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ABSTRACT

The importance of pupils developing their ability to estimate has recently been 

emphasized. Although many researchers have written of the value of, and 

proposed strategies for estimation, few have studied the estimation ability of 

pupils and where research exists, the variety of criteria used by researchers 

prevents ease of comparison between studies.

In this study, a set of estimation tasks was presented to a large group of 

primary and secondary pupils. Several issues were raised from the analysis of 

the data leading to interviews of pupils engaged in estimation activities.

The data showed that the estimates of many pupils - and subsequently some 

mathematics educators - did not achieve a ±20% criterion for large magnitude 

answers and in response to this, a new Criterion Of Reasonableness (COR) 

was developed to assess estimation across a wide numerical range.

Additionally, many pupils experienced difficulties in estimating quantitative 

measures expressed in metric terms and interviews verified that the metric 

system is not used as their ‘natural’ system of measurement.

Many tasks requesting estimates in schools require pupils to test their estimate 

immediately by obtaining the exact answer and comparing thereby devaluing 

the estimate. A means was developed by which pupils could be encouraged to 

estimate without relating the correct answer. Pupils were required to state 

their confidence that their estimate was within a specified range and the 

gender of the pupil was a factor in his/her confidence.

Estimation can be considered as a risk-taking activity and other areas of the 

curriculum encourage this type of risk. A survey to measure the attitudes to 

risk-taking was administered to a large group of primary and secondary pupils. 

There are strong indicators that the gender of the pupil is a major factor in 

their willingness to engage in risk-taking and in their self-confidence.
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CHAPTER 1; AN OVERVIEW OF THE RESEARCH

My initial interest in estimation developed during a research project as part of 

my MSc in which I worked with a group of pupils to improve their estimation 

ability. As an introduction to the present work, Chapter 2 discusses the 

various types of estimation defining terms where necessary and Chapter 3 

relates my reasons to believe that estimation is both valuable and important to 

the mathematics curriculum. Chapter 4 discusses the work of other 

researchers in the field. A major problem I encountered in the literature 

search is the scarcity of research which has included data. There are many 

articles written pertaining to the value of estimation and suggested strategies of 

estimation. However, when research has given information regarding the 

estimation techniques and results by subject groups, the variety of criteria used 

by the different researchers prevents ease of comparison between studies.

The structure of the remainder of this dissertation will be a chronological 

development of my work. I decided that my own study of estimation would 

best be informed through interviewing pupils while they engaged in estimation 

activities. The initial work is discussed in Chapter 5 and it should be noted 

that this period of time was very speculative in nature and I was aware of my 

own inexperience in interview techniques. During this time, I also interviewed 

adults to complement those with pupils.

I decided that I would need a means by which I could assess pupils’ ability to 

estimate across a variety of tasks. Chapter 6 discusses the development of a 

pair of tests to assist me in determining areas of estimation which would be 

worth greater investigation and a full discussion of the results of these tests is 

given in Chapter 7. Two major areas of interest arose from these tests. The 

development of a Criterion Of Reasonableness (COR) is shown in Chapter 8 

addressing the issue of assessment of large magnitude answers.

The second issue which arose from the analysis of the test results was that 

many pupils were unable to estimate quantitative measures expressed in metric
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terms within the same limits of reasonableness as other estimates. This 

prompted me to think that pupils did not have the metric system ‘internalised’. 

Subsequent to the tests, I conducted a series of interviews with secondary 

pupils to verify the use of the COR and also to discover the pupils’ ‘natural’ 

system of measurement and Chapter 9 discusses this work. One of my findings 

is that many pupils continue to use the Imperial system in their day-to-day 

lives. I found this interesting as most of their work in Mathematics, Science 

and Design & Technology involves measurement in the metric system.

Some problems developed during the course of the interviews which I had 

encountered previously in my experience in schools. I became more aware of 

pupils’ valuing - or lack thereof - of the estimation process. I developed a 

means by which I could encourage the pupils to estimate without relating the 

correct answer. I then required them to state their confidence that their 

estimate was within a specified range of values. The issue of confidence as 

related to the gender of the pupil arose during this set of interviews. This 

work is described in Chapter 10.

I consider estimation to be a risk-taking activity and I think that risk-taking is 

encouraged more in schools today through the investigative, problem-solving 

and open-ended tasks which are being used across the curricula. I was 

interested in developing a survey of pupils to obtain a measure of their 

attitudes to risk-taking. Chapter 11 describes the literature search which I 

conducted to investigate the links between gender and risk-taking. A survey 

was developed and administered to a large group of primary and secondary 

pupils and Chapter 12 reports the results of the survey. There are strong 

indicators that the gender of the pupil is a major factor in their willingness to 

engage in risk-taking and in their self-confidence. Finally, Chapter 13 restates 

some of the conclusions reached during the study and suggestions for future 

research are given.
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CHAPTER 2: THE NATURE OF ESTIMATION

M  INTRODUCTION

"An estimate is required!" What is meant by this request? The word ‘estimate’ 

may convey a variety of meanings to people in their place of work. When the 

car body shop produces an ‘estimate’ for repair work, the amount of work 

which they have on their books may influence their estimate. Statisticians, on 

the other hand, use the term statistical estimation for the process of combining 

or reducing data to produce a statistic called an estimate, according to 

Lindgren [1975]. These two ‘estimates’ may involve precise written 

calculations with the results quoted to quite a high degree of accuracy. An 

estimate as referred to in the National Curriculum involves checking that 

calculations and measurements are reasonable [DES 1991b]. The terms 

estimation, mental arithmetic, and approximation are presently used almost 

interchangeably in mathematics education literature. What, then, is meant by 

these terms? Before proceeding further, I will discuss the use of these various 

terms and I will develop a working definition of estimation.

The term, mental arithmetic, is often confused with estimation. Atweh [1982] 

has divided arithmetic into four categories in an article in the 1982 National 

Council of Teachers of Mathematics Yearbook. His divisions are based upon 

whether the method of calculation is mental or uses some concrete aid, e.g. 

pencil and paper, and upon the precision of the result. He uses the term 

estimate as meaning an inexact solution. The four categories are:

Category 1 Concrete-Exact,

Category 2 Mental-Exact,

Category 3 Concrete-Estimate, and 

Category 4 Mental-Estimate.

"Find the product of 87.2 and 21.9" may be a useful example to clarify his 

divisions.

Category 1 would be, in this case, a long multiplication problem or
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using a calculator.

Category 2 would, in the case of the example, be the amazing skill 

illustrated by some people in performing this calculation mentally but 

would also include the more mundane calculations performed by the 

average barperson in determining the cost of a round of drinks.

Category 3 gives an inexact answer using pencil and paper, 

e.g. 90 x 20 = 1800.

Category 4 would be the same calculation performed mentally and is 

often called estimation according to Atweh [1982 p53].

Bright [1979b, p581], whose contribution in the area of quantitative estimation 

has been considerable, stated that: "Understanding estimation is important for 

understanding measurement. Every measurement is an approximation, or if 

you will, an estimate." Kyburg & Smokier [1964, p52], experts in probability, 

stated that "all practical values are only approximate".

The Collins English Dictionary [1988, p500] defines an estimate as "an 

approximate idea of distance, cost, size, etc; calculate,roughly". An 

approximation can be considered to be "a result precise enough for a specific 

purpose" according to Hall, L. [1984, p517] (of Richmond Public Schools, 

Richmond, Virginia). Her definition differs from that of Schmid [1967 p366], a 

principal in Baltimore, Maryland, who defines approximation as "a judgment 

(as distinguished from a wild guess) of a magnitude or of the size of an object 

or of a group of objects". He also defines estimation "to be a computation 

(emphasis mine) involving approximated numbers or quantities" [ibid p367]. 

Hall, L. [op cit, p517] defines estimation to be "the mental skill of making an 

educated guess". Williamson [1978], from the University of Wisconsin, defines 

approximation as the process of performing a ‘rough’ calculation with the given 

data and estimation as the process of performing a ‘calculation’ without all the 

given data.

It is possible to see from the previous paragraphs that there is a variety of 

opinion as to what constitutes an approximation and what constitutes an
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estimate with the added confusing term, mental arithmetic. Mental arithmetic 

will be defined, for the purpose of this document, as any arithmetical operation 

performed without concrete aids. Approximation will be defined as the 

process of determining the value of a measurable quantity but without the aid 

of a measuring instrument. I prefer Hall’s definition of estimate ("the mental 

skill of making an educated guess") but would wish to modify it to include the 

skill of making an educated guess using pencil and paper, where necessary. A 

revised definition of estimation incorporating the Collins Dictionary’s and that 

of Hall would read as follows: "The skill of making an educated guess as to 

the value of a distance, cost, size, etc., or arithmetic calculation". An estimate, 

then, would be the ‘educated guess’. It will be seen from the above definitions 

that the set of mental arithmetic skills and approximation will intersect those 

of estimation. These definitions are consistent with the use of these terms in 

the National Curriculum [DES 1991b].

It was important for me to keep the definitions for estimation, approximation 

and mental arithmetic firmly in mind when reading other writer’s work. These 

definitions are consistent with those of the other researchers in the field.

2.1 TYPES OF ESTIMATION

I will discuss the various ways in which estimation as defined can be classified. 

Computational estimation gives a rapid ‘rough’ answer to an arithmetic 

problem such as:

6 . 49x98 .73 
81 .7

Another category, numerical estimation, indicates the number of objects in a 

collection. This could be an estimate of the number of people in a crowd as 

estimated by the Metropolitan Police. The third type, quantitative estimation, 

indicates the size (length, weight, volume) of an object or group of objects.

This could be an estimate of the length of a train in metres. This type of
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estimation would include estimations of time such as: how many minutes will it 

take to walk to the train station? It should be recognised that a continuous 

quantity e.g. length and a discrete quantity e.g. number of people are both, 

nonetheless, quantities. Ellis [1968, pl59] states that counting may be called a 

measuring procedure but he makes the point that "it is unique among all 

measuring procedures". His reason for expressing this uniqueness is that there 

is no arbitrary standard against which one is measuring as in all other types of 

measuring. I intend to consider the numerical estimate and the quantitative 

estimate together and will incorporate them into the single term, quantitative 

estimation. This redefinition will be useful as some techniques for determining 

the number of items in a collection utilise techniques developed for estimating 

the length, area, or volume. It will also be shown that to perform quantitative 

estimation, often the estimator may wish to perform computational estimation 

as well.

2.1a COMPUTATIONAL ESTIMATION

‘Experts’ utilise various techniques, which will be discussed in Chapter 4, when 

performing computational estimation. These techniques, however, share a 

commonality and can all be considered arithmetical in nature. For example, 

an estimate for 63.2 x 1.47 will involve less sophisticated techniques than an 

estimate for the problem shown below:

9 . 842x(6 . 7 3 - 2  .9P 
9 . 87

The estimator in the first example will possibly mentally calculate 60 x 1 and 

60 x 2, and then average these answers to obtain 90 as the estimate. In the 

second case, the estimator might find an estimate for the cube of the bracket 

as 60 utilising the knowledge that the difference between the numbers is less 

than 4 and that 43 = 64, therefore, roughly 60. The estimator may then 

‘cancel’ a 9.84 with the 9.87 and then perform a final estimate by multiplying 

10 x 60 giving 600 as the estimate. Although these problems vary greatly in
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complexity, they are similar in type.

2.1b QUANTITATIVE ESTIMATION

When one considers quantitative estimation, there are complications. First of 

all, certain aspects of measurement must be developed before the estimator 

can start. The notion of quantity (except when dealing with numerical 

estimates) implies a means of measuring that quantity and therefore a unit of 

measure is necessary. The size of the unit has a direct bearing on the 

magnitude of the measurement, i.e. a small unit will yield a larger magnitude 

for the measurement than a larger unit would yield. Also, any measurement 

must be considered to be independent of its position in space, i.e. the 

measurer must practice conservation before s/he will be able to measure. It 

should be recognised that measurement is important in quantitative estimation 

and every measurement has limits to its accuracy as no measurement can be 

exact.1 Bakst [1937] states that measurements are always approximate 

because no instrument is perfect and people make errors in measuring.

As has been noted, numerical estimation is being regarded as a subset of 

quantitative estimation. There are also various task types of quantitative 

estimation. For example, the task of estimating the length of rope stretched 

between two pegs while one holds a metre rule in the hand (as a guide) is 

different from performing the same task with only a mental image of that unit. 

George Bright [1976] classified quantitative estimation into eight types and the 

reader is referred to the diagram of the model shown on the facing page in 

Figure 2.1.

1

According to Heisenberg's Uncertainty Principle, when one tries to measure an 
object at the atomic level (absolute precision), the act of measuring 
influences the particle one is trying to measure. A complete discussion of 
this can be found in most textbooks on Nuclear Physics.
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First, he divided all tasks into two classes after he has assumed that the unit of 

measure had been selected for each class. By naming the unit, Bright may 

have eased the task if the estimator did not have any idea of the object’s size. 

For class A estimates, the estimator guesses the measure for a named attribute 

of an object plus the named unit i.e. the length of a rope in metres. It could 

also be argued that another class exists which would be class A but without a 

named unit or even a named system, eg metric or Imperial. Chapter 9 will 

show the manner in which I used this particular ‘sub-class’ which proved quite 

illuminating. I did not consider this further complication to be valuable in 

understanding the estimation process in the early stage of the research. My 

reasoning at the time was that the process was already quite complicated and I 

knew that I would have to develop some means of assessing estimation ability.

I could be faced with answers that would be difficult to process. For example, 

if asked for the height of the tree, a subject could reply, "twice the height of 

the garage". I did not consider this omission from Bright’s model to be 

significant but it did remove the possibility of obtaining potentially useful 

information.

For class B estimates, the estimator chooses an object to which a specified 

measure could be assigned i.e. what object has a mass of 2 kg. Two subclasses 

of class A are defined by whether or not the estimator can see the object to be 

estimated. For class B, the two subclasses are determined by whether a list of 

permissible objects is given or not. Finally, each of the four subclasses are 

further divided into two types, by whether or not the estimator has the unit of 

measurement physically present.

O’Daffer [1979] stated that there are three aspects of any quantitative 

measurement:

1) an entity to be measured,

2) a unit of measure, and

3) a number called the measure.

The suggestion is made that estimating takes place when two of the three 

aspects are given and the third is required but cannot be easily determined.
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This fits well into Bright’s model. The Bright model will be used in future 

chapters to classify tasks. A certain amount of control is kept in the hands of 

the researcher using this model and this may be a valid criticism of the model. 

It has limitations but it does allow many of the tasks generally associated with 

quantitative estimation to be categorised.

2.2 SUMMARY

Definitions of important terms and a brief description of the various types of 

estimation have been given. A system for classifying quantitative estimation 

tasks has been presented. However, classification of estimation tasks is not the 

only area of interest to me. Strategies for computational and quantitative 

estimation will be the focus of Chapter 4 describing studies of estimation. 

Before that discussion, I intend to show that estimation is an important area in 

mathematical education.
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CHAPTER 3: THE VALUE OF ESTIMATION

3.0 INTRODUCTION

Several publications have pronounced that the skill of estimation is of 

importance to mathematics education. The Cockcroft Report included it in its 

Foundations List devoting paragraphs 257-262 to the topic but declared that 

"estimation is not practised in very many classrooms" [Cockcroft 1982, para 

258]. A report by H.M.I. [DES 1985, pl8] included the "ability to estimate" as 

‘Objective 15’. Finally, the National Curriculum [DES 1991b] specifically 

identifies estimation and approximation in almost every level of Attainment 

Target 2.

I will discuss how the need for developing the skill of estimation has been 

encouraged prior to these three documents and consider reasons for teaching 

estimation in the previously defined areas of computational and quantitative 

estimation. Recently, a conference in San Diego encouraged the inclusion of 

estimation in the mathematics curriculum for two basic reasons; firstly, it helps 

develop conceptual structures for number and secondly, it is useful in everyday 

life [Sowder 1989].

3.1 COMPUTATIONAL ESTIMATION

Recent pleas to teach computational estimation are not the first to be made 

and, in my opinion, unless estimation is more clearly understood, its recent 

inclusion in the National Curriculum will not stimulate understanding of 

estimation by pupils in school. Opinions have been expressed by various 

writers on the importance of developing estimation skills. Complaints that 

‘approximation’ was badly taught were registered in the reports of the London 

University on the General School Examinations in 1928-30 as reported by 

Inman [1932] in the Mathematical Gazette. His use of ‘approximation’ here is 

very close to the definition given heretofore for computational estimation. In 

1932, he advocated scrapping rules on decimal placement in long
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multiplication and division [ibid]. The rules he refers to are those of counting 

decimal places in multiplier and multiplicand to determine the decimal 

placement in the product and the similar method for long division decimal 

placement. He wanted to avoid the compartmentalising of ‘approximation’ to 

special lessons on the subject. Sauble [1959, p33], a Detroit schoolteacher, 

claimed in 1955 that pupils who succeed in estimating do not always employ 

the standard algorithms but "develop ingenuity and resourcefulness in dealing 

with numbers" and that estimation stimulates a more mature understanding of 

basic principles of the structures involved. She called for estimation to be part 

and parcel of arithmetic instruction and not something separate.

Buchanan [1980] claimed that estimation could be used as a part of learning 

about mathematical structure and developing a ‘sense’ of number. The 

structures Buchanan and Sauble refer to include the commutative, transitive, 

and associative properties. For example, the early stages of understanding 

commutativity may be shown by the following example:

If a is a ‘large’ number and b is a (relatively) ‘small’ number, the 

importance of a is obvious regardless of whether the addition is a + b or 

b + a.

I admit this is an early stage in the development and the major advantage to 

the ‘estimating pupil’ should be in his/her improved number sense. Edwards, 

A [1984, p61], who has developed a programme for computational estimation 

in Papua New Guinea, claimed that it is the "most direct, and obvious way of 

teaching" the concepts and skills involved in ‘number sense’. Edwards defined 

‘number sense’ as a shorthand for a ‘general quantitative literacy’ and the 

capacity to compare numbers. These rather vague terms can be clarified best 

by an example. ‘Number sense’ allows one to understand, among other things, 

that 3470 is close to 3500 while 46 is not close to 16 although the difference in 

each case is 30. Edwards A. [ibid] suggested four reasons for the lack of 

estimation in the curriculum:

1) the multiplicity of methods prevent the subject being treated simply,

2) there are no right or wrong answers,
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3) assessment is consequently difficult and,

4) pupils and some teachers view it as ‘lazy’.

Finally, computational estimation allows a check on the reasonableness of any 

calculated answer. This ability will become more and more important as the 

use of electronic calculating aids becomes more widespread. Reys (a prolific 

writer on this subject) et al [1980] stated, however, that estimation skills do not 

automatically develop through maturation or from the study of more 

mathematics. They point out that ‘good estimators’ can fall prey to believing a 

calculator over the estimated answer "claiming they must have made some 

mistake" [ibid, p231]. This is a source of concern and will be discussed in the 

next chapter.

O’Daffer [op cit, p48], a Professor of Mathematics involved in teacher 

education, claimed that estimating can "help to develop a positive attitude 

towards mathematics since the pupils are not competing with each other to get 

the right answer, but rather, are competing with themselves to improve the 

accuracy of their estimations". He claimed that it also provides motivation for 

solving problems and that once pupils commit themselves to a guess, they will 

often attempt to find the exact answer.

3.2 QUANTITATIVE ESTIMATION

Are there similar advantages to be gained by teaching quantitative estimation? 

Bell M. [1974] maintained that an essential part of every person’s 

mathematical education is the ability to use estimation and approximation 

confidently, and readily. He suggested that this included ‘number sense’, 

‘measure sense’ and an awareness of reasonable cost or amounts.

Estimation is a vital part of the measurement process. Before we start to 

measure anything, we need to select a unit. This selection involves our 

estimate of the magnitude of the attribute to be measured. When pupils are 

learning about measurement, they often have a notion of exact measurement.
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I found, during my seventeen years of teaching in secondary schools, that many 

pupils believed exact measurements are possible and just a matter of improved 

skill by the measurer. Pupils are sometimes told that a line is exactly 4cm 

long. Later in their education, they are told that this really is not true and that 

no measurement can be exact. Precision is obviously important but a more 

honest approach could be to develop the notion that measurements are given 

with an element of error. Trimble [1973, pl33] indicated that using an interval 

of values "provides a mathematical model for the arithmetic of measurement 

that contrasts with the rather sloppy, this-works-even-though-it-isn’t-really-right 

rubrics with which we currently mystify children". Pupils should not be misled 

into the idea of ‘exactness’ that can never be substantiated. Personal 

experience has shown that pupils will mark their own work wrong if they are 

‘off a measurement value given in the answer book by the slightest amount.

Estimating may be useful when some topics are developed. For example, a 

starting point for angle measurement builds on the pupil’s understanding of 

half and quarter turns. The notion of greater precision may be introduced 

and, consequently, the need for a measurement using a protractor or angle 

indicator. The ‘estimating’ pupil should not make the common error of 

recording the supplementary angle. Other areas of the syllabus arise naturally 

from estimation. Payne and Seber [1959] claimed that estimates can be useful 

in teaching angle but also they give a natural entry to percentages. Quite 

interesting problems of permissible error on a given ‘measurement’ could 

develop into a topic for sixth form students.

Quantitative estimation can also lead to topics which could ‘stretch’ the most 

able pupils. Van de Walle and Thompson suggested that ‘uncountable’ sets 

such as grains of sand, drops of water, etc. could be estimated. This could be 

done by a form of counting, i.e., sampling, weighing, etc. This could allow 

some pupils to gain a type of perception of thousands and millions. Van de 

Walle and Thompson [1985, p8] also suggested introducing a note of levity to 

lessons by asking "How many steps would an ant take to walk around the 

building?"
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Finally, quantitative estimation can help the pupil to describe the world s/he 

occupies. Bright [1976, pl03] asserted "Amount (e.g., length, mass, 

temperature) is an important part of one’s understanding of the world. 

Estimation skill can help organise this world so that patterns can be observed."

i a  ESTIMATION IN PROBLEM SOLVING

Many writers (Bruner, Polya, Biggs, Burton) have stated that a major purpose 

of studying mathematics is to enable one to solve problems. In the past, pupils 

have typically been taught a great deal of mathematical content and were then 

expected to be able to use this to solve problems. Mathematics educators, 

such as Schoenfeld [1986], have suggested that a way to teach mathematics is 

to help pupils to solve problems and to use the problem as a motivator for 

developing mathematical content. The great problem-solver, G. Polya [1981, 

pl56], described the scientific method as "Guess and Test" and suggested that 

teachers should encourage pupils to guess with the exhortation: "Let us teach 

guessing!" [Polya 1954, pl58] Polya does not consider this to be an easy task 

but one which is most worthwhile. Estimating, as defined earlier, may be an 

important tool in the problem-solver’s repertoire. In particular, I claim it is a 

vital element to the problem-solving heuristic of Guess and Test and, possibly, 

‘Make the Problem Simpler’. When the problem-solver makes the problem 

simpler, one aspect of this is to guess which parts of the problem can be 

‘ignored’. Another way of stating the same thing is that the problem-solver 

estimates which are the vital parts of the problem.

3.4 SUMMARY

Opinions of writers as to the benefits of teaching computational estimation to 

the pupil have been put forward. It can be seen that a wide body of 

professional opinion supports the claim that computational estimation is both 

important and valuable in the development of mathematical education. The 

benefits, if substantiated, surely make estimation skills highly desirable. If they 

are so desirable, why is there so little evidence of them being developed?
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Sowder [1992, p387] claims that computational estimation is closely related to 

number sense and that number sense is difficult to define and therefore 

difficult to assess. Perhaps this is another reason for estimation not having had 

a high profile in the mathematics curriculum.

It has also been indicated that quantitative estimation may be an important 

element in measurement and in allowing the pupil to gain a greater 

understanding of his/her environment.

Finally, it has been proposed that estimation skills are closely linked with 

problem solving heuristics. The ‘estimating pupil’ should have more ‘feeling’ 

for the magnitude of an answer whether it is a number or a measure and s/he 

may be more willing to risk experimenting in mathematics and potentially 

gaining greater insight and intuition in his/her own mathematical development. 

This may all be wishful thinking but it would appear that there are no major 

disadvantages inherent in estimating provided the pupil recognises the need for 

some level of accuracy for given tasks.
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CHAPTER 4: STUDIES OF ESTIMATION

4.0 PROBLEMS ASSOCIATED WITH THE LITERATURE SEARCH

In many of the studies to be discussed in this section, academically more able 

subjects have been studied to determine how people should estimate. This 

technique, suggested by Ginsburg et al [1983], allows one to gain insight into 

strategies available to pupils by determining what techniques or strategies are 

used by ‘experts’ in the field. I find this slightly problematic as this implies 

there are correct ways of estimating and that the academically ‘weaker’ pupils 

must do it along the same lines. It also relies heavily on the researcher’s 

access to ‘good’ estimators, in this case. I was more interested in discovering 

how most pupils estimate - not just the ‘good’ ones. I also wanted to discover 

the aspects of estimation that were most problematic to most pupils and to try 

to understand the reasons for these difficulties.

Until recently, estimation has not been part of an agreed curriculum. Even 

now, with its inclusion in the National Curriculum, it is often seen as a ‘tacked 

on’ topic and, I fear, not valued by the pupils. Most estimation tasks in school 

require an estimate and then (almost immediately) a measure or calculation is 

made. Many colleagues have agreed with me when I have asserted that pupils 

often make their ‘estimate’ after they have measured or calculated showing 

their disregard for the estimation process.

During the course of the literature search, I found many articles describing the 

benefits of estimation and methods or strategies employed by subjects when 

estimating. I did not find a great quantity of research in which the actual 

estimates of the subjects were readily available. The few research studies 

which did include data about the number of subjects ‘succeeding’ in a set of 

estimation tasks used different criteria for determining the reasonableness of 

the answers and consequently, it was impossible to compare these studies to 

any large degree. I wrote to each of the researchers who had included data 

requesting further information but unfortunately none of the original data was
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available for me to use the same criterion on all data.

I also found that transferability across the various estimation tasks did not take 

place readily according to the research that was available. In other words, a 

‘good’ computational estimator was not necessarily a ‘good’ quantitative 

estimator.

I shall describe each of the studies found in the literature and attempt to show 

how these linked together but, for the aforementioned reason, sometimes this 

proved impossible.

I have found estimation difficult to analyze. Perhaps it is because it is such a 

private activity and difficult for subjects to relate how they are doing it. This 

problem has been a persistent one and has been the main impediment in many 

lines of the research. When pupils state that their estimate was "Just a Guess", 

it may be any number that came in their head or it may be that they have a 

very good intuitive feel for the number. The literature search was useful in 

providing the means to interpret findings and to show approaches to the 

problem by other researchers and it also gave support for my findings of the 

problematic nature of estimation.

4.1 INTRODUCTION

The National Council of Teachers of Mathematics (NCTM) devoted the 1986 

Yearbook to "Estimation and Mental Computation". Many pleas for teaching 

estimation are included in this book but the final article states "Little research 

has been devoted to the teaching and learning of estimation." [Benton 1986, 

p246] Another problem which has been identified by Sowder [1992] is that 

investigators do not necessarily agree on the most important research issues 

nor on how research should proceed nor on how estimation, number sense and 

mental computation should be incorporated into the curriculum. There has 

also been a lack of agreement as to how to proceed with research and also 

how to incorporate the work into the classroom. Case [1989] discussed the
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relationship of the epistemological position of the researcher and its relevance 

to their work in developing children’s number sense. Of the three 

epistemological traditions of empiricism, rationalism and socioculturalism, I 

find myself to be a rationalist and it is from that perspective that this 

document is written.

Generally, the studies are easily divided between the areas of computational 

and quantitative estimation and this chapter will be so divided. However, one 

of the earliest works in the area of estimation dealing with both areas was 

Pauli’s [1971] doctoral dissertation. He tested 196 pupils, aged sixteen, in 

college preparatory classes from an upper middle class community in New 

York. One of his conclusions was that the ability to estimate is not a unitary 

ability. In other words, estimation tasks of different types i.e. numerical 

estimates and computational estimates appear to require different abilities and 

there does not appear to be an easy transfer of ability between the various 

estimation tasks. The diversity of estimation tasks and performance of these 

tasks is a recurring theme in the research.

4.2 COMPUTATIONAL ESTIMATION

Reys, et al [1982] conducted a study in which 1200 people (across the 

age-range 12 year-old to adults) took a computational estimation test. Reys 

has contributed a great deal to the literature in this field and this study is one 

of the most extensive I found in the literature search. All pupils were in ‘the 

upper track’ classes and the adults (mostly college graduates) were successful 

in their careers. The top 10% of each age group on the test paper were 

deemed to be ‘good estimators’ and 59 of these subjects were interviewed.

I find great difficulty in accepting these ‘good estimators’ as such, as some of 

these individuals believed their estimate to be incorrect when faced with 

calculator or computer output which disagreed with the estimate. This may 

also give evidence of the lack of transferability across estimation tasks.

Various processes which ‘good estimators’ used in estimating have been
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described by Reys, et al [ibid] as determined by the interview technique.

These were found to be high-level cognitive processes that are difficult to 

define operationally. Their attempt at these definitions and the terminology 

used by Reys, et al follow:

Reformulation alters the numerical data into a more mentally manageable 

form. Thirty percent of 440,000 becomes 1/3 of 450,000. The structure of the 

problem remains intact.

Translation changes the structure of the problem into a more mentally 

manageable form. An example of this might be to estimate total school 

attendance for a week by multiplying a ‘reasonable’ daily average by 5 rather 

than adding 5 numbers together.

Compensation is a further process which adjusts the estimate at various 

stages in the estimation process. How much would each person receive, 

roughly, if a pools syndicate of 23 people won a total of £221 876? The 

estimator might alter the total to £230 000 to allow an easy division and then 

‘compensate’ the answer to give a final estimate of £9 000.

Characteristics of the good estimators were identified. Quick and accurate 

mental computation and recall of basic facts and an understanding of place 

value were present in each subject interviewed and they all utilised 

Reformulation. Each had a ‘Tolerance for Error’ which one seventh grade (12 

year old) pupil explained to be the ability to "tell yourself not to be bothered 

by being off some" [ibid, p i98]. A majority of the good estimators used 

Translation and Compensation. A minority, 20-50% of the ‘good estimators’ 

interviewed (considered by Reys, et al to be on a higher ‘level’), revealed that 

they searched through a variety of strategies e.g. (Averaging and 

Compensating) before proceeding and they felt a strong sense of 

self-confidence in their estimating ability. One confounding issue identified in 

this study is that the characteristics of good estimators have three distinct 

dimensions: number skills, cognitive processes and affective attributes, and 

each of these is not dichotomous but distributed along a continuum [ibid]. 

Further support of this statement is given by the conference report from San 

Diego where Resnick [1989] claimed that number sense (which is closely
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linked to estimation) is nonalgorithmic and involves judgment and 

interpretation, the application of multiple criteria, self-regulation of the 

thinking process, and imposed meaning. She also claims it tends to be 

complex and effortful. The ‘nonalgorithmic’ nature of estimation links nicely 

with reformulation, translation and compensation which have definite 

attributes of ‘number skills’. One can include ‘the application of multiple 

criteria’ and ‘self regulation of the thinking process’ as ‘cognitive processes’.

It is important to recognise, as an estimator, that your estimate will be ‘wrong’ 

but the willingness to impose one’s own criterion upon the estimate and 

remain in control of the rigour of one’s estimate might be an example of this 

aspect. Finally, the fact that it is complex and effortful and requires judgment 

and interpretation place it clearly within the affective domain and all of these 

aspects are distributed along a continuum. The continuous nature of these 

aspects deserve some explanation. At one extreme of the number skills 

attribute, one can imagine the mathematically able individual with 

considerable skills in recognising a variety of means of expressing a number 

through the darts player able to calculate scores mentally with great accuracy 

until one reaches the individual with very poor number skills in any 

environment. Examples of the range of cognitive processes are more difficult 

but it can be seen that simply restricting this to the application of a single 

criterion at one extreme through applying a multiplicity of criteria at the other 

gives a ‘flavour’ of the continuous nature of this aspect. Finally, the affective 

attribute might range from the very confident and effort-making individual 

through the confident but ‘lazy’ to eventually the ‘lazy’ and insecure individual.

I shall discuss the links I have found between confidence and estimation in 

Chapter 10.

Another study reported by Levine [1982] determined the computational 

estimation ability of 89 undergraduates - none of whom were mathematics 

majors - and the strategies used by them which were classified into various 

categories. The categories had been predetermined through a literature 

search, pilot testing, and a logical examination of the computational estimation 

process. An article based on this study described how each subject was given a
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test and asked to "think aloud". The categories (with an illustrative example, 

where necessary) were:

1) Fraction (0.76 becomes 3A)

2) Exponents (0.047 becomes 5 x 10'2)

3) Rounding both numbers

4) Rounding one number

5) Powers of 10 (76 x 89 becomes 100 x 100)

6) Known numbers (27.2 x 4.63 becomes 25 x 4)

7) Incomplete Partial Products(Quotients)

(689 x 34 becomes 600 x 30 + 90 x 4)

8) Proceeding Algorithmically

The strategy types found to be used most frequently were Rounding Both 

Numbers and Proceeding Algorithmically. The Proceeding Algorithmically 

strategy was exemplified by a subject estimating 64.6 x 0.16 by computing 

646 x 6 = 3876 or 3000, 646 x 10 = 6460 or 6000, adding these results to get 

9000, and replacing the decimal point for a final estimate of 9. In my opinion, 

the widespread use of this ‘strategy’ indicates a paucity of adequate strategies

available to the subjects interviewed (though one reason for its use may have

been that the test did not have time constraints). It should be remembered 

that these subjects were not selected for their estimation ability as was the case 

in the Reys, et al study. Levine [ibid] stated that the ability to estimate was 

not found to be related in her study to the number of different strategies used. 

This finding appears to show disagreement with those of Reys, et al. This 

apparent lack of consistency will be seen again between other studies. Dowker 

discussed her findings at a British Society for Research into Learning 

Mathematics (BSRLM) meeting utilising Levine’s test with a group of 35 

professional mathematicians. "Each answer was given a score from 0 to 3 

depending on the percentage error." Her main finding was that "the 

mathematicians used a very great variety of strategies" in determining their 

estimates. [Dowker 1988, p3] This would, therefore, appear to show 

agreement with the Reys, et al study but an element of disagreement with the
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findings of Levine.

A study to understand how the affective domain impinges on estimation ability 

was made by Bestgen, et al [1980]. A group of 187 preservice elementary 

teachers were divided into three groups to help ascertain how attitudes and 

estimation ability could be altered by a scheme of instruction over a ten week 

period. One group of 50 were the control group, another group of 79 received 

weekly practice quizzes, and the third group of 58 took these quizzes but also 

were taught specific estimation strategies. Attitude instruments were designed 

to determine the teachers’ attitude towards estimation. Pre-treatment and 

post-treatment tests and attitude instruments were given to each group. The 

results of the study showed that practice improved performance and when the 

"practice was accompanied with specific estimation strategies, greater 

understanding and respect for estimation processes occurred." [ibid, pl35]

Levine [1980] reported, in her doctoral dissertation, that a further strategy 

called the Establishing Bounds Strategy was identified during the pilot study 

but not used by subjects in the final study. I believe this strategy to be a very 

important one. The recognition that is implicit when bounds for the estimate 

are given shows that the estimator knows s/he is not expected to get the 

answer ‘right’. The wording of a question requesting an estimate, however, 

implies one number and this is a possible explanation for the absence of this 

strategy in her final study. Levine [ibid] did not identify a reason for the 

absence of this strategy in the main study but it may be that less emphasis was 

placed on an estimate in the pilot study. I shall discuss a technique for 

encouraging pupils to develop the Establishing Bounds strategy in Chapter 10.

Levine [ibid, p7] identified skills, which had been deduced by an analysis of the 

task, to be valuable in the estimation process; these are listed below:

1) Understanding of place value,

2) Ability to round numbers,

3) Ability to multiply/divide by powers of ten,
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4) Ability to add, subtract, multiply and divide two numbers which are 

powers of ten,

5) Understanding of basic operations and how numbers behave under 

them, and

6) A feeling for the fractional equivalents of decimals.

The skills identified are those which are normally associated with 

mathematically able pupils. Reinforcement of this claim comes from Pauli [op 

cit] who found that computational estimates were positively correlated with 

mathematical ability and verbal ability.

Rubenstein [1985, pl07] investigated the responses to four types of estimation 

tasks; her label for these "Estimation Scales", an example of each and the 

means of assessment are given below:

1) "Open-ended" - Estimate the cost of a collection of priced items - 

Allowed interval of answers determined by a panel of mathematics 

educators,

2) "Reasonable vs. Unreasonable" - Is the calculator display of 324 x 6 

shown, right?, wrong? or don’t know - Display was exact or outside the 

bounds of the open-ended interval but within a power of ten of the correct 

answer,

3) "Reference Number" - Is the difference between $55.65 and $26.95 above 

or below $20 (don’t know was another possible answer) - The reference 

number was one of the bounds of the open-ended acceptable interval,

4) "Order of Magnitude" - Is 74.4 -f 24 closest to 0.3, 3, 31 or 310? - 

Correct option was within the open-ended acceptable interval.

She [ibid ppl09-110] also developed a multiple-choice "Related Factors Test" 

to measure the mathematical skills listed below (with an example, where 

necessary):

1) "Selecting Operations",

2) "Making Comparisons", Which is larger? 39 x 29, 29 x 41 or are they 

equal?
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3) "Knowing Number Facts",

4) "Operating with Tens", 64.8 t 10 = 648, 64.80, 64.8 or 6.48

5) "Operating with Multiples of Tens",

6) "Knowing Place Value",

7) "Rounding",

8) "Judging Relative Size", Choose the largest number 9.8, 9.08, 9.80, or 9.9.

She found that "operating with tens, making comparisons and judging relative 

size" were the most important contributory factors in the prediction of 

estimation performance but that "knowing place value, knowing number facts, 

rounding, and operating with powers of ten - did not explain more than 1% of 

the variance in any stepwise regressions." [ibid pi 17] Sowder [1992 p375] 

suggests that Rubenstein’s ‘good predictors’ might be too closely associated 

with place value and basic number understanding "for all to be significant in a 

stepwise regression." These results show some of the problems associated 

with the research into estimation.

Shoen et al [1981] conducted a teaching study to ascertain the possibility of 

improving the computational estimating ability of primary-aged pupils. The 

study found that they could be taught to become better estimators of whole 

number computations but several problems were identified during the study. 

Some pupils in the study knew an exact answer through rapid mental 

computation, but rounded it to get an estimate. This makes a mockery of 

estimation and may have developed through estimating being confused with 

rounding but it indicates that estimation was not valued as a process by the 

pupils. Many pupils were found to think "of estimating as a process to be 

learned and used separate from computation" [ibid, pl77]. These statements 

show the possibility that many pupils do not understand what is required when 

asked to give an estimate. Dowker has made several contributions to research 

in estimation and presented findings at BSRLM conferences. She has worked 

with pupils in the lower age range restricted to computational estimation tasks. 

Her method involved dividing the pupils (aged 5 - 9 years) into sets on the 

basis of their performance on a set of addition problems. These different sets
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were assigned ‘Levels’ and each set was given estimation sums "that were just a 

little too difficult for them to solve correctly." [Dowker 1989, p7] They also 

were given sums that were of much greater difficulty and the results showed 

that pupils scored reasonably well on the problems near their own Level but 

poorly on problems that were much higher than their own Level. This work 

concentrates on a lower age range, in general, than other researchers. It has 

not been very helpful to my study primarily due to the restriction in the age 

range and the tasks themselves.

Sowder and Wheeler [1989] investigated the development of concepts and 

processes which they determined to be associated with computational 

estimation. Their analysis considered the major factors affecting 

computational estimation to be broadly grouped in the following components 

(which will be explained in the following paragraph):

1) Conceptual Components,

2) Skill Components,

3) Related Concepts and Skills, and

4) Affective Components.

The Conceptual Components recognised the role of approximate numbers, the 

potential for a multitude of possible techniques and outcomes, and finally, the 

appropriateness of an estimate was subject to context and desired accuracy.

The Skill Component closely mirrored the processes described by Reys et al 

[1982] previously mentioned. Related Concepts and Skills were similar to 

those found by Levine [1980 & 1982] and the Affective Components included 

recognition of the usefulness of estimation, tolerance of error and confidence 

in mathematical ability and ability to estimate.

Sowder and Wheeler [op cit] were particularly interested in the first two 

components in the above list. They described to pupils situations in which 

computational estimates were required together with some hypothetical pupils’ 

explanations. The ‘subject’ pupils were then questioned about these
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hypothetical pupils’ explanations. Finally, some open response problems were 

given where the pupils were required to give estimates for a set of arithmetic 

problems.

Several disturbing findings are given in their report. Pupils were found to 

prefer "computing with the exact number and then rounding off the result to 

obtain an estimate" [ibid pl43] This shows how estimation is not highly 

regarded by pupils and it was found that "the preference for this process grew 

in direct proportion to the development of the ability to estimate by the 

standard round-then-compute method." [ibid pl44] Few pupils would accept 

the validity of a number of possible outcomes for the same problem. Finally, 

the "rounding process used by many students, however, was school learned and 

algorithmic." [ibid] It would appear that the pupils considered there to be only 

one ‘right’ answer to an estimation problem and applied a rule which had been 

given to them in school. It should be clear that teachers will need to be aware 

of the need to avoid teaching the techniques of computational estimation as 

yet another set of rules.

4.3 QUANTITATIVE ESTIMATION

Several studies have been conducted to determine the cognitive factors which 

affect a subject’s ability to estimate quantity. Immers [1983], in his doctoral 

dissertation, studied the linear estimation ability of primary school pupils. He 

was interested in the strategies employed as they made their estimates. He 

found that the most frequently used strategy to estimate length was Unit 

Iteration; some pupils did this physically but most did so visually by marking 

off units with their eyes.2 He found that estimation of measures could be 

effectively taught to primary-aged pupils, although accuracy with a single unit 

was not found to be directly transferable to other units and, in novel situations,

d In his summary of Piagetian Research on Measurement Concept
Attainment, he claimed the age for conservation of length to be between 6 and
8. He also claimed that this is "the pervasive step that must be achieved
before meaningful measurement can occur"[Immers 1983, pll].
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pupils tended to underestimate length.[ibid] Again, this indicates the lack of 

transferability of estimation tasks.

A study by Corle described the difficulties middle school pupils had in making 

estimates and then measuring various quantities. An Editor’s note stated, "The 

enormity of pupils’ errors, both in estimating and in actual measurement, when 

dealing with some of the most common quantities, concepts upon which our 

textbook problems are based, certainly accounts for some of the pupils’ 

troubles in problem solving, but leaves us wondering how we are spending our 

time" [Corle 1960, p340]. I have heard similar complaints from colleagues 

when pupils have been asked questions about heights or lengths of everyday 

objects. If they estimate the height of a double decker bus to be 20 metres or 

more, it shows they have great difficulty with either the metric system or the 

notion of height.

High school seniors were studied by Crawford and Zylstra in 1952 to attempt 

to correlate measures of achievement and estimating ability as determined by a 

test they had devised. The measures of achievement were taken to be 

performance on the Otis Self Administering Mental Ability Test3, the 

Schorling-Clark-Potter Hundred Problem Arithmetic Test4, the pupil’s 

mathematics marks, and total grade point averages. They found "the ability of 

pupils to estimate with competency is not related to their mental abilities, 

computational abilities or marks received in mathematics courses" [Crawford & 

Zylstra 1952, p246].

3 According to F. Kuder [1975, p331], Professor of Psychology ,Duke 
University, Durham, N.C., the Otis Test "compares favorably with other 
measures of general ability."

4 A review by Betz [1949, p432], Specialist in Mathematics, Public 
Schools, Rochester, N.Y. stated that "items appear to have been carefully 
selected. Technicalities are avoided: only basic techniques are stressed. 
Hence the test as a whole may be regarded as a satisfactory instrument of 
evaluation."
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Their criterion for ‘correct’ on the estimating test calls for some comment.

The test was multiple-choice with the ‘correct’ answer given and four other 

answers. A conclusion that was made from the data is that overall, pupils were 

"poor estimators of exact measurements (the ‘correct’ answer) but when nearly 

correct or approximate answers are allowed for, their performance is somewhat 

more satisfactory" [ibid, p242]. Two items from the test given in the paper 

showed answers deemed incorrect to be between 40 and 70 per cent above or 

below the correct answers. As other studies are analyzed, these figures shall 

be seen to be important. In my opinion, the lack of consistency in the 

criterion for ‘correctness’ in estimation studies is a major problem.

The primary and middle school age range and a group of adults were studied 

by Siegel, et al [1982] in an attempt to develop a model of estimation on the 

basis of their performance. They utilised rational task analysis5 and pilot test 

data to propose a competence model which distinguished between Benchmark 

and Decomposition/Recomposition estimation tasks. Their term Benchmark 

includes that of Unit Iteration (previously discussed) but also includes 

Fractional Benchmark and Multiple Benchmarks. ‘How thick is a strand of 

spaghetti?’ might be a Fractional Benchmark question. The estimator, in this 

case, must choose a suitable unit (possibly the cm.) and then decide what part 

of that unit would be a reasonable estimate for the strand of spaghetti. An 

example given by Siegel, et al for a Decomposition/Recomposition task is, 

"How wide is the car park where I left my car?". The problem is ‘decomposed’ 

into an estimate of how many parking spaces along one edge, the width of 

each space, and then recomposed to determine the width of the car park.

Ten boys and ten girls randomly selected at each grade level from 2 to 8 

inclusive participated in the study. Ten adults, six women and four men, were 

included and their educational level ranged from BA to PhD. Questions were 

developed which were found to be of interest to the pupils through pilot

The task which the subject must perform is subdivided into various 
subtasks which are hierarchically sequenced.
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testing and an explanation of the purpose of the test and a definition of an 

estimate was given. The pupils were interviewed on a tape recorder and 

probes were made when clarification was deemed necessary. Adults wrote 

both answers and explanations of how their estimates were made. The 

questions developed were pre-classified into problem types. These were 

Benchmark-Extent, Fractional Benchmark-Extent, Regular 

Decomposition-Extent and Numerosity, and Irregular Decomposition-Extent 

and Numerosity. Extent refers to linear extent, i.e. length or height. An 

example of Irregular Decomposition would be to estimate the number of cars 

in a large car park with random empty spaces. Answers were judged to be 

‘Reasonable’ if within one order of magnitude e.g. incorrect by no more than a 

power of ten and ‘Accurate’ if within ±50% of the actual value.

In this study, the terms problem type and strategy were often used 

interchangeably. When the pupil estimated the length of an object by relating 

it to another object, the pupil was said to be using the Benchmark Comparison 

Strategy. Other ‘strategies’ e.g ‘Guess’ or ‘Eyeball’ were defined before the 

test. The strategies used by the pupils were determined through interview. 

Each strategy, with a brief explanation, is given below:

1. Don’t know - No explanation given

2. Guess - Just thought of an answer

3. Eyeball - Perceptual description

4. Range - Indicated bounds

5. Benchmark Comparison - Compared stimulus to another object

6. Benchmark - As above but with mentally carried unit

7. Fractional Benchmark - Fractional part of 6 above

8. Multiple Benchmark - Multiples of 6 above

9. Pseudo-Decomposition - Showed awareness that the problem could be

broken down but did not use technique

10. Decomposition/Recomposition - Successful in breaking problem into

parts and recombining
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A result of this study was to enable Siegel, et al to propose a hierarchy of 

estimating tasks. Benchmark-Extent was found to be the easiest (e.g. How 

long is this pencil?) and Irregular Decomposition/Recomposition Extent (e.g. 

What is the length of this reel of computer tape?) and Numerosity (e.g. How 

many holes in the head of a tennis racquet?) were the most difficult. These 

were not unexpected results. However, the study showed the proposed model 

in need of revision. A ‘final’ proposed model is given in Figure 4.1 on the 

facing page. The classification of the various tasks by Siegel, et al is useful 

and shows a variety of potential strategies. It is interesting to note that 

Siegel’s model is rather obvious from the point of view that it is a logical 

sequencing of types of strategies. However, if a subject is correct within a 

given criterion and states that s/he is "Guessing" or "Eyeballing", is it correct to 

say that this answer is less valid than that given by a person who uses 

"Decomposition/Recomposition"? It is obvious that the 

Decomposer/Recomposer is using mathematical strategies more overtly but 

the intuitive guesser who is ‘right’ may be using these same strategies or even 

more powerful ones at an innate level and these are inaccessible to the 

researcher. I certainly feel that sometimes I was unable to discover how very 

good estimates were made in the course of my own work.

Again the problem of comparability arises with, for example, the study by 

Crawford and Zylstra as the criterion for ‘accuracy’ is dissimilar. ‘Reasonable’ 

to Siegel, et al is incorrect to Crawford and Zylstra and some of Siegel’s 

‘accurate’ answers would also be incorrect to Crawford and Zylstra. This 

exemplifies the problem of consistency previously mentioned.

Bright conducted a study on a small number (21) of experienced teachers. He 

found that they lacked skill in various types of estimation tasks but found that 

estimating lengths improved with practice. An important part of this study was 

Bright’s [1979a, pl61] attempt to determine "if estimation skills can be 

developed for real situations, is there corollary development in estimating 

measurements given solely in symbolic form?" In a test for determining the 

ability to select the greater of two measurements in symbolic form, the subject

38



was shown two objects labelled A and B and then asked "Which would be 

larger, 2A or 4B?". In other words, the subject could be shown a pencil (A) 

and a key (B) and then asked, what would be larger, two pencils or four keys? 

He found that there does not appear to be a relationship between estimating 

physical measurements and choosing the greater of two measurements in 

symbolic form. This prompted Bright [ibid p i63] to suggest "all types of 

estimation should be presented to students in order to develop skills in 

working with as many types as possible".

Using a correct criterion of ±15%, Attivo [1979, pl8], in her doctoral 

dissertation, found that transfer did not appear in a study of prospective 

teachers’ ability to estimate lengths and areas and, consequently, she concluded 

that "instruction is needed in most types of estimation". This is a recurring 

recommendation in many studies of estimation as transfer between various 

tasks appears limited and yet, it would appear beneficial if pupils could 

develop the means for transfer. However, until pupils are more accustomed to 

estimating and valuing their estimates, we cannot expect them to be able to 

make the transfer to novel situations.

Hildreth [1983], in an article based upon his doctoral dissertation, discussed 

strategies used by pupils aged 10, 12, and 18 years when estimating length and 

area. Each pupil was given a test of perceptual ability (a Group-Embedded 

Figures Test). The mathematical achievement of the 10 and 12 year old pupils 

was based on their Scholastic Aptitude Tests in Mathematics and those of the 

18 year old pupils was found using a locally developed minimum competency 

test. In his article, Hildreth described some invalid strategies that pupils have 

been found to use. Wild guessing is an obvious one and used for length and 

area. Many pupils, according to Hildreth [ibid], used a ‘count-around’ or 

‘count-around plus some for the middle’ method when finding the area of a 

shape; or they may just add the length and width together. These strategies 

indicate the pupils display a misunderstanding of area. This may be caused by 

the request for speed in making their estimate. A strategy that has not 

already been identified, for estimating length, was that of prior knowledge.
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The fact that ceiling tiles are one square foot and a foot is about 30cm allows 

the estimator to determine the length of the room in metres. Appropriate 

strategies for area estimates were: repeated addition (a type of unit iteration of 

an area), length times width, and rearrangement - to obtain a shape easier to 

estimate. An inappropriate strategy found by Piaget in studies of primary 

grade pupils and reported by Hildreth [ibid] was that of ‘Centering’, where the 

pupil gives the estimated length of one of its dimensions to be the area of the 

shape. Again, this is an inappropriate strategy that may be occurring due to 

the requirement of speed. Hildreth observed each subject answering a set of 

24 questions and noting the estimation strategy which was used on a form 

containing 9 appropriate strategies e.g.(L x W), 7 inappropriate methods e.g. 

‘Centering’ or Other Methods. All of the Other Methods were found to be 

inappropriate. Hildreth [1980] reported in his doctoral dissertation the 

calculation of a strategy use score (STRUSE) obtained by subtracting the 

number of items in which an inappropriate strategy was used from 24, the 

number of questions. He then used the STRUSE score as a means of 

correlating strategy use with various other factors.

Hildreth’s [ibid] study included a teaching programme in which half of the ten 

and twelve year-olds were taught to use guess and check methods and the 

other half were given explicit instruction in appropriate length and area 

estimation strategies. He found, as a result of a pre-test and post-test, that the 

pupils improved in estimation ability and those who had been taught strategies 

showed an improvement in strategy use.

Hildreth [ibid] observed that the strategies used by the pupils were not 

qualitatively different from those used by the young adults. Also, the 

estimating ability and strategy use were correlated to the tested perceptual 

ability. Estimation ability was determined using a ‘correct’ criterion of relative 

error e.g. absolute error/true value less than one-third. It was positively 

correlated with strategy use but neither sex nor grade level were found to be 

factors in estimating ability or strategy use. An interesting finding was that 

estimation ability and strategy use were found to be related to mathematical
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ability for the young adults but unrelated for the pupils. This contradicts 

Pauli’s [op cit] findings that 16 year-old pupil’s ability to estimate length was 

not correlated with either mathematical ability or verbal ability, nor was the 

ability to estimate length or area correlated with the ability to do mathematical 

computations rapidly. The Crawford and Zylstra [1952] study of 18 year-olds 

agreed with Pauli’s [1971] findings. A possible reason for the apparent 

contradictions is the differences in the criteria for correctness.

AA SUMMARY

There are encouraging signs of a growing interest in research in this field and 

some studies have produced useful results. Studies conducted have shown the 

strategies used by ‘good’ computational estimators are consistent with a 

mathematical analysis of the task i.e. compensation is valid on mathematical 

grounds for altering an original estimate. Other studies have shown there is a 

great deal more that must be done before an understanding of the estimation 

process is achieved. It has been suggested that affective attributes, e.g. 

self-confidence, may be contributory factors in computational estimation 

ability. Sowder [1992, p379] generated profiles of good estimators as people 

who have "strong self-concepts in mathematics, attribute success to ability, have 

too little experience with failure to attribute it to any cause, and value mental 

computation and estimation." The profiles were not universally true but they 

may be an indicator. Affective aspects of estimation will be investigated in a 

future chapter.

Training studies of quantitative estimation have shown that there is a lack of 

transfer between estimation tasks involving different units and situations with 

the plea for all types of estimation to be practised in the classroom.

There have been inconsistencies in various studies linking ‘mathematical 

ability’ with estimation ability. I believe these inconsistencies may have several 

causes. First of all, the criteria for correctness are not consistent between 

studies. Since the raw data is not available from any of the studies, it is
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impossible to determine if the inconsistencies are caused by this factor. I 

wrote to each of the researchers where data was mentioned only to find that 

none of the original data could be found. Secondly, the tests for ‘mathematical 

ability’ were not identical. And thirdly, the estimation tasks set may have been 

so different as to confound the possibility of agreement between studies. 

Hildreth [1980] suggested, in his doctoral dissertation, that a standardised 

estimation ability test be developed and agreement reached upon whether 

relative error scores or some other scores should constitute estimation ability.

I agree with this suggestion. It may be difficult to develop a standardised 

estimation test but I certainly believe that a consistent means of assessing 

estimation answers would be an advantage.

It is interesting to note that most of the studies conducted have involved 

subjects in the higher academic ability range. Pre-service teachers, ‘upper 

track’ classes, undergraduates, elementary teachers, adults with BA to PhD, 

and pupils from college preparatory classes were mentioned in many of the 

studies. The primary age pupils were subjects of three studies, i.e., Dowker, 

Immers and Shoen et al. The only broad-based studies noted were those by 

Edwards, Siegel et al, and Hildreth. Little data was available from the 

Edwards study. Consequently, the only studies to cover a cross-section of the 

population and provide data are Siegel’s and Hildreth’s.

I believe an important area of estimation which has not been studied is that of 

how the vast majority of people actually estimate and what causes their failure, 

if they do fail. In an effort to understand this area, I conducted a research 

study culminating in the development of a test for primary and secondary 

school pupils in the London Borough of Sutton. The next two chapters will 

discuss this work.
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CHAPTER 5: PRELIMINARY RESEARCH

5J0 WORK LEADING TO PRESENT STUDY

As mentioned in Chapter 1 ,1 conducted a Research Project on estimation with 

a group of low-attaining school leavers as part of an MSc taken at the 

Polytechnic of the South Bank. [Clayton 1983] This project involved the 

development of an intensive programme to teach various estimation 

techniques. The pupils were given a pre-test followed by a teaching 

programme lasting eight weeks. A post-test was given two weeks after the 

culmination of the teaching programme. A group of O-level pupils was given 

the pre-test and post-test as a control group. The treatment group showed 

considerable improvement relative to the control group. I became more 

interested in the development of estimation in schools and embarked on the 

present research.

5J, INITIAL STAGE

I realised very early in my research that interviews would be a vital part of the 

research and I had serious misgivings of my own interview technique. A group 

of Hillcroft College students and two male friends, a police constable and a 

van driver, volunteered to assist in the research and I was able to gain 

experience interviewing adults who could be critical of my technique and were 

also able to verbalise their estimation methods quite well - in most cases. 

Estimation tasks and questions were gathered in the early stages of the 

literature search. The adult interviews allowed me the opportunity of 

exploring some of these tasks with the volunteers with the purpose of 

eventually developing a bank of questions/tasks to present to the pupils.

Questions which were deemed to be unsuitable by the interviewees were 

discarded and new questions posed. Some questions were dismissed as too 

similar to "Trivial Pursuit" questions while others were dismissed because the 

interviewees were not interested in them or thought them to be uninteresting
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to pupils. A detailed discussion of the development of questions is presented 

in the next chapter. This initial period was very unstructured and speculative 

in nature and allowed me to have first hand contact with people while they 

performed estimation tasks. The prime reason for interviewing adults was 

their willingness and interest in the project.

The initial interviews of five Hillcroft volunteers were conducted in a group to 

establish a friendly working atmosphere during the Autumn of 1984. The 

course they were following is roughly equivalent to the first year of a degree 

course for ‘second chance’ female students. I was able to determine that, 

although the group was of varied background and ability, they were generally 

‘maths-phobic’. They expressed a willingness to assist in the research due 

primarily to their own poor experiences in mathematics. Their expressed 

desire was to help anyone who would attempt to change the way mathematics 

is taught. A second interview of each volunteer was conducted in private while 

they attempted estimation tasks. To attempt to get the interviewee to ‘think 

aloud’, they were asked to read the question aloud and try to explain their 

thinking.

During the interviews, I discovered that the five female volunteers were unable 

to estimate anything in metric units except metres which they interpreted as 

yards. However, both of the male volunteers answered a question about the 

length of his foot in cm. with confidence. One said his foot was "about 12 

inches long, 25 mm. to the inch, giving 25 x 12 = 300 mm., which is 30 cm.". I 

found this rather amazing as that individual considers himself to be very weak 

in any academic abilities. The other male said that it must be about 30 cm. 

since his foot was about a ft. long and there are 30 cm. per ft. I decided, on 

the basis of the above comments, to have all estimates for the adults in 

Imperial units. The problems associated with the two systems of units being 

used concurrently recur and will be mentioned in future chapters.

During this set of interviews, I was attempting to confirm that strategies 

(predicted by Siegel, et al [1982] and described in Chapter 4) were used by
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adult subjects and to develop methods of observation to identify these 

strategies. In one instance, a female volunteer, stated her own height in feet 

and then "imagined standing on my own shoulders" to estimate the height of 

the room. In this case, she was using the Benchmark strategy. She was able to 

realise that some problems could be broken into sub-problems but she was not 

always able to finish the problem. At those times, she was using a 

Pseudo-Decomposition strategy. She and the two male volunteers were much 

more adept at correctly rounding numbers and their estimates were slightly 

more accurate than other volunteers. The male volunteers had greater 

confidence in approaching each task (reinforcing the reference in the literature 

to the importance of self-confidence) and the answer given by one of the male 

volunteers to a question about the length of one’s foot, cited earlier, showed 

that Decomposition/Recomposition was used. At the other extreme, one 

female volunteer’s answers were primarily of the nature of "only a guess" or 

"not a clue". Her reactions to these questions showed that her strategies were 

almost non-existent. The interviews were useful as a means of verifying that 

subjects used some of the strategies mentioned in the literature and I found 

that these strategies were easily identified. The interviews also gave the first 

indications of potential gender issues involved in estimating.

5.2 INTERVIEWS OF PRIMARY PUPILS

I became interested in determining whether pupils use the same techniques as 

adults and whether they were able to estimate without the experience that 

adults had gained after leaving school. After the series of interviews with the 

adults was completed, an opportunity to interview pupils in a primary school 

presented itself to me. The catchment area for the school is entirely private 

housing and decidedly middle class. These interviews were intended to extend 

my experience with pupils in this age range and to test the interest value of 

previously developed questions. Each of four class teachers released four 

individuals. These were the ‘top’ and ‘bottom’ boy and girl for each year group 

in overall ability as judged by their teacher.
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Individual pupils were taken into a playground and asked "How high is the 

goal post?"(2m.) This question was preceded by the metre stick being 

presented to them and a short discussion of whether they were taller/shorter 

or the same height as a metre stick. The ‘Guess’ was then checked by a 

measurement and the pupils were then asked to guess the height of a 

fence(3m.). I was interested to see if they adjusted their guess to the fence 

after having ‘failed’/ ‘succeeded’ (in their minds) on the goal post question.

The problem of a ‘right’ answer became apparent as several were disappointed 

at guessing "2 and a bit m." for the goal post and, therefore, ‘wrong’. They 

were praised but I detected their strong desire to get the ‘right’ answer.

The five and six-year old pupils appeared to have very little ability to cope 

with the work. This would agree with the study by Immers [1983] previously 

mentioned and it was decided that seven would be the minimum age pupil to 

involve in the testing programme. I decided to test the value of two of the 

questions used with the adults. The pupils were shown a pattern of 100 dots 

with a winding red line encircling some of them and asked "How many dots 

aie inside the red line? There are 100 dots in all." They were also asked if 

they could explain any strategy. Generally, the older the pupil, the closer the 

guess. However, none of the pupils could explain their methods. Another 

question, (How many lOp pieces stacked up will be as high as a lOp piece on 

end?), was raised. They were asked the question first and then showed the 

coins and asked the question again. The pupils were quite close, at least, on 

their second estimate. This showed that they could alter their predictions 

confirming that they can use the ‘Guess and Check’ strategy at a very young 

age. The Benchmark strategy was the most common one used and this was 

determined by observing the eye movement of the pupil and confirmed 

through questioning them.

The pupils found it difficult to explain their thinking but were keen to do the 

work. Other questions were asked and their opinions were used to modify the 

questions to be of greater interest to pupils of their age range. Finally, they 

were asked to supply questions or areas of interest where they believed
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estimation would be useful. They were not forthcoming with questions but did 

show an interest in guessing the heights of various objects. This was possibly 

due to the fun that they had experienced in estimating the heights of various 

objects while I assisted them.

53  DIRECTION INDICATED BY PRELIMINARY RESEARCH

This preliminary research produced a number of questions which appeared to 

be of interest to a wide age range and also addressed a variety of estimation 

skills. At this stage, it became apparent that a test of estimation skills across a 

wide age and ability range could be developed and, provided the questions 

were of interest to the pupils, they would endeavour to answer them in a 

serious manner. I decided to continue to develop questions which could be 

used in such a test. I received funding from the Schools Curriculum 

Development Committee for this work and permission from the London 

Borough of Sutton to conduct the tests once completed.
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CHAPTER 6 DEVELOPMENT OF TEST QUESTIONS

M  INTRODUCTION

I will show the development of the test questions in a chronological manner. 

Examples of each ‘type’ of question which had been posed to various subjects 

will be given, the rationale for including them when this is not obvious, and 

comments as to their usefulness/validity will be made.

6A PRELIMINARY DEVELOPMENT OF TEST QUESTIONS

An ‘Adult Test’ had been developed for the MSc Research Project and typical 

questions of two types are given below:

13. Guess the number of film theatres in the U.S.S.R.?

A. 1,456 B. 14,560 C. 145,600

21. How many X’s can you write down in 15 seconds? Guess, then test.

Question 13 was taken from a test developed by Raidt [1982]. She claimed 

that one could estimate the answer to this problem by using one’s general 

knowledge about the number of cities in the U.S.S.R. of a given population 

and therefore, predict the correct order of magnitude of film theatres. These 

test questions were shown to the Hillcroft volunteers requesting their views on 

the usefulness of the questions. They did not consider Question 13 to be a 

valid question because questions similar to it rely upon trivial knowledge (the 

number of cities etc.). They especially felt that pupils would not find them 

interesting (and I agreed) and they voiced the opinion that pupils might just 

guess the middle answer of the three choices. I shall discuss multiple choice 

answers more fully in the next chapter. They also thought the subject could 

"cheat" to achieve the answers to Question 21 thus making this type of question 

unsatisfactory. The volunteers suggested that all the information necessary to 

answer the question must be contained in the question itself. They also 

indicated that computational estimation questions should involve relatively
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straightforward arithmetical operations and should be embodied in everyday 

situations. I found these remarks useful and decided to develop two ‘test 

papers’ which would use this information and involve areas of interest 

suggested by the volunteers. The first eight questions cited below are various 

computational estimation tasks and the next six cited are quantitative 

estimation tasks.

I. Is 35 + 8 more than or less than 40?

8. The number of students in a certain lecture were:

Monday Tuesday Wednesday Thursday Friday

498 506 587 412 475

What was the total number of students attending the lectures?

9. Can you buy 4 LPs costing £3.65 each if you had £14?

II. The Government spent the following amounts on four projects:

Project A £11 954 164 Project B £1 126 005

Project C £4 170 522 Project D £750 572

To the nearest million, how many millions were spent on these projects?

12. If there are 5280 feet in one mile, about how many feet are there 

in 7.189 miles?

a) 35 b) 350 c) 3500 d) 35000 e) 350000

13. How do you know that:

9 x 23 is less than 270?

35/60 is more than 1/2?

It is less than 2 hours from 10:35 to 12:15?

28 + 18 + 28 is less than 80?

14. What is 25% profit on £320?

£8, £80, or £800

15. If lino costs £4.50 per roll, how much will it cost to lino a room 

measuring 10 yards by 20 yards if each roll is 1 yard wide and 10 yards 

long?

It should be obvious that some questions were designed to ascertain whether 

pupils would be able to attend to the significant figures in the numbers and to
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FIGURE 6.1

HOW MANY DOTS INSIDE THE CURVED LINE?
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ignore numbers which were comparatively unimportant. Question 8 involves 

15 digits but provided the estimator ‘rounds’ the 5-3 figure numbers to 3 - 

500’s and 1 - 400 and 1 - 600 or more simply to 5 - 500’s roughly, an estimate 

of 2500 (a very accurate estimate) is obtainable ignoring most of the digits.

16. How many lOp pieces stacked up will be as high as a lOp piece on 

end?

17. What is the thickness of the lead in a pencil?

18. What is the room temperature?

19. What is the outside temperature?

20. How many dots are inside the closed curve in the figure? There are 

a total of 100 dots in all.

See Figure 6.1 on the facing page.

21. It is claimed that a shower uses less water than a bath. How would 

you attempt to prove or disprove this claim if the bath and shower were 

in different parts of the house?

The adult volunteers considered this to be a better test with some exceptions. 

Questions which required knowledge of certain terms, e.g. percentages, 

fractions, were considered inappropriate for pupils because if they had not 

been exposed to these terms in the recent past, they might not remember their 

meaning. Also, questions which could be solved by prior information, (e.g. the 

thickness of a pencil lead is often printed on the pencil) were deemed invalid 

because they were not testing the skill of estimation. The reading ability of 

the subject during these tests interfered with his/her ability to estimate 

inasmuch as the time required to read and understand the question often 

impeded his/her progress. Consequently, the decision was made that any 

school test would need to be verbal, possibly utilising an overhead projector to 

give numerical data. Also, all questions would be timed to try to ‘force’ the 

pupils to estimate rather than count or calculate algorithmically.

Other questions were omitted and it may be useful to identify the reasons for
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the omission of one such question. Although most of the adults found the 

‘shower/bath’ question interesting for themselves (several said they often had 

thought about it), they did not think it would be interesting to pupils. They 

thought that very few of them would have enough experience in household 

matters to make sensible suggestions and, therefore, it was omitted.

The temperature questions produced an interesting response. Inside 

temperatures were given in Fahrenheit while outside temperatures were given 

in Celsius. I think a possible reason for this is that weather reports often give 

the temperature in Celsius but the adults were accustomed to setting interior 

thermostats in Fahrenheit. The fact that Britain, at present, is operating a 

dual system of units complicates the task of setting questions because when the 

subject is asked for an estimate, s/he may not be certain which system of units 

is required. I decided that test questions for pupils would be posed in terms of 

the metric system. This decision was taken after a great deal of deliberation 

and consultation but was due, primarily, to the fact that the teachers (who 

volunteered to conduct the tests) believed it would be a retrogressive step if 

the Imperial system were used.

At this stage in the research, I decided that sufficient experience in interview 

technique had been achieved and a set of questions was taking form to enable 

me to begin testing and interviewing pupils, which was the main preliminary 

aim of this part of the research.

6 2  PILOT TEST QUESTIONS FOR SCHOOLS

The questions to be used with the pupils, as with the adults, had to be of 

interest to them and to address a specific estimation skill e.g. computational 

estimation of an addition problem. I consider it vital that the question needs 

to be such that the pupils could identify with the possibility that they could 

actually be required to estimate the answers to the questions and that the 

questions were ones which they could be expected to encounter in their day-to- 

day lives. Regardless of my wishes, I am certain that some of the final
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questions were not of interest to some of the pupils but oral feedback during 

the Pilot Testing gave me some assurance that the questions asked were 

generally interesting to the pupils and, I hope, their interest would give them 

some incentive to give estimates to the best of their ability. In the previous 

stage of the research, the complication of using the Bright [1976] model (for 

classifying quantitative estimation tasks as described in Chapter 2) was not 

deemed necessary due to the speculative nature of the research. However, for 

this series of tests, it was used to establish the area of estimation to be 

investigated and I decided to concentrate on Class A tasks which require an 

estimate of the measure when the object and unit were given in the question. 

Class B type questions were not included as this class is much more subjective 

and not easily analyzed. The reader will find the ‘category’ of quantitative 

estimation questions in the following discussion indicated by "A", "B", "C" or 

"D" as defined below:

"A" the object was present, the unit present 

"B" the object was present, the unit absent 

"O' the object was absent, the unit present 

"D" the object was absent, the unit absent.

Many multiple choice questions were available and were used in other studies 

and the ease of result processing makes them attractive. I chose distracters to 

computational estimation tasks which could be obtained by incorrect arithmetic 

manipulations or order of magnitude errors. The quantitative estimation task 

distracters were more difficult to determine and integer values were selected 

which were, roughly, in error by between 30% and 70% with one exception 

which was double the correct length i.e. an error of 100%. Subsequent to 

conducting the tests, I found several reasons that multiple choice options may 

not be appropriate for estimation tests. One obvious one is that it limits the 

subject and may promote a form of random guessing. Further comment will 

be made about multiple-choice questions in Chapter 7.

Questions which were found to be useful in the adult tests will not be repeated 

at this time except when pupils showed them to be inappropriate. Secondary
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school classes ‘tested’ during the pilot testing programme were taken from 

across the ability range and the pupils were, in all cases, encouraged ‘to have a 

go’ and not to try to get the ‘right answer’. The first Pilot Test was conducted 

with three classes in the secondary modern girls’ school where I was teaching 

and a few examples of the oral questions (with categories) are given below:

Write down a number which would make each of the following statements 

true.

1. To get more than 11,1 need to a d d  onto 4.

17. How long are the following items in cm.

a) the pencil? "B"

b) the string? "B"

23. Roughly, how many tiles would cover:

a) the table? "A"

b) the wall of the classroom? "A"

24. Roughly, how many blocks would:

a) fit into the box? "A"

b) fit under the table? "A"

c) fill the entire classroom? "A"

The following questions were shown on the OHP:

25. 19.8 x 42.3 =

A. 83.754 B. 837.54 C. 8375.4 D. 8.3754

26. 173.6 + 243.2 - 51.6 =

A. 443.6 B. 36.5 C. 365.2 D. 44.3

Questions similar to 1 confused and irritated some of the pupils and I 

discovered that they were concentrating on the ‘words’ and not the numbers 

resulting in confusion and some pupils claimed each question ‘sounded’ the 

same. The questions on lengths, areas, and volumes involving relatively small 

numbers (e.g. How many tiles would cover the table?) were particularly 

popular with the pupils who said that they were "more like real life". The test 

was modified to eliminate the problem encountered with Question 1 and to 

include more questions involving quantity.
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Questions which required detailed answers (How do you know that 9 x 23 is 

less than 270?) were deleted because data handling would become 

unmanageable. This was obvious when pupils’ responses included comments 

such as "Cos it is!". These questions were more suited to an interview 

situation. The second Pilot Test was given by colleagues to pupils in two 

schools. Some questions (see 1 & 2 below) were included to test numerical 

estimation. More ‘everyday’ problems were included replacing those previously 

found unacceptable. Some questions from the second Pilot Test are shown 

below:

1. How many shapes on the OHP? (Scattered in groups of 3)

2. How many shapes on the OHP? (Scattered in groups of 5)

The number of newspapers delivered by a certain girl on each day of
K

five days will be given on the OHP. Roughly what was the total number 

of newspapers delivered on the five days?

Monday Tuesday Wednesday Thursday Friday

6. 23 6 34 59 5

8. 57 19 93 21 6

Sue, Jill, Sharon, and Beth collect stamps. The numbers in each girl’s 

collection will be shown on the screen. What is the total of their stamp 

collection approximately?

Sue Jill Sharon Beth

9. 382 224 310 175

11. 10 359 1456 5

A i m .  stick should be shown to the pupils.

28. What is the height to the nearest metre of:

a) the flagpole? "A"

b) the assembly hall? "C"

30. How many seconds have you been alive?

31. How many words are there in the Collins Dictionary?

Question 11 (and others) included numbers which can be ‘ignored’ when one is
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estimating i.e. Sue and Beth do not contribute many stamps to the total. I was 

interested in determining whether the pupils would ignore these 

‘inconsequential’ numbers. I have had considerable classroom experience 

which has shown that pupils will add these numbers (in the wrong column) 

thus obtaining unreasonable answers. Question 28 was included to test the 

effect that the pupil’s height had upon his/her estimation of heights.

Obviously, taller pupils will see the height of the objects from a different 

perspective than shorter pupils. I thought this might prove interesting.

Teachers conducting the tests were asked to make a special note of pupils of 

extremes in height for each group. Questions 30 and 31 were written to try to 

discover what the pupils believed to be a ‘large’ number as I became interested 

in this question. During the interviews with the primary pupils, it became 

obvious that younger pupils believe that 100 is a ‘large’ number while 

secondary pupils will consider 1000 or more to be a ‘large’ number. These 

questions were not wholly successful as answers such as "zillions" were 

recorded. The problem with this question became one of vocabulary.

Millions, billions, trillions and all the possible combinations of these do not 

give any true indication of the pupils’ opinion of the size of the numbers. 

Consequently, it was decided that the ‘large number’ question would have to 

be a multiple-choice question and as the ‘coin’ problem had been popular with 

the pupils, the following question was written.

A stack of 1 million lOp coins would be as tall as:

A. A very tall man (2.3m.)

B. A tall flagpole (23m.)

C. A tall building (230m.)

D. A mountain (2300m.)

E. A plane at its highest altitude (23000m.)

F. The orbit of a satellite (230000m.)

A local primary school headmistress agreed to allow me to ‘test’ some pupils 

and two vital flaws in the test were discovered for the primary age range. All 

questions for these pupils must deal only with integer values e.g. numbers
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should not contain decimal points and the time period that they could be 

expected to concentrate on the task was less than the secondary pupils. 

Consequently, a separate and shorter primary test would need to be developed, 

albeit with a core element common with the secondary test.

The second Pilot Test results were analyzed with some of the techniques used 

for the final tests described in the next chapter. The results of this analysis 

showed tendencies and the following hypotheses were made:

1. If the object is present, absence of the unit does not affect results,

2. Pupils correctly ignore inconsequential numbers,

3. Pupils’ heights may be of importance in estimating heights.

When pupils produce ‘poor’ estimates, they tend to:

4. Underestimate long horizontal lengths,

5. Overestimate heights,

6. Underestimate areas,

7. Underestimate very large numbers.

Hypothesis 1 was indicated by the fact that many pupils were able to estimate 

reasonably well lengths which they could see although they were not shown the 

metric rule. Most pupils appeared to ignore Sue and Beth’s contribution in 

Question 11 resulting in Hypothesis 2 and, Hypothesis 3 came from the fact 

that the younger (and consequently shorter) pupils were less successful at 

estimating heights. Obviously, this hypothesis could be reworded in terms of 

age.

Hypotheses 4 - 7 were much more obvious from the data as unsuccessful 

estimates gave clearer evidence than successful ones. These areas of difficulty 

are much more interesting to explore and the final test data provides 

considerable substantiation for Hypotheses 6 & 7. Hypotheses 4 & 5 involve 

units of measurement and the final tests provide some clues as to the reasons 

for this type of estimation to cause difficulties for the pupils. The last four
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hypotheses could also be reworded for a minority who were at the other 

extreme of the scale, i.e. vastly over-estimating areas.

6 3  FINAL  TESTS

Final Tests were written to test the above hypotheses by writing questions to 

augment previous questions which addressed each area of interest and the 

Final Tests are shown in Appendix I. A letter (see Appendix II) was sent to 

every school in the London Borough of Sutton to enlist support for this project 

and five primary and six secondary schools volunteered to take part in the 

testing programme. Instructions for the conduct of the tests by colleagues 

were needed and a script (see Appendix III) was written in an attempt to 

achieve a common approach by the teachers administering the tests. An 

example of each new type of question was to be shown on the OHP for the 

pupils to understand what was required. To ensure that the pupils’ responses 

could be understood, they were asked to write the digits from 0-9 at the top of

their answer sheets. Reys & Bestgen [1981, pl24] emphasize that "The

amount of time allocated for each question must be controlled carefully". I 

heeded this advice and emphasized to the teachers the need for strict control 

of timing. Questions ‘flashed’ on an OHP screen were shown for a short time 

(10 seconds) to reduce the chance of pupils calculating or counting rather than 

estimating while other questions required the teacher to show an object to the 

class for a specified period of time. The tests were to be completed within 30 

minutes by the secondary pupils and 20 minutes by the primary pupils. The 

Primary Test was given to 455 pupils in 5 schools and the Secondary Test was 

given to 764 pupils in 6 schools in the Summer term of 1985. A discussion of

the results of these tests can be found in the next chapter.
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TABLE 7A 
FACILITY by AGE & GLOBAL

Primary Question
Age 1 2 3 4 5 6 7
8 .20 .21 .51 .40 .31 .17 .61
9 . 38 .23 . 66 .47 .55 .34 .69

10 .42 .23 . 66 .47 .55 .34 .69
11 .59 .42 .81 .77 .74 .49 .82
Global .40 . 28 .69 . 55 .51 . 32 .75
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CHAPTER 7; RESULTS OF TESTING PROGRAMME

TO INTRODUCTION

I will discuss the treatment of the test data, methods used in the analysis of the 

data, and areas of interest raised from the data.

I I  MULTIPLE-CHOICE QUESTIONS

After the tests were conducted, I found disagreement within the literature as to 

the value of multiple-choice questions for this type of test. Sowder [1992, 

p385] cites Reys & Bestgen stating that an open-ended format allows a 

maximum freedom of response but in the same paragraph notes that Schoen, 

et al found an open-ended test failed to measure students’ ability regarding 

strategies other than rounding. In multiple-choice tests, the question dictates 

the possible answers to the subject by providing a list of choices (the ‘correct’ 

answer and some distracters). This could prevent the subject providing the 

researcher with useful information, e.g. by giving an answer that is much 

greater than the largest distracter. Another reason for discounting the 

multiple-choice questions is that the estimator may use the relative size of the 

answers given and select the median answer. The estimator is using 

information other than his/her own estimating skill thus minimising the validity 

of these questions. Consequently, little credence is placed in these questions 

and I only analyzed the primary data. A simple facility (number of pupils 

correct/number of pupils) was calculated for each of the multiple choice 

questions (e.g. 1-7 Primary Test) for each primary year and for the entire 

primary population tested and the facilities are shown in Table 7A on the 

facing page. The facilities calculated show certain ideas that are easily 

believed, i.e. multiplication (Q.6-Primary) is more difficult than subtraction 

(Q.7-Primary). The ‘millions’ question (Q.29-Primary) was not analyzed for 

the aforementioned reasons and because I decided the task which the pupils 

were required to perform was too complicated.
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7.2 TREATMENT OF OPEN-ENDED ANSWERS

After all the tests were completed, I was faced with the problem of making the 

best use of this vast amount of data. I did not have any technical support at 

this time and therefore all problems of data handling had to be overcome 

without professional assistance. The first problem I faced was the actual entry 

of the data into the computer and I was able to enlist the aid of some sixth 

form students to type in the data to the computer. Pupils’ answers to the 

open-ended questions were required to be transferred from the answer sheets 

to computer input. However, the sixth-formers were not trained for this and I 

needed to provide them with a means of entering the answers given by the 

children. I also had to have a means of checking each entry in a relatively 

rapid manner. Consequently, I wrote BASIC programmes to facilitate this.

The ‘checking’ programme displayed all of one pupil’s answers on the screen 

and I was then able to verify all answers or make corrections. I also wrote 

programmes to handle the data and to produce the distribution graphs and 

matrices presented to schools and any errors or inaccuracies are, therefore, 

mine alone. The ratio of given answer to correct answer was calculated and 

converted to a percentage and stored on disc. Each programme was checked 

extensively to ensure that the treatment of answers would stand up to scrutiny.

At this point, I would like to interrupt the chronological order of the 

discussion. The original bar graphs were produced using a BASIC programme 

from the percentage data on disc. These graphs were sufficient to see the 

distributions but recently I have been able to produce a better set of graphs 

through the use of the EXCEL software package and those are the graphs 

which will be presented in this document.

The reader is referred to Figure 7.1 on the facing page for an example 

illustrating the treatment of questions P8 & S12 (Estimate the number of 

crosses shown on the OHP). The bars indicate the number of pupils who 

answered within each 10% band (beginning with 0-10% of the correct answer) 

including those who guessed the exact multiples of 10%. Bar graphs for the
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entire primary and secondary populations tested were produced and these 

results from questions 8-28 (Primary) & 12-37 (Secondary) are presented in 

Appendix IV. The reader is reminded that 455 primary pupils and 764 

secondary pupils took the tests. Some pupils did not answer every question 

but, the Population given on the graphs show that most pupils answered most 

questions. The horizontal axis indicates the percentage of the ‘correct’ answer 

and 250% indicates the largest error graphed i.e. 250% of the ‘correct’ answer. 

Any answer greater than this was ‘grouped’ in this position. No significance 

should be placed on the 250% as it was the largest multiple of the correct 

answer which would fit on the computer output. The bar directly above 100% 

is quite large in many cases because this bar includes those pupils ‘guessing’ 

the exact answer. The reader is cautioned in interpreting the bars to establish 

the population estimating within a given percentage of the correct answer. For 

example, the bar above 110% includes the pupils who estimated exactly 110% 

of the correct answer but the bar above 110% excludes the pupils who 

estimated exactly 100% of the correct answer. My main reason for producing 

the bar graphs was to be able to ascertain the distributions of the pupils’ 

answers and the above fact does not affect this. Varying the intervals, i.e. 

every 5%, did not affect the distributions.

Another set of results, calculated for each class tested, required each answer to 

be compared with the exact answer. A T ’ was produced for each ‘correct’ 

answer (taken arbitrarily to be ±20% of the exact or measured answer) and ‘0’ 

for any other answer. Throughout this chapter, the ±20% criterion will 

indicate a ‘reasonable’ answer. When the graphical material was analyzed, 

answers slightly outside the ±20% criterion were treated as potentially 

‘reasonable’.

Two matrices (for each class) were produced and Appendix V shows the 

matrices for a typical class from a primary and a secondary school. All class 

matrices showed similar patterns. The results for each individual (in class 

order) produced the rows of the first matrix with a ‘1’ or a ‘0’ for each 

question. The final column in the first matrix gives the number of ‘correct’
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answers for that individual. The next row, after the first matrix, shows the 

number of ‘correct’ answers in the class for each question - the number of 

which forms the next row. The second matrix is made by the Guttmann 

Sampling technique [Blalock 1979]. This technique rearranges rows and 

columns of the first matrix to give a new matrix with the top row giving the 

results for the ‘best’ pupil and the first column giving the results for the 

‘easiest’ question. The process continues until the final row which gives the 

results for the least successful pupil and the final column giving the most 

difficult question according to the ±20% criterion. All other individuals and 

questions are ranked similarly. The final row of the second matrix gives the 

question numbers in rank order, easiest first.

An advantage of the Guttmann sampling technique is to provide one with the 

ability to determine anomalous answers. If the questions were ‘perfectly’ 

distributed along a continuum of difficulty and the pupils were ‘perfectly’ 

distributed along a continuum of ability, the matrix produced would consist of 

a triangle of l ’s filling the top-left corner and a triangle of 0’s filling the 

bottom-right corner. Obviously, these two ‘perfect’ distributions will not exist 

but anomalies will be apparent for questions and pupils where a 1 is in a field 

of 0’s or vice versa. In terms of the test, a 1 in a field of 0’s would indicate a 

correct answer to a difficult question given by a ‘weak’ candidate. Conversely, 

a 0 in a field of l ’s would indicate a ‘strong’ candidate answering an easy 

question incorrectly. Throughout the test results, these anomalies were seldom 

evidenced. This would indicate that the questions were reasonably well 

distributed along the ‘continuum of difficulty’ and the pupils were well 

distributed along the ‘continuum of ability’.

All of the aforementioned information was presented to the schools taking part 

in the testing programme to give them feedback on their pupils’ estimating 

abilities with an In-Service session to discuss the results with the teachers 

involved. One incident during the feedback period is worth reporting. I 

identified the ‘top-scoring’ primary pupil and found that his test paper was in a 

sheaf labelled "Remedial Group". I telephoned the Headteacher of the school
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who told me that the boy was in his class and when I related my findings, he 

stated that this was not surprising. He considered the boy to be quite bright 

but because he had almost no reading skills, he had been placed in the 

remedial class. In fact, the Head stated his belief that the estimation test was 

the first ‘formal’ test in which the boy had been able to show his "true ability", 

probably due to its aural nature.

The sensitivity of the data to the ±20% criterion was tested by altering this to 

10%, 30% and 40%. When the criterion was altered to ± 10%, pupils’ scores 

were lower and questions were all ‘more difficult’ but, generally, the rank 

order (of the pupils and the questions) was similar. The inverse happened 

when the criterion was altered to ± 30% and ± 40%, but again, the rank orders 

remained similar. This showed that the rank orders were not sensitive to the 

±20% criterion.

The criterion upon which an estimate is assessed is extremely problematic. I 

shall discuss in the next chapter a Criterion Of Reasonableness (COR) which 

has a potential for establishing a means of assessing estimates across a wide 

numerical range.

73  INTERPRETATION OF RESULTS

Questions P8 - P10 required the pupil to estimate the number of crosses shown 

singly or in clusters of 5 and 3 and question P I6 showed a pattern of 100 dots 

with a red line encircling part of the pattern and the pupils were required to 

state the number of dots encircled. Bar graphs for questions P8 & S12 were 

shown in Figure 7.1 and bar graphs for questions P9, P10 & P16 are shown in 

Figure 7.2a on the facing page with S13, S14 and S22, the corresponding 

secondary questions, are shown in Figure 7.2b overleaf. These show that most 

pupils were able to give reasonable estimates for these questions. Although 

there is a slight improvement in their performance as the crosses are clustered, 

it would be unwise to state categorically that they were better at estimating 

when the crosses were clustered in 5’s because the practice they had obtained
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in answering the previous similar questions may have contributed to their 

improvement. It is, however, quite clear that most pupils were reasonably 

accurate with these estimates indicating that they may have a ‘feel’ for 

numbers and that numerical estimation is not difficult in this range, i.e. 30 - 60. 

It is not possible at this stage to state categorically that they do have a feel for 

numbers in this range as I have no way of knowing how they arrived at their 

estimates. It may also be prudent to suggest that the pupils are estimating a 

collection of crosses and, therefore, to suggest they have a feel for number (an 

abstraction of the collection) may be unwise. However, given that the number 

of pupils is large and a very high percentage of them were within ±20% of the 

correct answer, it would appear reasonable to assume these questions were 

within their ability and they were not correct due to luck. Results from 

question P16 show a similar ability. The secondary data shows similar patterns. 

I will discuss the results of other questions with answers greater than 100 in 

the next section.

I attempted to determine the methods or strategies used by primary pupils 

when answering questions involving computational estimation i.e. PI 1 - 15 by 

an analysis of the data. I was not able to interview individual pupils to 

ascertain strategy use and the data analysis was considered the best available 

alternative. Answers were calculated using each strategy e.g. Leading Digit 

Estimate and then the computer determined the frequencies of each such 

answer for each class. Appendix VI shows calculated answers for a given 

strategy and the number of pupils who gave that answer. It can be seen from 

this analysis that the most common answer to each question was the 

algorithmic answer. Some pupils appear to use ‘Correct and Round’ or 

‘Leading Digit Estimate’ but many gave a random number which was close to 

the correct answer and this may indicate they were using the algorithmic 

method with imprecision or that they altered their algorithmic answer to give 

an ‘estimate’. This concerned me and I returned to the teachers who had 

administered the tests. We had, during the development of the tests, agreed 

on a time limit for each question which we thought at the time would be 

sufficient for the pupils to gather all the information but insufficient for them
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to mentally calculate the answers. Retrospectively, the teachers felt that many 

of the pupils had too much time and were able to mentally calculate the 

answers. As the primary results were disappointing and the process was time- 

consuming, I, subsequently, did not analyze the secondary data.

Some questions (P17, P19, P20, & P26) show an unusual set of peaks in the 

bar graphs produced. Figure 7.3a on the facing page shows P17 & P19 with 

their corresponding secondary graphs (S23 & S25) and Figure 7.3b overleaf 

shows P20 & P26 with their corresponding secondary graphs (S26 & S34). The 

large ‘incorrect’ peak of P17 (the coin question) is caused by pupils estimating 

five coins with 10 coins as the correct answer thereby giving 50% as the ratio 

of given answer to correct answer. No reason has been found for this choice. 

Question P19 (height of classroom) and question P20 (height of an unseen 

double decker bus) required the pupils to estimate with only their own mental 

image of a metre. The bar graphs show a considerable number of pupils 

overestimate these heights. Secondary pupils were more able to answer S25 

(height of classroom) but most teachers suggested this was due to the fact that 

they had measured their classroom as part of their lessons. Question S26 

(height of double decker bus), however, shows similar patterns for secondary 

pupils to the primary pupils. Questions P20 (height of double decker bus) and 

P26 (length of rope) show peaks caused by consecutive integer answers which 

produce ratios that ‘skip’ certain ratios as shown below:

Answers Given 4 5 6 7 8

Question P20

Correct Answer (4.4) 0.9 1.1 1.3 1.5 1.8

Question P26

Correct Answer (6.6) 0.6 0.7 0.9 1.0 1.2

The secondary data does not show similar patterns except for S26 i.e. height of 

the double decker bus. A greater willingness on the part of secondary pupils 

to give non-integer answers to questions was found during the transfer of raw 

data to the computer and this would account for the absence of these peaks.
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Question P26 (length of rope) was answered correctly by most pupils (primary 

and secondary) using the ±50% criterion, but a large number of the primary 

age range overestimated it. A possible cause for the poor results on questions 

involving relatively low magnitudes of metric quantities is that pupils do not 

use the metric system in everyday life and, therefore, are not able to use 

metric quantities with ease. Further work will focus upon this aspect of the 

work.

The bar graphs of questions (P17 - P21, P23, P25 & P26) were analyzed to 

determine the criterion level which most pupils could satisfy as many were 

found to have these questions ‘incorrect’ according to the ±20% criterion. 

These are not reproduced here but can be found in Appendix IV where it can 

be seen that, if a criterion of ±50% were to be used, a large majority of 

primary pupils would be correct for P18 & P25 (the length in cm. questions), 

P21 (tiles on a table), and P23 (blocks in the box). The corresponding 

secondary (S23 - S27, S30, S33 & S34) bar graphs also show that a large 

majority of the secondary pupils would be correct using the ± 50% criterion. 

This would indicate that the pupils are able to cope with estimation for these 

questions to a reasonable degree. My main reason for presenting this 

information is to prepare the reader for the next section for items which the 

pupils were less able to correctly answer. In contrast to those questions, these 

questions show the pupils at least ‘have a clue’ as to the magnitude of the 

answer. Further discussion of a possible alternative criterion will be discussed 

in the next chapter.

I A  ‘DIFFICULT QUESTIONS

Questions P22 (tiles on the wall), P24 (blocks under the table), P27 (sheets on 

the wall) & P28 (boxes filling the classroom) proved to be those which many 

pupils were unable to answer within the ±20% criterion. Questions S29, S31, 

S36 & S37 are the corresponding secondary questions which also show pupils 

to be unable to succeed within the ±20% criterion. The bar graphs for these
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questions will be analyzed fully in the next chapter but the reader should be 

aware that a large proportion of the subjects continue to fail at these tasks 

when the criterion is altered to ±50% and most of the population 

underestimated them and a minority overestimated them, in the extreme, i.e. 

the ratio exceeded 250%. The data do show that pupils of all ages do not 

perform well on questions of this nature when the criterion is given in 

percentage form and I will discuss the problem of criteria for questions 

involving large number answers in the next chapter.

1 5  OTHER QUESTIONS

Some questions were shown to the secondary age range only. Very little new 

information was gained from S17 - 21 (computational estimation questions). 

Most pupils answered S28 (tiles to cover a sheet of paper) correctly if the 

±50% criterion was used. The inability of pupils to estimate the height in 

metres of an unseen object is shown very markedly in S35 (height of the 

assembly hall). The bar graph for S35 in Figure 7.4 on the facing page shows 

the pupils’ attempt at answering this question. Sixth formers (expected by their 

teachers to gain grade ‘A’ at A-level) showed an inability to satisfy the 

percentage criterion for this question, possibly due to problems regarding 

metric measurement. A later chapter will discuss this problem in detail.

1 6  SUMMARY

Reasons for not placing any credence on multiple choice questions have been 

given and I would discourage the use of any such questions in future research 

programmes. It was also found that any future test must reduce the period of 

time allotted to the pupils to prevent them using an algorithmic method when 

asked to perform computational estimation. The treatment given to the raw 

data has been discussed and some interpretation of the results given.

Evidence was presented to show that most pupils have the ability to estimate 

the numerosity of a collection when the collection is less than 100.

74



The fact that two systems of measurement, Imperial and metric, are used 

concurrently was identified as a possible cause of pupil’s failure to perform 

certain tasks. Further research was suggested to determine if pupils use the 

metric system in their out-of-school activities or if it is confined to the school 

environment and this work will be developed in Chapter 9.

The results for several questions showed that many pupils have the ability to 

estimate lengths, areas, and volumes, within the ±50% criterion, when the 

magnitude of the answers to these questions is small. When the answers 

become larger, the pupils fail to estimate as well according to the criterion and 

the next chapter will show the development of a new Criterion of 

Reasonableness.
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TABLE 8A

ESTIMATION STUDIES WITH SUBJECT POPULATION AND CRITERION

Researcher

Pauli (1971)

Reys at al (1982) 

Siegel (1982)

Attivo (1979)

Crawford & 
Zylstra (1952)

Hildreth (1980)

Subject 
Population
16 year old 
College 
Preparatory 
Students

'Upper track' 
pupils and 
college graduates
Primary/middle 
pupils and 
college graduates

Prospective
teachers
High School 
Seniors (18 year 
olds)

10, 12 & 18 year 
old pupils

Criterion

Complicated 
system with 
errors exceeding 
15% deemed 
incorrect
Top 10% of 
subjects

Reasonable=±l 
order of 
magnitude 
Accurate =±50% of 
exact
±15% of exact 
answer
Multiple choice 
test with 1 
correct and 4 
'incorrect' (some 
were ±40% of 
correct)
Absolute error 
true value 3
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CHAPTER 8; A NEW CRITERION OF REASONABLENESS

M  INTRODUCTION

The review of the research literature (of which there was a limited amount) 

showed that previous researchers had used a variety of criteria in assessing 

their subjects’ ability to estimate and apparent inconsistencies were noted in 

the report findings. A full discussion of these was given in Chapter 4. I do 

not suggest these inconsistencies are of major importance but they did raise 

the issue of comparability of studies in a relatively new area of research in 

mathematical education. I examined the few published reports which did 

include information and I found that each had used their own criterion for 

correctness and there was no commonality between studies. The scarcity of 

data may be surprising but, as Sowder [1992, p372] notes, "there simply is not a 

rich research base on estimation." Table 8A on the facing page shows the 

researchers (with the year of publication), the subject groups assessed and the 

criteria used for ‘correctness’.

The lack of consistency of criterion between various studies in estimation 

causes difficulties in comparison and it should be apparent that some 

consensus of criterion is necessary. I wrote to each of the researchers in 

Table 8A to request the raw data; unfortunately, none of this data was 

available.

By its very nature, problems involving estimation have a range of answers 

which are acceptable but, as yet, there is no simple, agreed criterion for 

estimation tasks. [I prefer the noun, reasonableness, (instead of the more 

emotive adjective, ‘correct’) to indicate estimates which are admitted as within 

an allowable range of the actual answer.] It would be useful to be able to 

discriminate between subjects who have a ‘reasonable’ idea of an estimate and 

those who do not. I became particularly interested in estimation of large 

quantities for reasons which have been outlined in the previous chapter.

Nelson [1973] states that many students find estimating large quantities more
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difficult than small and my data would tend to agree with this.

Table 8A shows that the principle of percentage is fundamental to the criterion 

for the majority of the studies. The use of a variety of percentages is one 

problem but the very nature of percentage creates a problem. The notion of 

reasonableness began to play on my mind. Is an estimate of 50 000 for a 

collection of 100 000 objects equivalent to an estimate of 5 for a collection of 

10 objects?

Any criterion used should also apply across the entire range of number, but 

any strictly percentage-based criterion will fail subjects whose responses could 

be considered reasonable when the numbers become large. For example, if 

one allows a ±50% error, the ‘permissible’ limits on a collection of 500 

million are between 750 million and 250 million. Hofstadter [1982] states that 

for some very large quantitative estimates, errors involving several orders of 

magnitude can still be considered valid. Obviously, a percentage criterion can 

never satisfy this ‘requirement’ and thus the criterion can fail ‘good’ estimators. 

I suggest that if a criterion on number fails many subjects of whom one would 

expect a good grasp of number, then it is highly probable that the criterion is 

overly strict. It would appear that a ‘shifting’ percentage criterion needs to be 

used but this raises the issue as to how one assigns the alteration in percentage 

in a logical, coherent manner. I became interested in developing a criterion of 

reasonableness which would be useful across a broad range of numerical 

values.

8.1 PRELIMINARY USE OF DATA

Test questions which had answers approaching and exceeding 100 were more 

likely to be answered incorrectly than correctly according to the ±20% 

criterion. It was also found that the distribution for the primary pupils differed 

from that of the secondary pupils for some questions. The difference in the 

distributions interested me as these differences became more pronounced for 

tasks which yielded larger answers.
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Question P27 How many of the large paper sheets would cover the

wall? An s. 85-100

Question P24 How many blocks would fit under the table?

Ans. 200-300

Question P22 How many tiles would cover the wall?

Ans. -2000

Question P28 How many boxes would fill the room?

Ans. -4000

The bar graphs for P27 & P24 and S36 & S31 (the corresponding secondary 

questions) are presented in Figure 8.1a on the facing page and the bar graphs 

for P22 & P28 and the corresponding secondary questions (S29 & S37) are 

show overleaf in Figure 8.1b. Hereafter, only the Primary Question numbers 

will be cited.

The ‘overall’ median response for question P27 is about 60% of the correct 

answer indicating ‘failure’ by more than half the pupils if the ±20% criterion is 

used. The bar graphs for question P24 shows the overall median is about 25% 

of the correct answer and the distribution is decidedly skewed. The 

distributions for question P22 & question P28 show more extreme skewness 

and larger failure rate with the greater numerical answer. The increasing 

skewness of the graphs show that subjects progressively underestimate as the 

answers become larger. I became interested in this phenomenon and began to 

question the validity of a ‘straight’ percentage criterion for reasons previously 

mentioned and others which are developed in the next paragraph.

A vital function of any criterion is that it discriminates between individuals or 

groups of individuals. The percentage of secondary pupils who achieved the 

±20% criterion was only marginally greater than for the primary pupils and, 

therefore, the criterion would indicate there to be only a minimal difference 

between the two groups of subjects. It should be noted, however, that the 

primary graphs show greater skewness than the secondary graphs and the
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difference in the distributions becomes more apparent as the magnitude of the 

answer increases. Although the difference in the distributions is apparent, the 

percentage of secondary pupils was not significantly greater than that of the 

primary pupils satisfying the ± 20% criterion. In other words, the ± 20% 

criterion did not reflect the fact that many of the secondary pupils were closer 

to the correct answer than their primary counterparts. The graphs for question 

P28 show that both groups perform very poorly at this task with distributions 

which show much greater skewness than question P22 graphs and yet the 

number of successful pupils, according to the criterion, is only marginally less 

for question P28 than for question P22. In both of these aspects, the criterion 

fails to discriminate. If the criterion is altered to ±50%, the results are 

similar.

Considerable evidence exists to question the validity of a uniform percentage 

criterion. During this period, I conducted a seminar at King’s College in June 

1986 and the seven participants (all involved in mathematical education) were 

asked to perform the estimation tasks. I assumed these individuals would have 

quite reasonable estimating skills. Again, the results showed that many of 

their answers fell outside the ±20% criterion. Does the fact that the ‘most 

able’ candidate fails to achieve the initially set criterion indicate that the 

criterion lacks credibility?

To summarise:

1) if a uniform percentage criterion is adopted, it appears that it 

becomes progressively more difficult to satisfy the criterion as the 

number increases,

2) a uniform percentage criterion does not discriminate, for large 

numbers, between subjects with apparently different estimation abilities.

8.2 INITIAL REQUIREMENTS OF THE NEW CRITERION

Perception of number has been studied by psychologists and it has been 

classified as involving either subitising, counting or estimating. Considerable
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research in psychology by Jensen et al [1950] has shown that most people can 

subitise i.e. rapidly determine (within 0.05 sec.) the number in a collection 

when the number of items is 5 or less. Gelman & Gallistel [1978] state that 

subitising should not be considered a primitive mechanism but rather a way to 

group elements together to assist in the counting procedure. Smitsman states 

that since the number of items can be abstracted from an array through the 

estimation process, the perception of number is, consequently, not restricted to 

the subitising range. Indeed the fact that (small) numbers are embedded in 

(large) numbers is an important part of the structure of number and this 

structure may be perceived when estimating. [Smitsman 1982] When a subject 

is asked to determine the number in a collection greater than 5, the subject 

may resort to counting the collection, if given sufficient time. When the 

numbers get very large or insufficient time is available, the subject is faced 

with a more difficult problem and these problems are those where s/he will 

probably estimate. Although the evidence is not conclusive, I consider it 

probable that a subject uses his/her powers of perception when presented with 

an estimation task and the research into subitising will be useful in the 

development of a criterion for estimation.

Throughout this development, I will refer to Stimulus and Response but these 

should not be interpreted from a behaviourist epistemological viewpoint. The 

new criterion will be based upon the notion that all subjects will be able to 

subitise a collection of 4 objects without error. It will be shown in the next 

section that the arbitrary use of 4 rather than 1, 2, 3 or 5 does not substantially 

effect the final criterion. It will also employ the ±20% criterion for values less 

than or equal to 100. Consequently, any estimate between 80 and 120 will be 

considered reasonable for a collection of 100 items. I admit that a ‘cut off of 

100 and a percentage of 20% are totally arbitrary and one could make an 

equally legitimate argument for another cut off point or percentage. However, 

on the grounds that pupils are introduced to numbers on a sequential basis 

and because 100 marks a new magnitude of number, I suggest that it could be 

a useful starting point. The impact of the use of 20% upon the criterion, 

rather than another percentage, will also be discussed in the next section.
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I propose a Criterion Of Reasonableness (COR) which will utilise the ±20% 

criterion for quantities less than 100, but, to allow for the need for greater 

leniency for estimates of quantities exceeding 100, a logarithmic treatment will 

be used beyond 100. Reasons will be presented for the apparent anomaly of 

using two different criteria and suggestions as to how a single criterion could 

avoid this problem will be given. The COR will give a link between the 

reasonableness of estimates of quantities less than 100 and those of very large 

quantities.

Whenever an estimate is made, the response (R) by a subject, when presented 

with a problem (the stimulus, S), is judged as either reasonable or not. If the 

±20% criterion is used, then the values which would be considered ‘allowable’ 

(within ±20% of the exact answer) may be shown as two straight lines on 

graph paper when ‘allowable’ subject response (R) is plotted (on the ordinate 

axis) versus exact answer or Stimulus (S) (on the abscissa axis). The equations 

for the two lines would be:

R  =  1 - 2  S  ( M a x i m u m )  ^  =  0 . 8  S  ( M i n i m u m )  ( E q .  1 )

It is useful in the present development to note that these two equations result 

in parallel straight lines on graphs with logarithmic scales on both axis because 

S is raised to the power of 1 for each equation.

8.3 THE COR FOR COLLECTIONS EXCEEDING 100

The development of the COR will first be given a graphical treatment followed 

by an algebraic development. The reader is referred to Figure 8.2 on the 

facing page for the development which follows. From the treatment above, 

when a Stimulus of 4 is given, the Response should be 4 and when a Stimulus 

of 100 is given, the minimum allowable response is 80 and the maximum 

allowable Response is 120. Consequently, the reader’s attention is drawn to 

points (4,4), (100,80) and (100,120) on the log-log paper. The COR (for values 

greater than 100) is produced by joining the point (4,4) to (100,80) and
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extrapolating to produce the line representing the minimum values of estimates 

which one can accept as correct. To produce the maximum acceptable values, 

the points (4,4) and (100,120) are joined and this line is extrapolated. It 

should be obvious that the straight lines are the simplest means of connecting

(4,4) with (100,80) and (100,120). To employ any other strategy, i.e. curves of 

a parabolic nature would further complicate the issue and I do not consider 

this a useful way of proceeding. It should also be obvious that this criterion is 

more restrictive than the ±20% for values less than 100 as the lines converge 

to (4,4) and consequently the straightforward ±20% criterion will be used for 

values between 4 and 100. The possibility of eliminating the need for a change 

in criterion will be discussed in the next section. The lines extrapolate to 

produce a region on the log-log graph paper within which all answers will be 

considered to be reasonable estimates for quantities of any magnitude. It 

should be obvious that the COR lines diverge as the stimulus increases and a 

later figure will show this more clearly.

An algebraic development will now be presented. As previously mentioned, 

Equation(s) 1 can be rewritten in logarithmic form and, in general, they 

become:

log R= n log S + log A (Eq. la) n = l  in both cases

Only S (the Stimulus), in the above equation, physically exists. The constant 

20% above and below the exactly correct line is produced by A in each case.

It will now be shown how Equation la can be used to develop the logarithmic 

equations for quantities exceeding 100.

If a stimulus of 4 objects is used, the response will be 4 (as 4 is within 

the subitising range) and Eq. la becomes: 

log 4 = n log 4 + log A (2)

If a stimulus of 100 objects is used and the response is 80 (minimum 

accepted value), Eq. la becomes:

log 80 = n log 100 + log A (3)

If Eqs. 2 & 3 are solved simultaneously, a minimal line is found
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TABLE 8B

EFFECT OF DIFFERENT SUBITISING LEVELS 
UPON ACCEPTABLE ANSWERS

Correct Answer= 100 000
Subitising Level Maximum Minimum

166 000 54 000
177 000 50 000
182 000 48 000
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connecting 4 & 80 in a logarithmic equation as follows: 

log Rmin = 0.9307 log S + 0.04174 (Cl)

If a stimulus of 100 objects is used and the response is 120 (maximum 

accepted value), Eq. la  becomes:

log 120 = n log 100 + log A (4)

If Eqs. 2 & 4 are solved simultaneously, a maximal line is found 

connecting 4 & 120 in a logarithmic equation as follows: 

log Rmax= 1.0566 log S - 0.03410 (C2)

These equations will be identified as the COR Equations. These equations or 

Figure 8.2 can be used to determine the reasonableness of an estimate over a 

wide numerical range.

Three assumptions were made in the development of the COR:

1) a subitising level of 4,

2) the allowable percentage error of 20%, and

3) a ‘cut-off point of 100.

The effect of these assumptions upon the COR will be analyzed to determine 

if the criterion is very sensitive to these assumptions.

8.4 THE EFFECT OF ASSUMPTIONS UPON THE COR

An assumption was made that all subjects would be able to subitise i.e. 

accurately determine in a few milliseconds, 4 objects. I investigated the effect 

of this assumption upon the COR Equations Cl & C2. The ‘constants’, A & n, 

obviously vary when the end-point is changed from 4 to another number. 

Previous research by Kaufman, et al [1949] shows that the subitising level of all 

subjects (even 3 year olds) exceeded one. This would appear to be intuitively 

obvious as singular objects are so singular and subitising is the ability to 

perceive the number in a collection! Therefore, I dismissed the possibility of 

using 1 as the subitising value and calculated the ‘constants’ if the minimum 

subitising level had been 2 and if the maximum subitising level had been 5. 

Table 8B on the facing page shows the maximum and minimum allowed
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±2 0%
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response when the stimulus was 100 000 for each of the three subitising levels. 

It should be apparent from this table that the choice of subitising level is of 

relatively little significance.

A similar analysis was conducted to ascertain the effect when the percentage 

criterion for 100 objects is varied. Table 8C on the facing page shows similar 

information to the one above for various allowed percentages.

A more profound effect is noticed and I decided to develop a COR using 

±50% through a similar development as the 20% COR. The COR Equations 

are given below using ±50% and Figure 8.3 on the facing page shows the lines 

and region involved with the original COR included for the sake of 

comparison with an altered scale to allow the reader to see the effect of the 

CORs for larger values of the stimulus.

It can be seen that for 100 000 items, the allowable responses span more than 

one order of magnitude. This would appear to satisfy Hofstadter’s ‘demand’. 

When the ±50% COR is used on the previously mentioned example of a 

stimulus of 500 million, allowable responses are any number between 9 million 

and 5 000 million. Evidence of the potential value of the ±50% COR will be 

given in the next section.

Finally, the effect of the cut off point of 100 was investigated. As previously 

indicated, the COR Equations or the lines drawn on the graph paper yield 

greater restriction than the original ±20% criterion and therefore the ±20% 

criterion is preferable as it is the more lenient. If the cut off point is reduced 

to 10 and the percentage criterion remains at ±20%, the line connecting (4,4) 

and (10,8) is extrapolated to produce the minimal line and the line connecting

(4,4) and (10,12) is extrapolated to produce the maximal line. Figure 8.4 

overleaf shows this pair of lines and the region between the lines represent the

log Rmin = 0.7847 log S + 0.1296 

log Rmax= 1.126 log S - 0.0758
(C3)
(C4)
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estimates that would be considered reasonable. The algebraic development 

would be the same as in the previous section. It would appear that this system 

produces a very lenient criterion. The reader’s attention is directed to the 

acceptable responses to a stimulus of 1000. This criterion allows any answer 

between 280 & 2500. Dual criteria are avoided with this system, but it is not 

without the problem of potentially being overly lenient. Another possible 

criterion is shown in Figure 8.4 utilising the above procedure but altering the 

percentage to ±50%.

I have presented these various alternatives to indicate the potential of the 

logarithmic scale in this work but for the purposes of this document, the COR 

will use the previously developed COR utilising ±20% and ±50%.

8.5 INITIAL ‘VERIFICATION’ OF THE CRITERION OF 

REASONABLENESS

At the outset, I realised that there is a strong subjective aspect of the entire 

topic of estimation. Therefore, the decision was made that teachers’ subjective 

opinions of their pupils would be recognised. The Sutton Test results (in the 

form of bar graphs and ‘pass rate’ using the ‘straight’ ±20% criterion) were 

presented to the teachers who conducted the tests and they were asked for 

their reactions to the performance of their classes. The teachers claimed to 

have a good idea of the number sense of their classes and believed their 

estimating ability would be similar to their number sense. Research by Reys 

[1984] in this area would indicate that estimating ability and number sense are 

related.

One teacher was particularly disappointed by the results of her class of 20 

pupils on one of the ‘large’ answer questions as only 3 were successful using 

the ±20% criterion and only 7 were successful using ±50% criterion. If the 

COR is used, these numbers become 7 and 19, respectively. Other teachers 

expressed similar disquiet and the COR allowed a similar better ‘pass’ rate 

among classes which the teachers considered to have better number sense.
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TABLE 8D

SUCCESS RATE FOR BSRLM PARTICIPANTS 
USING VARIOUS CRITERIA

Subject 20% 50% 20%COR 50%COR
57 100 93 100
57 86 79 100
50 64 64 86
43 86 86 100
36 79 57 100

(13 ans.) 62 62 69 77
(10 ans.) 40 70 90 100
(12 ans.) 25 50 25 83
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Another teacher expressed resigned acceptance (as she believed her class to 

have very poor number sense) that only 1 of her class of 13 pupils was 

successful using the uniform ±20% criterion and only 2 were successful with 

the ±50% criterion. These figures are only improved to be 2 and 8, 

respectively, when the COR was used. Similar patterns were evident 

throughout the population and it was found that the ‘more able’ groups (as 

identified by the class teachers) were able to satisfy the COR using ±20% and 

the very ‘weak’ pupils were not able to satisfy the COR using ±50%. I shall 

give a more thorough examination of the Sutton data using the COR in the 

next chapter. This initial verification was intended to ascertain the potential of 

using the logarithmic approach of the COR.

I decided to test the COR versus the straight percentage criteria by comparing 

the success rate with a group of mathematical educators who attended a 

BSRLM (British Society for Research into Learning Mathematics) seminar on 

14-15 May 1988 [Clayton 1988]. The participants performed estimation tasks 

from the Sutton tests and the data was analyzed using the uniform ±20% and 

±50% criterion and the COR using both 20% and 50% and the percentage of 

‘correct’ answers are presented in Table 8D on the facing page. Some subjects 

did not answer all 14 questions and the table indicates when this is the case.

I made an important assumption that these individuals should be expected to 

display a very high ability in number sense and consequently they should be 

good estimators. Table 8D shows a uniform ±20% criterion fails a 

considerable proportion of the group of mathematics educators and according 

to the assumption above indicates that such a criterion lacks credibility. The 

fact that this group of individuals display a very high pass rate on the COR 

using ±50% does not mean that this criterion is too lenient. I consider this 

group to be among the most able of the general population in number sense. 

Along this line of argument, the straight ±50% criterion appears to be rather 

harsh.
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8.6 SUMMARY

I have discussed the problems involved with comparing research studies in 

estimation and have noted the widespread failure by most subjects to succeed 

at certain tasks involving large numbers when a uniform percentage criterion is 

used. The Criterion Of Reasonableness (COR) for estimates was developed 

incorporating research in perception. The results of an analysis of the initial 

data showed the COR to be useful in discriminating between subjects who 

were ‘reasonably’ aware of the magnitude of a number and those who were 

not. The next chapter will discuss a set of interviews which were conducted to 

investigate the issues raised by the test data and further verification of the 

usefulness of the COR will be shown. The COR will also be used as an aid in 

assessing the estimation abilities of the interviewees.
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CHAPTER 9: INTERVIEWS TO ADDRESS THE ISSUES OF

UNITS OF MEASURE AND LARGE MAGNITUDE

9.0 INTRODUCTION

The results of the testing programme indicated that many pupils were unable 

to satisfy the ±20% criterion for questions involving metric measurements and 

also those questions involving large magnitude answers. Carpenter et al [1976] 

suggest that it is probably necessary to observe pupils estimating in order to 

obtain a measure of the pupil’s ability to measure. I was more interested in 

discovering the pupil’s,methods of estimating than in assessing them per se and 

I decided that it would be useful to interview pupils. Consequently, 1 

undertook a series of individual interviews during 1988 and 1989. These were 

arranged for me by the Head of the Mathematics Department of a local school 

which has a mainly middle-class catchment area within a commuter dormitory 

town. The Head of Department considered the pupils invited to be 

interviewed to be spread across the ability range. They were asked a series of 

questions and their answers were tape recorded and any obvious nonverbal 

responses were noted. In all interview situations, I tried to ensure the subject 

fully understood the meaning of the question. These questions were designed 

to answer the queries I had about the aforementioned topics of concern and I 

will now discuss these topics one at a time.

9.1 METRIC/IMPERIAL SYSTEM OF MEASUREMENT

Before I describe the interviews, I would like to explain some of my thoughts 

regarding the problem of the dual system of units. In 1971, decimalisation of 

money took place with metrication soon to follow as the Metrication Board 

had been established in 1969. Most mathematics textbooks have used metric 

units since 1970, 18 years before these interviews. Parents in the age range 

30 -33 in 1988 could have children in the 11- 16 age range. These same 

parents would have been in the 11 - 16 age range in 1970 and consequently, 

would have been exposed to the metric system at that time. I bring the
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reader’s attention to this fact as it would appear that there would be some 

good reasons to believe that the metric system would not be new to the pupils 

nor, for that matter, their parents. The National Curriculum recognises the 

need for children to be aware of the Imperial system and it states that children 

should "engage in activities which involve using Imperial units still in daily use 

and knowing their rough metric equivalents". [DES 1991b, p8] Throughout the 

Mathematics National Curriculum document, there is an implication that the 

‘main’ system of units is metric. For example, within the list of Examples from 

the five Attainment Targets, metric units are mentioned 37 times and Imperial 

units are only mentioned 9 times. I wanted to determine whether pupils 

continue to use the Imperial system and, more importantly, whether they were 

developing their quantitative estimation skills outside school hours in metric or 

Imperial units.

A group of thirty-seven secondary pupils (23 boys and 14 girls) were asked a 

few questions which were designed to be unconnected with the school 

environment in an attempt at determining their ‘natural’ system of 

measurement. As the interviews took place in the school environment, pupils 

were likely to give a ‘school-based’ answer. The answers to the questions were, 

therefore, that much more striking as the pupils continue to use the Imperial 

system to a great extent. I told the pupils that the questions required only a 

rough guess. The questions were:

1. Do you have a pet?

How big is it? Height? Length? Weight?

How much liquid does it drink in a day?

2. How much do you think I weigh?

How tall do you think I am?

3. What is your favourite ball game?

How far can you throw/kick the ball?
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4. How much liquid do you think you drink in a day? How much do you 

think this place mat weighs?

5. What is your favourite hobby? Tell me about it. (This question was 

pursued to give further evidence of estimations connected with the favourite 

hobby.)

The questions were divided into categories of distance, weight (mass) hereafter 

referred to as weight, and volume and the answers given in the taped 

interviews were then classified as being either metric or Imperial. It should be 

noted that the distances which pupils gave were generally either height or 

length. Some pupils did not give answers to some questions or gave 

‘non-standard’ units such as "I drink a few mugs of coffee each day." A global 

figure was found giving the percentage of pupils answering either Imperial, 

metric or non-standard/no answer (N-S/NA) for each category of distance, 

weight and volume. The global percentages are given in Table 9A below.

TABLE 9A

GLOBAL PERCENTAGES OF SYSTEM OF MEASURES

IMPERIAL METRIC N-S/NA

DISTANCE 60% 33% 7%
WEIGHT 74% 13% 13%
VOLUME 62% 17% 21%

There were 159 answers involving distance, 108 involving weight and 76 

involving volume. The data was also analyzed in the form of scatter diagrams 

as shown in Figures 9.1, 9.2 and 9.3 on the facing page for Distance, Weight 

and Volume. Each pupil is indicated by a cross in the cell appropriate to their 

estimates. For example, one pupil gave 5 Imperial estimates and 1 metric 

estimate of distance and two pupils gave 1 Imperial estimate and 4 metric 

estimates of distance (see Figure 9.1).
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TABLE 9B

'SOLE USERS7 OF ONE SYSTEM COMPARED 
TO 'MIXED7 SYSTEM USERS

DISTANCE WEIGHT VOLUME
METRIC ONLY 2
IMPERIAL ONLY 13 
MIXED SYSTEMS 22

0
24
13

4
31

2

TABLE 9C
FAVOURING ONE SYSTEM (FOR DISTANCE MEASURE)

OVER THE OTHER BY:
1 ESTIMATE 2 ESTIMATES 3 ESTIMATES
(or more) (or more) (or more)

IMPERIAL 62% 57% 35%
METRIC 32% 24% 14%

100



It can be seen from Table 9A that the Imperial system is favoured over the 

metric system by pupils for weight and volume answers by a ratio of more than 

3 to 1 and the scatter diagrams 9.2 and 9.3 give confirmation of the greater use 

of the Imperial system.

The scatter diagrams clearly show the number of pupils who estimated in one 

system only. Table 9B on the facing page shows the information of ‘sole users’ 

of one system for each of the aforementioned categories.

These figures show a clear preference by ‘sole users’ for the Imperial system.

I think the data for the weight and volume answers is quite convincing to show 

that the Imperial system is preferred to a great extent by the pupils. When the 

distance data was analyzed, some interesting findings were made.

First of all, Table 9A shows a clear preference although not as clear as in the 

cases of Weight and Volume. If many pupils had used one system equally with 

the other and a (relatively) few had used only the Imperial system, then the 

global percentage could ‘hide’ this fact and, therefore, a more detailed analysis 

of the distance answers was necessary.

It can be seen from Figure 9.1 that many pupils often ‘mixed’ their systems and 

the following scheme was used to determine a numerical means of indicating 

the ‘preference’ of metric or Imperial units. When a pupil favoured one 

system by 1 (or more) estimates, then s/he was classified in a group, e.g. a 

pupil who used metric twice and Imperial once would in the "favouring the 

metric system by 1 estimate or more". This same technique was used to find 

those who preferred one system over the other by 2 (or more) and 3 (or more) 

estimates. Table 9C on the facing page shows the results of this analysis for 

distance.

I decided that further categorisation of the distance data would be useful as I 

recalled that many pupils gave their estimate of my height in Imperial units.
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'BOLE USERS' FOR VERTICAL & HORIZONTAL DISTANCES
VERTICAL HORIZONTAL

METRIC ONLY 1 12
IMPERIAL ONLY 31 11
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I was interested in determining whether the data would show a ‘mixing’ of 

units for estimating vertical (height of a dog) and horizontal (length of a dog’s 

tail) distances. Answers given by pupils who gave any horizontal or vertical 

distances in metric units were analyzed to determine whether they used metric 

in one orientation but not the other. Of 24 metric ‘users’, 2 pupils used metric 

exclusively and 1 pupil only answered ‘vertical questions’ and these answers 

were all metric. The remaining 21 metric users mixed their systems and an 

analysis of their answers (similar to one given in the previous paragraph) for 

preference of system for vertical/horizontal directions follows:

7 gave Imperial units exclusively for vertical answers but gave 

metric units for horizontal answers exclusively.

11 gave Imperial units exclusively for vertical answers and mixed 

their horizontal answers as follows:

2 gave an equal numbers of answers in each system,

6 favoured the Imperial system, and

3 favoured the metric system.

‘Sole users’ are given in Table 9D on the facing page. Scatter diagrams shown 

in Figures 9.4 and 9.5 on the facing page show the vertical and horizontal data 

respectively in the same format as Figures 9.1, 9.2 and 9.3.

This table and Figures 9.4 and 9.5 clearly show the preference for Imperial 

measure for vertical estimates providing evidence to substantiate a conjecture 

that pupils prefer the Imperial system for vertical distance. A possible reason 

for this is that the pupil is comparing the height with his/her own height which 

is known in Imperial measure.

The horizontal data from Table 9D and Figure 9.5 shows a more equal 

number of metric and Imperial users. A possible explanation for this is the 

fact that greater use is being made of metric measure in all sport distances and 

one of my questions involved ball games.
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TABLE 9E

SUCCESS RATE FOR SECONDARY PUPILS 
USING VARIOUS CRITERIA

AGE 20% 50% 20%COR 50%COR
11 48 74 57 87
12 26 61 35 74
13 39 57 39 70
14 26 57 30 74
14 39 61 48 61
15 52 78 52 78
16* 74 83 78 91
16* 83 91 87 91
16 35 57 43 70
17* 52 83 61 91
Some pupils did not answer all questions.
11 (18 ans.) 22 50 28 56
13 (16 ans.) 31 81 38 94
14 (13 ans.) 23 54 23 54
14 (12 ans.) 42 75 58 83

TABLE 8D
SUCCESS RATE FOR BSRLM PARTICIPANTS

USING VARIOUS CRITERIA
SUBJECT 20% 50% 20%COR 50%COR
A 57 100 93 100
B 57 86 79 100
C 50 64 64 86
D 43 86 86 100
E 36 79 57 100
F (13 ans.) 62 62 69 77
G (10 ans.) 40 70 90 100
H (12 ans.) 25 50 25 83
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9.2 LARGE MAGNITUDE ANSWERS

Several sets of data will be useful in investigating the issue of large magnitude 

estimates. An initial group of fourteen pupils (a subset of the aforementioned 

37) were asked to perform a set of estimation tasks. These tasks addressed 

various categories of estimation tasks (similar to those given to the BSRLM 

participants mentioned in Chapter 8) as follows:

a) calculations,

b) estimates of the number of 2-D shapes on paper and

c) estimates of collections of beans, rice, etc. in bags.

The data showing the percentage of pupils satisfying various criteria is 

presented in Table 9E on the facing page. Table 8D from Chapter 8, showing 

the results for the BSRLM participants, is reproduced below Table 9E for the 

sake of comparison.

The three ‘starred’ pupils in Table 9E were identified by their teacher as being 

very able A-level students with considerable problem-solving skills. I mention 

this as their scores are similar to the mathematics educators.

The estimates of subjects F, G & H in Table 8D were confined to 

computational estimates and only a few of the quantitative estimates and the 

analysis below will ignore those subjects for that reason. Several issues are 

raised by this data.

None of the pupils and only 1 of the mathematics educators exceeded 90% for 

the 20% COR. Only when the 50% COR is used, do very large percentages of 

the subjects (mathematics educators) succeed. I have assumed that 

mathematics educators will be aware of a variety of strategies which they could 

use to make their estimates. I have therefore taken them as a group which 

would represent the closest I can get to ‘experts in the field’. This may not be 

valid and it might be more valid to ‘test’ individuals whose job it is to estimate 

large numbers, i.e. crowd sizes. I do not have access to these individuals to
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PUPILS
'EXPERTS'

TABLE 9F

RANGE OF SCORES FOR EACH GROUP 
USING VARIOUS CRITERIA

20% 20%COR 50%
57% 34% 57%
21% 36% 36%

50%COR
30%
14%
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perform the tasks I have set.

The data in Tables 8D & 9E has some interesting anomalies within it that are 

worth exploring. In Table 9E, the rank order of the two 14 year-olds changes 

when the 20% COR and the 50% COR are used. This occurred due to the 

fact that the first 14 year-old subject did not satisfy the 20% COR by a small 

amount on a number of questions, but satisfied the 50% COR and many of the 

second 14 year-old subject’s answers which failed the 20% COR were wrong by 

a significant amount and also failed the 50% COR. Tables 8D & 9E show 

similar patterns with some rank orders altered for the above reasons.

A criterion should allow ‘good’ subjects to achieve it and it should also allow 

some confidence in discriminating between ‘good’ subjects and those who are 

less able to perform the given task. Both CORs clearly satisfy the former 

requirement as is shown by the results of the mathematics educators in 

Table 8D. The range of scores for each group of subjects is given in Table 9F 

on the facing page.

The small range (14%) for the ‘experts’ using the 50% COR is obviously due 

to the experts having satisfied the criterion for all tasks. It should also be 

noted that the range of the success rate of the secondary pupils according to 

the various criteria is affected more by the percentage used than by the COR 

factor. The range in all cases is adequate to allow for discrimination. Another 

set of data will be useful in establishing the discrimination potential of the 

CORs.

I returned my attention to the Sutton data which had been analyzed by the 

‘straight’ ±20% criterion. I extracted a sample (80 primary and 365 

secondary) of the test papers and determined the success rate of the pupils 

utilising ±20%, ±50%, ±20%COR and ±50%COR for the questions with 

answers exceeding 100. These were P22 & S29 (tiles on classroom wall), P24 

& S31 (blocks under the table), P28 & S37 (large boxes filling classroom) and
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TABLE 96

QUESTION
P24
-160
P22
-1800
P28

GLOBAL PERCENTAGE OF PRIMARY PUPILS 
ATTAINING VARIOUS CRITERIA

80 pupils
±2 0%
2.5%
5.0%
3.8%

±50%
23.4%
11.2%
7.5%

±20%COR
2.5%
6 . 2 %

7.5%

±50%COR
30.0%
45.0%
23.4%

TABLE 9H
GLOBAL PERCENTAGE OF SECONDARY PUPILS 

ATTAINING VARIOUS CRITERIA
365 Pupils

QUESTION ±20% ±50% ±20%COR ±50%COR
S31 5.8% 23.0% 8.8% 40.3%
200-600
S29 14.0% 34.2% 26.6% 69.0%
1700-2000
S37 3.8% 17.8% 9.9% 43.6%
3000-4000
S32 1.6% 10.7% 11.2% 26.3%
130000-170000



S32 (blocks filling classroom). Table 9G on the facing page shows the 

percentage of primary pupils in the sample who attained each of the criteria 

for the questions which are displayed in ascending order with the ‘correct’ 

answer given below the question number.

This data shows the straight ±20% criterion does not allow a very large 

proportion of these pupils to attain the criterion but the ±50%COR does, and 

as it does not allow all to succeed, it can be seen to have some potential for 

discrimination. I found the secondary data to be more useful as my own 

experience is limited to that area and I shall make no further comment on the 

above primary data.

Colleagues in the school where I had taught had been very forthright in their 

analysis of the strengths and weaknesses of their teaching groups as mentioned 

in the last chapter. Table 9H on the facing page shows similar data to 

Table 9G for the secondary sector. The answers given below each question 

number vary due to the variety of classrooms used.

The ±20% criterion appears far too difficult for the pupils to achieve and a 

more reasonable percentage of pupils satisfy the ± 50% criterion but previous 

arguments have showed the inappropriateness of a straight percentage 

criterion. The CORs do allow a greater confidence in identifying pupils with 

difficulties in the topic since it is clear that pupils of that age group can satisfy 

the criterion. The figures show the 50%COR is not overly lenient as to allow 

any answer but it does give a reasonable percentage of the population the 

opportunity of satisfying the criterion.

I shall now present two sets of data at an anecdotal level to show that the 

CORs do allow a certain degree of discrimination between subjects. The 

classes of the two colleagues in the school where I taught at the time of the 

tests mentioned in Section 8.4 of the last chapter were included in this sample 

of classes. One teacher stated her belief that the girls in Class P were limited
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TABLE 91

PERCENTAGE OF CLASS P PUPILS ATTAINING VARIOUS CRITERIA
13 'weak' secondary pupils

±50%COR
15%
62%
38%
31%

QUESTION ±20% ±50% ±20
S31 0% 8% 0%
S29 8% 15% 15%
S37 8% 38% 15%
S32 0% 15% 15%

PERCENTAGE OF CLASS Q PUPILS ATTAINING VARIOUS CRITERIA
20 'strong' secondary pupils

QUESTION ±20% ±50% ±20%COR ±50%COR
531 10% 50% 10% 70%
S29 15% 35% 35% 95%
S37 0% 10% 0% 65%
532 0% 0% 0% 30%

TABLE 9J

PERCENTAGE OF PUPILS ATTAINING VARIOUS CRITERIA FOR S32
Secondary

±20% ±50% ±20%COR ±50%COR
CLASS R 0% 16% 16% 58%
19 pupils
CLASS S 7% 40% 40% 67%
15 pupils
CLASS T 4% 8% 12% 38%
31 pupils
CLASS U 10% 26% 26% 52%
26 pupils
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in their understanding of number and quantity while the teacher of Class Q 

stated that these girls were very able in this area. The percentage of successful 

pupils for each of the secondary questions given above are presented in 

Table 91 on the facing page for these two classes.

The ±50%COR shows the ‘strong’ class very much more able in this area on 3 

out of 4 questions but the other criteria judge the ‘weak’ class better on 2 out 

of 4 questions.

Finally, Table 9J on the facing page shows four classes’ attainment on S32 (the 

question with the largest answer). Classes R & S are sixth form groups 

deemed to be very able mathematicians and classes T & U are groups of 13 

year old pupils from the same schools, respectively.

The sixth form groups actually do not score as well as the younger pupils using 

the ±20% criterion which would appear to be counter to the idea of the 

higher ability as stated by the teachers. Regardless of which COR is used, it 

appears that it is possible to discriminate between individuals and the pupils 

show varying degrees of attainment.

I have become less convinced that the original choice of ±20% upon which the 

criterion was based is uniquely valid. The reader is referred to Table 8D 

where it can be seen that the COR, using ± 50% as a base, allows almost all of 

the mathematics educators to succeed at almost all tasks. The notion that a 

few of these individuals continue to fail at some tasks indicates the difficulty 

involved in some estimation tasks. We should therefore be aware that it may 

be necessary to be as lenient with the criterion as possible. The decision as to 

which COR - or perhaps one which is between the two - is most appropriate 

may be the subject of further debate.

I wish to make it clear that most of the large magnitude questions involved 

quantitative estimates but I was also interested in investigating if the COR
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TABLE 9K

COMPARISON OF GROUPS IN TWO CATEGORIES OF ESTIMATION 
PERCENTAGE OF GROUP ACHIEVING CRITERION 

FOR AT LEAST 3/4 OF TASKS

COMPUTATIONAL ESTIMATES QUANTITATIVE
ESTIMATES

20%COR 50%COR 20%COR 50%COR
PME (15) 87 88 46 77
Participants
PUPIL (10) 63 91 46 78
Group A
PUPIL (10) 47 65 20 68
Group B

FIGURE 9.6

ESTIMATES BY ONE PUPIL PLOTTED ON THE COR

LEGEND:

Quantitative Estimates

Computational Estmates

ACTUAL NUMBER (STIMULUS)
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could be useful to assess computational estimation. At a Psychology of 

Mathematics Education (PME) convention in Paris in July 1989, a similar set 

of tasks to those presented to pupils and BSRLM participants was presented 

and fifteen participants completed all tasks. Another group of secondary pupils 

(aged 11 -14  years hereafter identified as Group B) was given these tasks 

during individual interviews. Pupil Group A consisted of the 10 pupils from 

Table 9E who completed all tasks. The responses for each group were 

classified as either Computational Estimates or Quantitative Estimates.

I considered it useful to compare the various groups on the basis of those who 

had satisfied each COR for a large number of the tasks. I think that on any 

set of estimation tasks an arbitrary pass mark of 3/4 of all tasks would show 

the information in a useful form. Table 9K on the facing page shows the 

percentage of participants who satisfied each COR for more than 3/4 of the 

tasks in that category.

These figures indicate that it is more difficult to satisfy the criterion for 

quantitative estimation tasks than for computational estimation tasks. A 

plausible reason for this is that, in quantitative estimation the estimator must 

decide the mathematical operation to arrive at the estimate but in 

computational estimation, the operation is given. The consistently large 

differences between the columns in the Quantitative Estimation data of 

Table 9K was investigated to reveal some rather interesting common 

tendencies among the subjects. A plot of one 14 year old female subject’s 

answers, plotted on log-log paper with the two COR lines, will be useful to 

illuminate some of the issues arising from this data and is shown in Figure 9.6 

on the facing page. For quantitative estimates, the subject failed the ±20% 

COR by small margins in many instances (consequently satisfying the ±50% 

COR) and the plots of other subject’s estimates showed a similar pattern.

This accounts for the pronounced increase in the ‘pass-rate’ using ±50% COR.

For computational estimates, however, the differences between the columns 

are not consistent but it is interesting to note that for almost all categories the 

computational estimates score is higher than the quantitative estimate score.
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When the 14 year old subject was asked to estimate the product of 26 x 12, she 

replied "85" as indicated by point A on Figure 9.6. I assume, therefore, she did 

not possess the necessary strategies to estimate the computation or she did not 

attend to the operation (or made some other error). In general, computational 

estimates that failed the ±20% COR were ‘wrong’ to a larger degree than 

many of their quantitative counterparts. It was found that the estimates of the 

PME participants which did not satisfy the COR using ±20% were vastly 

different from the correct answer and, therefore, the relaxing of the percentage 

did not alter their figures greatly. I am at a loss to explain how 12% of the 

answers given to computational estimations by the PME participants were such 

that they failed to meet the ±50% COR. It may be that the participants did 

not attend to the mathematical operation required. Unfortunately, the PME 

participants wrote answers only on their sheets and it was not possible to 

interview these subjects due to time constraints of the conference. This, of 

course, calls into question one of my earlier assumptions that the BSRLM 

mathematics educators were ‘good’ estimators.

The COR model was designed around the principle of perception and some 

tasks involving computational estimation can be performed in a very 

instrumental manner. For example, if one is given the problem 

10 123 x 112 236 and one replaces all but the leading digits by noughts and 

then ‘count the noughts’, one is left with an estimate of 109. Other 

computational estimation tasks (4 567 + 12) are such that the allowance of a 

large spread in number is not justified. This raises the issue of the usefulness 

of the COR for computational estimation tasks. Sowder [1992] admits that 

the COR may be useful for numerosity estimation but not simply extendable to 

other types of estimation. I admit that the extension is not simple and in some 

cases, as above (4517 + 12), the COR is useless. On the other hand, if a pupil 

fails to satisfy the COR for a computational estimate, then that pupil has 

severe problems in this area and needs remedial attention and therefore the 

COR is useful to assist in identifying these individuals. The very nature of 

computational estimation may mean that any algorithmic criterion will not be 

satisfactory and criteria need to be developed on a task-by-task basis.
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One interpretation of the large differences in the Quantitative Estimation data 

is that it indicates that the choice of the ±50% COR is the proper one as it 

allows a ‘reasonable’ percentage of the participants to succeed. The main 

point to raise from the data is that the COR using ±20% is possibly overly 

severe and the COR using ±50% is not overly lenient.

9.3 SUMMARY

The analysis of the test results had raised issues surrounding problems which 

involved metric units and those where the answers were of a large magnitude. 

A series of interviews allowed me to establish with a reasonable degree of 

certainty that a majority of pupils continue to prefer the Imperial system over 

the metric system. There are, of course, positive aspects of this in that the 

pupils may be adept at using this alternate system of measurement but if the 

‘main’ system of measurement is to be metric then it would appear that some 

pupils are not yet using this system well. Mathematics educators, at the very 

least, should be aware of this situation. Many children (and adults) I have met 

in the past have considered the mathematics curriculum irrelevant to their 

everyday life. I do not wish to enter into the debate about the relevance of 

any of the mathematics curriculum outside the school gates but if the pupils 

regard metric measures as a ‘school-measure’ but continue to use the Imperial 

system in their everyday life, they may not value the metric system. I think it 

is essential that mathematics educators realise that their pupils will need a 

great deal of effort applied to developing a mental image of the appropriate 

metric unit. This problem must also be addressed in the Science and Design 

& Technology environments. A possible solution would be to encourage 

schools to have ‘Metric Days’ but to balance this with the needs of the children 

and to have ‘Imperial Days’ as well.

The issue of large magnitude answers was investigated with a variety of groups 

to further substantiate the usefulness of the COR and the potential of a COR 

utilising ±50% was discussed. I consider it unlikely that an algorithmic 

criterion can be developed which is suitable for all computational estimation
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tasks but the COR allows a potential first level of criterion which, if failed, 

indicates the estimator needs considerable attention.

During the course of the interviews, I noticed that some pupils displayed 

greater confidence than others in their manner and I became interested in the 

level of confidence that children had in their ability to estimate. I wanted to 

develop a means by which this confidence level could be measured and in the 

next chapter I will discuss a follow-up study to investigate the impact of 

confidence on the willingness to estimate.
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CHAPTER 10; ENCOURAGING ESTIMATION AND MEASURING

CONFIDENCE LEVELS RAISES ANOTHER ISSUE

10.0 INTRODUCTION

During the course of the research into estimation over many years, I have 

found repeatedly that pupils do not value the estimation process nor the 

estimate itself. They have wanted to know the ‘right’ answer to determine if 

they were ‘close enough’ but few pupils have had sufficient means by which to 

assess their own estimates. Consequently, if the exact answer (for example, to 

a question regarding the number of ballpoint pens used by one class during 

their school careers) is 633 and the pupil has estimated 597, the pupil often 

will suggest that s/he was wrong and it was a poor estimate - and yet, the error 

is less than 7%! There may be many reasons for the pupil to have these false 

beliefs but they hinder the pupil in actually developing a readiness to estimate.

I have found that all too often pupils will make estimates similar in form to 

the example stated above, i.e. 597 not 600. This may be caused by the 

‘jelly-babies’ effect e.g. Guess the number of jelly-babies in the jar and 

whoever is closest, wins the prize. Some pupils appear to believe that the 

person in charge would not have a ‘round’ number of jelly-babies so they guess 

a number close to but not exactly the round number. I believe this can be a 

contributing reason for pupils to give answers of quite high precision when 

asked for an estimate. Often, when I have asked pupils for an estimate of a 

height of a room they will give answers in centimetres. This may be the 

‘jelly-baby’ effect; they think I know the measure and they want to guess it.

This tendency interferes in the estimation process as, if the pupil now wishes to 

use his/her estimate of 597 ballpoint pens to ascertain the total cost (if they 

cost £1.98 each), the pupil has quite a difficult problem. I decided to turn my 

attention to developing a means of giving the pupil a way of determining the 

adequacy of his/her estimate without giving them the answer, and which would 

also encourage them to give round numbers for the estimates. I was also 

interested in measuring his/her confidence in the resulting estimate. During
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the interviews discussed in the last chapter, I found that some pupils displayed 

signs of either great confidence or very little confidence. ‘Very little 

confidence’ was evident by a look of astonishment when asked to estimate a 

large quantity and ‘great confidence’ was shown by some individuals who 

‘appeared’ to be certain in their manner - almost an assertion of ‘Yes, that’s 

6432 tiles!’ This very subjective technique was used and will be discussed in 

the next section but I wanted to incorporate a way of measuring confidence 

within the aforementioned means of developing the pupils’ ability to ascertain 

the adequacy of their estimates.

10.1. A METHOD OF ENCOURAGING ESTIMATION AND 

MEASURING CONFIDENCE LEVELS

My previous experience of interviewing pupils had increased my confidence in 

my ability to ‘set the scene’ and to get the pupils to engage in the task. I went 

back to the same school as the previous interviews and again the HOD 

arranged for a group of ten pupils from across the ability range to be 

interviewed.

In this set of interviews, I asked the pupil to make an estimate of some 

quantity and then I would tell them that his/her estimate was close enough if 

the ‘real’ answer was between x and y and that I did not know the exact 

number. The values of x and y were limits set by me as the maximum and 

minimum allowed values which the pupil’s estimate ‘produced’. For example, 

if the pupil estimated 50 items in a collection and I believed that ±20% was a 

valid criterion, then, provided the actual number of the collection was between 

60 and 40, the estimate was ‘correct’. This is opposite to the standard 

procedure of setting the limits upon the allowable answers based on the actual 

number of the collection. I asked the pupil to indicate the level of his/her 

confidence that the answer was within the two limits on a scale of 1 (highly 

unlikely) to 10 (a good bet!). The children appeared to understand and enjoy 

this ‘game’. This technique allowed me to have some access to the pupil’s 

level of confidence in his/her estimating ability. It also allowed me to use the
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FIGURE 10.1
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USING THE COR TO DETERMINE V  and y
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PUPIL’S ESTIMATE ■20%CORCO

to too
ACTUAL NUMBER
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TABLE 10A
PERCENTAGE OF ANSWERS SHOWING THE JELLY-BABY EFFECT 

PUPIL FIRST 4 QUESTIONS FINAL QUESTIONS
A 50% 29%
B 50% 33%
C 75% 11%
D 75% 0%
E 50% 9%
F 100% 33%
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newly developed COR to determine the values of x and y. This can be seen 

graphically by using the estimate given by the subject as the ordinate and 

reading abscissa values corresponding to the COR lines as indicated on Figure

10.1 on the facing page.

10.2. ESTIMATES BECOMING REAL ESTIMATES

This small group of pupils (10) was interviewed individually using this method. 

Three pupils gave rounded answers consistently for quantitative estimates 

throughout the interview. I decided to ignore computational estimates as many 

pupils, in my experience, attend to the final digits in numbers and mentally 

calculate the final digit in the answer thereby often giving inappropriate 

accuracy. The reader is reminded that the ‘jelly-babies’ effect applies to 

quantitative estimates. One pupil only answered five quantitative estimate 

questions and four of these were rounded. The remaining six subjects’ 

responses were analyzed as follows. The quantitative estimates were classified 

as appropriately rounded (AR) or jelly baby (JB). The first four responses 

were grouped together and the rest (varying between 7 - 1 1  answers) were 

similarly grouped. Overall, 67% of the first four responses were JB and 81% 

of the last 7 - 1 1  questions were AR. Table 10A on the facing page shows the 

percentage of the first four questions and the final 7-11 questions which were 

JB.

These figures indicate considerable success in encouraging pupils to give 

appropriately rounded answers to quantitative estimation tasks. The giving of 

a range of answers in round numbers appeared to allow the pupils to realise 

that their answers did not have to be precise and this encouraged them to be 

less rigid.

I would like to see this method used in schools as the pupil can determine the 

values of x and y as previously discussed provided s/he has the skill of reading 

values from line graphs. I have produced the ‘beginnings’ of a programme for 

developing computational and quantitative estimation skills but as I no longer
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teach in a school, I have not been able to use these as part of a programme of 

study with pupils. These can be found in Appendix VII for potential 

development by colleagues in school.

10.3. CONFIDENCE LEVELS RAISE GENDER AS AN ISSUE

When the plots of the pupils’ responses and levels of confidence were 

recorded, I noticed that the girls tended to rate their confidence lower than the 

boys. In the earlier interviews, I had noticed a tendency for the girls to be less 

forthcoming with estimates. I decided to re-examine the transcripts of the 

interviews of the earlier set of pupils performing estimation tasks. I found that 

the girls were more likely to respond to the request for an estimate with a 

laugh or a look of dismay followed by avoidance techniques. Boys were more 

likely to respond with a resigned gasp followed by a determination to give an 

answer. I realise that my remarks about the pupils’ reactions can be regarded 

as extremely subjective and it is recognised that the value of such anecdotal 

evidence is limited. The following analysis of that first set of interviews is also 

recognised as subjective but did give some indication of a direction for the 

research. Each interview transcript was examined to attempt to discover the 

pupil’s level of confidence. Pupils were ‘categorised’ on a scale of confidence 

from 10 (very confident) to 1 (totally lacking confidence) as a result of this 

analysis. Pupils displaying a variety of strategies, willingness to explain their 

methods, or a general air of confidence were given high scores and pupils who 

stated they were poor at estimating, ‘didn’t know the answer’, showed disbelief, 

laughed nervously were given lower scores. The transcripts were numbered 

and the gender of the pupil was recorded next to a set of numbers but there 

was no indication of gender on the transcript sheet. The mean value for the 

boys was 7 and the mean value for the girls was 3. This analysis suggests that 

there may be some truth in the hypothesis that boys are more confident than 

girls in their estimating ability. It is impossible to determine whether I have 

introduced a bias into my assessment but it would require me to be biased for 

the boys by 2 points and consistently biased against the girls by 2 points to 

allow the means to approximate each other. I consider this highly unlikely.
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TABLE 10B

ACCURACY & CONFIDENCE 'SCORES' BY GENDER 

GIRLS BOYS

CONFIDENCE ACCURACY CONFIDENCE ACCURACY

7 .2 4 53% 8 .8 9 61%
5 .9 4 39% 7 .9 5 67%
4 .8 3 42% 7 .7 9 53%
4 .7 0 60% 6 .8 8 50%
3 .5 5 52% 5 .2 9 51%

MEAN
5 .2 5 50% 7 .3 6 56%

Figure 102 Accuracy versus Confidence, by gender.
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However, in addition to the subjective analysis, I also had the recorded 

confidence levels supplied by the 10 pupils in the later interviews. I shall 

present some quantitative evidence to support the claim in the previous 

paragraph. The mean value of each pupil’s ‘confidence level’ (on a scale of 1 

to 10) was calculated for all tasks undertaken. In addition, an accuracy score 

was assigned to each estimate. For an estimation within ±20%, 3 points were 

given, for within the 20% COR, 2 points were given, and for within the 50% 

COR, 1 point was given. The point total was converted into a percentage of 

all the pupil’s estimates for the accuracy ‘score’ and is given with the 

confidence ‘score’ in Table 10B on the facing page categorised by gender.

This data is also show in scatter diagram form in Figure 10.2 on the facing 

page.

It should be noted that the ‘best’ two pupils were boys and the ‘worst’ two 

were girls but the difference between their assessed estimation ability are not 

as pronounced as the difference in their confidence levels. This is indicated in 

a very clear manner in Figure 10.2 when one notices that the mean of the girls’ 

confidence levels is equal to the least confident boys’. It is clear, however, that 

the boys were much more confident of themselves and it is also interesting that 

their performance ‘mirrors’ their confidence levels whereas this is not the case 

for the girls.

The considerable difference in the confidence levels may also be an indication 

of greater unwillingness on the part of the girls to take a risk in making their 

estimate. This in turn might account for the slightly lower ‘scores’ in the 

assessment of their estimation ability. There is also the possibility that girls 

claim to be less confident because they think this is more socially acceptable.

10.4 SUMMARY

Analysis of this limited data has raised gender as a potential issue which may 

cause girls to have greater difficulty than boys with estimation tasks. I would 

assert that if a person lacks confidence in performing a certain task, it is
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reasonable to state that s/he will have to overcome more obstacles than a 

person who has confidence. This is tantamount to stating that some pupils will 

accept a self-filling prophecy, "I don’t think I’ll be good at estimating, so I am 

not good at estimating".

Estimation is one of the topics of mathematics which permits a multitude of 

answers unlike some of the more ‘precise’ aspects which have only one correct 

answer e.g., 15 x 7. Stating the answer to this problem may involve an element 

of risk to some pupils if they question their ability to perform the calculation. 

On the other hand, I do not associate any risk in the above calculation but I 

am unsure of my estimate of the height of a nearby tree but I am willing to 

take the risk of making the estimate.

I also know that another estimator will almost certainly arrive at a different 

estimate and that s/he may also be correct within a given criterion; this does 

not create a problem for me but perhaps the uncertainty of the ‘right’ answer 

may create insecurity in some pupils.

I became interested in possible factors which could account for the gender 

differences noted in estimating. When I estimate, I am recognising that I will 

be in error to some degree and I am trying to make my error relatively 

insignificant. In other words, I am willing to risk being ‘wrong’. Does my 

gender affect my willingness to take risks? I decided to undertake a literature 

search to determine the findings of other researchers that would inform this 

argument. The next chapter will relate this information.
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CHAPTER 11: RISK-TAKING AS A GENDER ISSUE

11.0 INTRODUCTION

I intend to show that many subject areas of the National Curriculum appear to 

encourage pupils to develop the ability to take ‘risks’ during their education. 

For example, in Attainment Target 2 of the National Curriculum in 

Mathematics, children are required to be able to estimate and approximate 

numbers and to do the same with measures. It is obvious that any estimate 

entails a willingness to be wrong, albeit slightly, and to accept the ‘risk’ that 

the error is not significant. It is my contention that it is vital for pupils to 

learh how to take risks in tackling problems. For example, the pupil who 

wildly guesses an answer attempting to elicit a response from a teacher and 

then when told the answer is unsuitable, wildly guesses another is taking risks 

but is not behaving in a manner likely to result in learning. In Attainment 

Target 1 of both the Science and the Mathematics documents, the ability to 

make and test conjectures is encouraged. Any conjecture has, by its very 

nature, the possibility of being erroneous and therefore it can be said that 

these Attainment Targets are designed to encourage risk taking. It is also 

clear that if a conjecture is found to be erroneous then the potential of 

understanding the reason(s) it was erroneous may lead to further conjectures. 

This accords with many of the theories of the growth of scientific knowledge 

(see Kuhn, Lakatos, Popper). However, if there is reticence about taking risk 

and the girls avoid making a conjecture to be tested, then they cannot learn 

how to disprove or improve that conjecture. If the boys are always the 

conjecturers, the girls may be relegated to the position of checking the boys’ 

ideas and never developing their own.

Consulting Chambers Dictionary and Roget’s Thesaurus provides an interesting 

insight into some of the words used in the previous paragraph. Conjectures 

are linked to guesses, estimates and intuitions. Roget places "feminine logic" 

under "Intuition: absence of reason". I was immediately struck with the notion 

that people will often use the term, ‘a woman’s intuition’ as a means of
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belittling a woman’s opinion. The first definition of ‘risk’ in the Chambers 

Dictionary is hazard. Most people associate risks to young people to imply 

danger and gender considerations usually mean that girls are encouraged to 

take less risks than boys. Some aspects of life make this very sound advice i.e. 

girls are more at risk from sexual assault than boys and children are 

encouraged to avoid placing themselves in a dangerous environment.

During the search of the literature, I found the two easily identifiable factors 

which have an impact on the individual’s willingness to engage in risk-taking:

1) self-confidence and 5

2) the role which s/he fulfil in the classroom (and outside it).

11.1 CONFIDENCE AS A GENDER ISSUE

The early work with adults estimating showed the importance of confidence on 

their willingness to estimate and work described in the previous chapter 

indicated the possible links of confidence in estimating with gender. A

literature search uncovered further substantiation of the connection between
*

confidence and gender. Walkerdine [1989] found that girls self-concept of 

their mental ability to be significantly lower than that of boys with the ‘same 

intelligence’. She [ibid, pl71] also found that girls who were not good in a 

subject lacked confidence and needed considerable help and support to grasp 

ideas but boys of similar ability "tended to bluff and cover up their faults".

This shows that the willingness to take risks is not a panacea and it is possible 

that the ‘reckless’ boys need to be encouraged to be more careful. My main 

point here is that if girls hesitate to take risks and boys will do so, then girls 

will never have the opportunity to increase their commitment to finding the 

‘correct’ hypothesis.

In a strange way, girls appear to be forced into the position of displaying lack 

of confidence. Walkerdine [ibid, p 104] reports that although ‘self-confidence’ 

is "viewed as the key to girls’ success, the mode of achieving it appears to be
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gender-differentiated. While boys may be described as ‘abounding in 

confidence’, ‘overconfidence’ in girls is a bad quality: ‘She’s never pushy. She’s 

not overconfident. She doesn’t imagine that she has amazing qualities or 

capabilities. That’s part of her whole charm.’" It appears to be a case of 

regardless of what girls do, they do not get credit for being good in 

mathematics. Evidence of this is provided by Walkerdine [ibid, pl55] who 

notes that if girls make good progress in mathematics, it is because they are 

conscientious, motivated, ambitious and hard-working but successful "boys were 

credited with natural talent and flexibility, the ability to work hard and take 

risks."

One reason for investigating the potential links between gender and risk taking 

was my concern that girls could be disadvantaged by teaching and learning 

styles calling for pupils to engage in open-ended tasks which involved them in 

making a ‘risky’ hypothesis and then developing it. There appears to be some 

evidence which contradicts this idea and I present it here to raise both sides of 

the issue. According to an HMI publication [DES 1989], the more varied 

teaching approaches were helping girls to improve their confidence. This 

report [ibid, p21] also notes "Girls appeared to be more confident than boys in 

working situations which were relatively open-ended and in which the task was 

sometimes to pose the problem for oneself rather than to tackle a problem as 

set by the teacher." However, the report [ibid, p4] states that girls tended to 

over-rate the difficulty of more items than boys. On the other hand according 

to the Royal Society [1986, p2], "By the end of primary school boys have 

developed more confidence than girls in the fields of mathematics that are the 

most important at secondary school." There is also some evidence to indicate 

that some marking schemes may disadvantage girls who are less willing to take 

risks, [ibid] This conflicting evidence indicates that the problem is not a 

straightforward one. The evidence presented in the last chapter suggests that 

the girls were much less confident in their ability and only slightly less 

competent but certainly not significantly. The question arises - is the girls’ lack 

of confidence contributory to their slightly lower accuracy scores? If they were 

more confident, would their estimating ability improve? I do not have the
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answers to these questions but I suggest they will be worth considering in 

future research.

I would like to conclude this section with an extract from Counting Girls Out. 

"A statement in Delamont’s (1976) study of an upper middle-class girls’ school 

sums it up that there can be few boys of whom it can be said, as it was of one 

girl in her study: ‘She only answers when she’s sure she’s right’". [Walkerdine 

1989, p70]

11.2 THE ROLE ASSUMED BY THE RISK-TAKER

There are a variety of ways in which the gender of the pupil has an influence 

on his/her learning. One of these is the role which the pupil assumes within 

the classroom. One obvious aspect of this is in the expectation of the teacher. 

Walkerdine’s study [ibid] of teachers showed that their responses during 

interview showed a common theme which counterpoised the "active, enquiring, 

rule-breaking child with the well-behaved, passive, rule-following child. The 

ways in which teachers phrased their responses almost always meant that active 

children were boys and passive ones girls." Clarricoates [1983, p53] states 

"Societal myths of stereotypes pertaining to ‘femininity’ and ‘masculinity’ do 

influence teachers’ beliefs about what girls and boys are like. Such behaviour 

as ‘adventurous’, ‘boisterous’, and ‘disruptive’ in boys was seen as being linked 

to their ‘high creativity’ and ‘imagination’." Girls encountering this ‘aggressive’ 

environment might easily be ignored. To quote the old adage, ‘the squeaky 

wheel gets the grease’ but the above indications have an important impact 

upon the particular activity of risk-taking if girls believe it to be ‘unfeminine’. 

Clarricoates cites research which consistently itemised "the fact that girls reveal 

a higher degree of anxiety about both the teacher and other pupils. This is 

usually interpreted as ‘wanting to please the teacher’ and as a sure sign of 

‘conformity’." [ibid, p54] It is rather obvious that an ‘anxious’, ‘conforming’ 

person is not going to be the ideal candidate to be a risk-taker. Another 

aspect of the importance of gender in the classroom is the perception that the 

boys’ unwillingness to accept authority is seen as part of their make-up but the

128



"girls were expected to be orderly and good at getting on with their work."

[ibid, p58] This quiet acquiescence may mean that the girls are expected not 

to do anything which requires the teacher’s intervention eg embark on 

proving/disproving a risky conjecture.

The interaction between pupils within the classroom is another important 

factor in the manner in which they approach their education and again I claim 

that the gender of the pupil affects this relationship with special regard to 

risk-taking. Whyte [1986, p35] found that the "girls’ more careful and precise 

way of working may lead to them avoiding practical elements in favour of the 

‘safer’ task of writing up the experiment." She goes on to state that this does 

not imply that girls have less aptitude for science or technology. The girls’ role 

in the classroom does, however, have an impact upon their learning. 

Clarricoates [op cit, p58] found that by the time the girls arrived at "secondary 

school, they perceived a need to hide their ability". According to Whyte [op 

cit, p30] question and answer sessions appear "to benefit pupils who are willing 

to shout out answers, many of them ‘wrong’, or at least off the point, at the 

expense of pupils who are not risk takers." The hands-up rule also can exclude 

all those pupils who are unwilling to look foolish for making a mistake. She 

also found that "girls in mixed classes are apparently self-conscious about 

speaking up at all, while boys in contrast, revel in the limelight, happily, if 

wrongly, guessing at answers to questions and probably learning a good deal in 

the process." [ibid, p30] One possible reason for this ‘additional’ learning is 

that the boys, having guessed an answer and having a ‘stake’ in that answer, 

either develop the means of defending their answer or of adjusting it to get 

agreement from peers or the teacher. Both of these strategies can be valuable 

to their learning. In the specific environment of the science classroom, Whyte 

found that the boys’ careless messing around appeared to set a pattern for 

"how science is supposed to be done. In the belief that messing around can be 

creative and lead to pupils solving problems or making their own discoveries, 

teachers may welcome it, but the implication can be that this is the only way to 

‘do’ science or technology." [ibid, p36] If girls see this behaviour as ‘scientific’, 

they may not value their own careful efforts and I suggest that those girls who
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have a systematic way of working (which can be very productive) may perceive 

their teacher’s praise of the boys’ efforts as belittling to the girls’ efforts along 

different lines.

Finally, the roles which the pupils assume outside the classroom affect the way 

in which they accept risks. Young [1981] writes that boys are encouraged to be 

adventurous while they play with their meccano and model railway but the 

finding and keeping of a boyfriend is of primary importance to the girls. Even 

those girls/women who make a decision not to make it the be-all-and-end-all 

go through great internal conflict and guilt and run the risk of being ostracized. 

This is a risk which many are unwilling to accept and if girls see risk to involve 

this negative social factor, it would appear that risk taking would not be 

attractive to them.

11.3 RISK OUTSIDE MATHEMATICS AND SCIENCE

Discussions with colleagues in schools indicated that drama involved 

risk-taking of a personal or emotional kind. This was one area where 

colleagues considered girls to be more willing to take risks than boys. One 

teacher mentioned that girls will be quite willing to play the distraught 

individual in a very thoughtful way but boys would be silly given the same task.

I was interested in how other areas of the curriculum may involve risks and to 

this end, I studied other National Curriculum documents to ascertain any 

possible links with risk in these subjects. I found in the National Curriculum 

History document [DES 1991a] that there were aspects of ‘risk-taking’ 

encouraged. I found that some risk-taking, if one interpreted that term 

liberally, existed in the Attainment Targets at the various Levels. A list 

follows to show the Level and the Attainment Target statement which I think 

encourages risk-taking:
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Level Attainment Target Statement

6 ATI "recognise that causes and consequences can vary in 
importance" [ibid, p4]

7 AT2 "describe the strengths and weaknesses of different 
interpretations of an historical event or development." [ibid, p8]

8 AT3 "show how a source which is unreliable can nevertheless be 
useful." [ibid, plO]

It is possible that I have been too liberal in my interpretation of risk and it 

may be true that there are no gender implications to the above Attainment 

Targets. I would like to consider the possible outcomes of an investigation 

"the dropping of Atomic bombs on Hiroshima and Nagasaki" [ibid, p45]. A 

risky hypothesis might be that this event occurred because the United States 

wanted to demonstrate to its friends and foes the massive weapon which had 

been developed in the face of the threat from Nazi Germany. This hypothesis 

could be developed through an argument which identified causes and 

consequences requiring skills of selection. The non-risk taking pupil might not 

engage in the problem of structuring the arguments but would accept the 

‘normal’ argument that the decision was made because it would save lives that 

would have been lost in a land invasion of Japan. 1 suggest the risk-taker will 

develop greater skills in constructing his/her arguments than the non-risk- 

taker.

I performed a similar analysis on the National Curriculum Technology 

document [DES 1990] and the information referred to above is replicated here 

for that document.

Level Attainment Target Statement

lb  ATI "suggest what might be done" [ibid, p3]
4c AT2 "estimate the resource requirements" [ibid, p8]
8c AT2 "show a willingness, subject to safety considerations, to

experiment and take risks recognising the implications of 
decisions taken in designing" [ibid, p9]

4d AT3 "adopt alternative ways... and recognise when help is
needed" [ibid, pl2]

6e AT3 "show judgement in seeking advice and information" [ibid,
P13]
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These were not the only instances and it can be argued that there is only a 

tenuous link in some cases but it is intended to show the possible importance 

of risk-taking in other subjects. It does appear that risk-taking is a factor in 

some - if not all - areas of the curriculum.

I was interested in the effect of gender on the willingness to take risks across 

the curriculum. Walkerdine [op cit, pl99] makes the point that the effect of 

focusing on a lack of confidence, among other factors, may "pathologise girls 

and normalise masculinity." I believe I have shown the potential that links 

between risk-taking and gender exist at present and the next chapter will 

discuss a survey of pupils and their reactions to risk. I found it interesting that 

some teachers told me that they thought girls were more willing than boys to 

take risks in drama and the research indicates boys to be more willing than 

girls to take risks in science and mathematics. It should also be clear that the 

quality of the response to a challenge by the ‘risk-taker’ is also quite important. 

A considered hypothesis is far more valuable than a hastily constructed wild 

guess. Teachers may need to encourage the overly reluctant pupil to ‘have a 

go’ and to persuade the reckless guesser to be more considered. These will be 

professional judgments on the part of the teacher. If gender is an important 

factor in determining the reluctant risk-taker than it should be obvious that 

teachers should be aware of this. I also agree with Walkerdine and would ask 

that teachers are aware of the need to avoid ‘pathologising’ girls and 

‘normalising’ boys by providing an environment which encourages risk-taking 

but not Svild guessing’ making the ‘normal’ environment a synthesis of the two 

stereotyped poles.

11.4 SUMMARY

The literature search revealed that some aspects of risk in mathematics and 

science appear to have a connection with gender. I decided to attempt to find 

a means of discovering how pupils in schools felt about risk-taking and the 

next chapter will show this development.
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CHAPTER 12: A SURVEY TO INVESTIGATE RISK-TAKING

12.0 INTRODUCTION

Many of the interviews discussed in Chapter 10 indicated a possible influence 

of gender on both confidence and the willingness to make estimates. 

Substantiation of the potential for these links was found in the research by 

others mentioned in Chapter 11. I presented a seminar at BSRLM [Clayton 

1990] providing participants with some of the information presented in these 

chapters and they encouraged me to pursue this aspect of the work. In 

discussion with colleagues in schools and Bristol Polytechnic, I decided to 

develop a survey of pupils which would be ‘subject-neutral’ i.e. it would not 

focus on risk-taking in mathematics (or any other specific subject) but would 

give information across the curriculum. I also was interested in determining if 

the willingness to take risks was linked to age and consequently, I decided to 

conduct a survey of pupils in primary and secondary schools. My intention was 

to open the investigation in this area and I did not intend that it would be 

definitive but that it would indicate a possible area for further research.

12.1 DEVELOPMENT OF SURVEY STATEMENTS

I circulated an early set of statements among colleagues receiving suggestions 

as to modifications and possible additional statements. I discussed this matter 

with teacher colleagues and advisory teachers to develop a broad set of 

statements. All colleagues were most helpful and many were interested in 

predicting the manner in which pupils of various ages would respond to the 

statements. It became apparent that if the wording of the two surveys could be 

the same (or very similar), the results could be more closely correlated across 

the age range. After consultation with colleagues, I decided to give the 

secondary pupils options of ‘Agree’, ‘Do Not Mind’, or ‘Disagree’ but primary 

pupils were given a simpler choice of ‘Yes’ or ‘No’. The main reason for this 

decision was that primary colleagues thought the younger pupils would not be 

able to cope with the three categories but the older pupils would and the
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additional category would prove useful because pupils would not be forced to 

make an either/or choice. In retrospect, the decision to give three choices 

proved to be a very useful one as the following analysis will show, in many 

cases, that secondary pupils had a clear preference for Agree or Disagree and 

this preference was linked to gender although they had an easy ‘opt-out’ choice 

of Do Not Mind. The decision to restrict the younger pupils to two choices 

was made out of respect for primary colleagues wishes and some of the 

primary data is less convincing. I do not regret this decision as the data is of 

some use but perhaps a future survey could be arranged with three choices.

The Primary Survey and the Secondary Survey can be found in Appendix VIII.

12.2 ADMINISTRATION OF THE SURVEY

I obtained the permission of headteachers of four primary schools and three 

secondary schools in Bristol to conduct the surveys. The primary schools are 

some of the feeder schools for the secondary schools. The catchment areas of 

these schools vary greatly and include areas of middle-class owner-occupiers 

and some of the large council housing estates of Bristol.

In particular, Primary School A takes pupils from a predominately working 

class area but including some middle class pupils and Primary School B draws 

from a very middle-class area of owner occupiers. On the other hand, Primary 

School C takes pupils primarily from a large council estate and Primary School 

D mainly draws from an area of considerable social deprivation but it also has 

pupils from middle-class families. The catchment area for Secondary School A 

(until recently a small grammar school) includes that of Primary School D but 

also includes a larger area of middle-class families. Both of these schools also 

have a multi-ethnic intake. Secondary School B is a very large comprehensive 

school which has an intake including most of the gamut of social backgrounds 

but mainly drawing from relatively ‘comfortable’ outer city/suburban working- 

class families and Secondary School C draws mainly from one of the largest 

council estates in Bristol and has recently suffered from falling rolls.
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I went to each primary school to conduct the survey and in all cases I read the 

statement to the class of pupils after I had explained to the pupils that I 

wanted them to tick the box which most closely indicated how they felt about 

each statement. It became obvious during the survey and from feedback from 

the primary teachers that the pupils were interested in taking this ‘test’. I 

think one reason for this was that I assured them that they could not get a 

statement ‘wrong’ and that it was ‘their’ opinion that I wanted and not that of 

their friends. I was able to conduct the survey myself for one of the secondary 

schools but time constraints made it impossible for me to conduct the survey in 

the other two schools and the teachers of those pupils conducted the survey 

after I had spoken to them of my method of delivery. Both of these schools 

were in the process of reviewing their equal opportunity policies and were 

interested in the results of the survey. I have had both professional and 

personal contact with these schools and I have every confidence that the staff 

took this activity seriously.

12.3 PRODUCTION OF DATA AND RESERVATIONS

Once all the surveys were completed, I arranged for the responses to be 

entered into a computer facility at Bristol Polytechnic and the processing of 

the data was delegated to a technician who has responsibility for entering data 

for staff. A member of the Computer Services Department was also willing to 

assist in the data handling. Consequently, I was relieved of all of the problems 

of data handling which I had to deal with in the previous use of the computer 

as described in Chapter 7. This also meant that I was less involved in the 

analysis and there were several problems that occurred. For example, the 

technician, who entered the data, input a ‘9’ whenever a pupil did not respond 

to a statement. The programmer instructed the computer to count but ignore 

responses of ‘9’. This inadvertently ignored all responses by ‘9’ year-old 

subjects and, in the early computer runs, a great deal of data was lost. These 

problems were overcome in the end but I learned a great deal about the 

advantages of keeping in ‘close contact’ with the data as I had done with the 

Sutton tests.
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With the data entered into the computer, it was possible to use statistical 

software packages to produce representations of the data. Each school was 

given a package of pie charts showing the number (and percentage) of their 

pupils who replied to the statements in each of the categories. Each school 

was also given similar results for all the schools (including their own) but the 

schools were identified only as A, B, C or D and the number of pupils was 

deleted. This was done to preserve anonymity as the numbers might have 

allowed identification of one particular secondary school. A similar package of 

results for all statements is given in Appendix IX. The survey obtained 

responses from 1320 secondary pupils and 400 primary pupils.

The computer also produced some analysis of the data which was useful in 

determining the statistical significance of the data. I have grave reservations of 

attributing a great deal of weight to these significance levels for a variety of 

reasons. First of all, the statements were open to a different interpretation by 

the pupils from the one which I had in mind. For example, Statement 8 (I 

don’t like being asked questions in class) might have been interpreted by a 

pupil as being bothered by classmates asking the pupil questions. Secondly, 

some statements were found, in retrospect, to be poorly worded. Statement 12 

(I only answer when I’m sure I know the right answer) gives the impression 

that all answers are either right or wrong. Obviously, there are some cases 

when this is true but there are also instances (estimation, for example) when a 

plethora of answers is reasonable. Thirdly, a pupil’s responses to statements 

might be influenced by recent events. Statement 16 (If you were picked to be 

in a school play would you be happy) was not only worded as a question, 

breaking the pattern, but was also possibly affected by the recent 

success/failure of the school play (or other similar production) in the school. 

Obviously, there are other reasons for my reluctance to place great importance 

on the statistical analysis but these three are sufficient to make the reader 

aware of my thinking.
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12.4 EXPECTATIONS OF RESPONSES

I think it important to include a brief section devoted to my own expectations 

and those of teacher colleagues of the pupils’ responses . My main reason for 

conducting the survey was to give an indicator of a potential rich vein of 

research for the future. I believed that I would find that girls tended to 

respond in one way and boys in another. Teacher colleagues also stated their 

desire to predict the manner of their pupils responses and many of these were 

along gender lines. Primary teachers, in general, believed that the girls would 

be more willing than the boys to take risks and secondary teachers believed 

the opposite. Statement 16 (the school play) was expected to be given a 

positive response by the girls in secondary schools except in School A where 

teachers thought the ‘sophistication’ of the girls was such that they would be 

blase about the matter. All secondary colleagues said the boys would be less 

willing to display emotions in public and thereby take the risk of humiliation. 

Primary teachers stated their belief that the boys would be happy to be in the 

school play but the girls would be reticent about this.

12.5 TREATMENT OF THE DATA

Many pupils were unable to give an example of a game involving risk other 

than BRAG in response to the secondary item 20 and the responses for 

secondary items 21 and 22 (primary 20 & 21) were not illuminating. Many 

pupils left these blank. Therefore, I have not analyzed any of the data from 

these statements. The rest of the data was useful but I should reiterate my 

concern regarding the need for prudence and awareness of the limitations of 

statistical data. However, I decided to investigate the data to try to ascertain 

any trends.

12.5a Secondary School Data

As previously mentioned, all pie charts are presented in Appendix IX. I shall 

describe my method of displaying this data in another form which I think
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TABLE 12A
RESPONSES TO STATEMENTS BY GENDER AND SCHOOL (Secondary)
Statement 8: I don't like being asked questions in class.

Gb Ga Gc Ba Bb Be
Agree 43 40 39 33 32 26
Disagree 16 17 18 20 23 27

Ga Gc Gb Ba Bb Be
TABLE 12B

RESPONSES TO STATEMENTS BY GENDER AND SCHOOL (Secondary)
Statement 9: I isometimes do not put up my hand even
though I know the answer •

Gb Ga Gc Bb Ba Be
Agree 73 70 66 59 55 53
Disagree 15 16 16 24 25 26

Ga Gc Gb Be Bb Ba
Statement 10: I ienjoy trying out ideas to solve
problems.

Be Ba Bb Gb Ga Gc
Agree 56 55 54 44 42 38
Disagree 8 8 10 12 14 18

Ba Bb Be Gb Gc Ga
Statement 11: I feel embarrassed if I get a question
wrong.

Gb Ga Gc Be Bb Ba
Agree 51 42 33 30 30 26
Disagree 23 24 25 27 35 40

Gb Gc Ga Be Bb Ba
Statement 13: I <am lucky when I do well on a task.

Ga Gc Gb Ba Bb Be
Agree 39 34 30 25 22 14
Disagree 23 31 36 53 54 60

Gc Ga Gb Bb Ba Be
Statement 14: i :Like difficult tasks.

Ba Be Bb Gc Gb Ga
Agree 28 24 22 20 18 12
Disagree 22 25 30 31 32 34

Be Bb Ba Gc Gb Ga
Statement 16: If you were picked to be in the school
play would you be happy?

Gb Gc Ga Be Ba Bb
Agree 42 38 26 24 21 17
Disagree 21 24 33 39 47 47

Gc Gb Ga Be Bb Ba
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illuminates my claim that pupils’ responses to risk are gender linked. The 

responses to Statement 8, "I don’t like being asked questions in class.", are 

typical of many statements and Table 12A on the facing page shows the 

percentage of pupils who ‘Agreed’ are listed in descending order and below 

this data, the percentage of pupils who ‘Disagreed’ are given in ascending 

order. Each group is also identified by gender (G or B) and by school, (a, b or 

c). For example, the table shows 43% of the girls in School b ‘Agreed’ and 

27% of the boys in School c ‘Disagreed’.

I draw the reader’s attention to the fact that the percentage of all girl groups 

‘Agreeing’ with this statement exceeds the percentage of any boy groups 

‘Agreeing’ and the percentage of all girl groups ‘Disagreeing’ with the 

statement is less than the percentage of any boy groups ‘Disagreeing’. I will 

show the data for those statements which had total consistency which I believe 

indicates that the willingness to take risks is gender-linked. Other statements 

had a mix of school/gender with some consistency but not complete and I shall 

present examples of these later. The reader should also be aware that I was 

interested in consistency and the percentages of ‘Agreeing’ always descends 

and the percentage of ‘Disagreeing’ always ascends. The identifying labels of 

G or B may reverse but the consistency is still evident. The data for 

Statements 9, 10, 11, 13, 14 & 16 are shown in Table 12B on the facing page.

Other statements were intended to be ‘neutral’ and I expected these statements 

not to reveal any pattern by school or gender. The data for Statements 1 & 2 

are shown in Table 12C overleaf.

It can be seen that Statement 1 is relatively consistent by schools as the ‘pairs’ 

of each school occur in ascending/descending order but there are no major 

differences between schools or genders, i.e. the question could be considered 

‘neutral’. It would appear from the data that most secondary pupils are not 

strongly concerned whether they work on their own but they do enjoy working 

with their friends with the pronounced exception of the boys from School a 

(underlined for emphasis). The only suggested reason for this anomaly was
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TABLE 1 2 C

RESPONSES TO STATEMENTS BY GENDER AND SCHOOL (Secondary)
Statement is I prefer to work on my own.

Be Gc Bb Gb Ga Ba
Agree 20 15 15 11 10 9
Disagree 11 15 16 19 26 29

Gc Be Gb Bb Ba Ga
Statement 2: I enjoy working with my fri(

Ga Gc Gb Be Bb Ba
Agree 85 83 76 67 66 40
Disagree 0 1 2 2 2 50

Gb Gc Be Bb Ga Ba

TABLE 12D
RESPONSES TO STATEMENTS BY GENDER AND SCHOOL (Secondary)

Statement 15: Boys generally do not like it if girls are
better at school work.

Gc Ga Gb Ba Bb Be
Agree 46 44 39 22 12 12
Disagree 28 38 42 56 57 58

Gc Gb Ga Bb Ba Be
Statement 19: Girls generally do not like it if boys are
better at school work.

Be Bb Ba Ga Gb Gc
Agree 29 28 24 11 9 8
Disagree 41 43 48 60 61 61

Be Bb Ba Gb Gc Ga
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that some of the boys from that school consider they are quite sophisticated 

and that the ‘working with friends’ did not fit with this sophistication. It is 

interesting that this school has an unusual cohort of pupils as indicated by the 

catchment area previously noted. Comparisons across schools might prove 

interesting for the particular schools but it is not my intention to proceed 

further along the lines of school differences. The reader is invited to 

investigate other statements but when I performed this analysis other 

statements did not show any consistency between genders or schools with two 

marked exceptions which I shall now present. Statements 15 and 19 stated 

opinions often heard in the classroom or staffroom and the data for these 

statements is presented in Table 12D on the facing page.

Many of the responses to Statement 15 indicate the girls think the boys do not 

like them being better but the boys do not agree. The responses to Statement 

19 are less clear but they may indicate that the boys are aware that the girls 

are less ‘jealous’ of the boys’ success in school work. These two statements 

showed the greatest disparity between the genders. A measure of the disparity 

is the minimal percentage difference between the highest of one gender with 

the lowest of the other gender in both ‘Agreeing’ and ‘Disagreeing’. The 

minimal gap between a ‘boy group’ and a ‘girl group’ is 12%. I thought this 

was a useful gauge by which a measure of disparity could be given and I will 

continue in this section to use the ‘percentage gap’ as a measure.

Of the Statements 8, 9, 10, 11, 13, 14 and 16, Statement 13 shows the greatest 

‘gaps’ (5% in Agree and 17% in Disagree) between the genders and Statement 

9 gives gaps exceeding 6%. Statement 10 gives a gap of 10% in Agree only. 

The reader should recall that I stated early in this chapter that the decision to 

give the secondary pupils a noncommittal choice (Do Not Mind) was a useful 

one. The reader will be aware for the ‘consistent’ statements analyzed above 

that the percentage of ‘Do Not Mind’ responses varied between approximately 

20% and 50%. Obviously, these are not insignificant numbers of pupils but a 

significant difference was evident among those who decided to Agree or 

Disagree and this difference was strongly influenced by gender.
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TABLE 12 E

CHI-SQUARED ANALYSIS OF SECONDARY RESPONSES BY GENDER
TWO DEGREES OF FREEDOM

STATEMENT CHI-SQUARED SIGNIFICANCE
1 4.93 0.0852
2 20.06 0.0000
3 6.22 0.0446
4 0.59 0.7445
5 4.40 0.1110
6 11.31 0.0035
7 1.24 0.5370
8 15.63 0.0004
9 28.92 0.0000

10  2 0 . 1 1  0 . 0 0 0 0

11 42.13 0.0000
12 4.91 0.0860
13 62.54 0.0000
14 9.97 0.0068
15 129.55 0.0000
16 89.36 0.0000
17 38.92 0.0000
18 26.46 0.0000
19 77.39 0.0000
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I suggest that the results of this survey indicate that gender has an influence on 

pupil’s responses to these statements. To summarise, boys are more willing 

than girls to answer questions in class, attempt difficult tasks and to try out 

ideas. They are not as worried as girls about answering questions incorrectly 

nor do they consider that luck was a factor in their success on a task. This 

survey would then agree with the findings of other researchers that boys enjoy 

the ‘limelight’ of public display (except the stage version thereof), have a 

stronger self-image and are willing to engage in challenging activities. Before 

proceeding I would like to add that the computer also produced values of chi- 

squared and the corresponding level of significance to four decimal place 

accuracy for each statement for the global populations with gender being the 

discriminating factor and these are presented in Table 12E on the facing page. 

For the reader’s convenience, I have given the statements which show MOST 

SIGNIFICANT (less than 1% significance level according to the chi-squared 

test) relationship with gender as Bold and SIGNIFICANT (less than 5% 

significance level according to the chi-squared test) relationship with gender as 

Underlined.

This additional information gives greater support for my belief in the 

importance of gender in this area albeit with my aforementioned reservations.

Finally, I wanted to interrogate the data for similarity of responses to groups of 

statements. I decided that Statements 8 and 9 were concerned with ‘public 

display’ in the classroom and Statement 16 was a special case outside the 

classroom. Statements 10, 11 and 14 were classified as representing a 

willingness to engage in challenging activities and Statement 13 indicates a 

degree of self-image, although it could be argued that other statements also 

indicate the subject’s self-image. These ‘classifications’ are very subjective and 

with the previously mentioned reservations, I am hesitant to draw any strong 

conclusions on the basis of this analysis. I decided that a ‘confident’ pupil 

would respond in a particular way to a given statement and a pupil lacking in 

confidence would respond in the opposite manner. Again this decision is 

highly subjective but I thought that the pupils’ responses could provide further
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TABLE 1 2 F

CONSISTENCY OF RESPONSES TO 
STATEMENTS 8 OR 9 BY GENDER

STATEMENT
8 9
D D
OTHER

GENDER
Girls Boys
26 38
74 62

TABLE 12G
CONSISTENCY OF RESPONSES TO STATEMENTS 8 OR 9 BY GENDER

STATEMENT GENDER
8 9 Girls Boys
A A 76 65
OTHER 24 35

TABLE 12H
CONSISTENCY OF RESPONSES TO STATEMENTS 10 OR 11 OR 14

BY GENDER
STATEMENT GENDER
10 11 14 Girls Boys
A D A  58 72
OTHER 42 28

TABLE 121
CONSISTENCY OF RESPONSES TO 

STATEMENTS 10 OR 11 OR 14 BY GENDER
STATEMENT GENDER
10 11
D A 
OTHER

14 Girls Boys
D 62 49

38 51
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support for my suggestion that gender is an important factor in the willingness 

to take risk and confidence. I tested the data to determine the percentage of 

pupils responding in different ways to pairs, triples and all of Statements 8, 9, 

10, 11, 13 and 14. I shall describe the manner in which this was done for 

Statements 8 and 9.

Pupils who responded to Statement 8 with Disagree OR Statement 9 with 

Disagree were counted in one category (D D) and those who responded 

otherwise were counted in the other category (Other) and these responses 

were divided by gender as shown in Table 12F on the facing page.

N.B. It is important to remember throughout this analysis that the inclusive 

OR is being used. In other words, subjects were responding Disagree to 

Statement 8 OR Disagree to Statement 9 but including those who responded 

Disagree to Statement 8 and Disagree with Statement 9.

I think a confident pupil would disagree with these statements as the boys’ 

responses show and a pupil lacking in confidence would agree with these 

statements as the girls’ responses show. A similar analysis was conducted for 

Statements 8 and 9 with the response of Agree (A) in each case and this data 

is presented in Table 12G on the facing page.

Notice again should be taken of the consistency of the results, eg more girls 

than boys agreed and more boys than girls disagreed.

Tables 12H and 121 on the facing page show the similar data for Statements 

10, 11 & 14 and I believe the confident pupil would Agree with 10 & 14 and 

Disagree with 11.

The boys again appear to be responding in a manner which indicates 

confidence and the girls responses indicate the opposite. Finally the entire set 

of statements was analyzed and Tables 12J and 12K overleaf shows this data.
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TABLE 1 2 J

CONSISTENCY OF RESPONSES TO 
STATEMENTS 8 OR 9 OR 10 OR 11 OR 13 OR 14 BY GENDER
STATEMENT GENDER
8 9 10 11 13 14 Girls Boys
D D A D D A 73 88
OTHER 27 12

TABLE 12K
CONSISTENCY OF RESPONSES TO 

STATEMENTS 8 OR 9 OR 10 OR 11 OR 13 OR 14 BY GENDER
STATEMENT GENDER
8 9 10 11 13 14 Girls Boys
A A D A A D 90 81
OTHER 10 19

TABLE 12L
RESPONSES TO STATEMENTS BY GENDER AND SCHOOL (Primary)

Statement 18 I enjoy problems where I have to estimate 
answers.

Bd Bb Ba Be Gd Ga Gb Gc
YES 74 68 66 62 61 61 43 41
NO 26 32 34 38 39 39 57 59
Statement 19: Girls generally do not like it if
better at school work.

Bd Be Ba Bb Ga Gc Gd Gb
YES 73 67 48 40 38 33 27 26
NO 27 33 52 60 62 67 73 74

TABLE 12M
RESPONSES TO STATEMENTS BY GENDER AND SCHOOL (Primary)

Statement 14: I like difficult tasks.
Bb Be Ba Ga Bd Gb Gc Gd

YES 64 52 50 44 43 41 29 28
NO 36 48 50 56 57 59 71 72
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For all of the above results the significance level (again with gender as the 

discriminating factor) was given as 0.0000 with chi-squared values ranging 

between 18 and 45. This data continues to support the proposition that the 

impact of gender is not accidental but an important factor and if my 

interpretation of the responses of a confident pupil is correct, it can be seen 

that the boys are more likely than the girls to be classified as confident.

12.5b PRIMARY SCHOOL DATA

Pie charts for each of the Statements are presented in Appendix IX showing 

the data for the primary pupils. A similar analysis of the primary data did not 

reveal results that were so dramatic in their consistency but there were some 

statements that elicited consistent responses. Four schools took part in the 

survey and the table format previously described will be used with schools (a, 

b, c or d) and gender (G or B).

Consistent responses along gender lines were only found with Statements 18 

and 19 and these results are given in Table 12L on the facing page. Obviously, 

as the primary pupils responded Yes or No, there is no need to reproduce the 

Gender/school ‘identifier’ for the No responses.

Statement 14 yielded data very nearly consistent and these results are 

produced in Table 12M on the facing page.

I did not find the same levels of consistency in the primary data as was 

evidenced in the secondary data. Girl groups from one school were ‘more 

confident’ than boy groups from that school and other boy groups from other 

schools. There was also not any consistency of one school population - either 

total or boy/girl - showing greater confidence than another school. For all of 

the above reasons, I find the primary data less convincing than the secondary 

data.

However, the global figures do show that the primary pupils display similar

147



TABLE 12N

CHI-SQUARED ANALYSIS OF PRIMARY RESPONSES BY GENDER
ONE DEGREE OF FREEDOM

STATEMENT CHI-SQUARED SIGNIFICANCE
1 2.612 0.1061
2 0.210 0.6467
3 1.101 0.2941
4 0.023 0.8793
5 0.110 0.7401
6 3.008 0.0829
7 0.000 0.9874
8 2.116 0.1457
9 1.486 0.2229
10 2.560 0.1096
11 5.044 0.0247
12 8.571 0.0034
13 5.317 0.0211
14 8.452 0.0036
15 27.151 0.0000
16 10.555 0.0012
16 1.909 0.1671
18 7.116 0.0076
19 17.087 0.0000
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reactions to the statements. The computer also produced statistical data with 

the values of chi-squared and the associated levels of significance with gender 

as the discriminating factor and this information is presented in Table 12N on 

the facing page. Again, I have given the statements which show MOST 

SIGNIFICANT (less than 1% significance level according to the chi-squared 

test) relationship with gender as Bold, but, in the case of the Primary data, 

underlining indicates VERY SIGNIFICANT (less than 2.5% significance level 

according to the chi-squared test) relationship with gender.

It would appear that gender is a factor and that the primary colleagues may be 

proved wrong regarding the girls’ willingness to engage in risky activities.

12.6 SUMMARY

The purpose and development of the survey have been given and the 

methodology and schools involved have been described. Treatment of the data 

indicates that gender is a powerful factor in the manner in which some pupils 

respond to the statements. 1 do not intend to state conclusions on the basis of 

this survey but I do think it is clear that there are indicators that gender plays 

a strong role in pupils’ willingness to engage in activities within school that 

involve risk. Teachers should be made aware of this and perhaps it would be 

reasonable to think that tasks which involve risk can be made more ‘girl- 

friendly’. This does not imply that the girls need be patronised nor should they 

be ‘pathologised’ as described by Walkerdine [op cit, p 199]. Teachers must be 

made aware of the possibility of gender issues in this area if progress is to be 

made to entitle all pupils to all of the curriculum.
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CHAPTER 13: SUMMARY AND SUGGESTIONS FOR FUTURE

RESEARCH

13.1 INTRODUCTION

In this chapter, I shall relate a summary of my findings; I believe that the 

findings based on the test data are reliable as the sample size was very large 

but other findings which were based upon either a relatively small sample or, 

for other reasons, I consider less certain and I trust other researchers will 

explore these issues in the future. I shall conclude the work with various 

suggestions to any researchers who would like to engage in this fascinating 

field including how I would alter some aspects of my efforts over the past eight 

years.

I have discovered that this area of research is an extremely complex one and 

one which does not lend itself easily to investigation. The complexity arises 

not only from the variety of estimation tasks and the criteria which it is 

possible to use to assess it, but also from the numerous factors which may 

influence the estimator’s ability to satisfy a given criterion. These factors 

include the rather obvious ones of age/experience, mathematical attainment, 

spatial awareness, etc. but also the affective aspects of self-confidence and 

tolerance for error and most of these factors are difficult to measure. It 

should be noted that I reduced some of the complexity of the research by 

limiting a great deal of it to the context of the mathematics classroom and in 

all tasks requiring an estimate of a measurement attribute, eg the height, of an 

object, the object was either present or well known to the pupils eg a double 

decker bus. When the pupils had to estimate the numerosity of a collection, it 

was either visible (a clear plastic bag of beans) or, typically, the pupils were 

shown a tile and asked to estimate the number of tiles that would cover a 

sheet of paper. Consequently, I make no claims for the universality of my 

findings to other contexts or relative to other problem types.
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My original intention in this research was to understand the means by which 

many pupils perform estimation and I wanted to understand the factors which 

caused some pupils to be more adept at estimating. I became interested in the 

various aspects of estimation e.g. quantitative, computational and numerical 

but also the assessment of estimation. The research progressed through a 

process which continually revealed issues that allowed me to proceed from one 

area of interest to another. There were certain disadvantages of this approach 

as it meant that I was often pursuing a new line of reasoning although I had 

not ‘tied-up’ the first line of inquiry. I wanted to explore as many aspects of 

the research as I could and, overall, it enabled me to avoid the danger of 

exploring a narrow, and potentially fruitless hypothesis. The pilot test data 

indicated that pupils had difficulty estimating lengths, heights, areas and very 

large answers, but they were able to estimate the numerosity of small 

collections. The analysis of the large body of test results allowed me to distil 

these difficulties into two areas of interest which led to the development of the 

Criterion Of Reasonableness (COR) and the detailed work on Imperial vs 

metric measure. The interviews which followed the test programme 

established the findings regarding the systems of measurement and the 

potential of the COR. The interviews, in turn, led to an interest in the 

affective aspects of estimation, including the valuing of the estimation process, 

culminating in the research into the role of risk-taking in the curriculum and 

the subsequent survey of the attitudes of pupils to risk-taking. In retrospect, 

had I limited my research to a much narrower aspect of estimation I might 

have made more progress in gaining a deeper and clearer understanding of 

that one aspect but my approach gave me the advantage of an broad view of 

the topic. It is from this vantage point that I intend to relate in the summary 

section.

It is probably a common part of the research process to realise that one might 

have been more productive had certain decisions been made earlier in the 

work. I shall make suggestions to future researchers in the final section in that 

spirit.
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TABLE 13A

Percentage of Pupils Satisfying Criteria for "typical Questions

Primary ±20% ±50% Secondary ±20% ±50% Question

Description

P8 65% 93% S12 71% 99% Crosses in an array 

*40

P16 59% 88% S22 62% 92% Dots in a pattern 

*50

P19 47% 71% S25 42% 76% Height of room 

*3 m.

P20 26% 41% S26 29% 53% Height of bus 

*4.5 m.

P23 30% 74% S30 29% 72% No. of blocks in box 

*60

P27 19% 58% S36 24% 77% No. of sheets on wall 

*90

P22 3% 17% S29 14% 38% No. of tiles on wall 

*2000
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13.2 SUMMARY

I had worked with low attainers in a Research Project as part of my MSc and 

had been successful in improving their attainment in tasks involving 

estimations. I was interested in the following questions as a result of this 

work:

what tasks could the general school population achieve?

what tasks were difficult? and

what caused the difficulty?

The literature includes many exhortations to teach estimation and the 

literature search revealed a useful classification of estimation tasks, primarily 

through the work of Bright, and attempts to identify the processes used in 

estimation tasks with important contributions from Reys et al, Hildreth, Levine 

and Siegel et al. A major problem was discovered in the lack of a suitable 

standardised criterion against which estimates were assessed. Further, very few 

of the reports included data, which prevented me from attempting a 

standardisation exercise. The variety of criteria made comparison across 

studies difficult as most researchers had used different percentages in their 

criteria. This problem eventually led me to develop the COR which I shall 

describe later in this section.

I conducted a series of tests in the London Borough of Sutton and the analysis 

of this large set of test results convinced me that most pupils can satisfy the 

± 20% criterion to estimate the numerosity of a collection when the collection 

is less than 100. It also showed that many pupils have the ability to estimate 

lengths, areas, and volumes, within the ±50% criterion, when the magnitude of 

the answers to these questions is small but that when the answers become 

larger, the pupils fail to estimate as well according to that criterion.

Table 13A, on the facing page, shows the percentage of the school samples 

satisfying the ±20% and ±50% criteria for some typical questions. Questions 

P8(S12) & P16(S22) can be classified as numerosity problems with small 

magnitude answers and it is clear that a majority of the pupils can satisfy the
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criteria. Questions P19(S25) & P20(S26) show that metric quantities can be 

estimated by many pupils but I would remind the reader that the distributions 

for these questions showed a large number of pupils vastly overestimating 

some metric quantities. Questions P23(S30) & P27(S36) suggests that area and 

volume problems cause more difficulties but many pupils are able to satisfy the 

±50% criterion. Finally, P22(S29) shows that pupils have great difficulties 

with a large magnitude area problem.

Other researchers may wish to apply other criteria to the data and I have 

included the bar graphs for all of the test questions in Appendix IV for that 

purpose. I believe that I have produced strong data showing the types of 

questions for which pupils can satisfy a reasonable criterion and these should 

be useful as a base from which other researchers can work. The testing 

programme also proved successful inasmuch as the pupils responded to the 

activity in a very positive manner.

The first major issue that arose from the analysis concerned the criteria for 

assessing estimations of large magnitudes. I consider the percentage criteria to 

be unsuitable for answers of large magnitudes because an estimate which, in 

my view, would be acceptable fails to satisfy the criterion. I have explained my 

reasons in Chapter 8. I developed a Criterion Of Reasonableness (COR) in 

response to the need for a more useful criterion for answers of large 

magnitude. The COR employs existing research in perception linking the 

estimating of large magnitudes to the subitising of numbers less than 5 and it 

provides a coherent means of assessing estimation across a wide range of 

magnitudes. The validity of the COR has been substantiated across a wide 

variety of groups in terms of age and mathematical attainment. I have shown 

its usefulness in determining the reasonableness of an answer for quantitative 

estimation tasks and I consider the COR to be an important result of this 

research with a full development presented in Chapter 8.

With regard to computational estimation (as opposed to quantitative 

estimation), I claim that the COR offers an initial assessment of pupils’
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attainment but I recognise this to be a minimal criterion and other, more 

rigorous criteria are probably more appropriate for computational estimation 

tasks. I consider it unlikely that any algorithmic criterion can be developed 

which is suitable for all computational estimation tasks as the limits of answers 

which are ‘acceptable’ vary tremendously as outlined in Chapter 9. The COR 

does, however, allow a potential first level of criterion which, if failed, strongly 

indicates the estimator needs considerable attention.

During the interviews, I was able to observe the pupils engage in quantitative 

estimation tasks. Many of these tasks would have been simplified had the 

pupils employed computational estimation techniques. However, I did not find 

pupils frequently using these techniques. I believe a major reason for this is 

that most pupils are not aware of these techniques and if they are, they do not 

value them. The links between computational and quantitative estimation 

would be an interesting study once these separate areas are better understood.

The test analysis showed that a large number of pupils vastly overestimated 

metric quantities and I suspected one reason for this was the absence of use of 

the metric system in the everyday life of the pupil. I conducted pilot 

interviews to develop questions which would prompt pupils to relate aspects of 

their lives where they used estimates of measurements outside school and from 

the main interview data I was able to establish that many of the pupils did not 

use the metric system in their lives outside school. It was clear that they were 

not developing their quantitative estimation skills in that system. I have no 

reason to suspect the sample of pupils I interviewed to be atypical of pupils in 

the U.K. and teachers who have been interested in my work have written to 

me stating similar findings in their own work.

This would indicate that there is an urgent need to encourage pupils to 

develop their estimation skills in the metric system but one must also recognise 

the value of being cognisant of both systems. I have suggested that schools 

might meet the needs of the pupils by having ‘Metric Days’ and ‘Imperial
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Days’ when the pupils would work exclusively in those systems with a variety 

of estimation tasks.

The secondary schools in the London Borough of Sutton which took part in 

the testing programme were either single sex grammar or single sex secondary 

modern schools and I had at least one of each sex of each type. Consequently, 

the data gave me some information on the effect of gender on the answers by 

pupils. I had produced bar graphs showing the distribution of the answers of 

pupils and I became interested in these distributions.

Many of the questions which produced Normal distributions for the total 

populations also produced many class graphs which were almost exact replicas 

of these Normal distributions and the success rates were virtually identical 

indicating that gender might not have a strong influence on the results for 

those questions. I have not included examples of these graphs as they would 

not be informative. The bar graphs (in the same format as those in Appendix 

IV) for a typical girls’ class and a corresponding boys’ class for Secondary 

Question 29 (How many tiles will cover the wall?) will be used to show that 

responses were similar for the girls and boys for a question which did not give 

Normal distributions. The reader is reminded that this question was one which 

many pupils found difficult. The bar graphs are shown in Figure 13.1, on the 

facing page and it can be seen that, though they are different, an aspect of the 

graphs which remains constant is the large number (approximately, one-third) 

who overestimated in excess of 240%. It should be noted that the percentage 

of pupils who satisfied the ±50% criterion were very nearly identical - 39% of 

the girls and 42% of the boys. The girls were more successful than the boys 

for more stringent percentage criteria and these differences might be worth 

further investigation but, at the time, I was impressed by the number of 

girls/boys giving extreme overestimates which was the interesting characteristic 

of this graph for the total population.

The characteristics which were the most interesting aspects of each of the total 

populations were replicated in the individual class graphs regardless of gender.
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The similarities between girl and boy group graphs for each question were 

striking and I did not investigate possible differences in the graphs at the time. 

In retrospect, these differences, albeit small, might be worth exploring.

I have noticed during the years I have been interested in estimation that many 

pupils do not value the estimation process. I have often seen pupils estimate 

after they have made a calculation or measurement and teacher colleagues 

have confirmed this many times according to their experience. The importance 

of pupils valuing their estimate cannot be stressed enough and is one of the 

major deficiencies of the work set in most textbooks and schemes of work. All 

too often, the pupil is required to estimate and immediately measure or 

calculate thereby devaluing their estimate. I consider this to be one of the 

main impediments to the improvement in the estimation abilities of pupils in 

schools. An important result of my study has been the development of a 

method to encourage pupils to value their estimates which proved quite 

successful for the small sample I interviewed and a similar programme could 

be a useful addition to the teaching and valuing of estimation in schools.

During the course of these interviews, some pupils displayed greater 

confidence than others in their manner and I became interested in the level of 

confidence that children had in their ability to estimate. There was an 

indication that gender was a factor in the confidence expressed by the pupils. I 

developed a means by which the pupils were given the opportunity to express 

the level of confidence which they had in their estimate and the findings 

showed that, in this small sample, the girls’ confidence level was substantially 

lower than that of the boys but their ‘accuracy scores’ were only marginally 

lower than the boys. These facts may indicate that confidence and ability to 

estimate are not correlated, but I have difficulty accepting this idea as it 

appears contrary to my own classroom experience. I believe that estimation 

involves risk-taking and the attitude to taking a risk might be one factor in the 

girls’ lack of confidence as societal pressures dictate that girls do not put 

themselves at risk whereas, in general, boys are encouraged to be more
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adventurous. Other possibilities are worth consideration and I shall discuss 

these in the suggestions for future research.

I found evidence that risk-taking is also encouraged in other curriculum areas 

and this prompted me to investigate the attitudes which pupils have to risk- 

taking. An attitudinal survey of 1320 secondary and 400 primary pupils was 

conducted to ascertain the effect of gender upon pupils’ willingness to engage 

in risk-taking activities and the treatment of the data indicates that gender is a 

powerful factor in the attitudes which pupils displayed in their responses to the 

statements. Caution should be exercised in interpreting these responses as 

they may indicate that girls are more willing than the boys to be honest about 

their attitudes to the statements. The girls’ greater embarrassment (according 

to the survey results) if they got an answer wrong may indicate that they get 

the answer right more often than the boys. If that is the case, then my 

hypothesis that confidence is linked to attainment may be incorrect.

It should be clear that I encountered more issues the deeper I got into the 

topic. How can one state that an estimate is reasonable? Under what 

criteria? How can the researcher ensure the subject is actually attending to 

the problem? For example, why did the mathematics educationalists at the 

PME conference fail to satisfy any of the criteria for the computational 

estimation tasks? When a pupil can only describe their estimate as a guess - 

allegedly without a valid mathematical strategy - how does the researcher gain 

access to the method? Do some individuals have an intuitive ‘feel’ for the 

numerosity of a collection associated with general spatial awareness? The 

answers to some of these questions continue to elude me.

13.3 SUGGESTIONS FOR FUTURE RESEARCH

13a Introduction

Future researchers should consider the advantages and disadvantages of the 

various means of gathering data and I shall describe some of the problems
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which I encountered in this study. I utilised a large testing programme, a set 

of interviews and another large survey to gather data. First, I gathered a large 

amount of quantitative data (the pupils’ estimates) which allowed me to state 

conclusions in the previous section with some confidence due to the large 

sample size. On the other hand, this data did not give me the qualitative data 

(the techniques used or an indication of the pupil’s confidence) which might 

have been useful to analyze the quantitative data for those questions which 

proved difficult. Secondly, I gathered some qualitative data through the 

interviews which was helpful in substantiating my claim that the COR is useful 

and that the metric system is not used by pupils outside school. I think this 

data is reliable as it is not in conflict with the large body of test data and is 

also supported by my past experience in the classroom. Issues of confidence 

and attainment arose in a small set of interviews and the qualitative evidence 

indicated that girls lack confidence in their ability to estimate but the 

quantitative data to support this was very limited. Finally, the survey provided 

an enormous amount of quantitative data on the attitudes of pupils but did not 

contain a measure of attainment/performance would have been useful to 

provide the possibility of finding a correlation between confidence and 

attainment. Other researchers interested in proceeding with work on these 

issues will need to consider the means by which they can overcome some of 

these problems. A different approach to the research might be to implement 

longitudinal studies designed to improve the affective attributes and link with 

these an intensive estimation teaching programme. This technique would 

allow the researcher to explore the effects of the intervention or teaching 

which the pupil is experiencing. The MSc Research Project was conducted 

more along these lines and it proved quite successful in improving the 

estimating abilities of the pupils involved.

One problem which the researcher faces when developing a set of questions 

for either interviews or tests is to ensure that they will interest the pupils and 

provide the researcher with useful information. Suggestions will follow in the 

next section as to how I would address specific shortcomings of the present 

study. In the interview process, a major problem, which the researcher
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encounters in understanding the estimation process as used by pupils, is the 

development of the means by which s/he can gain access to the thinking of the 

pupil and without intimidating the pupil. I think this can be made more 

possible through long term studies or teaching programmes and I shall make 

further suggestions in this regard in the final section.

13.3b Specific Suggestions

I would encourage the use of open-ended questions in future test programmes 

as they tend to give greater information to the researcher for the reasons given 

in Chapter 7. It will also be important that the period of time allotted to the 

pupils to perform some computational estimation tasks will need to be 

carefully monitored to prevent them using an algorithmic method; this time 

will probably need to be less than the 10 seconds which I allowed but the 

researcher must also be certain to allow sufficient time for the pupils to 

comprehend the problem and be able to make their ‘educated guess’.

I would recommend that future researchers provide access to either the raw 

data or provide the means by which other researchers can check the data 

against their own alternative criteria. The bar charts included in Appendix IV 

could be useful to other researchers in this regard. I regret that I was unable 

to enter my data into a modern database or spreadsheet but, if future 

researchers did this, access for other researchers would be simplified. A 

consensus of agreement among researchers on a criterion such as the COR 

might be useful to provide the beginnings of a large base of performance data.

My data showed that the pupils had difficulties with those questions relating to 

2-D (area)/ 3-D (volume) which had large magnitude answers and it would be 

interesting to determine whether these difficulties were related to the 

dimensional problems or to the magnitude of the answer. To that end, I would 

recommend that researchers investigating this phenomenon should have some 

tasks which required an estimate of a single row of items (How many tiles to 

cover just the top row of the wall?) to enable the researcher to gain access to
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the pupil’s ability in one dimension. It would be useful to have other questions 

(How many people can stand one deep along the sidelines to watch the hockey 

game?) which could give the researcher information about magnitude without 

dimensional complications. These questions could be included with the 

questions I used to enable an investigation of the effect of two and three 

dimensions. I have found that the area and volume questions were interesting 

to the pupils and similar questions relating to one-dimension but with a 

dimensionless answer, e.g. people lining the hockey field, might be equally 

interesting to them.

A repeat of the primary survey could be conducted offering the three options 

of Agree, Disagree or Do Not Mind instead of the restricted choice of Yes or 

No. The reader is reminded that primary pupils were not given the neutral 

option of Do Not Mind. The either/or choice of Yes or No prevents the pupil 

who does not have a clear preference from expressing themselves.

13.3c Global Issues

Although estimation is a complex issue, I think it holds the potential to 

enhance an understanding of the number system because when a pupil can 

estimate well, s/he is well aware of the significance of place value. My data 

indicates the average secondary pupil’s awareness of numerosity is developed 

at a level near 100 but I think that it is possible, due to the success I 

experienced with the MSc Research Project, to raise this awareness into the 

thousands. It may also be possible to utilise estimation to make tens and even 

hundreds of thousands more accessible to the majority of pupils but, even if 

this is not realised, there is no evidence to indicate that an estimation 

programme jeopardises the pupil’s understanding of number. I have found in 

twenty years in the classroom that many pupils identify, after units, ten, 

hundreds and thousands, the next column to be millions. A teaching 

programme to improve pupils’ estimation abilities similar to that described in 

Appendix VII might allow pupils to gain a greater understanding of place 

value.
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If I were to start afresh, I would concentrate on quantitative estimation tasks.

I found that pupils were more willing to engage in them as they found these 

tasks more appealing than computational estimation tasks which are linked so 

strongly with numerical manipulations. I think any future researcher might 

find it more productive to focus their efforts on either one of these narrower 

aspects of estimation until a greater understanding of quantitative and 

computational estimation separately is gained when the relationship between 

the two might be a valuable line of research.

It might be useful to determine how widespread the use of the Imperial system 

is as a ‘natural’ system of estimation in other countries. This could concentrate 

on countries which were at one time part of the British Empire but which now, 

officially, use the metric system. Do people in these countries use the metric 

system exclusively or is there a vestigial use of the Imperial system? 

Quantitative estimation in other countries which have used the metric system 

for generations could reveal other ‘folk’ systems of estimation which might be 

valuable to understand the means by which people estimate measurable 

quantities. I suspect these ‘folk’ systems would involve measurements that are 

closely linked with physical attributes of the human body. On an anecdotal 

level, I have often found adults in the USA and the UK who claim that the 

metric system does not have close links with the human body unlike the 

Imperial system where the length of shoe is approximately 1 ft. and the length 

of the first joint of the thumb is approximately an inch.

I have described ‘estimates’ (the car body shop estimate) which are clearly not 

estimates in the same sense as the present research and this fact will need to 

be considered when selecting ‘good estimators’. If ‘good estimators’ can be 

identified, a number of questions might be worth investigating. Are good 

estimators restricted to the context within which they operate as part of their 

work? Are good estimators of numerosity in one context (the number of 

people in a crowd) equally able to estimate in another context (the number of 

beans in a jar) and are they equally ‘good’ at estimating lengths, area, volume 

and mass in a variety of contexts?
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Probing the techniques used by ‘good estimators’ might yield information about 

their computational estimation abilities which could prove most interesting and 

possibly lead to an understanding of the links between the two areas of 

estimation. It is possible that good estimators rely upon a vast amount of prior 

experience when determining their estimates. This would suggest that those 

individuals would not rely upon their computational skills. It is also possible 

that the reliance upon prior experience or computational skills varies with the 

individuals. I suspect that when the quantitative task is amenable to the 

techniques of Decomposition/Recomposition (see Chapter 4), good 

quantitative estimators will use computational estimation techniques. I would 

expect a good estimator of large numbers to operate at quite a high level of 

computational estimation. The good estimator of length might be using a vast 

amount of prior experience to make their estimate without any of the 

techniques of computational estimation but then again, that could be the case 

with the crowd estimator. A rather interesting problem, to say the least!

The literature search had revealed that studies had been made with good 

estimators. I realised that estimation tasks required a variety of techniques 

and abilities but when I tested my questions on mathematics educators (the 

PME conference, BSRLM meetings, and a King’s College seminar), I assumed 

that these subjects would be good estimators in all areas. This assumption was 

clearly flawed as the PME data showed. I would suggest two possible 

explanations for the ‘failure’ of the PME participants to satisfy the criteria may 

be:

1) they did not attend to the task; they were asked to complete the 

task in a busy hall with many other exhibits surrounding them,

2) it is possible that some were experts in psychology and not as 

well versed in mathematics as I expected.

I did not take the affective domain into account in the early stages of the 

research but I think that efforts to ascertain how affective aspects impinge on 

the estimating process would be very interesting and useful. For example, I 

believe that self-confidence is of importance in the pupil’s self-image and that
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this could have an effect on their ability and willingness to estimate. The 

evidence from my sample showed the girls’ attainment was only marginally less 

than that of the boys but their confidence level seemed to be much lower and 

this appears to contradict my hypothesis. I am very interested in possible 

explanations for the girls stated lack of confidence and would like to suggest 

several possibilities in the short list that follows:

1) it is possible that the girls’ stated lack of confidence may be a 

result of their greater willingness to admit to a lack of confidence,

2) the girls reacted to my gender in a negative manner,

3) the sample was very small and a larger sample might show 

different results, or

4) it may be a genuine contributing factor for their slightly lower 

level of attainment and with greater self-confidence the girls may be able to 

estimate with much greater accuracy.

If 4) above were the case, one might predict that if girls had equal confidence 

to the boys, they would be much better estimators. In any case, it would be 

useful to examine performance and attitude together in any future study of the 

relationship between confidence and estimating.

Further research might be interesting to determine how self-confidence affects 

the willingness and ability to estimate. My later interview questions obtained 

an element of measurement of the confidence the pupil had in their estimate 

and a measure of their ability, but did not establish the pupil’s general level of 

self-confidence. In other words, some pupils may exhibit great confidence in 

an estimate but compared to their general self-confidence, their confidence in 

the estimate is quite low. It might be valuable to utilise any experience gained 

in other disciplines of measuring self-confidence and relating this to the pupil’s 

confidence in estimating.

I believe that a strong factor related to the willingness to estimate is that the 

estimator must be aware that they cannot be exactly correct but they also must 

be able to tolerate a level of error and a measure of this tolerance could be 

valuable for future researchers. Again, the problem of gaining access to the
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pupil’s thought processes arises. If the pupil perceives that the researcher is 

implying that their answer is ‘wrong’, the pupil may resort to avoidance tactics 

and not provide the researcher with the required data. These problems are 

self-evident but they do show that the researcher must always be wary of their 

position in the interview process.

I have hypothesised that the previously described ‘estimating pupil’ should be 

more willing to take risks in her/his mathematics with the potential that this 

will be beneficial in developing a more positive approach to problem solving. 

The survey data showed that gender is a factor in risk-taking but the interview 

data related to confidence and accuracy might indicate that girls are not 

severely disadvantaged by this unwillingness to take risks. If a means of 

assessing a pupil’s self-confidence and tolerance for error were developed, it 

could be useful to an improved understanding of the affective aspects of 

estimation. It might also be useful to determine the relationship, if there is 

one, between pupils’ confidence level and their attainment in a range of 

contexts with particular attention to gender. This entire area appears to have 

a potential for some valuable research.

There exists the possibility of drawing together all of the strands of the efforts 

I have suggested. The criteria for estimation tasks could be developed utilising 

the information provided by the good estimators. I envisage longitudinal 

studies of groups of pupils partaking in programmes of work designed to 

improve their tolerance of error and/or self-confidence run concurrently with 

the estimation teaching programme. I suggest that the effect of such a set of 

programmes could be to develop a greater tolerance for error within the pupil, 

thereby increasing their willingness to estimate, and, possibly, improving their 

estimating ability. One other effect that I would like to encourage is the 

pupil’s valuing the estimation process which I think would be a natural result 

of the programmes. Finally, I think the development and implementation of a 

programme of work to give pupils the means of undertaking ‘risky’ activities 

within a ‘safe’ environment might make valuable use of the findings of the 

attitude survey. Careful preparation of suitable material would be required
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but, if such a programme could be developed, it might be a valuable addition 

to an improvement in pupils’ general self-confidence with potential positive 

effects elsewhere in the school.
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APPENDIX I

HOW GOOD ARE YOU AT GUESSING?? (PRIMARY)

Before you start, please write the numbers from 1 to 10 in the blanks at the 

top of the answer sheet.

EQUIPMENT REQUIRED: OHP sheets, Biscuit Box 

Circle the letter of the answer nearest to the exact answer.

Guess the dimensions of the biscuit box in centimetres.

1. The length (longest side) is:

A. 8cm B. 22cm C. 17cm D. 12cm

2. The width (next longest side) is:

A. 10cm B. 20cm C.5cm D. 14cm

3. The thickness (shortest side) is:

A. 6cm B. 10cm C. 12cm D. 2cm

4. 34 + 56 - 8 =

A. 108 B. 82 C. 132 D. 62

5 69 * 3 =

A. 13 B. 23 C. 29 D. 8

6. 63 x 46 =

A. 2898 B. 298 C. 468 D. 4608

7. 754 - 97 =

A. 453 B. 233 C. 847 D. 657
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HOW MANY DOTS INSIDE THE CURVED LINE?
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Write down a rough answer to each of the following:

8. What is the total number of crosses?

9. What is the total number of crosses?

10. What is the total number of crosses?

The number of newspapers delivered by a certain girl on each day of five days

will be given on the OHP. Roughly what was the total number i.e. add all the 

numbers, of newspapers delivered those five days?

Monday Tuesday Wednesday Thursday Friday

11. 8 13 14 8 9

12. 23 6 34 59 5

Sue, Jill, Sharon and Beth collect stamps. The numbers in each girl’s 

collection will be shown on the screen. What is the total of their stamp 

collection approximately?

Sue Jill Sharon Beth

13. 38 22 31 17

14. 56 40 68 23

15. 103 9 145 5

16. How many dots are inside the closed curve? There are a total of 100 

dots in all.

(Please see the figure on the facing page)

The remainder of the questions are given orally. Be certain all desks are clear 

of anything other than a pen or pencil.
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EQUIPMENT REQUIRED: Blue stick, tile, block, box, lm. rule, rope, sheet

of paper, packing case.

17. How many lOp pieces stacked up will be as high as a lOp piece on end? 

(Do not show these.)

18. How long is the blue stick in cm.? Hold it horizontal

19. What is the height to the nearest metre of your classroom?

20. What is the height to the nearest metre of a double decker bus?

Show the tile at this time

21. Roughly, how many tiles would cover the table? Show this

22. Roughly, how many tiles would cover the wall of the classroom?

Show the block at this time

23. Roughly, how many blocks would fit into the box?

24. Roughly, how many blocks would fit under the table?

lcm. is about the width of your little finger.

25. How long is the green stick in cm.? Hold it horizontally.

A lm. stick should be shown to the children.

26. What is the length to the nearest metre of the rope? The rope needs to 

be visible to all the children, preferably in a horizontal position.

27. Roughly, how many sheets of paper would cover the wall of the 

classroom? Hold this in front of the wall.

28. Roughly, how many of the large boxes would fill the entire classroom? 

This can be placed on a table.
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Circle the letter of the answer nearest to the exact answer.

29. A stack of 1 million lOp coins would be as tall as:

A. A very tall man (2.3m.)

B. A tall flagpole (23m.)

C. A tall building (230m.)

D. A mountain (2300m.)

E. A plane at its highest altitude (23000m.)

F. The orbit of a satellite (230000m.)

181



HOW GOOD ARE YOU AT GUESSING?? (SECONDARY)

Before you start, please write the numbers from 1 to 10 in the blanks at the 

top of the answer sheet.

EQUIPMENT REQUIRED: OHP sheets, Biscuit Box 

Circle the letter of the answer nearest to the exact answer.

Guess the dimensions of the biscuit box in centimetres.

1. The length (longest side) is:

A. 8cm B. 22cm C. 17cm D. 12cm

2. The width (next longest side) is:

A. 10cm B. 20cm C. 5cm D. 14cm

3. The thickness (shortest side) is:

A. 6cm B. 10cm C. 12cm D. 2cm

4. 343 + 563 - 81 =

A. 1015 B. 825 C. 1315 D. 415

5. 345 -5- 23 =

A. 175 B. 15 C. 85 D. 5

6. 63 x 46 =

A. 2898 B. 298 C. 468 D. 4608

7. 754 - 97 =

A. 453 B. 223 C. 847 D. 657

8. 173.6 + 243.2 - 51.6 =

A. 443.2 B. 36.2 C. 365.2 D. 44.2
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9. 332.64 -r 18.9 =

A. 176 B. 17.6 C. 83.6 D. 8.36

10. 78.5 x 32.2 =

A. 2527.7 B. 252.77 C. 463.9 D. 4639

11. 436.2 - 97.6 =

A.338.6 B. 33.8 C. 543.8 D. 428.6

Write down a rough answer to each of the following:

12. What is the total number of crosses?

13. What is the total number of crosses?

14. What is the total number of crosses?

The number of newspapers delivered by a certain girl on each day of five days

will be given on the OHP. Roughly what was the total number? i.e. add all

the numbers of newspapers delivered those five days.

Monday Tuesday Wednesday Thursday Friday

15. 8 13 14 8 9

16. 23 6 34 59 5

17. 49 50 58 41 47

18. 57 19 93 21 6
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HOW MANY DOTS INSIDE THE CURVED LINE?
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Sue, Jill, Sharon and Beth collect stamps. The numbers in each girl’s 

collection will be shown on the screen. What is the total of their stamp 

collection approximately?

Sue Jill Sharon Beth

19. 382 224 310 175

20. 1567 1409 2686 1234

21. 1035 9 1456 5

22. How many dots are inside the closed curve? There are a total of 100 

dots in all.

(Please see the figure on the facing page)

The remainder of the questions are given orally. Be certain all desks are clear 

of anything other than a pen or pencil.

EQUIPMENT REQUIRED: Blue stick, tile, block, box, green stick, lm. rule, 

rope, sheet of paper.

23. How many lOp pieces stacked up will be as high as a lOp piece on end?

(Do not show these)

24. How long is the blue stick in cm.? Hold it horizontally.

25. What is the height to the nearest metre of your classroom?

26. What is the height to the nearest metre of a double decker bus?
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Show the tile at this time

27. Roughly, how many tiles would cover the table? Show this

28. Roughly, how many tiles would cover the sheet of paper?

29. Roughly, how many tiles would cover the wall of the classroom?

Show the block at this time

30. Roughly, how many blocks would fit into the box?

31. Roughly, how many blocks would fit under the table?

32. Roughly, how many blocks would fill the entire classroom?

lcm. is about the width of your little finger.

33. How long is the green stick in cm.? Hold it horizontally.

A lm. stick should be shown to the children.

34. What is the length to the nearest metre of the rope? The rope needs to 

be visible to all the children, preferably in a horizontal position.

35. What is the overall height to the nearest metre of the assembly hall?

36. Roughly, how many sheets of paper would cover the wall of the 

classroom? Hold this in front of the wall.

37. Roughly, how many of the large boxes would fill the entire classroom? 

This can be placed on a table.
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Circle the letter of the answer nearest to the exact answer.

38. A stack of 1 million lOp coins would be as tall as:

A. A very tall man (2.3m.)

B. A tall flagpole (23m.)

C. A tall building (230m.)

D. A mountain (2300m.)

E. A plane at its highest altitude (23000m.)

F. The orbit of a satellite (230000m.)
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APPENDIX II

LONDON BOROUGH OF SUTTON
EDUCATION DEPARTMENT
Director of Education Chari*! Maivilla MA MEd

Direct Lina 01 - 661 
Switchboard 01 • 681 5000

□at* 16 January 1985 
Please ask for

TO: ALL MATHEMATICS CO-ORDINATORS IN PRIMARY AND JUNIOR
SCHOOLS IN THE LONDON BOROUGH OF SUTTON

Dear Colleague

Daley Thompson's speed during Che 100 metre event of the Decathlon was
950 m/s. The mean height of Che women’s Olympic netball team was 7 metres.

Need I go on i How many times have your pupils produced answers which 
any one of them would, upon reflection, realise to be impossible ?

I am studying the difficulties that children experience in checking the 
reasonableness of their answers as part of a study of estimation. It
would be interesting to discover the magnitude of the problem. Would
you and your department be willing to take part is such a study ?
Initially, I envisage a short quiz which could be distributed to each
school interested. The quiz could include questions which you might 
like to send to me or it could be written as a joint endeavour at The 
Teachers' Centre or it could be one which I make up subject to your approval. 
The 'marking' of the quiz would, of course, be my responsibility and each 
school could obtain an analysis of their own pupils' 'scores' and an analysis 
of the Borough-wide results. Any suggestions or comments from you or your 
department would be most welcome.
Please fill in the return slip below and send it to me through the schools' 
courier service.

Yours sincerely

JOHN G CLAYTON
Head of Mathematics
Carshalton High School for Girls

I (a) would be interested in this scheme.
(b) would not be interested in this scheme.

If (a) above,
(c) I would like to include/enter some questions.
(d) I prefer a 'joint endeavour' question paper.
(e) Provided I can withdraw my support, I prefer you to write 

the question paper.
Signed :______________________

School :
Date : __________  * 1 '

The Grave Carshslton Surrey SM5 3AL

Your ref
My ref A /CU R. 1 1 /JLWM/BD
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APPENDIX III 

Script for Estimation Test

The purpose of this script is to attempt to ensure a degree of consistency in 

the Borough-wide test of estimation skills. The teacher in charge of the test 

should try to assure the children that this "test" entitled "How Good Are You 

At Guessing??" is not designed to grade them but is to be used to help them 

to develop this skill. It is hoped that a programme of work will follow from a 

study of the test results. It is therefore desirable for the teacher to encourage 

the children to "Have a Go" but not to simply guess wildly. The script follows 

(Note: Do not read the comments in bold type):

We hope that this will provide a bit of fun for you to see how good you are at 

guessing. First of all, you should fill in the top of the sheet given to you with 

your name, your age, your teacher’s name and also you should write the 

numbers from 1 to 10 the way you normally write them. (This is to allow the 

digits to be deciphered easily from the answers.) The first eleven and the last 

questions are multiple choice and you should circle the correct letter. If your 

first choice is mistaken, you may change it by crossing out the circled letter 

and then circle a different letter. All other questions require you to write 

down a number which you think is a good guess to the question. If you have 

absolutely no idea of what a reasonable guess might be, put a dash next to that 

question number. However, you should at least find that you can "Have a Go" 

as many guesses will be considered to be good since it would be impossible for 

anyone to get all the answers exact.

For some of the questions, the sheet will be shown to you and you will be 

asked to estimate the number of crosses. (At this time, Example Sheet A part 

1 should be shown for a long time.) You should all be able to tell how many 

crosses there are because you have had time to count them but this exercise 

will require you to estimate them when the sheet is only shown for a short 

period of time. (Example Sheet A part 2 should now be shown for 5 seconds 

and then shown again for a check on how good their guesses were.) A word of
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warning here. That was an easy question with a short time. Some questions 

are more difficult but take ten seconds. Other questions will ask you to work 

out the answer to an arithmetic problem but you will not have time to write 

down any of the numbers or to work it out on paper or even use a calculator. 

You must choose the closest answer from the multiple choice list.

Another question will be like this. How many books are there altogether if the 

number in each pile is as shown on the next sheet. (Show Example B for ten 

seconds and then show this sheet again for a check.) Now, we will get started 

and enjoy this as a bit of fun. This is the end of the script.

Each OHP sheet should be shown for 10 seconds with a few seconds between 

each question for the children to record their answers.

Necessary information from teacher conducting test:

What is the height of your classroom?

(For the following, dimensions will be sufficient and I will perform the 

necessary calculations)

How many tiles would cover the table?

How many tiles would cover the wall of the classroom?

How many blocks would fit under the table?

What is the height of the assembly hall?

How many sheets of paper would cover the wall of the classroom?

How many of the large boxes would fill the entire classroom?

Finally, please ring me at Carshalton Girls’ (647-8294) when you are finished 

so I can pick up the answer sheets and equipment. Thank you again for your 

cooperation. When the results are ready, I shall contact you again.
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APPENDIX IV

BAR GRAPHS OF PRIMARY QUESTIONS 8 - 28 

and SECONDARY QUESTIONS 12-37
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APPENDIX V

MATRICES for ONE PRIMARY and ONE SECONDARY CLASS

The first matrix for the primary class is shown overleaf with the rearranged 

matrix utilising the Guttmann Sampling technique on the next page. The 

matrices for the secondary class follow in the same order.
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Matrix for Primary Class after Guttmann Sampling
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Matrix for Secondary Class
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Matrix for Secondary Class after Guttmann Sampling
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APPENDIX VI

STRATEGY USE for COMPUTATIONAL ESTIMATION BY PUPILS

The first task I faced was to calculate the answer to each question (all were 

addition problems) utilising the various strategies found in the literature or 

which pupils had used in my presence. The five strategies and a brief 

description, where necessary are given below together with the ‘answers’ for 

P l l  as an example to illustrate this technique.:

Algorithmic

8 + 13 + 14 + 8 + 9 = 52 

Leading Digit Estimate - First digit only is used.

8 + 10 + 10 + 8 + 9 = 45 

N earest 10 - ‘Round’ to nearest ten.

10 + 10 + 10 + 10 + 10 = 50 

U p Next Ten - Always ‘round’ up to higher ten.

10 + 20 + 20 + 10 + 10 = 70 

D own Next Ten - Always ‘round’ down to lower ten.

0 + 10 + 10 + 10 + 0 + 0 = 20

Collect & Round - Combine pairs of numbers to make easier additions.

8 + 13 «  20 14 + 8 -  20 9 ~ 10 20 + 20 + 10 = 50

Obviously, ‘Down Next T en’ would be very poor in this instance but as I

wanted to be consistent throughout it was necessary to be rigid in my use of 

the various strategies. It should also be clear that som e strategies yielded the

same answers so it is not possible to state categorically the strategy used by the

pupils. I programmed the computer to count the number of pupils who 

answered with each number in a range ± 50  of the correct answers for each of 

the questions P l l  - P15. The answers given by the algorithm for these 

questions were: 52, 127, 108, 187 and 262 and the number of responses (from  

the 455 pupils) with these answers was: 135, 64, 158, 101 and 144, respectively. 

In each case, the algorithmic answer was the most frequent answer given and 

the next most frequent answer occurred less than Vi of the algorithmic answer.
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APPENDIX VII 

ESTIMATION TEACHING PROGRAMME

Textbooks contain far too little material encouraging estimation and no 

estimation programme has been tried on any sustained or systematic basis. I 

realise that some of the suggestions which follow will create more work for 

teachers who are already stretched by the demands of the National 

Curriculum, SATs, etc. However, if some of these suggestions can be 

implemented, I feel certain that the pupils will benefit.

The programme should start with pupils in the primary school. The size of a 

collection of items could be estimated and pupils should, from the very 

beginning, be encouraged to think in terms of ‘between-ness’ for their estimate

i.e. the ‘Establishing Bounds’ strategy should be developed and the pupils will 

give an estimate range. The earliest estimates will be in the form of ‘How 

many objects on the table?’. The teacher should ask the pupil to make an 

estimate of some quantity. A judgment needs to be made by the teacher as to 

the reasonableness of the estimate. I believe a reasonable criterion could be 

±50% of the known answer and, therefore, if the pupil’s estimate range 

overlaps ±50% of the correct answer, his/her estimate should be considered 

correct. This will be a period of time during which the teacher will need to 

give positive feedback to the pupil without relating the ‘correct’ answer. The 

pupil should be encouraged to value his/her estimate. Obviously, this task 

could be undertaken by a classroom assistant but if the pupil does not satisfy 

the ±50% criterion, the teacher will need to attempt to discover the reason for 

the problem. Once pupils become adept at guessing a small number of 

objects, within the ±50% criterion, larger collections of objects could be 

attempted.

All estimates, therefore, would be stated in the fashion of "at least X but not 

as much as Y". The teacher’s most important role will be in discussing with 

the pupils their results and assessing the pupils’ progress. I realise this could 

be time consuming for the teacher but I believe the benefits to be worth it.
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The use of the calculator will be an important element in this work and 

activities with calculators can allow pupils to understand the nature of 

arithmetic operations. Once the pupils became adept at estimating answers, a 

calculator could be introduced and the pupils could then be encouraged to use 

the calculator after the estimate to find a more precise answer.

Consider a programme where pupils were never taught the formal algorithms 

of addition or subtraction but were encouraged to estimate the results of these 

operations on objects. One major problem with the algorithmic methods for 

addition, subtraction and multiplication is that they do not give the ‘important’ 

part of the answer until the final stage of the operation. It is no wonder that 

pupils have difficulties with these artificial methods. The formal arithmetic 

algorithms may be taught but the pupil who can estimate well and use a 

calculator properly will have the tools for his/her arithmetical needs.

However, a challenging activity for pupils might be to develop their own 

algorithm which gave the calculator answer. They will, of course, know the 

approximate value of the answer. Estimation of all numerical calculations 

should become second nature to the pupils and the calculator would remove 

the tedium from arithmetic. The reality of modern life is that when an exact 

answer for a numerical computation is required, a calculator usually will be 

close to hand.

The ‘Front End’ method should occur naturally and pupils can be encouraged 

to develop the strategies of ‘Rounding’, ‘Compatible Numbers’, ‘Averaging’ 

and ‘Adjusting’. All estimates should be given in the form of a range or 

‘bounded’. The pupils will begin to realise that their Front End strategy - for 

addition - always gives a lower bound. Important facts about the structure of 

mathematics will develop as pupils use the Front End method. When the 

pupil is ready, other strategies could be introduced. As a pupil found the 

Front End strategy to be unsatisfactory, i.e. 1,945 + 1,896 would give 2,000, the 

strategy of Rounding could be explained. This should only happen when the 

pupil is desirous of a better estimate. The Compatible Numbers strategy 

would only be presented when a pupil expressed difficulty in manipulating

246



existing numbers and, by this time, altering a number should not present grave 

difficulties to the pupil. All strategies previously mentioned could be 

presented but, at all times, the bounding strategy should be the one upon 

which one should concentrate. The pupil who persists in using the Front End 

strategy does not have to be left behind as their strategy does give a 

reasonable answer preventing most calculator errors.

‘Reformulation’ and ‘Translation’ will probably not be appropriate for the 

primary age range but some secondary pupils will be able to utilise these 

processes with a little guidance from the teacher. Finally, it is important for 

pupils to realise when an estimate is precise enough for the purpose at hand. 

This will be a potential area of discussion.

An interesting activity might be for a pupil to guess how often his/her heart 

beats in 30 seconds and then trying to calculate the heart beats in an hour, 

day, or even a year. Here it may be appropriate that the pupils check their 

heart rate, after their first estimate, and then re-estimate the ‘actual’ number 

of beats. The numbers probably are beyond many primary pupils’ level of 

perception but this may be one way of raising that level.

Computational estimation must, however, never be developed as an algorithm 

nor it fall into the trap of being yet another part of the curriculum to be 

separated into a compartment. If this programme is to be successful, pupils 

must be looking for an estimated answer almost as naturally as they would pick 

up a pencil.

Every opportunity should be taken from the beginning to develop the habit of 

estimation in counting, measuring and calculating. Not only does the habit of 

estimating reveal errors in calculation, but it also indicates pupils’ 

understanding of ideas of number and measurement.

The ability to perceive numbers greater than 100 may be difficult for many 

primary pupils but they should at least be given some opportunity for
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determining the order of magnitude of some large quantities and a greater 

awareness of thousands and millions would become available to some pupils.

Most authors agree that pupils should, initially, be given a great deal of 

experience of ‘the unit’ to be used in quantitative estimation. This could be 

the centimetre or the decimeter but could also be the length of their shoe, 

width of hand, etc. An advantage can accrue from the use of non-standard 

units initially as pupils will understand the reason for standardisation of units. 

The estimating process, however, is enhanced by the use of many non-standard 

units. When pupils have a sense of the unit size, they can be asked to estimate 

the lengths of various other objects. The strategy which one is trying to impart 

to the pupils is that of unit iteration. Again, the strategy of Establishing 

Bounds will be useful and the measurement can be stated in a ‘bounded’ 

fashion. It must be remembered in organising activities to ensure that the 

ratio of the unit size compared to the object size is not too small. When 

pupils become proficient at unit iteration, they will be building a firm 

foundation for the later use of the fractional and multiple benchmark 

strategies.

The main criticism that I have of many estimation lessons is that the pupil is 

required to estimate and then measure but often only with the standard units 

and only for that one lesson. A variety of units should be available and the 

checking could be delayed to avoid the estimate losing its value. They will 

also begin to realise the importance of the unit of measure in performing 

either an estimate or a measurement.

As the pupils improve and can cope with fractional and multiple benchmark, 

they can be introduced to the processes of decomposition/recomposition 

arising from more difficult problems. The estimation programme should 

include estimates of dimensions that cannot be measured such as the height of 

a tall building or the weight of a football stadium. The methodology remains 

the same and if students are interested in ‘solving’ such a problem the working 

of the problem will be a valuable exercise for them. The major problem that
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exists is the ‘check’ on such problems but by the time the student has reached 

this stage in the estimation programme such ‘checks’ can be from a reference 

source if necessary.

The ‘errors’ which the pupils make can be analyzed for corrective activities. 

The pupils will also require assistance in determining the level of accuracy 

which they need to achieve. This is a very difficult part of the programme and 

the teacher will need to exercise considerable care. However, the estimate 

must never be required to be of an inappropriate accuracy. The ability of the 

pupils to determine the required accuracy will be a good indication of how 

well they have progressed in the programme.

I have used the following technique with pupils to ascertain their confidence in 

their estimation ability.

The pupil is asked for an estimate which will be one number within the 

estimate range. Henceforth, this will be referred to as the Estimate. 

The pupil will then be told that his/her estimate is close enough if the 

correct answer is between x and y, minimum and maximum allowed 

values determined by the teacher. For example, if the pupil estimated 

50 items in a collection and a ±50% criterion was used, then, provided 

the actual number of the collection was between 75 and 25, their 

estimate was ‘correct’. This is opposite to the standard procedure of 

setting the limits upon the allowable answers based on the actual 

number of the collection. The pupil will indicate the level of their 

confidence that the answer was within the two limits on a scale of 1 

(highly unlikely) to 10 (a good bet!). Pupils appear to understand and 

enjoy this ‘game’.

This technique allows the teacher to have some access to the pupil’s level of 

confidence in their estimating ability. For large magnitude answers, the 

teacher is encouraged to use the Criterion Of Reasonableness and the 

technique shown in Figure 10.2 in the main text and the technique I have 

described could be adapted for pupils to determine the values of x and y - 

possibly through computer software; some pupils could be encouraged to make
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their own assessment by using a simplified graph.

It will be apparent that the programme as outlined above will place great 

demands on the teacher’s time but I think that the pupils would gain a better 

understanding of estimation and this would improve their number sense.
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APPEN DIX VIII 

SURVEYS o f  ‘RISK-TAKING’
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Read tzbese s e n t e n c e s  czajtreEuLlJLy , and 
p u  t: ^  tzJ-olc i n  t h e  YES box -LJz yon
a&xree oxr i n  tzbe NO box J-E yon don ' t

1. ^  ^  I like to work on my own
YES NO

2. ^  ^  I enjoy working with my friendsYES NO

3. ^  1 I enjoy working at tasks I find easy
YES NO to do

4. ^   ̂ I usually understand a new idea
YES NO quickly

□ n5. —  1— 1 I usually know how to do my workYES NO

6. ^  ^  I hate making mistakes when working
YES NO on a problem

7. ^   ̂ I always feel nervous when I look at
YES NO a problem

8. ^  ^  I don't like being asked questions in
YES NO class

n n— 1 1— 1 I sometimes do not put up my hand
YES NO even though I know the answer

10. ^  ^  I enjoy trying out ideas to solve
YES NO problems
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1 1 .

1 2 .

13.

14.

15.

16.

17.

18.

19.

^   ̂ I feel embarrassed if I get a
YES NO question wrong

□ □
YES NO i only answer when I'm sure I know

the right answer

□ □
YES NO I am lucky when I do well on a task

□ □
YES NO

□ □
YES NO

□ □
YES NO

I like difficult tasks

I— | I— I Boys generally do not like it if
1— 1 girls are better at school workYES NO

^  ^  If you were picked to be in a school
YES NO play would you be happy

I really enjoy solving puzzles

I enjoy problems where I have to 
estimate answers

|— | I— | Girls generally do not like it if
1— ' boys are better at school workYES NO
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20. If I do well in school work it is usually
because:

□
□
□
□
□

□
□
□
□
□

I'm good at it 

I work very hard 

The work is interesting 

The work is very easy 

I was lucky

21. If I do badly at school work it is usually
because:

I'm not naturally good at it 

I did not try hard enough 

The work is boring 

The work was too difficult 

I was unlucky
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Now please tick whether you are a girl or boy

Girl Q

Now please write the name of your school

How old are you?

RT/Ptt 255



Read the following statements carefully, and put a tick in the box which 
most fits the way you feel (agree, don't mind or disagree)

/  /  /
*  /  /

1. □  □  □  1 prefer to work on my own

2. CH CH CH 1 en^oy workin9 with my friends

3. j— j j— | j--j I enjoy working on topics that are

4. I— |i— 1 |— | I usually understand a new idean n n x1— I L_J I— I quickly

5. dl CH CH 1 usually get most of my work right

6. When working on a topic I am
□ I— | |— | sometimes frightened of making

L J  L J  mistakes

7. |— | |— | |— | I always feel nervous when I look at□  I— I I — I A a j -w a Ys  r1— 11— 1 a question

8. |— | |— | |— | I don't like being asked questions inI— II— II— I class

9. t— l I—-1 I— I I sometimes do not put up my hand
even though I know the answer

10. 1—  ̂ ^  I I enjoy trying out ideas to solve
problems



I feel embarrassed if I get a
question wrong

I only answer when I'm sure I know 
the right answer

I am lucky when I do well on a task

I like difficult tasks

Boys generally do not like it if 
girls are better at school work

If you were picked to be in a school 
play would you be happy?

I really enjoy solving puzzles

I enjoy problems where I have to 
estimate an answer

Girls generally do not like it if 
boys are better at school work

Give an example of a game which you 
think involves risk

Do you enjoy this game?



Tick the most important reason for the following questions. If you feel 
there are two important reasons, place a "1" in the most important and a 
"2" in the next most important reason

21. If I do well in this subject it is usually
because:

□
□
□
□
□

I'm naturally good at it 

I work very hard 

The lessons are interesting 

The work is very easy 

I was lucky

22. If I do badly in this subject it is usually
because:

□
□
□
□
□

I'm not naturally good at it 

I did not try hard enough 

The lessons are boring 

The work was too difficult 

I was unlucky
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Now please tick whether you are a girl or boy

Girl D Boy D

What is the name of your school?

How old are you?

RT/SEC
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APPENDIX IX 

RESULTS OF ‘RISK-TAKING’ SURVEYS 

Primary Data pages 261 - 298 

Secondaiy Data pages 299 - 336
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Girls

Q X X pr f e r  to  woirJc on my own

S C H O O L  A

■ 1 0 . 1 % A g r e e

□ 6 0 . 7 % d o n ' t  m i n d
B 2 9 . 2 % d i s a g r e e

SCHOOL B
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Boys

QX X p r e f e r  to  work on my own

9 .4 %  A g r e e  
6 4 . 6 %  d o n ' t  m i n d  
2 6 . 0 %  d i s a g r e e

SCHOOL B

Agree
don't mind 
disagr ee

Agree
don't mind 
disagree
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Girls

Agree
don't raind 
disagree

Agree
don't mind 
disagree

Agree
d o n 't mind 
disaeree
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boys



Girls

q 3 X  en joy  working on tiojpios
t h a t  a re  easy

303



Boys

SCHOOL B

SCHOOL C

Agree
don c min d 
disagree

304



<iiris

Q4 I u s u a l ly  u n d e rs ta n d
Idea  q u ic k ly

new

3 0 H 0 0 L  A

■ 5 6 . 8 % Agree
□ 2 7 . 3 % don't mind
B 1 5 . 9 % disaEree
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Boys

Q 4 n e w
qui

6 4 . 6 %  A g r e e  
2 6 . 0 %  d o n ' t  m i n d  

9 . 4 %  d i s a g r e e

mind

A g r e e
d o n ' t  m i n d  
d i s a e r e e
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Girls

Q t >  X  u s u i a most o f my'

□
51.1 % 
4 0 . 9 %  

8 . 0 %

A g r e e
d o n 1c m i n d  
d i s a g r e e

□
5 7 . 7 %
33.3%

8 . 5 %

A g r e e
d o n ' t  m i n d  
d i s a g r e e

E3
4 6 . 7  % 
46.7%> 

6.7%,

Agree
don't mind
disagree
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Boys

Q 5 usua o f  my

A g r e e
don't mind 
disagre e

6 0 . 6 %  A g r e e  
2 9 . 0 %  d o n ' t  m i n d  
1 0 . 5 %  d i s a g r e e

m i n d

308



Girls

o f

■
□

2 2 . 5 %
1 3 . 5 %
6 4 . 0 %

A g r e e
d o n ' t  m i n d  
d i s a g r e e

□
B

3 8 . 7 %
2 0 . 3 %
4 1 . 0 %

A g r e e
d o n ' t  m i n d  
d i s a g r e e

□
2 2 . 4 %
3 2 . 7 %
4 4 . 9 %

A g r e e
d o n ' t  m i n d  
d i s a g r e e
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Eoys

o  f

□a
2 0 .2 % 
1 9 . 1 %  
6 0 . 6 %

A g r e e
d o n ' t  m i n d  
d i s a g r e e

E
2 7 . 5 %
2 5 . 8 %
4 6 . 6 %

A g r e e
d o n ' t  m i n d  
d i s a g r e e

B  21.1% Agree
E3 26.6% don't mind
S  52.3% disagree
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Girls

Q~7 w h e n

A g r e e
d o n ' t  m i n d  
d i s a g r e e

B

A g r e e
d o n ' t  m i n d  
d i s a g r e e

m m a

311



Eoys

Q7  x always f e e l  nervous  wiien 
X  look a t  a c^uest d _  on

A g r e e
d o n ' t  m i n d  
d i s a g r e e

A g r e e
d o n ' t  m i n d  
d i s a g r e e
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Girls

Q S  I  d o n ' t

4 0 . 4 %  A g r e e  
H  4 3 . 8 %  d o n ' t  m i n d

1 5 . 7 %  d i s a e r e e

□
4 3 . 2 '  
3 8 . 3 '  
1 8 . 5 '

A g r e e
d o n ' t  m i n d  
d i s a g r e e

□
3 9 . 3 %  
4 3 . 9 %  
1 6 . 8 %

A g r e e
d o n ' r. m i n d  
d i s a e r e e
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Beys

Q S

S C H O O L

■  3 3 . 3 %  A g r e e
E  4 6 . 9 %  d o n ' t  r a i n a
■  1 9 . 8 %  d i s a g r e e

3 2 . 5 %
4 4 . 8 %
2 2 . 6 %

A g r e e  
d o n ' t m i n d
d i s a g r e e

□
2 6 . 0 %  
4 7 . 2 %  
2 6 . 8 %

Agree
don't ran
disagree

314



Girls

Q 9 I sometimes do n o t  p u t  up 
ray hand even though X know th e  

answer-

SCHOOL A

A g r e e
d o n ' t  m i n d  
d i s a g r e e

SCHOOL

■  7 3 . 4 %  A g r e e
0  1 0 . 3 %  d o n ' t  m i n d
9  1 6 . 3 %  d i s a g r e e

315



Beys

A g r e e
d o n ' t  m i n d  
d i s a g r e e

A g r e e
d o n ' t  m i n d  
d i s a g r e e

5 3 . 1 %  A g r e e  
2 2 . 7 %  d o n ' t  m i n d  
2 4 . 2 %  d i s a g r e e

316



Girls

QXO X e n joy
to  so lv e

S C H O O L  A

A g r e e
d o n ' t  m i n d  
d i s a g r e e
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Boys

QXO I en jo y
to  so 1 v<

ry ing  out 
problems

id e

A g r e e
d o n ' t  m i n d  
d i s a g r e e

SCHOOL B

A g r e e
d o n ' t  m i n d  
d i s a g r e e

SCHOOL C

318



Girls

Q X 1 X f e e l  em barrassed  I f
g e t  a q u e s t io n  wrong

S C H O O L  A

A g r e e
d o n ' t  m i n d  
d i s a e r e e

SCHOOL C

319



Boys

Q1 1 X f e e l  embarr- a.s sed  I f  x
eg e t: a q u e s t io n  wrong

SCHOOL A

9  2 6 . 3 %  A g r e e
Q  3 3 . 7 %  d o n ' t  m i n d
9  4 0 . 0 %  d i s a g r e e

SCHOOL 33

Agree
d o n 't mind 
disag re e

SCHOOL C

■ 3 0 . 5 % Agree
Q 4 2 . 2 % d o n 't mind
a 2 7 . 3 % disag re e
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Girls

Q12 X only  answer* when X '  m
su re  X know th e  r i g h t  ansv/er*

SCHOOL C

321



Boys

Q 1  2

■
E

3 7 . 9 %
2 2 . 1 %
4 0 . 0 %

A g r e e
d o n ' t  m i n d  
d i s a e r e e

□
5 2 . 1 %  A g r e e  
2 1 . 8 %  d o n ' t  m i n d  
2 6 . 1 %  d i s a e r e e

4 3 . 8 %  A g r e e  
E 2 8 . 1 %  d o n ' t  m i n d
□  2 8 . 1 %  d i s a e r e e

322



Girls

<213 X am lucky when X do weXX
o n  a  t a s J c

A g r e e
d o n ' t  m i n d  
d i s a g r e e

S C H O O L  B

SCHOOL C
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Boys

Q 1  3 I am lucky when I do wel l  
on a t a s k

S C H O O L

■ 2 5 . 0 % A s r e e

□ 2 0 . 8 % d o n ' t  m i n d

■ 5 4 . 2 % d i  s a g r e e

d o n ' t  m i n d  
d i s a g r e e

SCHOOL C

14 . 1%  A g r e e  
2 5 . 8 %  d o n ' t  m i n d  
6 0 . 2 %  d i s a g r e e
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Girls

A g r e e
d o n ' t  m i n d  
d i s a e r e e

S C H O O L  C

A g r e e
d o n ' t  m i n d  
d i s a g r e e
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Boys

Q 1  4 X l i k e  d i f f i c u l t  tasJc:

S C H O O L  A

■ 2 8 . 1 % A g r e e

E 4 1 . 7 % d e n ' t  m i n d

a 3 0 . 2 % d i s a g r e e

SCHOOL 33

a 22.. 0% A g r e e
□ 53. . 3% d o n ' t  m i n d
a 24 . 8% d i s a g r e e

SCHOOL C
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Girls

q X 5 Boys crjen e r  a 1 1 y* do n o t  l i k e
±-fc d_ t  g i r l s  arre b e t t e r  a t  

schoo1 work

SCHOOL A

SCHOOL B

SCHOOL C

327



Boys

■  2 1 . 5 %  A g r e e
0  2 1 . 5 %  d o n ' t  m i n d
9  5 7 . 0 %  d i s a g r e e

1 2 . 1 %  A g r e e  
3 2 . 2 %  d o n ' t  m i n d  
5 5 . 7 %  d i s a E r e e

A g r e e
d o n ' t  m i n a  
d i s a E r e e

328



Girls

o  1  e
i. n

X f  you 
schoo1

wer*e
p l u y

p ick ed  to  k>«=s
wou 1 a  you t>o

happy 7*

scHOOL

□
2 5 . 8 %
4 1 . 6 %
3 2 . 6 %

A g r e e
d o n ' t  m i n d  
d i s a g r e e

S CHOOL B

329



Boys

Q X 6 X f  you weure p i eked t  o  be
x ri sl schoo X jpXay would you fc>e

Xi ̂  pjoy ?

S C H O O L  A

SCHOOL C
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Girls

q 1 *7 I r e a l  1 y en joy  s o l  v inq
jpu. z z 1 e  s

S C H O O L  A

331



beys

m i n d

m m a

A g r e e
d o n ' t  m m a  
d i s a g r e e

332



Girls

Q18 X en joy problems where 
have to  e s t im a te  an answer

S C H O O L  A.

A g r e e
d o n ' t  m i n d  
d i s a g r e e

SCHOOL C

A g r e e
d o n ' r  m i n d  
d i s a g r e e

333



Btys

q X 8 x  onjoy p ro b 1ems where 
have to  es t  iinate a.n answer*

SCHOOL

■  2 8 . 7 %  A g r e e
E  4 7 . 9 %  d o n ' t  m i n a
9  2 3 . 4 %  d i s a g r e e

334



Girls

Q 1  9  
X ik e

G i r l s  g e n e r a l ly  do n o t
±-t ±f boys a re  

sotiool work
e r a t

S C H O O L

• S ' S ' S ' S ' S ' S

s • s •

S C H O O L

■ 1 1 . 4 % A g r e e
□ 2 7 . 3 % d o n ' t  m i n d
a 6 1 . 4 % d i  s a g r e e

A g r e e
d o n ' t  m i n a  
d i s a e r e e

335



Bo/s

QX 9 
X ik e

G i r l s  ĉ «sne:r~£i X Xy do 
i t  i  f  toy's a re  

schoo l wonrJc

n o t 
r  a t

A g r e e
d o n ' t  m i n d  
d i  s a e r e e

Agree
d o n ' t  m i n d  
d i s a g r e e

SCHOOL G
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