is the stages of steps undertaken (Lai, 
1999). This study extends Lai's (1999) work in exploring complex sequential multi-step 
problems such as those used at a system level by Griffin & Callingham (1998). It is an 
attempt to develop a new cognitive diagnostic assessment technique to explore the inter-
relationships between the cognitive processing factors and problem solving performance, 
making use of a newly proposed versatile psychometric model that allows for dependencies 
among problem components (Lai, 1999). 

Methods such as protocol analyses (Ericsson & Simon, 1984); phenomenography (Marton, 
1981), and concept mapping (Novak, 1995) have helped to understand the nature of 
problem task components, but these have not linked the component solution to a problem 
solving ability estimate other than through test total raw scores. Psychometric development 
models, however, over the past two decades have shown that scores and ability estimates 
are not the same and that a measure, independent of the task and component, interpreted in 
terms of ability, is needed for making generalisable interpretations of performance (Rasch, 
1980; Wright & Masters, 1983; Wilson, Adams & Wu, 1998). Raw score interpretations of 
ability are also dependent on which tasks are performed. Embretson (1993), Shavelson, 
Lang & Lewin, (1993) and Johnson, Goldsmith & Teague (1995) have all attempted to 
resolve the issue of dependence among components and of the interpretation to estimate 
ability from performance on multi inter dependent component problem tasks. The issue 
however has only been partly resolved. Without resolution, understanding the cognitive 
processing will be limited and this in turn will diminish teachers' capacity to systematically 
improve problem-solving skills. 

The project aims to address the following research questions as follows. 

1. To what extent can students' knowledge and understanding of problem solving steps 
be mathematically modelled? 

2. To what extent does the student's understanding of the relationships between 
problem solving steps affect their capacity to resolve mathematical problems? 

3. To what extent does mathematical modelling of 1 and 2 above build comprehensive 
feedback to students and reinforce learning? 

4. What impact does feedback to the teachers have on teaching methods and how 
does the impact on teaching methods improve the teachers' understanding of 
problem solving steps? 

5. To what extent does feedback to teachers affect students' knowledge and 
understanding of problem solving steps and hence lead to problem resolution? 

At the heart of these questions is the capacity to mathematically model the students' 
problem solving behaviour. This in turn increases understanding of the process, which is 
expected to lead to better teaching and hence to improved student problem solving 
performance. The learning area in which the study is positioned is within mathematics 
problem solving covering a grade range from mid-primary to mid secondary (the middle 
years). This is consistent with the National Council on Teaching of Mathematics (NCTM, 
1989) that argued that problem solving should be a central focus of curriculum and the 
assessment of problem solving ability should address all aspects of a students' problem 



solving ability. All problem solutions follow a series of steps and each step requires a 
different type of skill and knowledge. Successful problem solving depends on a student's 
relative strength in each of these steps and on whether the student can see and make use of 
the relationships among the steps (Lai, 1999). Teaching students to solve problems 
therefore also needs to focus on developing the different abilities required for the different 
steps and in developing strategies for making use of the relationships between the steps. 
Without this the development of problem solving skills has been limited to using learning 
styles, drill practices or transmission of facts, or students' general survival strategies 
(Siemon, 1993), but not on the solution strategies needed to reach closure. Part of the issue 
has been an absence of empirical methods that could model such relationships and the 
thing that limited this was the prohibition of latent variable (mathematical) models in dealing 
with dependence among problem solution steps. The main research goal of this project was 
to extend current psychometric techniques to enable measurement of ability to solve 
interdependent components of problems and to identify methods of monitoring progress 
through multiple interdependent steps. A capacity to model problem solving behaviour 
mathematically will demonstrate that the steps are not only understood, but are predictable 
with the latent class model or latent variable (trait) model. To this end, what is needed is a 
psychometric model that can describe each step in the solution process using a Rasch 
model (1980) and at the same time, can resolve the issue of interdependence among the 
steps involved. Lai (1999) has escribed this model in detail. It allows doe dependent steps 
within a problem solution to be calibrated and as such opens several new opportunities in 
item design. 

In the realm of cognitive psychology, problem solving has a dual identity as a basic cognitive 
function and also as an activity of educational importance (Elshout, 1985). In a matrix with 
rows representing basic cognitive functions and columns representing important educational 
activities, Elshout showed that problem solving, as a basic cognitive function, is involved in 
all educational activities and as an activity, involves all the basic cognitive functions. 

In his classical text on problem solving, Polya (1973) defined problem solving as "finding a 
way out of a difficulty, a way around an obstacle, attaining an aim that was not immediately 
understandable". More recent definitions are given by Solso and Lester et al. Solso (1991) 
defined problem solving as "thinking that is directed towards solving a specific problem that 
involves both the formulation of the responses and the selection among possible 
responses". Lester & Knoll (1990) described it as "a process coordinating previous 
experiences, knowledge and intuition to determine an outcome in a situation where such a 
procedure is not known". 

These definitions assert that in problem solving, there must be first a problem situation 
where immediate action is not obvious. Thus, direct recall of knowledge does not constitute 
a situation as such and is not problem solving. Second, there is a definite goal which makes 
problem solving an activity with a direction. The route from the problem situation to the goal 
is not obvious and has to be found by the problem-solver. It involves different stages as 
identifying the problem, exploring alternative approaches, planning the solution, executing 
the plan and evaluating the plan (Bransfdord, 1984; Gicks, 1986; Hayes, 1989). 

A cognitive model for problem-solving-The Mayer model 

Mayer (1985, 1992) summarised the different stages into four main steps: problem 
translation, problem integration, solution planning and solution execution. The first step 
involves the problem solver translating the available information in the problem situation into 
internal mental models. The second step involves combining the different pieces of 
information together into a coherent structure. The last two steps are developing and 
carrying out the plan for solving the problem. 



Mayer's Model 

 
 
 

  

FOUR steps in Mayer's model* 

1. Problem translation: The problem solver transforms the statements in the problem into an 
internal psychological model which represents the problem solver's interpretation and 
representation of the problem. 

2. Problem integration: The different pieces of interpreted information are combined into a 
coherent structure ready for solution planning 

3. Solution planning: The problem solver formulates a plan in the form of a sequence of 
steps for solving the problem. 

4. Solution execution. The problem-solver carries out the solution plan. 

The formulation of a solution strategy depends on successful transformation of the problem 
into the correct internal mental model. This requires the students to be able to understand 
the problem without misinterpretation, to be able to distinguish what is the given information 
from what is being asked. Given that, the students should be able to assemble all the given 
information and what is being asked into the working memory and then match these with the 
knowledge structure and the repertoire of problem schema stored in the long term memory. 
Often this involves moving forward to see whether any new development can be made 
based on the given information in the problem using the available knowledge in the long 
term memory and to see whether new insights can be seen from these developments; or 
working backward from what is being asked and run through the repertoire of possible 
solution strategies to see what is the usual way to obtain the answer. In other words, the 
solution planning stage calls for a matching between the particular problem situation in the 
item with the knowledge possessed by the student in that subject area. If matching cannot 
be made, no solution strategy can be obtained. Successful matching means the retrieval of 
the appropriate knowledge tools to be applied to the problem situation. This often depends 
on the degree of familiarity of the problem to the students. 

Method 

The project has examined the relationship between and within steps of a problem. From this 
an inference is made about the students' strategies in problem solving. The pre post design 
will yield gain scores within a school year. These, in turn, are linked to teacher strategies. 
NSDC Pty Ltd. sites in Brisbane, Sydney and Melbourne will undertake systematic problem 
solving exercises with high ability students. In addition, coaching classes will incorporate 
problem-solving strategies into the curriculum and progressive assessments of these will be 
fed back to teachers to examine effects on problem solving strategies. In phase 1 of the 
project, benchmark data were established through an assessment of students' problem 
solving ability and strategies in years 4 through 9. Samples of problem types with different 
numbers of steps and sequencing requirements were developed and classified. The 
classification was established and provided to teachers who were encouraged and trained to 
alter their teaching strategies to link more with the solution strategies identified in this 
project. In the first phase the project also developed a typology of problems that can be 



addressed with the intended psychometric model. A series of instruments were trialled and 
the project cross classified problem solving strategies with teaching alignment. This phase 
yielded instruments to measure student understanding of problem sequencing and their 
understanding of the relationships among the steps. It also yielded a series of multi-step 
problems most likely to elicit these types of knowledge and skills and help to identify relevant 
teaching strategies to concentrate upon in phases 2 and 3. It is also planned to develop 
measures of teaching and student knowledge and skill gain. 

In the second phase a group of mentor teachers have been provided with professional 
development programs based on the likely outcomes of the project. They have been 
provided with teaching materials and will be asked to adopt specific approaches to teaching 
problem solving strategies at different year levels. These mentor teachers will be responsible 
for in-service delivery of up to 150 teachers through out the NSDC Pty Ltd. A quasi-
experimental pre-post design will help to examine change in student understanding and 
strategy deployment as well as teachers' understanding and implementation of aspects 
developed as part of professional development arising from analyses of increased problem 
solving ability. A small number of teachers will be involved in the quasi-experimental study. 
However, sufficient teachers will be recruited to allow an examination of the main effects of 
"problem type" and "teaching strategy" with dependent variables being student problem 
solving ability and understanding of steps, sequencing and relationships among the steps. 

Findings from the pretest on 30/6/01 and other tests earlier 

Past test results indicate that it is not uncommon for students to misunderstand the 
problems. Quite often, the internal mental model of the problem in a student's mind may not 
be the same as the problem on the question paper. There are several factors accounting for 
such a misunderstanding. Weakness in the English language or in the type of language 
associated with a particular subject, lack of common knowledge, reading the problem 
without making sense of it, carelessness in reading the problem, omitting or overlooking 
some sentences 

are all possible sources of misunderstanding. The following are some examples. 

Example 1 

Starting from 3 and counting by 4, Tim gets the 

following numbers: 

3, 7, 11, 15, 19, 23, … 

What is the 10th number? 

A. 27 
B. 31 
C. 35 
D. 39 

Example 1 Infit MNSQ = 0.94 

Disc = 0.39 

Categories A [0] B [0] C [0] D [1] 



Count 90 14 21 254 

Percent (%) 23.7 3.7 5.5 67.0 

Pt-Biserial -0.26 -0.21 -0.16 0.39 

Mean Ability -0.02 -0.48 -0.14 0.54 

StDev Ability 0.66 0.55 0.72 0.73 

Example 2 Infit MNSQ = 0.99 

Disc = 0.29 

Categories A [0] B [0] C [0] D [1] 

Count 9 21 29 330 

Percent (%) 2.3 5.4 7.5 84.8 

Pt-Biserial -0.11 -0.23 -0.13 0.29 

Mean Ability 0.29 0.10 0.50 1.01 

StDev Ability 0.75 0.86 0.57 0.89 

Comparison of the frequency counts of the four options in the two examples shows that 
option A in the first example is rather attractive to the students. For the group of students 
choosing this option, there is a high likelihood that they have not read the question carefully. 
Options A is 27 and it is the next number in the sequence that appears in the stem of the 
item. It is likely that these students think that the item is simply asking for the next number in 
the sequence. In example two, the next number happens to be not in one of the options. All 
the distractors have low frequencies. 

Example 3 

After walking 100 metres East and then 100 metres North, Paul turns to face the starting 
point. 

In which direction is he facing? 

A West 

A. South 
B. North East 
C. South West 

Categories A [0] B [0] C [0] D [1] missing 

Count 68 44 116 162 5 

Percent (%) 17.4 11.3 29.7 41.5 



Pt-Biserial -0.20 -0.18 -0.22 0.47 

Mean Ability -0.39 -0.44 -0.32 0.51 0.00 

StDev Ability 0.70 0.78 0.74 0.88 0.64 

Example 3 again reveals the carelessness on the part of the students in reading the 
question. 

Distractor C attracts about 30% of the students. For this group of students, probably they 
missed the part of the problem "Paul turns to face the starting point". Even not missing this 
part, some students have chosen the other distractors. For them, the sources of error could 
be on the second stage of problem solving in Mayer's model: problem integration. This stage 
will be illustrated with two further examples. 

  

Example 4 

Trees are planted at 10 metres apart on one side of a drive which is 50 metres long. The first 

tree is right at the entry to the drive and the last tree at the exit. How many trees are 
planted? 

A. 4 B. 5 C. 6 D. 7 E. 8 

  

19: item 19 (key=3) Infit MNSQ = 1.05 

Categories 0 A B C* D E 

Count 0 39 313 54 16 33 

Percent (%) 0.0 8.6 68.8 11.9 3.5 7.3 

Pt-Biserial NA -0.23 0.16 0.11 -0.09 -0.11 

p-value NA .000 .000 .008 .030 .008 

Mean Ability NA -0.82 -0.07 0.15 -0.57 -0.50 

Example 5 

In a concert hall, all the rows have the same number of seats. My seat is twenty first from 
the 

front and thirty fourth from the back. If there are 18 seats to my left and 16 seats to my right, 

how many seats are in the hall altogether?. 

A. 1890 



B. 1870 
C. 1802 

D. none of the above 

 

Note A: 1890 = 54 x 35 B: 1870 = 55 x 34 C: 1802 = 53 x 34 

Examples 4 and 5 reveal the weaknesses of the students at the stage of problem 
integration. In example 4. Distractor B attracts almost 70% of the students. In example 5, 
distractor D also attracts about half of the students. For these students, the trouble is more 
on problem integration. Putting all the information given in the problem together requires 
some techniques. The information should be assembled in a way so that the different pieces 
of information can be related and related in a way that facilitates the formulation of solution 
strategy. Often drawing a table or drawing a diagram would help. In both examples, a 
diagram would help the students to count correctly. 

The next couple of examples illustrate the stage of solution planning. It is quite common to 
find students blindly applying a mathematical operation or a formula according to a set of 
rules or choosing an operation or a formula they have been using before in situations 
somewhat similar but not exactly identical. They fail to see the differences between the 
various situations. They tend to rushing to the problem without giving enough thought to the 
problem. Some moments of second thought may lead to some easier and simpler solutions 

Example 6 

John can saw a cylindrical log of wood into 4 pieces in 4 minutes. How long will he 
take to 

saw a similar piece of wood into 10 pieces if there is no time between cuts? 

A. 9 minutes 

B. 10 minutes 

C. 12 minutes 

D. no answer can be found 

In example 6 students are given a more familiar situation of sawing a log of woods into 
pieces. The mathematical calculation involved is simple. This is the second most difficult 
question because students just apply the problem schema blindly to a similar item without 
thinking clearly. The table above shows the distribution of the options in the item. 



Over half of the student population chooses option 2. These are the students who know 
mathematics and well familiar with the solution strategy to solve such type of problems. They 

obtained the answer by . But this is not the correct answer. The 
mistake comes from the use of an incorrect mathematical model. 

However, the time taken for the job is not directly proportional to the number of pieces to be 
cuts but rather directly proportional to the number of cuts that need to be done in order to get 
the number of pieces required. Thus, to make 4 pieces of wood, one has to cut the log three 
times. To make 10 pieces, nine cuts need to be made. Thus the time required is given by 

 

This item is more difficult than the bookwork-type item: It takes 4 minutes to paint 4 identical 
squares. How long does it take to paint 10 identical squares? The mathematics involved in 
the two items is similar but not exactly the same. But in the latter, all the numbers given can 
be used directly in the calculation. In the former, however, some numbers that are used in 
the proportional relation have to be found. 

Example 7 

If 3! = 1x2x3 

4! = 1x2x3x4 

5! = 1x2x3x4x5 

... 

what is the last digit of 1999! ? 

A. 0 

B. 1 

C. 5 

D. 9 



 

 

In example 7, the meaning of n! is given for any positive integer n. The item asks for the last 
digit of 1999! Very seldom has a primary student come across the factorial notation before. 
The students are presented a situation completely new to themselves. The students have to 
get through the first stage in understanding the item. In this case, it means understanding 
the meaning of the factorial notation and knowing what is being asked. The mathematics 
knowledge necessary for solving this item is simply multiplication table. But it is different 
from the item asking for the product of two given numbers so that students know which parts 
of the multiplication table they should recall. 

To know how the multiplication table can help solve this item, the students need to go 
through the problem integration stage. The factorial of n means product of successive 
integers one after another starting from 1 and stops at n. The item asks for the last digit of 
1999!. Thus the students have to know that they are working on the last digit in a 
multiplication product. They know that they have to focus on property of the last digit in 
multiplication. There are a number of properties that can be recalled: like the last digit of the 
product is always 1 if all the factors end in 1s; the last digit of the product is always 5 if all 
the factors end in 5s; if one factor has 5 as its last digit, the product must end in 0 or 5; if one 
factor has its last digit ends in 0, the product should end in 0. There are many more. Which 
of these properties recalled is helpful and can lead us to the solution? 

The factorial notation says that the factors in the product are changing. It is impossible to 
have the same last digits in the factor. The student needs to explore on the pattern of 
change in the factors: 1, 2, 3, 4, 5, 6, .... 1999! involves product of integers from 1 to 1999. 
Some of these factors are multiples of ten, ending in 0. It is the discovery of the number ten 
among the factors and the association to the last multiplication rule mentioned above that 
give the answer to the item. 



The item actually requires very little mathematics. The difficulty of the item lies on the 
discovery of the clue leading to the answer. The clue is not obvious and may not be obvious 
to those students who can multiply fast and accurate. However, the clue is not difficult to 
obtain. The clue is available to those who are willing to understand the item, who are willing 
to spend time on the item to see which piece of mathematical knowledge they have to seek. 
The key words are "multiplication product" and "last digit". These two words indicate the 
direction where you should go to look for the answer. 

There is practically no calculation in this item. It requires much less calculation work than 
some of those easier items in the variable map. 

Another clue to problem solving is to work on some simple cases. As in this item, it is not 
difficult to see the general pattern after working on the first few cases 

n! Product Last digit 

2! 2 2 

3! 6 6 

4! 24 4 

5! 120 0 

6! 720 0 

7! 5040 0 

This leads to the belief that 0 should remain as the last digit in all the factorials. 

As shown in the tables giving the frequency distribution of the different options in the item, 
only 11.2% of the Yr5 students and 18.6% of the Yr 6 students can answer correctly the 
item. Option 1 is the key. In both year levels, the majority has chosen 4, thinking 9 should be 
the last digit. Nine is the last digit in 1999, and not the last digit in 1999!. The answer clearly 
shows that the students choosing this option do not understand the item and obviously not 
the meaning of the factorial notation. 

In the last two examples, it is not quite the mathematical knowledge that contributes to the 
difficulty. Rather, it is the application of the mathematical knowledge to the problem situation 
that contributes to the difficulty. In example 6, the direct proportional model is obvious, but 
the actual numbers involved in the proportion are not trivial and have to be found. In 
example 7, the piece of knowledge necessary to solve the item is not immediately obvious. 

On the whole, the findings tell us that students need to improve on in each of the four stages 
in Mayer's problem-solving model. Although many of the items written in the past are 
mathematics items, it is found that merely the teaching of the subject matter in mathematics 
will not improve the situation much. Subject matter does helps in the solution execution 
stage and the solution planning stage. But in addition to the teaching of mathematics, 
students should also be given training in problem-solving skills. The first three stages in 
Mayer's model depend on such skill. 

  



Intervention: 

A course consisting of 12 teaching units is designed to help improve the problem solving 
skills of the students based on the weaknesses described above. Each unit is of 30 minute 
duration. The topics of the 12 units are tabled below: 

  

Unit Topics Date 

1 Understanding the problem 4/8/01 

2 Organising Information – Use Tables 11/8/01 

3 Structuring Information – Use Tables 18/8/01 

4 Counting – Use Tables 25/8/01 

5 Structuring Information- Use Diagrams 1/9/01 

6 Processing Information- Use Diagrams 8/9/01 

7 Sequencing Information- Use Diagrams 15/9/01 

8 Simplify the Problem – use examples 22/9/01 

9 Areas 29/9/01 

10 Perimeters 6/10/01 

11 Elimination 13/10/01 

12 Think before you leap-looking for other ways of solutions 20/10/01 

  Problem Solving Competition 27/10/01 

  

The course is mostly on information processing and addresses the first three phases of 
problem solving in Mayer's model. Most of the problems worked on in the course are 
mathematics problems. But because the emphases of the course are on extracting 
information from the problem, organising and structuring the information for solution 
planning, and on the formulation and selection of solution strategies, the methods dealt with 
in the course can actually be applied to a wide range of other problems. 

This is also the reason why the last phase of solution execution in the Mayer model is left 
out. 

The course is designed to focus on problem solving skills and is not meant to be 



teaching mathematics subject matters. Execution of the solution plan to mathematics 
problems involves many procedural knowledge of Mathematics, which are more 
appropriately left to Mathematics classes. 

Phases in Mayer's Problem-Solving 

Model 

Units 

1. Problem translation Unit 1 

2. Problem integration Unit 2, Unit 3, Unit 5, Unit 6, Unit 
7 

3. Solution Planning Unit 4, Unit 8, Unit 9, Unit 10, Unit 
11, Unit 12 

  

The first unit on understanding the problem is actually on helping students to extract the right 
information from the problem-the information that the item writer would like to get across to 
the reader of the item. Attentions of the students are drawn to differences among some 
similar situations as illustrated below:. 

The several units that follow deals with problem integration when information extracted from 
the problem are put together for solution planning. The step actually does something more 
than just putting information together, but relating them, structuring them and sequencing 
them in such a way as to help the formulation of solution strategy. The course illustrates the 
use of tables and diagrams to facilitate a better understanding of the problem, to organise 
the information into a systematic and meaningful structure and to link up the information in 
an order that that brings insight to solve the problems. 

An example of the use of tables in planning solution: 

There are two types of tickets, each with a different price. The total cost of the tickets can be 
worked out in the following way. If all the tickets cost $5 each, the sum of money should be 
$5 x 32 = $160. Hence the additional 24 dollars must be coming from the two extra dollars 
for each of the more expensive tickets. The reasoning is summarised in the table below: 

Tickets Total cost 

More expensive Cheaper $ 184 

5 ... 5 5 ... 5 $ 160 (=5x32) 

2 ... 2  $ 24 

The number of twos in the last row must add up to 24. So, there should be 12 more 
expensive tickets. 

An example on working backwards 



The calculation steps in both examples can be represented by a diagram. 

  

 

 

 

 

 

To get the answer to Example 1, we just have to put 10 in the first bubble and follow the 
calculation steps. It is easy to see that 24 is the answer. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

In Example2, the situation is different. We are given the final result and are asked for the 
number at the beginning. To find the number at the beginning, we have to start with 15 and 
reverse the sequence. The number in the third bubble should be a number, when multiplied 
by 3, gives 15. 

  



  

  

 
 
 

We are working backward and at the same time we have to change each operation to the 
reverse operation ( x 3 ¸ 3, ¸ 2 x 2, + 6 - 6). 

The remaining units are on solution planning. The two main directions looking at in the 
course is from simplicity to complexity and the method of elimination. The units on counting 
suggests the use of a systematic way to divide all the possible cases into exhaustive and 
mutually exclusive classes. Counting within the classes will be easier and simpler. The two 
units on Areas and Perimeters are not units on the mathematical formulae. They are rather 
on the methods of how a complicated plane figure is divided into simpler plane figure so that 
a solution plan can be worked out. The study of simple cases before embarking upon the 
original complicated problem and how this can be done is also taught. The method of finding 
the answer by eliminating other impossibilities is examined on the unit on elimination through 
the use of games. 

The classroom situations: 

The problem solving materials were administered to a broad sample of 140 Year 5 students 
within 10 different classes studying at North Shore Development & Coaching Centre 
(NSDC). NSDC organises tutoring courses for students ranging from Pre-School to Year 12 
level on weekends and after school. 

NSDC offers 2 courses for Year 5 students: 

• High Achiever Program 
• Fastrain Program 

Both programs comprise of 3 subject areas: English, Maths and General Ability. These 
subjects are offered in a 3 hour program comprising of 1.5 hours of English and 1.5 hours of 
Maths and General Ability. 

The High Achiever Program is a condensed version of the Fastrain program with additional 
challenging material. High Achiever Program students are chosen on academic merit based 
on superior performance in an achievement test comprising of multiple choice questions 
based on English, Maths and General Ability. 

The problem solving materials were administered in a systematic manner within half an hour 
of the 3 hour Fastrain Program and High Achiever Program. This was made possible by 
completing the 1.5 hours of Maths and General Ability material within 1 hour and allowing 
0.5 hour for the problem solving materials. A choice was deliberately made to maintain the 
same amount of material for the 1.5 hour lesson for Maths and General Ability in the 1 hour, 
rather than extending the lesson to 2 hours (i.e. 1.5 hours of Maths and General Ability plus 
0.5 hour of problem solving material) since we believe that face-to-face teaching and 
illustration of problem solving methodology to students is a crucial element (intervention) in 
developing student ability in problem solving. Prior to each lesson, the teachers were briefed 
about the teaching material. During the lesson, the teacher would illustrate the problem 
solving concept with examples and then allow the children to solve more complex problems 
of a similar nature using the same problem solving methodology. 



Within the 140 students (treatment group) in which the problem solving materials were 
administered, approximately 25% of students were within the High Achiever Program, 50% 
were of average standard within the Fastrain program and 25% were of below average 
standard within the Fastrain program. 5 of the 10 classes of students were from selected 
branches at Sydney and the other 5 classes from selected branches in Melbourne. The 
students from the High Achiever Program were streamed and the students from the Fastrain 
Program were not streamed. The ethnicity mix within the 140 student sample was 
approximately 70% Asian and 30% non-Asian. 

The control group was another proportion of students within the High Achiever Program and 
Fastrain Program (who were not exposed to the problem solving material). This group had 
approximately the same number and the same spread mirroring the academic standard of 
the treatment group, i.e. 25% High Achiever students, 50% average students within Fastrain 
Program and 25% below average students within Fastrain Program. These students 
completed the standard load of work within the 3 hours (i.e. 1.5 hours of English and 1.5 
hours of Maths and General Ability). 

Feedback and Difficulties from Intervention: 

The preliminary problem solving material (units 2-3) which mainly focus on problem 
integration, were too difficult for the students to follow, especially for the students in the 
Fastrain Program, but noticeably with the below average students. Two teachers suggested 
including more step-by-step examples to illustrate the problem solving principle. 

Consequently, adjustments were made to the problem solving material to incorporate 
simpler easy-to-follow examples to illustrate the problem solving principle from unit 5 
onwards. 

Some examples are given below to illustrate the responses from the students. 

  

Example A: 

A burglar breaking into a house was seen by three neighbours, Mr Aras, Mr Bull and Mr 
Cole. They were questioned by the police for the colours of the burglar’s hair, the burglar’s 
eyes and the burglar’s coat. Mr Aras described the burglar as having black hair, blue eyes 
and wearing a brown coat. Mr Bull said the burglar had white hair, blue eyes and a brown 
coat. Mr Cole said that the burglar had white hair, blue eyes and a purple coat. The police 
later found that each person could remember only one piece of information correctly. But out 
of the three persons, the police could get the correct colour for each of their of their 
questions. What is the correct description of the burglar? 

  

  

  

  

Most students found this example very difficult to follow. To successfully solve this problem, 
students need to be very familiar with the technique of using tables to organise information 



and applying true and false categorisation to formulate a solution. It was suggested that this 
complex example should be preceded by several simpler examples to illustrate the concept. 

This is much easier for students to follow and most students found the structured questions 
lead them, step by step, to fully understand the problem and to use diagrams to process 
information. 

To begin, we draw a line and put the numbers 12 and 20 on the line. 

 

The line is divided into three portions by the two numbers. In which portion of the line should 
the actual number of balls fall? 

Can the actual number be smaller than 12? Why? 

 

Can the actual number be bigger than 20? Why? 

 
 

Knowing that the error cannot be bigger than 5, how much bigger than 12 can the actual 
number be? 

Knowing that the error cannot be bigger than 5, how much smaller than 20 can the actual 
number be? 

_________________________________________________________________________
__ 

Let us show all these possibilities in a diagram. 

15 16 17 18 19 20 

 
 

12 13 14 15 16 17 

There are only three possible answers for the number of balls in the bag. They are 
___________ 

The following are ideas from the different teachers who administered the problem solving 
material: 

a) Timing and difficulty: 

Since the 1.5 hours of material was fit within the 1 hour time frame for the treatment group, 
there was insufficient time to complete all the material set for the 1.5 hours. As a result, 
some material was skipped in order to be able to fit the 0.5 hour of problem solving material 
within the 1.5 hour time gap. 



We believe it is not detrimental that material was skipped. This is to equalise the quantity of 
material completed by the students within the 1.5 hour Maths and General Ability lesson. 
(e.g. if there is 10 pages of materials for the 1.5 hour lesson, since there is only 1 hour to 
complete the material, the students may only complete 6 pages of the 1.5 hour material. The 
problem solving materials may comprise of 4 pages of material. Hence the total quantity of 
material for the students exposed to the problem solving material and those who are not are 
similar.) 

0.5 hour devoted to the problem solving material in addition to a packed 1.5 hour curriculum 
did not give students sufficient time to absorb the information and skills within the problem 
solving material. It was difficult to present students with a thorough explanation of the 
problem solving materials. It was suggested that the problem solving materials be exposed 
to High Achiever Program students rather than students in the Fastrain Program since many 
average and below-average students found the problem solving materials challenging. 

Much opinion was directed to the effectiveness of the materials, but since certain material 
was very lengthy and time consuming, this may have reduced the possible benefit to the 
students. Sometimes students felt it more time consuming rather than an experience in 
which they could learn from. 

b) Problem Solving Modelling: 

Teachers and students remarked that a systematic method for problem solving is easy to 
follow and highly effective. The worked examples were clearly explained. Grouping similar 
problems was effective in developing one aspect of problem solving via teacher working 
through an example and then the student practicing the same problem solving skill on more 
complex questions. It is beneficial to provide students with more strategies to solve a 
problem, but the child needs to know when a certain strategy is to be implemented. 

For certain questions, teachers and students discovered other methods to solve the same 
problem that was quicker than following the methodology as suggested in the Mayer model. 

For instance, for example 2 on p11, some students who have been exposed to simple 
Algebra, say forming a linear equation using x as the number will be faster. This is not an 
uncommon scene especially with some bright kids. 

c) Student Improvement in Problem Solving: 

In general, it was difficult for teachers to detect improvement in students’ problem solving 
ability, strategy and resolution, based on their response in the classroom. Two teachers did 
not remark whether there were improvements in their student’s problem solving ability. One 
teacher remarked he could not notice any difference and further suggested that perhaps 12 
half hour lessons of problem solving is insufficient to observe any noticeable difference. 

Conclusion: 

We believe that teaching problem-solving strategies should be a part of the school 
curriculum. 

Teaching merely subject matter is not enough for the purpose of improving students' 
problem solving ability. As shown from the analyses of the test data obtained, subject 
knowledge is not the only reason for failing to obtain a solution to a problem. Such courses 
on problem-solving do have their values. 



As reflected from the students feedback, the teaching material for the course has to be 
revised to suit the levels and the available time of the students. More simple examples have 
to be added. Step-by step illustration, punctuated by cues and questions at appropriate 
places, is found to be acceptable by most of the students. This guided approach may take 
more time in classes. 

Within such short a time, it is difficult to demonstrate the effectiveness of this problem-
solving courses. Practice makes perfect. To acquire a certain problem-solving methodology 
and to own it requires time and practices. To be a good problem-solver, one has to be an 
active problem-solver. After being exposed to such problem-solving techniques, students 
should be encouraged to apply them to solve whatever problems they encounter. Sets of 
exercises will be developed for practising applying the different methods described in the 
course. The exercises will include a range of different situations, from simple to complex, 
familiar to unfamiliar. 

Students should also be encouraged to find other methods of solution and to approach the 
problem in different directions. Where students can find other methods of solution, they can 
be asked to evaluate the different methods and select one which they think is the best. 
Some methods of solutions may be a bit long, but they always lead to successful solutions to 
a particular type of problems. Other methods may be short and fast, but they are not always 
applicable to other situations. Provision of multiple solutions to a problem has been regarded 
as a feature of higher order thinking (Resnick, 1987). 

All in all, the experience gained this year on the students participating in the study is 
valuable to us. The teaching materials on problem solving will be modified in the light of the 
experience so that it could be more beneficial to students in the coming years 
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