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Abstract 

This study examined the correlation between problem-solving ability, mental- 
calculation ability and estimation ability of primary 5 pupils. It also attempted to 
determine the strategies used by high ability pupils in the estimation test. 567 
pupils from 4 Singapore schools were administered a problem-solving, a mental- 
calculation and an estimation test. Results from quantitative analyses showed that 
the scores of problem-solving, mental-calculation and estimation were significantly 
correlated. Males performed significantly better than females in estimation test. 
Interviews with the pupils indicated that the good estimators were able to develop 
their own strategies and deviate from rules learned in the classroom. 

Introduction 

Estimation has long been recognised as a basic mathematical skill and 
several recommendations on the basic skills in mathematics have re-emphasised its 
fundamental importance (Bell, 1974). In fact, in 1977, the National Council of 
Supervisors of Maths (NCSM), included estimation and approximation as one of 
the 10 basic-skill areas in need of development. The need for developing students' 
estimation skills is also reflected in An Agenda for Action (National Council of 
Teachers of Mathematics, 1980), which called for incorporating estimation 
activities "into all areas of the programme and on a regular and sustaining basis". 

In spite of its importance, estimation was seen as a neglected area in the 
curriculum (Bell, 1974; Carpenter et al., 1976). It was frequently limited to 
rounding (Johnson, 1979) and was not integrated into other curriculum topics 
(Carpenter et al., 1976). 

In Singapore, although estimation is introduced in primary 4, it has not 
been reported if the treatment given to it in school is sufficient to provide pupils 
with the estimation skills. Estimation often appears as part of a topic under whole 
numbers and decimal numbers. A careful study of some mathematics text-books 
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available in the market place showed that little attention is paid to the systematic 
development of estimation skills. Strategies for estimation recommended by 
Curriculum Planning Division (CPD), Ministry of Education such as, Estimating 
kom the Left, Grouping and Averaging were not incorporated in any of the 
exercises in the texts. 

Theoretical Background 

The following paragraphs review previous studies on different processes 
and related skills of estimation. 

Reys, Bestgen, Rybolt and Wyatt (1980, 1982) carried out a very 
comprehensive study to identify and characterise the computational processes used 
in estimation. The three key processes used by good estimators of estimation are: 
(a) Reformulation, (b) Translation and (c) Compensation. 

Reformulaion is the process of alternating numerical data to produce a more 
mentally manageable form. Translation is the process of changing the 
mathematical structure of the problem to a more mentally manageable form, and 
Compensation is the process of making adjustments to the answers in order to 
reflect numerical variation that came about as a result of reformulation and 
translation. 

Reys et al. (1982) also identified and classified a number of specific 
thinking strategies. The five common strategies identified are: 

(1) Front-end Strategy 
(ii) Clustering Strategy 
(iii) Rounding Strategy 
(iv) Compatible Numbers Strategy 
(V) Special Number Strategy 

Reys et al. (1982) characterised good estimators as individuals who, 
besides having the ability to use the above three processes, have a good grasp of 
basic facts, place value and arithmetic properties; are skilled at mental computation; 
are self-confident and tolerant to error; and can use a variety of strategies and 
switch easily between strategies. 
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Hallowell (1977) found that estimation ability is related to problem- 
solving ability and Paul1 (1972) concluded that the ability to estimate answers to 
arithmetic problems was related to mathematical and verbal ability. 

Instrumentation 

In this study, three instruments were constructed to determine pupils' 
ability to perform computation mentally. The instrument used for finding the 
pupils' ability on problem-solving was in the form of a paper and pencil test: The 
test consisted of 4 Computational Problems, 4 Reasoning Problems, 4 Spatial- 
Visualisation Problems and 4 Non-Routine Problems. 

Pupils' mental-computation ability was investigated using a 22-item test 
which was designed to measure the performance of mental calculation on the 4 
basic operations. 

The Estimation Test consisted of 8 open-ended questions and 24 multiple- 
choice questions. It was designed to measure the pupils' performance on 4 types of 
estimation tasks. The tasks are: 

(0 Open-ended Estimation 
An answer was considered correct if it fell within an interval bounded by 
the least and greatest acceptable estimates using commonly accepted 
procedures. 

(ii) Reasonable versus Unreasonable Estimation 
The subject had to decide whether a calculator-displayed answer was 
reasonable or unreasonable. A reasonable answer was, in fact, exact. An 
unreasonable answer was an answer outside the bounds of a correct open- 
ended estimate but within a power of ten of the exact answer. 

(iii) Reference-number Estimation 
A number was given and the subject had to decide whether the exact 
answer was larger or smaller than that reference number. The reference 
number was a least or greatest bound of an acceptable interval for an open- 
ended estimate. 
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(iv) Order of Magnitude Estimation 
Four options differing by powers of tens were presented. The subject had 
to choose the option to which the exact answer was closest. The correct 
option was within the bounds of an acceptable open-ended estimate. 

This test was also designed to provide information on three dimensions of 
estimation: type, numbers (whole numbers and fractions for primary 5 )  and 
operations (addition, subtraction, multiplication and division). 

Population and Sample 

The population of the study was all the Primary 5 pupils in Singapore 
schools. The sample consisted of 567 Primary 5 pupils from 17 classes selected 
from 4 primary schools. 

In this study, the Primary 4 Streaming Examination mathematics score 
was used as a criterion to classify the mathematical ability of the pupils. A total of 
308 high achievers, 187 medium achievers and 81 low achievers were selected for 
this study. Pupils who were absent from any one test were excluded from the 
study. 

Data Collection 

The tests were administered during the second term of the academic year. 
The Problem-Solving Test was conducted in normal classroom settings under 
examination condition. For the Mental-Calculation and the Estimation Test, one 
item at a time was presented, using an overhead transparency with easily read 
figures. Limited time was allowed for the Estimation Test. Each item was 
displayed for 15 seconds. The time limit for the Mental-Calculation Test was not 
controlled. The pupils were told to put down their pens after having obtained the 
answers so as to give an indication to the researcher when to proceed to the next 
i tem. 
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Interviews 

Pupils scoring in the top 2% in the Estimation Test (11 pupils consisting 
of 7 boys and 4 girls) were defined as good estimators and scheduled for a follow- 
up interview to ascertain the strategies and processes used while estimating. 

Pupils were available for only a limited time, so only 8 open-ended 
estimation problems were investigated. At the end of the interview, the pupils were 
asked 2 attitudinal questions that focused on their self-perception on estimation. 

(1) Are you a good estimator? 
(2) Do you think estimation is important? 

The objective of the 2 questions was to find out how confident the pupils 
were as estimators and whether they appreciated estimation. 

Analysis of Results 

Table 1 summarises the mean and standard deviations of the 3 tests for the 
567 Primary 5 pupils. 

Table 1 : Means and Standard Deviations of Problem-Solving Test, Mental- 
Calculation Test and Estimation Test 

Variable Number Min Max Mean S D 

Prob. Solving 567 0.00 16.00 7.65 3.61 
Mental Cal. 567 3.00 26.00 18.69 4.13 
Estimation 567 0.00 32.00 22.39 4.73 

Note: 262 females 305 males 

The Problem-Solving Test had the lowest score with an average of 7.65. 
The scores of the Estimation Test and Mental-Calculation Test were quite similar 
with average 22.39 and 18.69 respectively. 

Table 2 shows that Estimation was significantly correlated to both Mental- 
Calculation and Problem-Solving. 



Siew Kong Wai, Fong H o  Bzeong 55 

Table 2 : Correlations of Problem-Solving, Mental-Calculation and Estimation 
Tests 

Prob. Solving Mental Cal. Estimation 

Prob. Solving 1 .OO 
Mental Cal. 0.60 
Estimation 0.61 

Peiuson Correlation Coefficients / Prob > IRI under &:Rh, = 0 / N = 567 

Table 3 shows that pupils of different mathematical ability do differ in 
performance on Estimation. The differences in means between pupils of different 
achievement levels were significant. 

Table 3 : Difference between means of Estimation Test of pupils with different 
mathematical ability 

BAND Lower Difference upper 
Comparison Confidence Between Confidence 

Limit Means Limit 

BAND 1 - BAND 2 3.21 3.92 4.62 *** 
BAND 1 -BAND3 6.29 7.25 8.21 *** 
BAND 2 - BAND 3 2.31 3.33 4.35 *** 

Comparisons significant at the 0.05 level are indicated by *** 

It was also found that there was a significant difference between mean 
scores of male and female pupils in Estimation Test. A T-test was carried out to 
determine the significance of the difference between the means. The results are 
shown in Table 4. 
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Table 4 : Means by Sex of Estimation Test 

Sex Number Mean 

Male 
Female 

Means which are significantly different at 0.05 level are indicated by *** 

An analysis of variance ANOVA was conducted to determine any 
difference in performance for pupils of different sex and mathematical achievement 
in Estimation Test and any possible interactive effects between sex and 
mathematical achievement. 

Table 5 : The ANOVA results of Sex-by-Band analysis 

Source DF Sum of Sq Mean Square F Value PR > F 

Model 12 4459.64 371.64 25.08 0.00 
Sex 1 10.50 10.50 0.71 0.40 
Band 2 3779.12 1889.51 127.52 0.00 
Sex X Band 2 15.73 7.87 0.53 0.59 

The results showed that there was no significant gender effect. There was 
no gender difference in performance on the Estimation Test. 

The band effect was significant. This confirmed that pupils of a higher 
ability group performed better than pupils fiom a lower ability group in Estimation. 

The interactive effect between sex and band on the performance was also 
not significant. (see Figure 1 as follows) 
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Table 7 : Mean Score and Standard Deviation (in parentheses) for Estimation Test 
by Sex 

Sex Band l Band 2 Band 3 Overall 

Female 24.32 20.23 17.43 21.81 
(3.12) (3.47) (3.65) (4.26) 

Male 24.89 21.24 17.39 22.89 
(3.96) (4.70) (5.19) (5.05) 

Figure 1 : Plot of Means indicating no interaction between Sex and Band 
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21 
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The interviews aimed at finding out what strategies and processes the 
subjects used in solving different estimation problems. The three general 
processes, namely, reformulation, translation and compensation (Reys et al., 1982) 
were observed in varying degrees in the interviews. Of the three key processes, 
reformulation was observed most frequently during the interviews, followed by 
translation and compensation. The rounding strategy was most often used. This 
appears to reflect its emphasis in Singapore mathematics curriculum. The other 
strategies employed by the students were usually learnt by themselves rather than 
taught by their teachers in schools. 

The process of compensation was used to a lesser extent and the students 
did not apply it consistently for every problem they estimated. 
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Responding to the question " Are you a good estimator?", all the 4 girls 
interviewed said they were not good estimators, while all except one boy admitted 
that they were good estimators. However, all pupils interviewed believed that 
estimation was important. The main reason given was estimation provided an 
efficient way of obtaining an approximate answer which was very practical in 
everyday life. This result was consistent with Bestgen's finding (1980) that better 
estimators had favourable attitudes toward estimation. 

Summary 

The study showed a high correlation (0.64) between Mental-Calculation 
and Estimation. This supports the previous finding by Reys et al. (1980), who 
found that good estimators were skilled in doing mental calculation. 

The correlation between problem-solving and estimation was 0.61. The 
result supports the findings of Hallowell (1977) who showed that estimation ability 
is related to problem-solving ability. 

It was also found that in the estimation test, higher-mathematical achievers 
performed significantly better than the lower-mathematical achievers. 

Males performed significantly better than females in the estimation test. 
The mean score for males was 22.89 and the mean score for the females was 21.81 
on the 32-item test. However, there was no gender difference if the same 
achievement groups were compared. The interactive effect between sex and 
mathematical ability on estimation was also not significant. 

The strategies used by the Primary 5 good estimators were: 

(0 Front-end 
(ii) Straight rounding 
(iii) Compatible rounding 
(iv) Truncation and rounding 
(V) Clustering 
(vi) Idea of benchmark 
(vii) Apply paper-pencil algorithm mentally 

Based on the findings of this study, one may conclude that future research 
could include the investigation of choice of strategies. It is worth investigating how 
and why a person chooses a particular strategy and what are the mathematical and 
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psychological factors affecting a person's choice of strategies. There is also a need 
for experimental research on estimation and how it should be taught. The specific 
methodology, content and sequence of study need more investigation. 
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