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ABSTRACT 

This study explored the relationship between estimation skill and computational 

ability for whole and rational numbers. The methods carried out were both 

quantitative as well as qualitative and data were collected from three primary 

schools along with their associated high school in the Perth area. The year levels 

chosen were 5, 7 and 9. There were two classes from each chosen primary school 

representing Year 5 and Year 7 and three classes of Year 9 from the high school. 

The total number of students involved was 91, 77 and 73 from the three respective 

year levels. Instruments used for collecting data were group-administered tests and 

interview. Two parallel tests with identical items, where one of the pair was 

estimation and the other written computation were administered to all the students 

in the chosen year levels. Interviews were conducted for the group of selected 

students based on the criteria: slightly above the average and slightly below the 

average. There were eighteen students with nine in each group. 

The results of the correlation shows that performance in estimation is positively 

correlated with written computation in all the year levels. Moreover, the t-test 

result reveals that there is no significant difference between the two tests except in 

Year 7. Hence, the findings indicate that a child who is good in estimation skill can 

also perform well in written computation. As such, the importance of achieving 

estimation skill in a child would be very helpful in solving computation problems 

with understanding. 

On the other hand, children's performance related to the development of estimation 

skill and computational ability seems to be in positive direction from Year 5 to 

Year 7. Whereas the Year 9's performance is lower than Year 7. Among the topics, 

the children fared better in whole numbers compared to other topics. Performance 

tends to follow in a descending order from whole number to ratios. The disparities 

between estimation skill and computational ability are also more towards the 

difficult topics like division and multiplication of fractions 
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and decimals. At the same time, the feedback from the interviewees tended to show 

that, the children from slightly above the average are better at choosing their own 

sensible strategies for solving the problems, whereas the students from slightly 

below average are more prone to the rote-learned algorithms. 

Although, male students appeared to perform better than the female students, the 

differences in performances are not that high. Thus, the result depicts that there are 

no significant gender issues in the selected year levels and topics. 

Further research needs to be carried out in order to determine the relationship 

between estimation skill and computational ability with topics other than whole 

and rational numbers, especially in measurement topics. Moreover, such studies 

can be done involving larger samples, and in other countries as well. Doing so can 

highlight the importance of the integration of estimation skill in teaching and 

learning mathematics. 
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CHAPTER I 

INTRODUCTION AND PURPOSE OF STUDY 

Background to the Study 

To begin with, I would like to discuss in brief, the current situation in learning 

mathematics in my own country (Bhutan). As in many other countries, Bhutan too 

faces many problems in the teaching and learning of mathematics. Learning 

mathematics is considered to be important and essential in every aspect of life, but 

learning mathematics is still a nightmare for many children in the country (Curriculum 

and Professional Support Division (CAPSD), 1996). For many years, the country 

has suffered from a poor performance of school children in mathematics. The 

deficiency in mathematics becomes very noticeable every year during the admission 

of college and university students. Very few people opt for study in mathematics. 

As a result, the country has remained in short supply of skilled people in important 

fields like education, medicine, industry and technology, which are in high demand in 

this sophisticated and technological world. As stated, "the advancement and 

perfection of mathematics are intimately connected with the prosperity of the state" 

by a famous politician called Napoleon Bonaparte quoted by Usiskin (1986). 

According to the current situation, around 60% or more students end up in odd jobs 

and training, as they are not qualified to seek further studies due to the low 

percentage attaining the required marks. One of the main factors that pull their overall 

average marks down is their score in mathematics. Many of them end up getting 

below the pass mark in the mathematics paper (Kuensel, 2001 ). It is at this time that 

we normally see a big gap in children's performance in learning mathematics. As 

mentioned, if not treated well, mathematics is considered to be the worst curricular 

villain in driving students to failure in school (National Council Teachers of 

Mathematics (NCTM), 1989). All the concerned people and the authorities in the 
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country are aware of this situation but they seem to be really trapped m a v1c10us 

kind of circle as shown in Figure 1. 

um framers 

Figure 1: Circle of blame in mathematics education in Bhutan 

It has become very difficult to pinpoint the black spot directly to one particular 

person or body; rather everyone starts blaming each other for the situation. The 

Education Department points the finger at mathematics teachers for not doing their 

job properly, whereas the teachers blame curriculum framers for producing a very 

bulky syllabus. In the same way curriculum framers blame the training colleges for 

not training the teachers efficiently, whereas training colleges blame the education 

department for not setting a strong criteria for the selection of mathematics teachers, 

and so on. Whatever the cause may be, it is high time to break the vicious circle 

somewhere and start looking for the factors, which contribute to low performance in 

learning mathematics and try to solve it accordingly. 

There could be many reasons for the low performance in mathematics. One of the 

reasons could be due to lack of a strong foundation in learning the subject. As per 

my own experience as a mathematics teacher educator and according to research 

findings, one of the reasons for the weak foundation in mathematics appears to be 

due to the failure of students in making sense out of computation. May be, we as 

teachers fail to make sense in teaching and learning mathematics, particularly while 

dealing with basic topics like whole and rational numbers (fractions, decimals, ratio 
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and percentage). It seems so, because, most of the children seem to face difficulties 

while computing mathematical problems related to these topics. It appears difficult 

to many of them, as they often cannot make any sense out of what they do. 

As such, it affects children's performance tremendously and thus it leads to failure 

when they reach higher grades. 

Similarly, the situation appears to be same in other countries too. For instance, in a 

study carried out by Leutzinger & Berthean (USA, 1989), it is said that often 

students' mathematical knowledge is superficial and leads to misconceptions about 

number. Some of their findings in the classrooms are listed below: 

• Seventeen out of twenty students in a fourth grade class responded that 1
/ 2 is the 

largest fraction less than 1; 
• Sixty five percent of class of a sixth grade students selected 0.39 as a decimal that 

is larger than 0.6; and 
• A third grade student adamantly argued that 20 is closer to 90 than to 5. (p. 5) 

According to the above findings, many children do not seem to possess any sense of 

numbers. Lacking that, it hampers them from being able to work flexibly with 

numbers and give reasons with numerical information. As such, children fail to 

appreciate mathematics as a tool for solving problems and interpreting events 

(Ritchhart, 1994). Besides, having a strong sense of numbers can help them to 

possess a comfortable approach to solving mathematical problems with 

understanding. One can be in a position to make decisions about what tools and 

methods to choose for calculating and judge the reasonableness of their results (Jones, 

Kershaw & Sparrow, 1994). In several findings, it is well argued that, computing 

mathematical problems without understanding is one of the main concerns of 

mathematics education today. Many mathematics educators have considered this and 

come out with several ideas and methods to make learning mathematics more 

meaningful and useful to learners. Among many key ideas, I strongly feel that 

estimation skills could be one of the solutions as it has a capacity to ensure whether a 

computed solution/answer is reasonable or not. As pointed out by Miller (1993): 
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For many situations, an estimate is all that is really needed. It appears, however, that 
little attention is being given to these important skills since national assessments tests 
continue to show that an alarming number of students are deficient in these areas. (p. I) 

Moreover, estimation is a skill, which involves manipulating quantities in ways that 

make sense. Having the ability to estimate can help students achieve very important 

goals (value mathematics, be a confident problem solver, communicate 

mathematically, and learn to reason) in learning mathematics. For instance, being able 

to reason and communicate better mathematically improves students' confidence. For 

that, children come to value mathematics as a distinct way of thinking, instead of 

viewing it as a collection of unconnected rules and formulas (Micklo, 1999). The 

same point is well argued by Usiskin, 1986, p. 2) who said: 

Estimating is often more reasonable than avoiding estimates, and estimating is often the 
only choice one has in a situation. Furthermore, the uses of estimation fit the ideals of 
mathematics, namely, clarity in thinking and discourse, facility in dealing with 
problems, and consistency in the application of procedures. 

Estimation is also like mental computation, which brings a dynamic quality to 

learning mathematics and helps students broaden their view of mathematics 

(Rathmell & Trafton, 1990). Moreover, as suggested by Reys (1992, p. 142), "over 

80% of all mathematical applications call for estimation, rather than exact 

computation". Not only that, in today's society, changes in technology have made 

estimation skills more important than ever in the development of mathematical 

power (NCTM, 1993). For instance, use of computing technology (e.g. calculators) 

now puts a high demand on estimation technique for verifying the reasonableness of 

computations (Levin, 1981 ). As such, I strongly agree to what was argued by Carlow 

(1986, p. 94), "without a well-developed sense of mathematical facts and 

relationships, students have no way to judge the reasonableness of numerical output 

from a computer". 

To support this point, Poulter and Haylock (1988, p. 27) state, "computational 

estimation and the ability to judge the reasonableness of results as basic goals for the 

teaching of mathematics". As such, my main aim in this research project is to find out 
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the place of estimation in improving the quality of learning mathematics. In order to 

do this, I would like to investigate how the relationship between estimation skill and 

computation ability can help in solving mathematical problems with understanding. 

In this study, I will focus only on whole and rational numbers, as they are some of 

the basic and important topics in learning mathematics. 

Significance of the Study 

This is an "ice-breaking," exploratory study that is hoped will be seen as the first of 

many to be undertaken for the benefit of mathematics education in the country of 

Bhutan. The findings of the study are expected to contribute to the wider sphere of 

teaching and learning mathematics and particularly to the chosen topics in the 

following ways, by being able to: 

• identify the relationship between estimation skills and computational ability; 

• identify the importance of estimation skills in computing mathematical 

problems related to whole and rational numbers; 

• raise awareness of the importance of estimation in computing mathematical 

problems (numbers) to the mathematics teachers in schools, educators 

training institutes and curriculum officers in Curriculum and Professional 

Support Division (CAPSD) in Bhutan; and 

• suggest opportunities for all the children to carry out meaningful computation 

of mathematical problems. 

Identify the relationship between estimation skill and computational ability 

It is important to find out whether estimation skill can help the children compute the 

mathematical problems with understanding. For this purpose, answers to two 

parallel questions can be compared to find out whether there is any relationship 

between the estimation skill and computation ability. 
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Identify the importance of estimation skills in computing mathematical 

problems related to whole and rational numbers 

As suggested by Carlow ( 1986, p. 98), "estimating forms a powerful means of 

enriching the understanding of number and operations on numbers", and this study is 

based on the fundamental topics of whole and rational numbers. The main purpose 

for choosing these topics is that, the children would be in a position to solve 

mathematical problems with understanding from the very beginning. As such, 

children would find it easier to compute problems at a later stage (higher level) as 

well. It is said, "under the right conditions estimating can be an obvious and powerful 

vehicle for helping children develop the ability to conserve number" (Carlow, 1986, 

p. 101 ). The point is very well argued by Showell (1976, p. 25) "the child who has 

insufficient understanding of the basic concepts is going to find the subject difficult 

when he gets to his secondary school". In addition to that, it is very important for 

the children to retrieve simple arithmetic facts so that they would not experience 

difficulty in other areas of mathematics learning (Ackerman, Anhalt & Dykman, 

1986; Geary, 1994 as cited in Hopkins, 2000). 

As such, time given to teaching estimation in these topics would help children 

become more adept at reasoning with numbers, more flexible in thinking, more aware 

of the relationship between different operations and develop a greater feel for number 

(Poulter and Haylock, 1988). Besides that, the emphasis on estimation particularly 

for the chosen topics is designed to help students understand the relationship 

between whole number and decimal fractions so that they would face less problems 

while dealing with other topics at a later stage (Reys, Reys, Nohda, Ishida, 

Yoshikawa & Shimizu, 1991 ). It is observed that "time spent developing these basic 

concepts through an estimation approach greatly enhances, and gives meaning to, 

later work with exact computation" (Reys, 1986, p. 33). It is also believed that 

computational estimation and general mathematical thinking are highly related in 
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terms of deciding what answer is needed, using mental flexibility, recognising multiple 

solutions, picking one strategy in favour of another, and checking for reasonableness 

of results (Reys, 1985). 

The research findings suggest that, as skill is developed in estimating rational 

numbers, it help to improve a child's concept of rational number size. As such, the 

concept of rational number and skill in estimation can be developed in such a way 

that they go hand in hand and facilitate each other (Behr, Post & Wachsmuth, 1986). 

Raise awareness of the importance of estimation in computing mathematical 

problems (numbers) to the mathematics teachers in schools 

The teachers in school need to be made aware of the importance of estimation before 

they blindly apply computation skills to the children. Once, they are convinced, they 

should be able to implement it in their lessons. It should be integrated in every topic 

rather than taught separately. It is so that estimation can be applied to almost all the 

mathematical topics. It is suggested by Reys (1986, p. 31) that: 

Estimation, much like problem solving, calls on a variety of skills and is developed and 
improved over a long period of time ... It is not a topic that can be isolated within a 
single unit of instruction ... to be effectively developed, it must be nurtured and 
encouraged throughout the study of mathematics. 

In order to do this, the teachers should be in a position to incorporate estimation 

activities into all areas of the program on a regular and sustaining basis so that the 

children can make use of the skills to pose and select alternatives to assess a 

reasonable answer (NCTM, 1980). It is also pointed out by Clarke, Lovitt and 

Stephens (1990, p. 175) "estimation tasks, if carefully introduced by teachers, are 

one way of breaking down students' fear of failure in mathematics". 

Raise awareness of the importance of estimation in computing mathematical 

problems (numbers) to the educators in training institutes 

If there are any changes to be made in the field, the teacher educators in teacher 

training colleges should be aware of that and be able to deal with this at the trainee's 
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level. It should be done so that the trainees will be well aware of its importance and 

be ready to apply it in the field. 

Raise awareness of the importance of estimation in computing mathematical 

problems (numbers) to the curriculum officers in Bhutan 

Any findings from the research that could be applied in the school should be 

presented to the curriculum officers. They should be convinced as well so that they 

can include the idea in their curriculum framework for the teachers to apply it in 

their lessons. As such, findings of my study too will be presented to them, and 

passed on to be included in the school syllabus also. As pointed out by Trafton, 

(1986, p. 16): 

Computational estimation is one of the most powerful and useful aspects of estimation, 
and building a strong computational estimation strand into school mathematics programs 
must be a top priority for curriculum developers in the near future. 

In doing this, one should remember that the main purpose of introducing a systematic 

estimation program is not to do away with the routines and the analyses of existing 

mathematics programs. Instead, it is to build a combined linear/analytic and 

intuitive/holistic approach, which can support the details with a strong informal 

background of awareness and understanding (Carlow, 1986). 

Suggest opportunities for all the children to carry out meaningful 

computation of mathematical problems 

The ultimate but very important expectation of this study is to help the children 

compute mathematical problems with understanding. For this, they will need to have 

some skills in estimation. With an idea of estimation, the children are expected to 

understand the problem and lead to better solutions. Being able to do that is assumes 

they could perform better in learning mathematics when they reach higher studies. 

Children with estimation skills could approach problem solving more thoughtfully 

(Kindig, 1986). It is also predicted that students who are good at estimations are 
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normally confident in their mathematical ability and more likely to attribute success 

to ability (Sowder, 1992). Besides that, those able students are said to be able to 

easily link symbols to concepts. 

What has always been at the back of the researcher's mind is that the skills and 

knowledge gained in this research process will be used as a torch light in highlighting 

the teaching and learning mathematics to all the teacher trainees, school teachers and 

the curriculum officers in Bhutan. 

Aim of Study 

The aim of this study is to investigate the relationship between students' 

computational ability and estimation skill while dealing with whole and rational 

numbers. More specifically, I would like to explore the following: 

• use of estimation in measuring the understanding of mathematical problems; 

• estimation skills used in computing whole and rational numbers; 

• estimation skills possessed by students in Years 5, 7 and 9; 

• development of estimation and computational abilities with age; 

• difference in performance among the chosen topics; and 

• gender differences in estimation and computational abilities. 

Use of estimation in measuring the understanding of mathematical problems 

Under this aim, the main purpose is to check the importance of estimation in 

measuring the understanding of mathematical problems. With the given problem, if 

the children are able to estimate an appropriate answer, then it is assumed that the 

child could visualise the content of the problem. That is to say that the child could 

understand the problem. Likewise, the result is expected to be just the opposite if the 

child is not able to estimate accurately. 
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Estimation skills used in computing whole and rational numbers 

Since, whole and rational numbers are the foremost and basic topics in learning 

mathematics, it would be very useful for the children to have a good idea of 

estimation. Having that idea can help children to understand and learn mathematics 

better, especially when they move on to higher studies. Therefore, it is always 

preferable for the children to have strong foundations at the basic level of the 

learning. With the introduction of estimation skills at this level, it is expected to help 

children learn mathematics with understanding so that they would have fewer 

problems learning other more complicated topics at later stages. The major 

purpose of the study is to investigate how much skill in estimation children posses 

and make use of while computing the given mathematical problems in estimation and 

computation tests. 

Estimation skills possessed by students in Years 5, 7 and 9 

This study investigates estimation skills possessed by students in Year 5, 7 and 9. 

The main purposes for choosing these year levels is basically for two reasons: Firstly 

to represent each of the school levels (primary and secondary). Years 5 and 7 

represent primary schools, and Year 9 secondary schools. Secondly, the idea is based 

on the previous research in Mental Computation in School Mathematics: Preference, 

Attitude and Performance of Students in Years 3, 5, 7 and 9 by McIntosh, Bana and 

Farrell (1995), and Number Sense in School Mathematics: Student Performance in 

Four Countries by McIntosh, Reys, Reys, Bana and Farrell (1997) and Number 

Sense Performance and Strategies Possessed by Sixth and Eighth Grade Students in 

Taiwan by Yang (1995). Around ten items were taken from those studies and are 

listed below: 
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a. 9965 + 8972 + 8138 + 8090 b. 18 X 19 

C. 96.7 + 147.4 + 62.75 + 36.8 d. 0.72 - 0.009 

e. 0.5 X 840 f. 87 X 0.09 

g. 54 + 0.09 h. 7; + 12; 
8 13 

19.4x46.1 J. 563.7-;- 2. 93 

The actual model of the parallel questions looks like the one given in Table 1 

(McIntosh, Reys, Reys, Bana, & Farrell, 1997). 

Table 1: Results of two parallel fractions items from the TNST and WCT (TNST = 

Taiwanese Number Sense Test and WCT = Written Computation Test) 

Without calculating an exact answer, 

Circle the best estimate for 12
/ 13 + 7/ 8 

Results (Percentages): TNST 

Age 12 Age 14 

A. 1 10 20 

B. 2 25 38 

C. 3 36 14 

D. 21 16 12 

E. I don't know 10 16 

F. No response 3 0 

Results (Percentages): WCT 

Correct 

Incorrect 

Age 12 

61 

39 

Age 14 

63 

37 

The above table clearly reveals the actual understanding of children in number sense 

against the actual performance of computation of the same problem. Keeping that in 

mind, I wanted to investigate further in the same kind of concepts, using a similar 

model. 

Development of number sense, estimation and computational abilities with 
age 

This 1s to investigate whether there is any development in estimation and 

computational abilities with age. For this, there are some common questions across 
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two or three levels so that the researcher can explore and find out its development 

with age. 

Difference in performance among the chosen topics 

Mathematical topics involved in these studies are whole numbers, fractions, 

decimals, ratios and percentage. Therefore, with the help of the data collected, it is to 

find out whether there are any differences in performance by the children in each year 

level in the taught topics. 

Gender differences in estimation and computational abilities 

The study will involve students in co-educational settings. Thus, it will be possible 

to find out whether there is any gender difference in estimation and computational 

abilities. 

Research Questions 

Related to above aims, the research questions are divided in two parts: Primary part 

with one main question and the secondary part with five sub-questions. The data 

collected are expected to answer these questions accordingly. 

Primary question 

What is the relationship between the estimation skill and computation ability of 

students in Years 5, 7 and 9 for whole and rational numbers? 

Secondary questions 

• What is the correlation between computation and estimation skills in Year 5, 7, 

and 9? 

• What development is there in computational ability and estimation skill over 

Years 5, 7 and 9? 

• How are performances in computation and estimation related to one another in 

each of the topics (whole numbers, fractions, decimals, percentage and ratios)? 
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• What disparities are there between estimation skill and computational ability? 

• Are there any genders differences in performing estimation and computation? 

Summary 

As a whole, the main intention of my study is not concerned with how fast children 

can compute a mathematical problem but how they make sense out of computation. 

Having said that, I would like to find out whether estimation skills could help 

children compute mathematical problems of the chosen topics effectively and more 

meaningfully. For instance, the study should be able to depict the capability of 

students in estimation and how it helps in making sense in their computations. 
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Introduction 

CHAPTER II 

LITERATURE REVIEW 

In this chapter, some of the main points related to the research topic and their 

importance in the teaching and learning of mathematics will be discussed. The main 

point of discussion will be on estimation and its importance in learning mathematics. 

However, the chapter covers the importance of estimation and computation and their 

relationship to number sense. The idea behind including number sense is to show its 

importance in learning mathematics with understanding. So, in order to implant a 

strong sense of number in children, basic skills of computational estimation are 

urgently required. As it clearly pointed out by Edwards (1984, p. 60), "the 

justification for teaching computational estimation lies in the need to develop 

'number sense"'. Each topic is discussed in brief separately first and then later in 

paired relationships as follows: estimation and number sense, computation and 

number sense, and estimation and computation. 

What is Estimation? 

According to Micklo (1999, p. 142), estimation is nothing more than quickly and 

reasonably developing an idea about the quantity or size of something without 

actually counting or measuring it. To be more precise, estimating as per Lang 

(2001, p. 462) "is the process of thinking about 'how many' or 'how much' problem 

and possible solutions". As such, Micklo (1999) has concluded that estimation is a 

method of thinking that is used to solve real problems, rather than a wild guess. He 

has also pointed out that "to make a guess you do not have to think about how many 

there are. Any number can be a guess. To make an estimate you have to 

think" (p. 142). 
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Importance of Estimation 

Estimation is more or less recognised as one of the important parts of learning 

mathematics. Estimation is used widely in day-to-day life activities. There are not 

many events where estimation is not implemented. In fact, it is representative of the 

type of mathematical skill that is widely applied br adults in daily living situations 

and thus likely to represent a general outcome of school mathematics curricula 

(Foegen & Deno, 2001). Not only that, according to Reys (1992), it is noted that 

"estimation is a basic skill, and its growing importance in a technological society is 

recognised. It is used much more than exact computation" (p. 281 ). The same point is 

given so much importance by the National Research Council (1989), which stated 

that "in today's society, changes in technology have made estimation skills more 

important than ever in the development of mathematical power", cited in (Gulley, 

1998, p. 324). Similarly, Usiskin (1986, p. 9) argues that: 

... even with calculators and computers taking the work out of computation, estimating 
may make things a lot easier with no important loss in the quality of the answers. In 
fact, answers derived using suitable estimates may be more reasonable and more realistic 
than those that attempt to be exact. 

Thus, the greatest reward of an extensive estimating program can be the greatly 

emiched preparation for meaningful learning (Carlow, 1986). As such, it is very 

important that the children should be exposed to skills like these so that in devising 

their estimates, students have gained enough to develop sound problem solving and 

sense-making skills. As said by Woodcock (1986, p. 115), "it is very important for 

students to learn to estimate so they will spot careless errors and be able to answer 

the critical question, 'is my answer reasonable?"' Moreover, according to May 

(1994, p. 24): 

It is difficult to imagine anyone functioning effectively in the real world without being 
able to estimate measurements. How high is it? How much does it weigh? How long 
will it take? Questions like these are asked in all kinds of everyday situations. 

Despite that, the teaching of estimation is a relatively recent phenomenon in the long 

history of mathematics education (Hanson & Hogan, 2000). Until recently, 
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curriculum developers have not given much importance to estimation skills. In fact, it 

is noted that estimation is one of the most neglected skills in the mathematics 

curriculum (Carpenter, Coburn, Reys & Wilson, 1976). As such, the topic has not 

received as much attention as other mathematical skills and abilities, although people 

make use of it without being an aware of it. Only lately, its importance is gaining 

recognition in the world of mathematics. As such, many of the mathematics 

educators have been struggling to bring this topic into the limelight, and thus more 

research is being undertaken. 

As discussed above, the integration of estimation skill in the mathematics curriculum 

has become very urgent. It is becoming a part of learning mathematics in many 

countries, including in Australia. There is a strong need for it to be a significant part 

of the mathematics curriculum of all countries. It should be so in order to help the 

learners to see meaning in learning mathematics both inside and outside the 

classroom. 

Otherwise, till now, in many schools, learning mathematics has remained a difficult 

subject for the learners. It is always taken as not something for their life but as a 

burden for them especially in getting promoted to the next grade, level or whatever. 

As pointed out by Micklo (1999, p. 142), "estimation, therefore, needs to be 

integrated into the entire mathematics curriculum, and not be taught as stand-alone 

concepts". The same point is strongly supported by Harte and Glover (1993, p. 76): 

Estimation can be integrated into any mathematics content and bridged into any 
curriculum area with a little creative planning. Students quickly become much more 
aware of mathematical relationships and more sophisticated in their thinking. 

Therefore, a need for that is mainly because estimation is crucial to becoming a good 

problem solver. Being able to solve problems successfully in life is one of the key 

aims of mathematical education. 
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Estimation in Learning Mathematics 

Many people seem to view estimation as somehow foreign to the mainstream of 

mathematics and overlook the skills of estimation. They tend to think that there is no 

reason to estimate when they can work out the answer exactly. However, I would 

like to differ on this opinion and agree with Usiskin (1986, p. 3) who has listed that 

estimation is necessary when: 

• an exact value is known but for some reason an estimate is used ( e.g., the estimate 
1.732 for a square root of3); 

• an exact value is possible but is not known and an estimate is used ( e.g., the age of 
an old sequoia tree before it is chopped down); and 

• an exact value is impossible (e.g. the estimated life of a bulb). 

As indicated above, there are hardly any activities in life, where the concept of 

estimation is not involved. In fact, our daily lives are filled with situations that 

require estimation. For instance, in comparing prices at a store, changing the amounts 

of ingredients used in a recipe, determining the best routes when driving, and 

verifying calculator computations (Micklo, 1999). Moreover, as McIntosh (1992) 

has suggested, over 80% of all mathematical applications use estimation instead of 

exact computation. 

Yet, many people are not aware of the fact that estimation provides a framework for 

judging the reasonableness of answers, whether done with pencil and paper or on a 

calculator (Ritchhart, 1994). Moreover, being able to estimate and decide the type of 

answer needed for a problem is an important part of mathematical thinking as argued 

by Reys (1985, p. 41): 

Every component of estimation-deciding on the type of answer required, choosing and 
carrying out appropriate strategies, and checking reasonableness of the answer-reflects the 
kind of high level thinking that is associated with problem solving and mathematical 
thinking. 

Furthermore, as said by Usiskin (1986, p. 2), "the uses of estimation fit the ideals of 

mathematics, namely, clarity in thinking and discourse, facility in dealing with 

problems, and consistency in the application of procedures". Hence, without such 

knowledge, children fail to understand and solve the mathematical problem 
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meaningful and effectively. According to the National Council of Teachers of 

Mathematics (1989), there are five goals for students in learning mathematics. They 

are as follows: 

• value mathematics; 
• become confident in their ability; 
• become a math solver; 
• learn to communicate mathematically; and 
• learn to reason. 

Having the ability to estimate can help students reach all these goals in learning 

mathematics. Knowing when and how to estimate provides students with tools and 

strategies to solve problems. Being able to reason and communicate mathematically 

improves students' confidence. Having these qualities would help them to value 

mathematics as a distinct way of thinking and not as a collection of unconnected rules 

and formulas (Micklo, 1999). To add to this, Trafton (1978, pp. 199-200) has 

summarised a version of those goals into three important points of how estimation 

contributes to the mathematics curriculum as it: 

• 
• 
• 

can bring a new dimension and vitality to the study of computation; 
enhances the development of qualitative thinking; and 
develops problem-solving skill. 

Not only that, as per Clarke, Lovitt and Stephens (1990, p. 175) state, "estimation 

tasks, if carefully introduced by teachers, are one way of breaking down students' 

fear of failure in mathematics". They also argue that well presented estimation 

activities can provide teachers with a link from traditional teacher-owned lessons to 

active mathematics learning owned by the students. 

Status of Computation in the Current Curricula 

Computation has long been the driving force of the school mathematics curriculum at 

all levels and is often viewed as the key purpose for learning mathematics (Rathmell 

& Trafton, 1990). It is thought to be a kind of method/procedure followed in order to 

solve a particular problem. Hence, many individuals believe that the word 

computation means using paper and pencil algorithms, a set series of written steps to 

get the correct answer. As such, people are made to believe that mathematics is being 
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--

about getting right answers rather than about clear creative thinking (Payne, 1990). In 

fact, Payne has also stated that, "the rules and procedures of mathematics are too 

often learned without any real understanding"(p. 2). However, as pointed out by 

Rathmell et al (1990, p. 171): 

Curricular demands no longer permit teaching with minimal understanding ... procedures 
that children have memorised without understanding do not further the development of 
number sense, the ability to judge the reasonableness of results, a flexibility in thinking 
with numbers, or a comprehensive view of computation. 

Similarly, Hamrick and William (1978) support the concept that learning the process 

of computation combined with the skills of estimation and approximation is useful in 

terms of readiness for future learning. Moreover, according to Coburn (1989), "the 

role of the computation in the mathematics curriculum is to furnish the individual 

with useful skills and to facilitate further learning in both mathematics and related 

disciplines" (pp. 52-53). Jones, Kershaw, and Sparrow (1994) support the same 

point: 

Children must be allowed to decide what computational methods meet the demands of 
the tasks in which they are engaged. This means that children must feel confident in 
using a range of methods (such as the calculator, computer, and paper and pencil). The 
teacher's responsibility is to provide suitable mathematical experiences, which offer 
children choice and support personal inventiveness. (p. 56) 

As such, one of the primary understandings in computation involves knowing which 

operation to perform and deciding which calculator button to push. Side by side, a 

child should be taught to check whether the computed answer is reasonable or not. 

Having to do this requires more thinking than what is needed for the rote 

manipulations of a paper and pencil algorithms (Coburn, 1989). As such, effective 

computation is something in which one requires to decide how accurate the results 

need to be, what and how operations are to be performed and finally whether a 

derived answer makes any sense or not (Wills, 1990). Likewise, Swan and Bana 

(1998, p. 580) argues that: 

When faced with a mathematical problem, a person must at some point determine 
whether or not a calculation is required. Given that calculation is required, the problem 
solver must then determine whether an exact or only an approximate answer is needed. 
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An approximation or estimate is needed here as the part of the process of finding 

answers, since estimating is a valuable way of checking the computation (Rathmell & 

Trafton, 1990). Thus, the problem solver should be able to decide accordingly and 

proceed further in solving the given problem appropriately. As argued by Rathmell et 

al ( 1990, p. 171 ), "decisions about computing encourage reflection on the problem 

and the computation involved". As such, children should be provided with an 

opportunity to decide what computational methods meet the demands of the tasks in 

which they are engaged. This means that children should feel confident in using a 

range of methods and tools (Jones, Kershaw & Sparrow, 1994). A model of the 

computation process is given in Figure 2. 

Paper/ 
Pencil 

Problem Situation 

Figure: 2 An overview of computation (NCTM, 1989) cited in Rathmell & Trafton 

(1990, p. 153) 
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As given in Figure 2, the study of computation should promote a meaningful and 

understanding range of learning in the world of mathematics. Hence, the thrust of 

current curriculum reform should not reduce the importance of computation but 

rather, should broaden the concept of computation and encourage the importance of 

problem solving (Coburn, 1989). Thus, it should be able to make children active 

participants in creating knowledge rather than becoming passive receivers of rules and 

procedures. Doing that implants in children a belief that learning mathematics is a 

sense-making experience (National Research Council, 1989). 

Number Sense in Learning Mathematics 

One of the key objectives of the elementary school mathematics curriculum is to 

instil m students a basic understanding of the number system 

(Leutzinger & Berthean, 1989). In simple terms, number sense means sense making 

of mathematics (McIntosh, Reys, Reys, Bana, & Farrell, 1997). It involves the 

formation of relationships between numbers and an understanding of their relative 

magnitudes. Children who have acquired a good number sense should have 

understood number meanings, developed many relationships among numbers, 

recognised the relative magnitudes and the relative effect of operations on numbers. It 

is rather the theme of learning mathematics as a sense-making activity (NCTM, 

1989). 

Similarly, Reys and Yang ( 1998, p. 226) support that "number sense refers to a 

person's general understanding of number and operations". For example, as suggested 

by Sowder (1992), Greenes, Schulman and Spungin (1993), and Ritchhart (1994), 

children should be able to recognise that: 

• six is simultaneously half a dozen, four less than ten; 
• the difference between 5 and 9 is the same as the difference between 635 and 

639; 
• 1000 marbles wouldn't fit in the jam jar - the reasonableness of the magnitude 

of the number in relation to the context; 
• items costing 85c and $1.05 respectively are each close to $1 and so the total 

will be about $2.00 using estimation to check reasonableness of result; and 
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