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The CWSA Mathematics Indicator Test is a tool for classroom teachers of 
mathematics.  This test has been designed to assist teachers of children 
aged 8 to 13 years in determining the extent of children's special 
abilities in mathematics.

During 1990 a request was received from primary school teachers wishing to 
learn about techniques to identify the extent of children's special 
abilities in mathematics.  A review of available tests and assessment 
procedures failed to reveal any suitable procedures.  Most were not 
suitable because: 
1. they did not assess the aims, objectives or content of the current New 
Zealand Mathematics Syllabus
2.  the administration time was unrealistic for primary school classroom 
teachers and
3.  the level of understanding of mathematics or educational assessment 
needed was beyond that which could be reasonably expected from a classroom 
teacher.

A team of three College of Education lecturers and a university associate 
professor plus eleven primary school teachers met regularly during 1991 to
develop such a tool.

HOW THE TEST WAS DEVELOPED

The team reviewed the mathematics tests currently available for this age 
group and started to develop a test that met the requirements of the 
project.  The requirements of the project were that the test was to:
1. give a good indication of the extent of a child's special ability in 
mathematics for children 8 to 13 years of age
2.  reflect the aims, objectives and content of the current New Zealand
Mathematics syllabus
3.  be in a form that could be easily understood and administered by New
Zealand primary school teachers
4.  be able to be completed by a child in approximately 30 to 40 minutes 
and
5.  be able to be administered by teachers without disrupting the 
regular classroom programme.

Items were initially drawn from available tests and adapted or combined to
produce the desired test items.  In all, 163 test items were written with 
128 test items selected to be trialled.  Items were not included in the 
trial because of one or more of the following reasons:
the concepts involved in the item had been covered in other items
the item was ambiguous



the item involved vocabulary or symbols not likely to have been 
encountered by this age group
the item required equipment or a length of time not appropriate for a test 
of this kind.

The 128 selected items were placed in order starting with what the team
considered easiest to progressively harder items.  Item content was checked 
against the New Zealand Mathematics Syllabus:  Junior Classes to Standard 
Four, and covered all cognitive processes considered important in learning 
primary school mathematics (Holmes, 1985).

THE TRIALƒ
Thirteen urban schools were selected to participate in the trial because of 
their interest shown towards children with special abilities and their 
teachers' attendance at related courses held at Palmerston North College of 
Education during 1990.  These represented a wide socioeconomic area, 

private and state schools, `normal' and regular schools, primary and 
intermediate schools.

The primary schools were asked to select their four most able standard four
children, their four most able standard three children and their four most 
able standard two children in mathematics.  The intermediate school 
selected their most able Form 1 and Form 2 children.  The selection of the 
most able children was entirely left to the school and was based on teacher 
judgement.  These children were given the trial items to answer.In all, 184 
children participated in the trial.

Figure 1ƒ

The average age of the Standard 2 children was 8 years 7 months.
The average age of the Standard 3 children was 9 years 9 months.
The average age of the Standard 4 children was 10 years 4 months.
The average age of Form 1 children was 11 years 10 months.
The average age of Form 2 children was 12 years 6 months.

The items were organised into four booklets of 32 items, with the average 
length of time taken to complete each booklet ranging from 33©39 minutes. 
Each child's answers were marked.  The results were collated and each item
analysed according to difficulty and discrimination.  The whole trial was 
analysed to give it a reliability coefficient.

For each item, it was noted how many children answered correctly.  The top
scoring quarter of the children over all 128 questions were compared to the 
lowest scoring quarter of the children over all whole 128 questions, to 
give each item an Item Difficulty Index and an Item Discrimination Index.  
Items were considered suitable if their item difficulty index was 0.3 or 
above and item discrimination index was 0.4 or above.  Items with an item 
difficulty index below 0.3 were considered too difficult.  Items with an 



item discrimination index below 0.4 were considered to not sufficiently 
discriminate between the most able and least able.  A reliability 
co©efficient of 0.95 was found, using the Kuder Richardson 21 formula.  

Ninety©six items meet the criterion set out above and were included in the 
test.  Four other items were included because of their face validity.  The 
one hundred questions were arranged according to their item difficulty 
index.  The least difficult first progressing to question 100 which was the 
most difficult, according to the trial.

To fulfil the fourth requirement of the project it was decided to have each 
child only attempt 30 of the 100 questions.  It was estimated that 30 
questions would take approximately 30©40 minutes to answer.  The child 
answered 30 questions that corresponded to their chronological age.  

Age of Child

Questions to be Answered

8 years 0 months and less than 8 years 6 months 
8 years 6 months and less than 9 years 0 months
9 years 0 months and less than 9 years 6 months
9 years 6 months and less than 10 years 0 months 
10 years 0 months and less than 10 years 6 months 
10 years 6 months and less than 11 years 0 months 
11 years 0 months and less than 11 years 6 months 
11 years 6 months and less than 12 years 0 months 
12 years 0 months and less than 12 years 6 months 
12 years 6 months and less than 13 years 0 months 
13 years 0 months and less than 13 years 6 months 

From the trial two aspects of assessing children with special abilities in
mathematics were noted and included as part of the test.  No completion 
time limit was given as there was no correlation between marks obtained and 

time taken.  Teachers suggested that several children with obvious special 
abilities would have been excluded if a time limit had been imposed.  
Several answers marked as incorrect in the trial proved to be correct and 
valid once a child had a chance to explain his or her interpretation of the 
question.  The following was included to account for this.

Mark the test as indicated by the answer guide.  One mark for each 
correct answer. 
Return marked test to the child.  The child is to go over answers, noting 
any answers marked as incorrect that they think are correct and any 
incorrect answers that were caused by careless mistakes.  The child is to 
then discuss these with the teacher, with the teacher marking as correct 
any answer that is reasonable, logical and answers the question given, even 
though it may be different from the answer guide.



WHAT IS THE TEST DESIGNED TO DO?

Thetestisdesigned to ...
answer the question "to what extent does this child have a special ability 
in mathematics?"
indicate mathematical potential
indicate ability to think mathematically
confirm and add to the classroom teacher's profile of a child
be used by classroom teachers of children aged 8 years to 13 years.

The test is not designed to ...
be given to every child in the class
be used as an initial identification tool
give mathematical age
be used as a checklist of mathematics content.

At best this test is a tool classroom teachers can use to help them gather
information for making professional decisions about children with special 
abilities in mathematics.  At worst this test is one hundred questions 
which get progressively harder that children with special abilities in 
mathematics enjoy answering.

WHAT DO THE MARKS MEAN?ƒ

The aim of the project was to assist classroom teachers in determining the 
extent of children's special abilities in mathematics.  This test does 
provide an indication of this.  However identifying the extent of 
children's special abilities is only the beginning.  Once identified 
appropriate and educationally valid programmes must follow.  Teachers need 
assistance in developing and providing these programmes and the teacher's 
guide that accompanies the test contains a suggested way of doing this.

It was decided that the suggested programme needed to:
1.be straightforward and easily to understand by classroom teachers
2.reflect the aims, objectives and content of the New Zealand Mathematics
Syllabus
3.be based on the needs of children with special abilities in mathematics
4.be able to cater for the wide range of special abilities in 
mathematics
5.not disadvantage any child regardless of their mathematical ability and
6.sit comfortably with the regular mathematics programme.

The suggested programme is based on meeting the needs of children with 
special abilities.  Heid (1983) summarising The Psychology of Mathematical 
Abilities in School Children ƒƒby Krutetskii (1976) outlined eight traits 
that typify the thinking of children with special abilities in mathematics.  
They are:
swiftness in reasoning
quick and comprehensive in generalisation



a tendency to deal in the abstract
an inclination to analyse the mathematical structure

flexibility in thinking
a desire to search for alternative solutions and select the most 
elegant solution
a tendency not to tire when doing mathematics
a tendency to view the world through mathematical eyes.

It was felt that the best way to meet these needs and to fulfil the 
requirements of the suggested programme was to compact the regular 
programme according to the extent of the special ability.  The time gained 
by this should be filled with open ended mathematically rich activities 
that require high levels of thinking.

The following table outlines the amount of compacting likely to be 
appropriate in relation to marks obtained in the test.

Mark in Test  Percentage of Time on Regular Programme  Percentage of Time
on other Mathematicsƒ
A child who scores a mark 25 or above is very likely to be beyond the 
regular classroom programme.  A complete programme is needed although it is 
important to make sure the child completely understands the work of the 
regular programme.  A child of this ability is likely to require expertise 
and skills beyond those which could reasonably be expected of a classroom 
teacher. 
A child who scores between 20 and 25 is likely to be able to easily handle 
five days of regular work in two days.  Three days of other mathematics 
work is essential.  On occasions, expertise and assistance will be required 
which is beyond what could be reasonably expected of a classroom 
teacher.
A child who scores between 15 and 20 is likely to be able to handle five 
days of regular work in three days.  Two days of other mathematics work is 
essential.
A child who scores between 10 and 15 is likely to be able to handle five 
days of regular work in four days.  A day of other mathematics work is 
likely to be needed.
A child who scores less than 10 shows very little sign of having a special 
ability in mathematics according to this test.  The regular classroom 
programme is likely to be appropriate.

The allocation of time outlined above is based on work conducted by the 
author.  Twenty two children from standard three and fours classes who 
scored highly in the trial, participated in eight two©hour sessions during 
1991.  A profile of each child was built up over the sessions and 
correlated with the number of trial questions correctly answered.  The 
profile of each child matched their trial mark to a high degree.

One suggested approach of providing the regular class work in a form able 



to be compacted is to divide the regular class work into one week units.  
At the beginning of the week an outline of the week's work is given to all 
children.  Those who wish, and are able, to work faster than set out may do 
so just as those who need to systematically work through as set out in the 
outline may do so. The time gained from compacting the regular programme 
for children with special abilities needs to be used wisely.  Too often 
children are "rewarded" for understanding and working quickly by being 
given more of the same work or by having to wait for others in the class to 
finish.  This time needs to be used to challenge and extend children with 
special abilities in a way the regular classroom programme does not.  The 
activities need to engage the child in thought at a higher level, a more 
complex and deeper level.  Bloom's Taxonomy of Educational Objectives for 
the cognitive domain which outlines six levels of thought was chosen as the 
guide in developing and selecting activities appropriate for this time.

One example of a unit of work developed to allow a class to spend different
amounts of time on the different levels is outlined below.  Sixteen tasks 
need to be completed by each child in the class.  The tasks become more 
difficult within each level, task 1 is more straight forward than task 4.

Knowledge
Tasks

Comprehension
Tasks

Application
Tasksƒ

Analysis
Tasksƒ

Synthesis
Tasksƒ

Evaluation
Tasksƒ

The other component of activities suitable to be used in the time gained 
from compacting the regular programme is that the activities must be 
mathematically rich.  By this it is meant that the activities be full of 
mathematics and the mathematics itself of a level at least that of the 
regular programme but preferably at a higher level.

CONCLUSIONƒ

This research is very much in its infancy.  More information is needed to 
verify the tentative conclusions reached.  The test does provide an 



indication of the extent of children's special abilities in mathematics and 
it does so within the requirements of the project.  The suggested programme 
has been well received by the twenty teachers to whom it has been 
presented, although it has not been trialled.  It is intended to trial the 
Test and Teachers Guide more widely during 1993.

The model used for this research proved to be very effective.  The 
responsive evaluation of a current need as seen by teachers and the 
collaborative nature of the project which involved children, classroom 
teachers, College of Education students (who marked the trial items), 
College of Education and University staff combined to produce an assessment 
tool which is likely to assist classroom teachers.  

The willingness of schools to be involved in this research was impressive.  
Every school approached to be part of the trial agreed.  The teachers in 
the item writing team appreciated the opportunity to be part of this 
research and most commented on the positive effect this had on their 
classroom mathematics programmes.  The thought needed when writing items 
and the issues considered as part of the project flowed on into their 
classrooms.  The response from the children trialing the items was very 
encouraging.  From the teachers comments the children thoroughly enjoyed 
trying to answer the trial items, with many requesting to have the items 
back when marked so they could try and figure out some more.  The items 
also provided challenges and initiated much discussion in many staffrooms 
during the trial.
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