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ABSTRACT

ThiS'study seeks to determine the nature of the
intellectual demands of the Higher Grade course

in Mathematics with a view to-early, more accurate
prediction of individual pupil success in this
course. The need for such early prediction is
clearly indicated by the interest'shoWn on the part
of parents and pupils alike during the Standard
Seven year where the realisation exists that
Matriculation Mathematics is a subject sometimes
found to be "overwhelmingly difficult". The “"drop
out" figure from the Higher Grade course to the
Standard Grade course in most schools further
*demonstrates the need for more careful selectlon at

the Standard Seven level.

Both old (1973) and new (1984) syllabuses are
analysed to determine the nature of the content and
the intellectual level at which,this should be
taught. In addition, a series ef past Cape Senior
Certificate‘examination papers‘are inVestigaﬁed to
reveal information about the neture and level of:
examining. Mental processes involved in the
examination items are classified and the general

composition of the examination papers is’diSCUSsed.

A test device suitable for Standard Seven pupils is
developed on the basis of the composition of the
Higher Grade Matriculation examlnatlon papers
analysed. The object of this test is to provide

" that early indication to pupils of tnelr ability to
cope with the level of mentalvprocess required by the
Higher Grade course in Mathematics. '

(1)



The investigation describes the construction,
administration and furﬁher’development,of the test
device and, furthermore, seeks to show its predictive
validity for the Matriculatibn.examination in
Mathematics by comparing test results with successive

school examination results over a three year period.

The possibility of sex differences in Mathematics
achievement and prediction are also investigated on
the basis of the results obtained during the course

of this experiment.

General conclusions are drawn, the difficulties
encountered are discussed and some suggestions for

further research are offered.

(ii)
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CHAPTER 1

INTRODUCTION TO THE EXPERIMENT

PREAMBLE

THE PROBLEM

THE AIM OF THE STUDY



1.1 PREAMBLE

In 1973 the Differentiated SYllabus for the Senior
Certificate Examination was introduced for the first
time. - One of the many consequences of the new system
is that pupils have to make difficult subject choice
decisions one year earlier, i.e., at the end of the
Standard 7 year. Barely two years after their entry
into the secondary school they have to commit themselves
- to three years of study in both official languages as
well as in four electives, which in turn, will probably
have some bearing on their tertiary education or career

options.

Many fourteen—year—olds have absolutely no idea of What
they might do after they matriculate,:and those who

have given the matter some thought are usually bewildered
by the myriad of choices that confront them or are
totally unaware of the extent of present-day opportunity.
Others may have given life after school no consideration
at all and make their choices on the basis of, for
example, whether or not the course is a "swot subject"”,
whether or not he likes the teacher, or whether or not

his friend intends to take the course.

Schools tend to advise a curriculum that will lay a
foundation for a well-rounded and balanced general
education with early specialisation being discouraged.
The rationale here is, first, to produce a young adult
and citizen who knows a little about as many facets of
his culture as is possible in a short school career;
secondly, such an approach, presumably, leaves all his
options open until he is a little older and ‘is in a
better position to make wise decisions for the future.
Given our present educational system, this would seem

to be fairly sound advice. However, there is one



school subject that merits very special attention.

In South Africa today, there is an ever increasing demand
for technically and scientifically skilled and qualified
people. We stand on the threshold of an era in which
computer technology is evident in more and more diverse
spheres of activity, and it is no longer sufficient just
to be literate; the job seekers of today must be
numerate too. Entrance to so many careers and training
institutions depends upon the successful completion of
Senior Certificate Mathematics that to fail this subject,
or to omit to study it altogether, automatically
restricts severely the pupil's range of opportunities.

It is imperative that as many children as possible
continue with Mathematics. It could be argued that

this should be the third compulsory subject, but such a
ruling would place an unfair burden on those individuals
whose talents lie elsewhere, e.g., in Music or the Arts.
To force the carrying of a subject like Mathematics, in
which extremely low scores are quite possible, would be
to prejudice the pupil's aggregate score in the Senior
Certificate Examination and, perhaps, jeopardise the

Senior Certificate pass altogether.

1.2 THE PROBLEM

The decision to take Mathematics, or not to take it, is
a critical one for the pupil. To decide against this
subject is to close the door firmly on a large range of
careers; to decide in favour of it is to embark upon a
course of study which many pupils find too exacting
after the first year of the three-year syllabus.

Taking or not taking Mathematics is not the only



decision to be made, however - the gtade, Higher or
Standard, must also be decided. Frequently, grade
selections are made without proper consideration being
given to what the different courses actually involve

or to what the capabilities of fhe individual pupil are.
Although these decisions are not irreversible, the
mathematically weak pupil, who attempts the Higher Grade
course, may become so confused and disillusioned that he
or she simply "gives up", and finds it is impossible to
pick up the threads again even on the Standard Grade

course.

The problem for the school teacher is to provide pupils
with reliable information about the démands of the

senior courses in Mathematics, as,well as the extent

‘and nature of the individual's mathematical talent.

It is with the latter that teachers have the greatest
difficulty - particularly with reference to the large °
group of pupils sandwiched between the obviously talented
and the desperately weak mathematicians.

1.3 THE AIM OF THE STUDY

In order to improve the quality of the advice that we
give our pupils, it is nebessary to have more detailed
and specific information about the objectives and
demands of the Higher and Standard Grade syllabuses and
examinations, as well as the capabilities of each
individual pupil. This study envisages the detailed
analyses of these syllabuses and examinations with a

view to

(a) revealing the specific abilities called forth
by these, and



(b) the development of a Standard 7 test in
Mathematics that would have predictive validity for

the Senior Certificate course in Mathematics.

It is hoped that this test might provide a prognostic
device that would enable teachers to give more
objective and detailed information to pupils
concerning their chances of achieving success in
Senior Certificate Mathematics, and the choice of
grade best suited to their particular capabilities.
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2.1 STATED DEMANDS OF THE SYLLABUS

In any consideration of the requirements of a course
of study, the point of departure must be the official
syllabus. It is on this document that teachers base
their instruction and examiners base their selection
of test items in the final examination. The syllabus
enumerates not only the subject-matter to be examined
but also the aims to be pursued and the guidelines to
be followed with respect to teaching method. This
investigation must take into account four syllabuses,
viz., the 1973 syllabus (both Higher and Standard
Grade) on which all subsequent analyses are based,
and the 1984 syllabus (both Higher and Standard Grade)
which was implemented in Std 8 for the first time in
1985. Copies of the relevant syllabuses, in which
the detailed list of éontent topics and general aims
may be studied, can be found in Appendix A.

2.1.1 Nature of the topics covered

The content of the 1973 syllabus may be summarised
by the following list of broad headings:

1. Indices and Logarithms
2. Quadratics

3. Functions and Graphs
4. Series and Induction
5. Trigonometry

6. Euclidean Geometry

7. Vectors



During 1976 and 1977 a further section -on Groups and
Fields was examinable but this was later designated
for enrichment purposes only and does not appear in

later examinations.

This subdivision of topics holds for both the Higher
and Standard Grades.. The Standard Grade course

| does not have the depth of the Higher Grade course
and certain subsections are omitted altogether,
e.g., mathematical induction, inverse functions,
compound engles in Trigonometry and the dot product
and vector equations.of a straight line.
Quantitatively, the content difference between.the
two grades is marked and the effect of this in the
classroom is to give the Standard Grade candidate

much more time to spend on each topic.

The subject content of thevl984 syllabus is largely
the same with the following exceptions:

Excluded - Vectors
Mathematical induction (HG)
Sum and product of roots (HG)
Theory of logarithms (SG)
Calculation by common logarithms

Introduced - Analytic geometry
Differential calculus
Remainder theorem
Calculation by electronic calculator

The question'immediately arises, does the change in
syllabus affect the various analyses and conclusions
of this discussion? It is the writer's opinion
that the actual content covered makes little



difference to the difficulty of the subject for the
pupil since all mathematical topics tend to be
abstract and demanding of logical, sequential
thinking. The fact that the syllabus has changed,
therefore, should not alter the intellectual demands

made on the candidates.

" It must be said; however, that the content of the
syllabus is not entirely neutral with respect to

the difficulty of the subject. On the whole, the
senior course flows out of, and is an extension of
the junior secondary. course in Mathematics. Pupils
with ‘a history of difficulties with this subject, or
pupils with too many gaps in their knowledge of
previous work, cannot expect to do well in this more

advanced course.

The pupils' perception of the content causes certain
difficulties too. Perhaps this is an indictment of
our teaching, but it seems . that pupils view the
subject matter of Mathematics as "very dry stuff".
One can enthuse for hours on the intrinsic beauty of
Mathematics, its usefulness as a tool and concise
language in all scientific endeavour and its
aesthetic value in Art, but still relatively few
pupils really seem to enjoy getting to grips with

the subject. Essentially Mathematics is a pursuit
of the mind - girls especially, cannot see themselves
ever using what they are being taught even though it
is quite possible that some of them may eventually
pursue activities in technical and scientific fields
or may take up sailing and be required to navigate
‘the seas. To many pupils Mathematics is simply
uninterrupted hard work that everyone claims has
value, but that value may be largely incomprehensible

1



to the pupil. Perhaps we can lay a little blame
at the feet of television and video games - so much
of our pupils' entertainment these‘days is
intellectually passive, that there is a tendency,
among some youngsters, to resent coping with

anything that reguires too much thought.

All this does not really make Mathematics any more
demanding, but it does affect the individual's
capacity to tackle the subject with the persistence
and determination which are almost indispensable

for success in this sphere.

2.1.2 General Aims and Method of Teaching the Senior
Course

The complete list of general aims and teaching methods
can be found in the syllabuses mentioned before and an
accompanying extract of a Cape Education Departmeht
Guide also tabled in Appendix A. | A comparison of the
Higher and Standard Grade courses is uﬁdertaken in
Section 1.3 of this chapter, but as far as intellectual
‘requirements are concerned. there seems to be a common
thread running through all four syllabuses.

The main thrust of the stated aims and methods is to
avoid "magic" or "recipe" Mathematics, i.e., pupils
must understand what they are doing and why. There
is a distinct emphasis on the development of insight

and logical deduction.

The importance of the verb "to develop" should be
noted. In the official syllabus it occurs several

times. Let us consider the meaning of the word:



Chamber's Twentieth Century Dictionary (1972 edition)

yields, inter alia:

to develop:~ to unroll; to lay open by degrees;
to bring out what is latent or potential in;
to bring to a more advanced or more highly
organised state; to make more available; to

" exploit the natural resources of; etc.

© Thus to develop clarity of_thqught, powers of logical

‘deduction and mathematical insight implies that such -
abilities already exist (albeit in an embryonic stage)

in the individual pupil and the duty of the teacher
is to facilitate their unfolding.

It seems clear then that pupils must be taught in a
manner which will promote insight and understanding
and so the "monkey say, monkey do" method in Which
less able pupils feel most secure is obviously
inappropriate,' Candidates will have to be led to
do their own thinkiﬁg, be challenged constantly to
produce possible solutions to problems, which
.solutions(~they must then-lea:n to evaluate,in terms
of accuracy; mathematical efficiency and elegance.
The aims of the syllabus thus demand that the

- candidate is not only willing to study and learn in
this manner, but also that he has the potential to

manage in such a situation, i.e., that he has the

necessary pre-knowledge and possesses within him

the seeds of the ability to think clearly, logically
and insightfully about Mathematics. - Herein lies
the essence of this investigation - to establish
whether or not the pupil has the necessary qualities
to succeed at a higher level of Mathematics, i.e.,
whether or not he can meet the demands made by the

aims-of the syllabus.

11



2.1.3 Comparison of Higher and Standard Grades

The reasoning behind the differentiated syllabus in
Mathematics springs essentially from three needs:
First, to provide a basis for further study in
scientific fields; second; to aid in the selection
of prospective university students; and third, to
equip pupils with the mathematical knowledge and
problem-solving techniques that they may find
useful in their daily lives. The following
statement by the syllabus designers is noteworthy:

The syllabuses lend themselves particularly to
preparing. and selecting prospective university
students. ‘Candidates who take Mathematics on
the higher grade should not only be better
equipped for any intended course of study, but
are specially prepared for further study in
Mathematics, Physical Science and other courses
of study for which mathematical methods and '
‘techniques are essential. The standard grade
is meant to make mathematics accessible to as

many pupils as possible.

It is not always appreciated by pupils and parents
that the two grades of Mathematics are fundamentally
different, in depth, scope, intent and approach. |

The content of the Higher Grade syllabus is physically
greater and within each topic the candidate is
required to explore more detail and to work with
greater mathematical rigour. The intention; in this
course is to develop the skills of analyticél
thinking necessary for university degree courses, and
this, in turn, means that the approach to the subject
involves a more inductive teaching style with less
emphasis on classroom drill and greater emphasis on
self~activity and discovery.  The teacher of a
higher grade group should not merely expect to "get



through" the syllabus, but should be expecting

and demanding greater innovation, flexibility of
thought and mathematical finesse of the pupils.
Higher grade candidates should be encouraged to
work ahead on occasions so that the insights théy
obtain on topics are uniquely their own; these
might then be critically appraised in discussion
with the rest of the class. Only in this sort of
way can it be hoped. to prepare pupils for further

education in scientific fields.

The Standard Grade candidate, on the other hand,

has less ground to cover and so has more time to
assimilate the syllabus material and to spend

- practising the various exercises presented. In

addition, Standard Grade problems tend to be less
abstract in their setting and thus more obviously

relevant to everyday life.:

A topic which points up'the'difference between the
two courses very well is the section on logarithms:
Standard Grade pupils come to this after—a discussion
of the Laws of Indices. The tedium of arithmetic
with large numbers is deplored, the elegance of
working with powers is noted, eventually John Napier's
work is mentioned and Common Logarithms are laﬁnched.,
Copious exercises follow because it is important

that the pupil can handle awkward arithmetic in the
section on Trigonometry.

The'Higher Grade introduction to logarithms grows out
of an examination of the inverse of the exponential
function, i.e., what happens to the graphbof y = a¥ if
one reflects it in the y = x axis. Pupils then
explore the features of this new function, discover
and prove the Laws .of Logarithms, investigate changes

13



of base and make the necessary connections to the
Common Logarithms they were taught to manipulate in»
std 8. Clearly a much more theoretical approach

for the Higher Grade candidate. It is interesting
to note that, in the new syllabus (1984), Standard
Grade pupils no.longer need to study logarithms
because of the introduction of electronic calculators,
whereas the topic remains for the Higher Grade
students who must view it not as a handy tool in

arithmetic, but rather as an inverse function.

It is important, then, for pupil, parent and teacher
to think carefully ébout choice of grade - Standard
Grade Mathematics is not just a convenient place to
fall if the pupil cannot achieve the nedessary 160
marks on the Higher Grade paper - it is a course with
its own objectives, designed to meet the needs of
those people who are not going to be -the scientists
of tomorrow, but a course which allows the mainstream
of pupils access to those techniques and concepts
they will require to live, and prosper, in a

technologically advanced society.

2.2 ACTUAL DEMANDS OF THE FINAL EXAMINATION

The device that ultimately determines whether or not a
candidate is succeséful is the final examination. The
syllabus provides a'roﬁte map for the course, but no
investigation of the demands of Senior Mathematics
would be compléte without -a study of the type of test
items that have been used to measure the achievement
of pupils in this subject. Critical analysis of past
examination papers is a fascinating task on its own,
and one in which matriculation pupils indulge
enthusiastically each year in search of an answer to
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the question, what does the examination demand?

Obviously, the examination covers the content of the
syllabus and adheres to the mark allocation of the
various topics as prescribed. Of much greater
interest, both for matriculation students and for

this investigation, is the manner in which topics are
tested. Do certain questiéns appear every year; are
there visible trends in the testing of topics and to
what extent is the syllabus preoccupation with
understanding and insight realised in the test papers?

" In order to reach any conclusions about the demands
of the examination it was necessary to consider the

following:

(a) Can test_items be classified?
{b) Which papers should be analysed?
(c) What are the limitations of the analysis?

(d) How do the Higher and Standard Grade papers
differ?

2.2.1 Classification of Mental Processes

Anyone who has ever written an examination can

testify to the fact that some questions are more
difficult than others to answer, and that the

critical factor determining the level of difficulty

is not what is asked but rather how it is asked.

In order to decide exactly what an examination demands
of an examinee intellectually, it was necessary to
find a suitable system for categorising different
types of question with respect to the mental

processes required. '
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Bloom's Taxonomy of Educational Objectives for the
cognitive domain (BLOOM 1956) has offered some researchers
(VENTER 1985) a useful starting point. for this task. This
six~level hierarchy of learning outcomes, namely,

. Knowledge

. Comprehension
Application

. Analysis

. Synthesis

A U =W N

. Evaluation

appears, at first, to offer.a fairly straightforward
solution to the problem. In practice, however, like
Norton (1983), the writer found that this system proved
to be a little too general to be applied simply and-
consistently. Bloom's Taxonomy was designed to be
comprehensive, in its scope, and mentions very few
mathematical objectives specificélly; for this reason,
its consistent application, in the context of this study,
proved problematic. A taxonomy was needed, which had
been specifically designed for Mathematics. The
classification that offered the fewest difficulties of
application was the one listed in Gronland (1971) from
the Educational Testing Services: |

6 Mental Processes Enumerated for Mathematics

1. RECALL FACTUAL KNOWLEDGE - restricted to questions
which require only the recall of a definition, fact or
theorem without doing anything with it.

2. PERFORM MATHEMATICAL MANIPULATION - used for items
regardless of complexity, that call for the application of
a technique that has been learned, where no decision is
required on how to approach the solution.

3. SOLVE ROUTINE PROBLEMS - includes questions in which
a choice of the technique to be used is necessary, or a
definition or theorem recalled and applied, but where there
is a straightforward technique available which is cammonly
taught. J
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4. DEMONSTRATE COMPREHENSION OF IDEAS AND CONCEPTS -
includes questions which require same understanding of the
underlying concepts necessary to complete the item. The
student must not only decide what to do, but how to do it.

5. SOLVE NON-ROUTINE PROBLEMS '

REQUIRING INSIGHT OR INGENUITY - concerned with questions
which require the student to develop his own technique for
solving a problem which he has probably not met in a text-
book. The solution may be straightforward and simple, but
scame insight should be needed to find it.

6. APPLY "HIGHER" MENTAL PROCESSES ~ used to classify
questions testing generalisation, evaluation, the nature of
proof, induction, logical inference and decisions about the
sufficiency of data.

This system of classificatiOn.ciearly echoes Bloom's
Taxonomy but has the advantage of dealing specifically
with mathematical procésses and therefore leaves less
room for doubt when assigning a particular item to a
particular level in the hierarchy. Furthermore, the
extent to Which questions fall into categories 4, 5

or 6 should indicate whether the aims of the syllabus,
in respect of the development of understanding, |
insight and logical thought, are indeed being followed
through in the testing device. Ultimately, for the
student, it is what the examination demands that
counts rather than more or less vague statements in
the preamble to the syllabus. The wary candidate
will examine past papers carefully and adjust his
methods of study according to what he perceives to be

important in those papers.

2.2.2 Analysis of Ten Past Papers

In order to discern any possible trends in the
allocation of marks to different levels of mental
process in examinations, it was decided that as many

papers as possible should be analysed. At the time



this was undertaken there were teﬁ sets of final
examinations available to the writer, viz., thosé
Cape Senior Certificate papers written in November
and March from 1976 to 1981 (both Higher and
Standard Grade). |

Each test item was scrutinised and then classified
according to the system mentioned above. The mark
allocation of the item was noted and set down

against the appropriate mental process. When all
the items in each paper had been suitably classified,
the marks in each ability class were added and
represented as a percentage {(correct to the nearest
whole number) of the total mark allocation for that
paper (400 marks in the case of Higher Grade papers
and 300 in the case of Standard Grade papers).

The classification of examination items according to
the mental processes they involve is a highly
subjective exercise.  Very often, it is difficult to
distinguish between levels of the hierarchy of mental
processes, making any attempt at classification »
rather tentative and open to dispute. In order to
give some indication of the writer's application of
the aforementioned classification, two sample items
from each level of the hierarchy will be discussed:

Level 1 - Recall Factual Knowledge

. Example 1l: Prove that log.mn = log m + log n

This examination item is classified at the lowest
level of the hierarchy because the proofs of the laws
of logarithms are required bookwork in the higher
grade syllabus and, therefore, this item would have



been practised many times béfore, probably committed

to memory on the express advice of the teacher.

Example 2: 1In the given figure, ABC is a triangle

with angle ABC obtuse. A
Prove that b
2 2 2
¢” = a® + b - 2ab.cosC
B C

a
Once again, this item is required theory for the
examination, and, as such, should have been drilled
and memorised. In neither of these examples was
any attempt made, on the part of the examiner, to
disguise or complicate the question, and so, it was
considered that, these items presented the lowest
level of mental challenge to candidates.

Level 2 - Perform Mathematical Manipulation

Example 3: Solve for x where, '1/4x.+,l7 =x + 3

Here, the instruction given is quite explicit, i.e.,
solve. Solution of equations involving surds is
commonly taught and drilled. The command to solve,
together with the appearance of the square root
sign, should signal the commencement of a well-
rehearsed routine, in which the only variables are
~the numbers used in this particular example.

Example 4: Determine the values of x and y for which
X -2y =3 and

| x2 - Xy +,y2 = 3.

Put in a lengthier format, but nevertheless, just as
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explicit as before, the words "determine the values
of ..." should provide a feadily recognisable signal
- for another well-practised drill, i.e., the solution
of a linear-quadratic system.

Both of the above items exhibit clear and explicit
instructions so that there is no decision required

by the candidate; both items call for well-practised,
recipe-type solutions. Candidates need only be able
to recognise the required technique and perform with

accuracy.

Level 3 - Solve Routine Problems

Example 5: Prove 1 - sin® = (seco - tane)2

——————

1l + sine

Here, there is no direct instruction indicating the
method of solution. The candidate is expected to
use known relationships between the trigonometrical
functions to transform one side of the equation into
the same expression as the one given on the other
side; techniques for accomplishing this are commonly
taught and well-drilled.

2 Cax +b=0

Example 6: One root of the equation x
is three times. the other; a and b are

real constants. Prove that b = 3a?
' 16

In this problem, the presence of the gquadratic
equation and the mention of "roots" could signal one

of a few techniques. The candidate is expected to



examine the questicn carefully and then decide to
apply his knowledge of the sum and product of roots.
Fairly extensive practice on problems of this sort

is normally provided in class.

Problems at this level of the hierarchy are
characterised, firstly, by inexplicit instructions,
i.e., the candidate must decide what to do from a
number of possible techniques, and, secondly, by
the familiarity of the problem, i.e., the type of
problem is well-known to the candidate.

Level 4 - Demonstrate Comprehension of Ideas and

Concepts

Example 7: For which real values of x will 1

be real? x2 - 1le6

In order to complete the above item, the candidate
must understand the concept of the real number; he
must then realise that the value of the denominator
poses a threat to the "realness" of the number if

1. x% - 16 = 0, thus producing an undefined

quantity, or

2. x2 - 16 < 0, thus producing an imaginary

denominator.

Once the candidate has made this realisation, the
solution of the equation x2 - 16 > 0 to give the
correct answer is a relatively routine matter.

Example 8: The sum of the squares of two successive
positive odd integers is 290. Use an algebraic
method to determine the numbers. '
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The understanding required here is that there must
be a "translation" from English into mathematical
symbols. Moreover, the concept of "successive" and
"odd" must be grasped, i.e., that consecutive odd
numbers are two units apart, and that odd numbers
are numbers one bigger than, or one smaller than
even numbers, which, in turn, are muitiples of 2.
Again, once this realisation has been made, the
setting up and solution of the equation

2

(2n + 1)% + (2n - 1)% = 290

is not difficult.’

Level 5 - Solve Non-routine Problems Involving

Insight and Ingenuity

Example 9: 1In the equation (a - cos x) (a - tan x) = O,
a is constant. Determine one value for sin x if the
equation has equal roots. The,answervmay'be.left‘in

. surd form. ’

One of the difficulties for the candidate, in the

above examination item, is the simultaneous application
of trigonometrical and algebraic techniques. The
words "equal roots" possibly induce thoughts of
Quadratic Theory and discriminant problems in the
candidate, while a sdlution for sin‘x is required -

and sin x appears nowhere in the equation! Quick
solution hinges on the fact that a is constant, and

so, for equal roots )

cos X = tan X = a

Recalling the Quotient and Pythagorean identities,
the equation easily reduces to

1 = sinzx = sin x '
and this equation may be solved using the quadratic

formula.



Example 10:

Prove that sin(x+y) +_sin(x-y)l=»2sin X.CO0s y
and, hence, deduce a formula for sin A + sin B.

The first part of this problem is a direct application
of the compound angle formulae for the sine function.
Finding a solution to the second part depends upon the
ability of the candidate to "see" the connection
between the form of the just proved identity and the
expression sin A"+ sin B, i.e., that A has replaced
(x+y) and B has replaced (x-y). FPinding x and y in
terms of A and B is not difficult, and the required
formula is then easily deduced.

Problems at this level of the hierarchy are
characterised by their unfamiliarity, i.e., the
candidates have not seen them previously, and the
fact that there are no "recipe" solutions; candidates
must pursue their own mathematical intuition and A

apply what they know in new situations.

Level 6 - Apply "Higher Mental Processes"

Example 1l1: -Prove~byﬁmeans-of'mathematical‘induction
that

1.2 +2.22 #3.23 + ... +n.2" = 2 + (n-1).2

n+l

The solution of this type of problem demands the
complete understanding of the principle of
mathematical induction together with the application
of the candidate's knowledge of algebraic expression,
his insight in grasping what is required and his
ingenuity in reaching the desired endpoint - it
requires a process of generalisation, i.e., the



candidate must be able to proceed from the
particular, in this case, the statement is true if
n =1, to the general, in this case, suppose the
statement is true for n = k, then is it true for

n = k+1? If this can be shown to hold then the

desired result is obtained.

Example 12: AD is a tangent to circle BCD and CB
is produced to meet AD in A. BX II CD
and BD is joined.

(a) Prove AD2 = AC.AB

(b) If BD = BC, show that

(i) BX is a tangent to
the circle, and
(ii) BX = DX

(c) If further AB = BC, deduce
that

(i) BD =y/2 XD,

(ii) BX 1 AD, and
(iii) CD is a diameter of the circle.

This geometry rider would be classified at the
highest level of the hierarchy, because the solution
demands the recall and application of theorems as
well as constant decisions on the part of the
candidate as to the sufficiency of the data

available for the particular statement he wishes to
make, or conclusion he wishes to draw. In order to
prove the statement in (a), the candidate must first
prove the similarity of the triangles ABX and ADB;

to do this he needs to recall that the equiangularity
of the triangles is a sufficient condition and then
prove that at least two angles are equal by recalling
a further theorem and checking again that minimum
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conditions are met. The whole process of completing
such an item is one of iogical deduction, in which
the candidate must progress from step to step,
repeatedly checking the sufficiency of his
information and then applying a suitable theorem.

Not all geometry riders would be classified at this
level of mental process, as some of them are so

well known that they have become "classics";
familiarity with such problems would reduce them -to
the level of the routine.

- Items classified in this highest level of the
‘hierarchy are characterised by the need to apply
knowledge and insight in a complex way which demands
not only that the candidate pioneers his own route
to the final solution, but also that he must use his
-mathematical judgement in selecting a suitable and,

if possible, mathematically elegant route.

Using.the kind of thinking indicated above,
examination questions from ten past Cape Senior
Certificate papers"were,cafegorised; ﬁo claim is
made that the resulting analysis is unassailable,
'particularly in view of the impossibility of knowing
the precise mathematical background of the candidates
involved - although all pupils study a common
syllabus, their mathematical experiences are very
varied. This problem is by no means unique to this
study, but is an echo of the problem, voiced by
Bloom (1956), in his discussion on the usefulness of
his taxonomy: '

... test material can be satisfactorily classified

by means of the taxonamy only when the context in
which the test problems were used is known or assumed.

The following tables show a summary of the analyses
for the Higher Grade papers and, secondly, the
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Standard Grade papers:

TABLE l: PERCENTAGE MARK ALLOCATION TO THE DIFFERENT
LEVELS OF MENTAL PROCESS INVOLVED IN THE
EXAMINATION ITEMS OF TEN PAST CAPE SENIOR
CERTIFICATE HIGHER GRADE MATHEMATICS PAPERS

MENTAL PROCESSES

Recall Manipu- Routine Campre—- Insight Apply

Date of lation Problems hension “HMP"
Paper 3 % % 3 % %
Nov'76 8 26 34 19 13 0
Mar'77 . 7 24 35 29 6 0
Nov'77 8 21 23 - 25 20 4
Mar'78 6 23 37 15 3 17
Nov'78 9 11 39 14 13 14
Mar'79 6 24 37 12 13
Nov'79 4 16 42 29 7
Mar'80 5 11 48 14 17
- Nov'80 7 16 34 18 13 12
Mar's8l 7 9 43 20 12 9
Average 7 17 37 _ 20 12 . 7

The analysis of Higher Grade papers shows that, from
year to year, a fair degree of variability occurs in
the balance of mental processes represented in the
examination; however, the main thrust of the
examination is clearly in the ability to solve routine
problems with Comprehension of Concepts enjoying the
edge over Manipulation. It will be noted that all
ability levels are generally represented in the

Higher Grade examination.



The fact that, on average, 39% of higher grade marks
are allocated to the top three stages of the ability
hierarchy surely indicates that the examiners are,
indeed, following through the aims of the syllabus
with respect to the development of understanding,
insight and logical thought. It also means that no
candidate will excel on the basis of hard work alone.

Nevertheless, it must be remembered that.items which

can be mastered by diligence amount to 61% (on average)

and so the hard worker should certainly be able to

pass the Higher Grade examination.

Similar analysis of Standard Grade papers, from the
same period, also shows that the composition of
examinations, with respect to mental processes, varies
considerably from year to year; however, there is a
tendency discernible, for the emphasis to be placed
more firmly on the lower levels of the ability
hierarchy, and the highest levels, namely Insight and
Application of "Higher Mental Processes", are hardly

represented at all.

The standard grade papers show a marked difference

in the balance of mental processes.with'the ability
to'manipulate mathematically running a close second

to the ability to cope with routine problems. In
fact, for standard grade candidates it seems that
consistent, hard work would be sufficient even to do’
very well since only 16% of the marks, on averagé, are
allocated to the top three ability levels. Again it
seems that examiners are following through on the |
aims of the syllabus - in this case, that the Standard
Grade course should be accessible to as many pupils as

possible.
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TABLE 2: PERCENTAGE MARK ALLOCATION TO THE DIFFERENT
LEVELS OF MENTAL PROCESS INVOLVED IN THE
EXAMINATION ITEMS OF TEN PAST CAPE SENIOR
CERTIFICATE STANDARD GRADE MATHEMATICS
PAPERS

MENTAL- PROCESSES

Recall Manipu- Routine Camprehen~ Insight Apply

Date of ‘lation Problems sion "HMP"
Paper % 3 s % .8 .8
Nov'76 10 39 39 10 - 2 0
Mar'77 7 43 38 12 0 0
Nov'77 9 26 47 18 0 o
Mar'78 8 26 45 21 0 0
Nov'78 8 38 39 . 13 2 0
Mar'79 9 36 36 19 0 0
Nov'79 7 44 33 : 16 0 0
Mar'80 6 35 48 11 o 0
Nov' 80 8 35 33 24 0 -0
Mar'8l 7 39 41 13 0 o
0] 0

Average 8 36 40 16

The different emphasis on the weighting of the
mental processes is illustrated by the bar chart
that follows:



Figure 1
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COMPARISON OF THE DISTRIBUTION OF MENTAL PROCESSES
IN HIGHER AND STANDARD GRADE CAPE SENIOR CERTIFICATE

MATHEMATICS EXAMINATIONS 1976 TO 1981

2 1886]
5
x5 75 '
m e
ied -4
s @ 8
L 4 2 9-'
o . Z
c 25 ﬁ /g
¢ 2 Z
< :
- "
) Higher Standard
a. Grade : Grade
sz Recall
gr@ Manipulation
Routine Problem
{lMli Comprehension
E= Insight .
[J Apply "Higher Mental Processes"

From the chart, it can be seen clearly that
Grade cahdidates are expected to be able to
a much wider range of mental processes than
Grade candidates, and that whilst diligence

required of the Higher Grade pupil in order

Higher
cope with
Standard
will be
to cope

with the bulk of routine and manipulative techniques

covered, diligence alone will not be sufficient to

excel in examinations which contain such noticeable

proportions of the higher mental processes.

In

contrast, Standard Grade candidates are expected to

cope with mostly "reproductive" mathematics, i.e.,

the examinations seem to ccncentrate on that which is

familiar to the pupil and demand less in the way of

innovative thinking.



There are two problems which come to mind at this
point. First of all, it has been assumed that in
order for a pupil to operate successfully at the
lower levels of the hierarchy all that he needs to
do is to work consistently}'lisfen in class and
learn carefully those manipulative techniques and
routine procedures prescribed by the teacher; but,

how much understanding does a pupil need in order

to follow through the various methods of solution
taught in the senior mathematics course? To what
extent can students learn by rote at this level of
mathematics? There is probably no answer to these
questions because the capacity to remember
"meaningless material" variés from one individual
to another, but it is certaiﬁ that many pupils will
need a basic understanding of principles before

they are able to exercise some mathematical proéedures.

Secondly, how reliable is the classification system
that was used to analyse the examination papers?
Although the descrlptlons of the various categorles
of mental process are very clear and spec1f1c, the
analysis of items was, nevertheless, a task fraught
with difficulties. These will be discussed fully in
the section that follows.

2.2.3 Limitations of the Analysis

Apart from the previously mentioned problem of not
knowing exactly how much understanding might be
required to perform manipulations and routine
techniques, there exists the difficulty of
distinguishing between the routine problem'(which

is familiar to the pupil) and the non-routine problem
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requiring insight and ingenuity. The main difference
between these two hinges on whether or not the problem
has been encountered before. In this regard, there
are at least three, probably different, perspectives;
the candidate's, the teacher's and the examiner's. '
The outcome of such an analysis depends entirely upon
the subjective bias of the person undertaking the
task.

Items that from the examiner's point of view are
higher order non-routine problems may, in fact, have
been practised by some teachers thereby reducing .
those items to the third level of the hierarchy, i.e.,
to the level of the routine problem, for some
candidates. Attitudes towards the final examination
differ from school to school and even from teacher to
teacher - some, pursuing "good" examination reéults
assiduously, may drive and drill their pupils to such
én extent that all problemé are reduced to the realms
of the routine; ' others, scornful of such "spoon-
feeding" practices, may 5e content to teach the
syllabus, leave final revision in the hands_bf their
pupils and "let the chips fall where they may"; and
others still may operate between these two extremes.

Even between a teacher and his pupilS'there would be
argument on the question of what has and has not been
seen before. Some pupils have poorer memories than

others and some are confused easily by slightly
different wording, so that what should be familiar

to them is not. In this way items intended as
routine problems are upgraded to the level of the
insight and ingenuity in the hierarchy. On the other
hand, the proofs of theorems and derivations of
formulae, which would be intended to demand only low-
level mental processes such as recall or manipulation
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in an examination, might present as problems of a
much higher level for pupils who have failed to
revise and learn these "bokaork pieces" carefully.

The foregoing analysis, then, is not absolutély
reliable, and it is likely that if repeated by
another researcher that a different outcome wauld
result. The particular bias of the writer is that
of a practising teacher whose opinion it is that a
balance has to be struck between the interest of the
pupil in obtaining the greatest number of marks
possible and the true spirit of education, which
.demands that eventually the student must take on
more responsibility and rely less on the "whip-

cracking" teacher.

2.3 OTHER DEMANDS

In common with every other school subject, Mathematics
makes hidden demands on the pupil. "Hidden™ only in
the sense that they are not specially mentioned in
writing in the syllabus; . they are, however, obvious
and very few pupils will achieve success without

meeting these demands.

2.3.1 Understanding of Previous Work

The nature of Mathematics is such that subject matter
is cumulative - one must start at the beginning and

_ progress logically step by step; it is not possible
to "pick up" anywhere in the middle. Mathematics
can be compared to a brick wall, its strength depends



upon a solid foundation and the construction of
successive layers of precisely laid-down, overlapping
small blocks. The content of the senior syllabus

is an extension of everything that has gone before;
not just from the junior secondary level, but right
back through the primary phases; The pupil's
success in the senior course depends first on the

extent of his prefknowledge;

Teachers at the senior secondary level have to assume
an understanding of the previous work - their
syllabus is too full for looking back. All too
often, however, we know that there are large gaps in
the pupil's mathematical foundations and this is
clearly demonstrated in the research of Kathleen Hart
(1981) and the CSMS Mathematics Team.

Very often secondary school teachers are reteaching
what was first presented in the primary school. In
many cases it was not understood when first presented,
or even when 'taught' the seccnd time ... Is there
really any point in teaching samething we know most
children will not understand? One reason given for
doing this is that ‘the child will became familiar
with the idea and understand it later. We have no
proof of this, in fact our results show that the
understanding does not ‘came'.

Hart (1981l) suggests that the only way around this
problem is to reteach, from scratch, topics which are
inadequately understood. Unfortunately our system,
in South Africa, is rather more rigid than the British
system and there is no time, certainly in Standards

. nine and ten, for casting backward glances.

It seems clear, then, that success in the senior course
of Mathematics requires that candidates should have
reached an adequate level of understanding with respect

to previous work by the end of their second year in the



high school. To proceed_without this surely will
lead to frustration, a decrease in the pupil's self-
confidence and, probably, eventual failure in

Matriculation Mathematics.

2.3.2 Motivation and Incentive

After standard seven, Mathematics is no longer a
compulsory school subject. = Pupils studying
Mathematics have chosen to do so. In any sphere of
life, it is true that we do best that which we enjoy
doing, or, that which we have powérful incentives to i
do. It follows that a pupil's reasons for choosing
Mathematics will have a marked effect on his approach

to the subject and his eventual success.

One of the most often quoted reasons for studying
Mathematics is that it is an entrance requirement

for many avenues of tertiary education or career
fields. The extent to which this reasoning provides
a powerful motivating force depends largely on how
convinced of its truth the pupil is. A pupil who is
really determined to enter some field of endeavour
that he knows requires achievement in Mathematics
will probably move mountains to succeed. On the
other hand, a pupil with no specific plans for the
future, who is simply conforming to parental wishes,
may not have the same drive to do well..

Another common reason, among pupils, for taking the
senior course in Mathematics is that it is not

considered to be a "learning subject". These pupils
hold the opinion that Mathematics is not something to
‘be'worked at consistently and studied with determination,



but rather that one learns to perform a few tricks
with numbers and then leaves the "understanding bit"
to the ingenuity of the teacher. With such an
attitude it must be an ordeal to sit through three
years of Mathematics which, except to those who

love it, can be a very dry subject; furthermore,
the realisation that the examination is more than

just a few tricks must be a painful one.

Students' incentives to study Mathematics are many
and varied, but the impoftant-thing is that the
motivation must be strong enough to keep the pupil
battling on over a period Qf'three years, and
through all the difficult and abstract material that
constitutes the course. Extrinsic motivating '
factors, such as promises of material rewards or
threats of beatings or other punishments will
probably not stand the test of time. Even a desire
to please the teacher, very often a powerful driving
force, may fail ‘if the pupil has toc many changes of
teacher between standard eight and standard ten.

In order to do well in Mathematics it is necessary
that the pupil finds enjoyment and fascination in
Mathematics; or, that he feels that this subject
will lead him into other fields, in which he is
deeply interested, that are unattainable except
through the portals of Mathematics. |

2.3.3 Work and Study Habits

Given an understanding of basics and the right kind
of motivation the pupil still has to cope with the
content of the syllabus.- ' White children in the Cape
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Peninsula are provided with a textbook covering the
work to be completed, classroom situations which are
seldom overcrowded and-a qualified teacher (usually).
Different teaching methods may be applied but, in
general, he is taught and has access to expert help.
All these are external aids to learning, the pupil
| also must provide an input. It is the pupil's duty
to be attentive in class, ask questions when necessary,
complete homework assignments, undertake revision for
tests and, if he is aiming at excellence in the
subject, to research topics rather more fully by
consulting other books and doing more difficult

exercises.

Model study habits are, unfortunately, not handed out
with the textbooks at the beginning of standard. eight;
they have to be acquired by practise in earlier years.
Children learn good work habits by observing the

adults around them and having their own work superviséd,
checked and praised until they themselves begin to

take pride in a job well done;" Adolescents, however,
are prey to many distractions and not all of'them'comev
from homes where the value of disciplined hard work is
acknowledged. . It is difficult for the easily led and
those who receive scant encouragement at home to

acquire the necessary study routines.

Others curiously at risk in this respect are the very
bfight. They manage their school work with such ease
and achieve such outstanding results right from the
beginning that no one suspects that they have been
"coasting". A few can even "coast" through the
Senior Certificate examination, but many discover
their inability to work in standard nine-“and cannot
understand what has suddenly gone wrong - they expect
to read and conquer as they always have done - they

have never learned to struggle for understanding



through repeated exercises and repeated revision of
a technique until they make it their own.

For the great majority of candidates consistent hard
work, i.e. keeping up with the rest of the class
every day, making sure that all assignments are
completed and planning periodic revision sessions is
a prerequisite of success in the final examination.
Without a féirly substantial personal input no pupil

will do well in Matriculation Mathematics.

2.3.4 Persistence, Tenacity and Determination

The ability to apply one's efforts steadily over a
protracted period is obviously ah advantage in any
field of study. Determination, that stubborn refusal
to give up trying, can make the difference between
passing -and failing for the less intelligent child,

or between passing and distinction for the more

intelligent.

-Nothing spurs us on to greater effort like success -
the better we do, the harder we try. However, many
students of Mathematics find that they have to work
for long periods without thebencouragement of visible
progress, and it is this group that requires

persistence the most.

Persistence is enhanced by the posseséion of the
attributes mentioned above, e.g., if one has a certain
understanding of basic principles, one at least has
some sort of "life-raft" to cling to when wallowing in
a sea of mathematical confusion; if one has a powerful
incentive to succeed, then one at least has a goal
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pointing the way ahead; if one has established a
pattern of working .and studying, then persistence

may be reduced to a matter of routine.

There are those, of course, who just have the kind of
nature that is patient and persevering and this is
just as valuable for Matriculation Mathematics as
that indefinable quality "mathematical flair" that is

evident in a few pupils.

Summing up the results of the CSMS research, Kathleen
Hart (1981) said, "The overwhelming impression obtained
is that mathematics is a very difficult subject for

most children." It is clear then that the majority of
pupils can succeed only through perseverence and
determination. This cannot be applied externally, it

must come from within.

2.4 SUMMARY

In brief, the prerequisites for success in the Senior
Certificate course in Mathematics may be given as

follows:

(a) a firm understanding of previous work on
which to base more advanced material;

(b) a genuine desire to succeed, i.e., an

| incentive to study Mathematics which is
powerful enough to see the candidate
through to the end in spite of difficulties

along the way;
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(c) a willingness to work consistently and with

determination;

(d) mathematical ability - the ability to
manipulate figures with precision; the
ability to grasp abstract concépts; the

‘ability to solve mathematical problems
by the application of learned techniques
and, sometimes, by a synthesis of various

techniques.

The extent to which a candidate possesses these qualities
will determine his degree of success in the final

examination.

No one would dream of encouraging the hopelessly
unco-ordinated girl to continue with the study of Ballet
to the senior level; no one would suggest that a tone
deaf boy persists with the violin to Matriculation;
however, such is the importance of Mathematics today

that pupils, and their parents, are extremely reluctant
to leave this subject out of the curriculum, irrespective
of whethér or not the pupilvis able to meét the démands

of the course.

There are two courses open to schools - to allow any
pupil to take Mathematics without any consideration of
his chances of success, or to select only those who
are considered likely to succeed. ' The former course
of action is very popular among standard seven pupils
and their parents, but it places great strain on
Mathematics Departments, most of which are understaffed,
or are using under-qualified teachers to fill the gaps:
youngsters in large classes receive less individual
attention, and so pupils, who might have managed, "go
under" because the teacher had to spend so much time
with students who were set to fail from the beginning.



To select only those who seem likely to succeed is,
in the writer's opinion, a much wiser course of action,

but one which is far more difficult to carry out.

The basis for such a selection process would have to

be a consideration of the extent to which the individual
pupil meets the demands of the senior course in
Mathematics as listed above, but the question remains,

how can we tell beforehand who has what it takes? How

can we predict who is likely to be successful in the

final examination?
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CHAPTER 3

PREDICTION OF SUCCESS IN SENIOR CERTIFICATE MATHEMATICS

Very rough predictions can be made about the likely
mathematical fortunes of any group of standard seven '
pupils attending any ordinary Cape Education Department
school, viz., that there will be a number of pupils who
will do very well, a large number who will pass
comfortably and a number who have no chance of success.

These different groups will correspond roughly to the
top, the mid&le and the bottom of the academic merit
list. Selection processes, however, have to be based
on more refined predictions. Teachers with the
responsibility of advising students really need to be
able to make predictions about individuals. Parents
ask, "Should my child continue with Mathematics? On
which grade should my child study Mathematics?" We
need a reliable predictive device which informs us
about the individual pupil's status vis-—-a-vis the
prerequisites for the course, as mentioned in the
previous chapter, and which has credibility for pupils

and their parents.

Prediction of academic achievement is a serious issue
and should be undertaken by those skilled in the use

of the various predictive devices devised by the
psychologists. A survey of some of the literature
concerning prediction is given in Appendix F. However,
classroom teachers are called upon to make rough
predictions about their pupils' success in Matriculation
mathematics and the following devices would be available
to them:
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Intelligence Quotient

Most teachers of Mathematics would agree that a
good mathematical ability is usually supported by a
good general ability, but measures of intelligence
tell us nothing about the candidate's understanding
of previous work, motivation or willingness to work
hard. A score on a test of intelligence might
indicate how well the pupil can reason, and that
might be fairly useful, but it is unlikely that the
intelligence quotient of the pupil will provide an

adequate measure of mathematical potential.

Parent Intuition

Few parents are professional mathematicians, and
when they do venture to make predictions about
their child's mathematical success these are often
based on hopes rather than realities. Some rely
on the pupil's previous "track record“, which is
understandable, but they seldom have considered
that the senior course might be gualitatively
different from the junior course. Some, whose
offspring have not performed well previously, put
this down to naughtiness, and assert that with
greater maturity and, perhaps a different teacher,

all will yet be fine.

The area in which information from the parent is
most reliable is in respect of the pupil's
motivation. They are aware of any burning
ambitions within their children that could
provide the powerful incentives needed for the
less able to succeed. Teachers very often have
no way of finding out about these driving forces,

particﬁlarly from quiet and shy youngsters.



Teacher Intuition

This is probably the most reliable predictor of

~all because the teacher's opinion is formed over

the period of the school year, perhaps two years,
and is based on a knowledge of the student's
previous performance and present status, as well
as observation of the pupil in class. The
student's behaviour in class betrays his attitude
towards the subject and, also, his ability to
think and make mathematical connections; the
questions he asks indicate the level of his
understanding and his ability to deal creatively
with problems; the way he works shows whether he
cares about accuracy and whether he has the
commitment to persevere with a task until it has

been completed.

In short, the teacher who knows the pupil, the
quality and potential of his work, and who also
has the advantage of knowing exactly what lies
ahead in the senior syllabus, can give the most
accurate and well-balanced prediction of the
pupil's chances in the matriculation examination.
Most parents value the teacher's opinion and
accept it, provided that what they are told ié
what they want to hear; as soon as the teécher's
advice is in conflict with their own feelings on
the matter they may no longer be interested in
opinions, but want proof. The trouble with an.
intuition is that it cannot be quantified; a
statement about a pupil's ability without a
number attached to it seems too vague for many
parents - and what is vague, is possibly untrue
or, at least, open to doubt.

The teacher's intuition, although the most useful

of the predictors, lacks credibility in the eyes
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of parents and.pupils because it cannot be
expressed numerically. We need to find some

quantitative way of supporting this opinion.

Standard Seven Mathematics Examination

Reporting on an extensive investigation into
predicting success in algebra, E.G. Begle
(1979) remarked:

The best predictor of mathematics achievement

is previous mathematics achievement. Only rarely
does any other cognitive variable contribute
significantly to prediction. Almost never do
affective, non~intellective, or teacher variables
add anything to the predictive power of previous
mathematics achievement measures.

It is certain that the promotion examination
provides the most valuable information about the
student's knowledge and understanding of junior
course Mathematics. This examination also
contains a measure of the pupil's regular
classwork throughout the year as the final
examination result includes a "year mark" which
is a summary of all test marks. Furthermore,
the outcome of this examination is expressed as
a number which means that parents and pupils tend
to accept this. evidence more readily and more
wholeheartedly than mere verbal statements made .
by the teacher.

It would seem, then, that the obvious predictor
may be the most acceptable and the best one;
however, a note of warning must be sounded here.
Mathematics is a compulsory subject in Standard
Seven. Most schools have a certain proportion
of academically very weak students who struggle
with even the easiest elements of the junior
syllabus and who find it almost impossible to
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pass Mathematics. If these pupils are to enjoy
their mathematics lessons at all, if they are not
to have their self-confidence utterly crushed,
then they must be taught at what Skemp (1979)

would call the level of "instrumental understanding”,

i.e., the level of rules without reasons. To a
certain extent,‘these'pﬁpils can learn skill - the
ability to apply an aﬁpropriate'remembered rule to
the solution of a problem without knowing why the -
rule works. For the benefit of these pupils some
standard seven examinations tend to be biased in
favour of mechanical manipulative techniques and
this will prejudice the reliability of this
examination as a predictor of success in Higher
Grade Mathematics, which we have seen is biased

in favour of what Skemp (1979) would call
"relational understanding", i.e., comprehension,
knowing not only how but also why, or the ability
 to deduce specific rules or procedures from more

general mathematical rélationships;

We cannot base predictions about the ability to
cope with mathematics in an insightful way 6n the
pupil's ability to cope with mathematical recipes.
Begle (1979) also comments:

..., the best predictor of camputational achievement

is previous camputational achievement, and the best

predictors of achievement at higher cognitive levels

are previous mathematics achievement at higher

cognitive levels.
Before we lend too much weight to the standard
seven school examination as'a‘predictor, we must
be sure that that examination contains the correct
balance of mental processes to reflect the demands
of the senior course. We must also question the
fairness of deliberately using this examination as
a predictor; after all, some pupils are aware of
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their limitations and have no intention of
continuing with Mathematics - they simply want

to be tested on what they have been taught and

do as well as they possibly can so that they can
escape out of compulsory mathematics into

standard eight where they may be able to choose
less academically demanding subjects. Perhaps

it would be better to use some test of Mathematics
other than the promotion examination for the

purposes of selection.

A Separate Teacher-made Test of Mathematids

Such a test need not be the sole predictor of
success but rather play a'supporting'role; We
have the regular school examination to inform us
about the pupil's present standing, we have the
parent's information about the pupil's motivation
and we have the power of the teacher's intuition
to inform us about the pupil's willingness to
work and his determinafion. This new test need
provide only a-quantitative indication of the
pupil's ability to deal insightfully with problems
in Mathematics and we would surely have a battery

of predictors acceptable to all.

This new test would serve only the process of

selection and the results would not be reflected
as part of the student's final examination mark,
and so would not adversely affect the results of

poor students. Moreover, such a test would not

- be restricted by the bounds of the standard seven

syllabus, but could range more widely in its
attempts to call forth mathematical insight. The
only possible restriction on this test would be
that it should reflect the nature of the
matriculation examination in its balance of mental

processes in order to be consistent with the
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finding of Begle's investigation’that achievement
is best predicted by previous achievement of the

same intellectual level.

To sum up, then, we have considered various possible
predictors, all of which would be readily ‘available to
the classroom teacher. Somé of them will be more
reliable than others, but all should be helpful
although Begle (1979) insists:

...the best predictors...are measures of the student's
previous success in mathematics, as measured by his
grades in mathematics courses or by the opinions of.
his mathematics teachers. General intellectual
ability, as measured by IQ, and readlng ability seem
to have little value...

Nevertheless, the writer feels that there is a need
for an additional test which could yield specific
information about the pupil's potential ability at a
higher level of mathematics understanding.

The construction of such a test is described in the
chapter that follows. o '
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4.1 CHAPTER OUTLINE

In this chapter, the construction and development of
a multiple~-choice test of Mathematics are described.
Owing to the repetitive nature of the process of
developing an efficient test, it was considered
necessary to set down, in brief, the procedures
followed by the writer. It is hoped that with such

an overview, confusion may be avoided.

This test, which it was hoped would have predictive
validity for the Higher Grade Senior Certificate
examination, was developed in three-stéges and
administered three times. Each successive test was
a refinement or a revision of the preVious test, i.e.,
the items of the successive tests were either wholly
or partially the same as the test that went before.
To avoid confusion in the discussion of these tests;,
they shall be referred to as the pilot test, the
revised test and thé new test respectively. The
Table 3 lists. the administration details of the three

tests.

TABLE 3: THE NAMES, ADMINISTRATION DATES AND DETAILS
OF THREE MULTIPLE-CHOICE TESTS DESIGNED TO
PREDICT SUCCESS IN SENIOR CERTIFICATE
MATHEMATICS '

Test Date No. of Sample Sample No. of

Items Size Level - Schools
Pilot Sept'83 70 129 std 7 1
Revised Nov '83 35 676 std 7 5
New Nov '84 - 30 458 std 7 3
404 Std 8 4
369 std 9 3
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The results of each test’are recorded and compared to
results of school examinations. In addition, the

. items of each test are subjected to scrutiny in order
to determine their efficiency in separating those
pupils with superior mathematical ability from the
others. '

Before proceeding with the discussion of the tests,
it is necessary to mention briefly the nature of the
test sample and certain problems encountered with the

sample.

The schools in the sample for testing were all under
the administration of the Cape Education Department
and the pupils attending these schools are white,
urban, middle-class, English-speaking boys and girls.

‘Originally, there were six participating high schools
and roughly 800 standard seven Peninsula school
children wrote the pilot test or the revised test.
One year later, the new test was written. The size
of the sample, at this stage, was greatly decreased
owing to the withdrawal of two. of the schools from
the experiment, and the fact that some pupils did not
continue with Mathematics in standard eight.
Approximately 400 of the original candidates were
retested at the end of their standard eight yeaf.

In addition to these, standard seven and standard
nine pupils at three of the remaining four schools
wrote the new multiple-choice test. '

To concentrate on the 400 retested pupils for a moment,

the size of this sample is not quite as large as it
seems. Since comparisons are made with results of
school examinations, it must be remembered that not

only do different schools write their own internal



examinations, but within each school there is a
separation of Higher Grade and Standard Grade
examining. This means that the sample size is
whittled down again and each grade in each school

must be treated separately in the various analyses.

There is a further problem concerning diminishing
sample size. Gradually, candidates, who started

out on the Higher Grade syllabus, found it too
difficult and changed to Standard Grade. The result
of this is that the Higher Grade group becomes
progressively smaller, and, it is not possible to
compare new analyses with 0ld because the nature

of the group has changed.

These problems are highlighted again as the analyses

of the various test results proceed.

At the outset there were three principal decisions to

be made:
1. - What form should the test take?
2. How long should the test be?

3. How could the test items be balanced to cater

for both Higher and Standard Grade predictions? .

The multiple-choice format was chosen for this test
because of the ease of scoring and analysing items
from such a test, particularly as it was envisaged
that the number of candidates involved in writing the
test would be guite large. Furthermore, it was not
intended that this test should provide information
about the pupil's skill in writing solutions down, but
rather it was intended simply to reveal the presence

of insight.
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The length of the test is an important issue.
Theoretically, the longer the test the greater is the
‘reliability of the test; however, there are practical
considerations to be taken into account. Pupils have
a limited concentration span and, since multiple-
choice items can be very demanding, care has to be
taken not to make the test so long that the candidates
become exhausted and unable to think clearly. In
addition, the school day is very full and it might be
difficult to persuade School Principals to set aside
more than an hour or two for the writing of this test.
In order to settle the question of length, it was
decided that a pilot study should be undértakenvat
just one school and that this could serve as a basis

for the test in its final form.

The construction of this test demanded a strict
adherence to the proportions and balance of the
various mental processes that were seen to occur in
.matriculation examinatibns. .. The question was, to

the composition of which paper should the test conform -
"Higher Grade or Standard Grade? The differences,
with respect to the more complex mental processes,
between these two was quite marked. Since Standard
Grade papers concentrate heavily on manipulation and
routine problems, it was considered to have more in
common with the standard seven examination than did
the Higher Grade Senior Certificate examinations.
Consequently, it was decided that this test'should
conform to the requirements of the Higher Grade papers
because it is in prospective Higher Grade students
that we need to detect mathematical insight.
Consequently, the ambit of thé'study is restricted

to an investigation of possible prediction for the

Higher Grade examination.
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4.2 THE PILOT TEST

The pilot test was devised, as mentioned before, to
settle the question of the length of the test. It
would also serve to estimate, more accurately, the
actual level of difficulty of the test items. In

a test of this nature it is important that the items
discriminate clearly between the able and less able
student. To accomplish this task of discrimination
the chosen items should fall in the middle difficulty
range; the level of difficulty can be determined only
by a trial run of the items. The pilot study allows
the truly valuable items to be identified and retained.
Less efficient items, for the purposes of the

investigation, are discarded.

4.2,1 Construction of the Pilot Test

During the analysis of the Higher Grade Senior
Certificate examinations the average proportions of
the various mental processes was found to be:-
Recall 7%; Manipulation 17%; Routine problems 37%;
Comprehension 20%; Insight 12%; Application of
higher mental processes 7%. The pilot test was
designed to conform to these same proportions.

Many of the items are regular standard sevyen
syllabus questions simply converted to a multiple=-
choice format with five foils to minimise the
probability of guessing. These items cover
algebraic and geometric material roughly in the
same relative quantities as the normal school
examination. Some items are not ordinary syllabus
material but test thinking ability and insight at a
level not beyond the reach of standard seven

mathematics.



Test items, suitable for the level of knowledge of

standard seven pupils, were sought and classified

according to the mental process they involved. An

example from each level of the hierarchy of mental

processes is given below to illustrate the writer's

train of thought in the classification of items.

- Level

1l - Recall

Two angles, measuring'47O and-43°‘respectively,
may be described as ..... .+ angles. .

HOOwp

»adjacent

co~interior
complementary

right

supplementary-

This item demands nothing more of the candidates

than the simple recall of a definition, and so it

was classified at the lowest level of the hierarchy.

Level 2 - Manipulation

Multiply: (2p - 7q) (5p + 3q) -

A

B
C
D
E

10p? - 4lpg - 21g?
lOp2 - 35pq ~ Zlq2
lOp2 + 29pq - Zlq2
lOp2 - 29pq - 21q2
lOp2 - 21q2

Here, the instruction is quite explicit, i.e.,

multiply, the pupil is not expected to decide what

has to

be done.

The technique of finding the product

of two binomials is taught and drilled in standard

seven,
to the

therefore this procedure should be well known

candidates - they simply have to perform the

procedure accurately.
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Level 3 - Routine Problems

The interior angles of a quadrilateral are y, 2y,
y + 20° and 2y + 40°, Find the value of y.

A 45°
B 40°
c 55°
D 50°
E Insufficient information

No explicit instruction is provided for the candidate -
he must decide what has to be done. '~ The fact that

the angles of a quadrilateral have a sum of 360°

must be recalled, an equation set up and solved.
However, similar examples are commonly found in
textbooks and pupils should be quite familiar with

this problem.

Level 4 - Comprehension

Which<of~the~followinggnumbéfs,is the largest?

A 2X2X2

B 222
c .222
p 22°
g 922

The candidate must demonstrate his comprehension of
algebraic notation by deciding how to convert these
numbers from their given form to a form in which they
may be compared, i.e., tornumbers whose exponent is
one. Further understanding will be required to deal
with the number in alternative E, which is too large
for quick calculation - the pupil must comprehend

the magnitude of this number by his ability to imagine

the rate of increase of successive powers of two.
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Level 5 - Insight

The cube root of 62 570 773 is .....

" A 383
B 397
C 429
- D 517
E 20 851

-Although the finding of cube roots is covered in

the standard six syllabus, the size of the given
number should discourage a process of factorisation
and this leaves the candidate to decide what else
might be attempted. Insight will be required of

the standard seven pupil to use the units digit

of the proferred solutions to narrow the possibilities
down to alternatives B and D. Once this is achieved
the answer may be obtained by estimation. This item
is classified as a non-routine problem because, not
only must the candidate decide what must be done, he
must find a new way to solve a problem he has not

met before.

Level 6 - Apply. "Higher" Mental Processes

How much information do. you need to answer.the question,
"Is x a two digit number?", if you are told:

I x2 is a three digit number -
ITI 10x is a three digit number
(Assume x is a whole number)

I alone is sufficient but IY¥ alone is not.-
ITI alone is sufficient but I alone is not.

I and II together are sufficient, but neither
statement alone ‘is sufficient. ,

Each statement alone is sufficient. _

More information is needed to answer the
qguestion.

MO Qwy

This item is classified at the highest level of the
hierarchy because it demands that the candidate apply
his understanding of the size of the numbers given,
in an insightful way, to decide on the sufficiency of

data supplied.
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Eventually a battery of seventy items was assembled,
classified according to the level of mental process
required, as illustrated above and graded according

to the estimated level of difficulty of the individual
item. In accordance with the proportions of mental
processes represented. in Higher Grade Senior
Certificate examinations, the test was constructed as
follows:

Items 1 - 4 involve Recall
Items 5 - 17 involve Manipulation
Items 18 - 43 involve solving Routine problems

Items 44 - 57 involve the demonstration of

Comprehension

Items 58 = 65 involve solving Non-routine problems
by insight

Items 66 - 70 involve the application of the "Higher"

mental processes.

Working on an average of jﬁst'under two minutes per
item, it was decided that the duration of the test
should be two hours. It was thought that this would
probably be the limit of the pupils' endurance on such
a test, and the limit of time that the school
authorities might feel pleased to yield.

The positions of the correct responses to the items
were randomly selected and the test was typed. A copy
of this pilot test may be found in Appendix B.

4.2.2 Administration of the Pilot Test

In 1983, during the third school quarter, 129 standard
seven boys attending a local high school wrote the
pilot test described in the foregoing section. At
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this stage of the year most of the syllabﬁs content
would have been covered by teachers, and it was
considered that these boys were not at any major
disadvantage in comparisqn with those who wrote

the later test at the end of the school year.

Clear instructions about how to answer items were
printed on the cover of the test paper and these
were reiterated by the invigilator'before the test
began. Additional instructions, concerning erasures
and changes to answer choices, were given verbally
by the invigilator. Approximately ten minutes
before the end of the test, candidates were informed
about the time remaining to them and were advised to
complete items by intelligént guesswork if necessary
so that no item should be left unanswered. The
invigilator reported that, towards the end of the
test, the boys were showing signs of fatigue and
that some of them had to rush through thé last few
items.

The test papers were returned to the writer for

scoring and item analysis.

4.2.3 Analysis of the Pilot Test

The scoring of the test was carried out by the writer
on the basis of one mark per correct response and no
mark for an incorrect response. There was no
correction made for guessing as the candidates had
been encouraged to make intelligent guesses where
necessary. At the time the test was written, the
invigilator discovered that, owing to an error in
typing, there was no correct response offered for item
number 28. This item was then excluded from the
analysis which, effectively, reduced the number of
items in the pilot test to sixty-nine.
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Each candidate was given a code number and the
results of the test were recorded.f The bulk of

test results yielded by this study is extremely
large. Consequently all test results are summarised
by tables of test statistics.

TABLE 4: TEST STATISTICS OF THE PILOT TEST
ADMINISTERED TO A CAPE PENINSULA BOYS'
HIGH SCHOOL DURING THE THIRD SCHOOL
TERM OF 1983

No. of pupils tested - 129
Maximum score possible 69
Mean 34,2 (49,5%)
Median : | 35  (50,7%)

Standard Deviation 10,6 (15,4%)

Figuré 2 further illustrates the distribution of Pilot

Test scores.

Figure 2

SYMBOL DISTRIBUTION OF PILOT TEST SCORES

of Pupils

No.

The symbols used are the usual school symbols



allocated to school examinations, i.e. A reflects

scores greater than 80%, B reflects scores greater

than 70%, C reflects marks greater than 60%, etc.

An item analysis was undertaken in order to ascertain

the level of difficulty of each question, its

discriminating value or efficiency and the

appropriateness of the foils or distracters - this

with a view to improving the test for administration

to a much wider sample of pupils. The separation

of the pupils into an upper and a lower group was

accomplished by removing the large group of

candidates whose scores were clustered around the

,median, and then using the top 35 scorers as the

Upper group and the 37 least scoring cqndidates as

the Lower group.

In the item analysis that follows, the level of
difficulty of the item is given by p, which is the
number of correct responses divided by the total
number of responses; the efficiency of the item as

- a discriminator is given by'ﬁhe ratio U/L, i.e. the

.ratio of upper group correct responses to lower

group correct responses. The grounds on which an

item will be rejected or modified are:

4.

P < ,26 - the item was too difficult
p > ,69 - the item was too easy

U/L < 1 -~ does not discriminate between the
able and less able properly.

Foils are confusing or unconvincing.

The item analysis follows:

ITEM 1

A B c* D E

U35, 3 1 23 1 7

L35 | 3 2 21 5 4

p = ,63
U/L = 23/21
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ITEM 2 A B c* D E

U3s 1 o |32 1 1

L35 2 | 5 |14 9 5

p = ,66
32/14

c

~
()
It

ITEM. 3 ' A* B C D E

U35 | 21 -0 o o 14

L35 5 | o |1 6 |23

p = ,37
u/L = 21/5

Distracters B and E confusing

ITEM 4 | A* B C D E

‘U35 | 28 3 2 0 2

L35 17 9 4 1 4

ITEM 5 A B C D* E

U35 0 0 o |35 | o

L35 3 1 3 26 "2

p = ,87
35/26

a

~
[l
il

ITEM 6 A B* C D E

U35 3 27 2 o) 3

L35 | 9 9 .| 6 1 10

p = .51
u/L = 27/9



ITEM 7 ~a . B c*

U35 0 0 27

L34 3 3 |15

[1=8

p = ,61
27/15

(=]

N
- B

H

ITEM 8 A B* C

U35 3 26 1

L34 10 9 4

p = .51
U/L = 26/9

ITEM 9 A B c*

U35 4 1 23

L35 11 5 9

ITEM 10 A B C

U34 1 o) 5

27

L35 |11 4 2 13

p = ,58 _
27/13

(=]

~
)
]

ITEM 11 : A B* C

U/34 0 17 12

L/35 2 3 17

p = ,29
Uu/L = 17/3



ITEM 12

ITEM 13

ITEM 14

ITEM 15

ITEM 16

U34

L35

U35

L35

U35

L35

U35

L35

u3s

L35

C D
- 29 o 5 o
5 14 15 0
p = ,49
U/L = 29/5
A* B C D
18 1 12 3
2 2 13- 9
p = ,29
U/L = 18/2
Ax B C D
32 1 1 o
20 4 | 8 2
p=,74
U/L = 32/20
A B C D*
1 2 2 30
9 4 2 11
p = ,59
U/L = 30/11
A* B C b
16 11 2 5
7 13 2 6
| p = ,33
U/L = 16/7
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ITEM 17 A B C D

U3s 2 9 |22 0

L35 12 5 5 1

u/L = 22/5

ITEM 18 _ A B C D

U35 o 0 1 34

L35 3 8 6 16

U/L = 34/16

ITEM 19 - - A B C D*

U35 1 0 0 33

L35 | 1 | 4 | 4 |12

c

~

o
i

33/12

ITEM 20 A* B C D

U35 32 1 1 o}

L35 10 5 8 8

ITEM 21 A B c -~ D

U35 0O 10 o 2

L35 2 13 1 13

p = ,41
"U/L = 23/6



ITEM 22

ITEM 23

ITEM 24

ITEM 25

ITEM 26

U35

L35

U35

. L35

U35

L34

U35

L35

U35

L35

B C - D*

U/L = 28/8

A E
‘1 3 1 |23 7
13 3 O | 4 |15
p = ,39
U/L = 23/4
A B*-‘ C D E
o |27 4 1 3
3 |15 8 3 6
p = ,60
U/L = 27/15
A B C D* E
0 1 1 32 1
2 1 3 |27 1
p = ,86
U/L = 32/27
A B* C D E
4 6 |19 | 4 2
13 4 |13 3 2
p = ,14
U/L = 6/4
A B C D* E
4 0 3 |28 0
13 4 4 8 6
p = ,51




ITEM 27

ITEM 28

ITEM 29

ITEM 30

ITEM 31

U35

L34

U35

L35

U35

L35

U34

L35

A B C* D E
1 4 24 3 3
4 6 10 11 3
p = ,49
U/L = 24/10
A B C D E
p =
Uu/L =
No correct answer
A B o D E
23 8 2 2 o
10 8 5 9 3
p = ,47
U/L = 23/10
A% B Cc D E
28 1 | 0o 2 4
18 3 2 1 11
p = ,66
U/L = 28/18
A B Cc D E* .
4 3 2 4 21
5 6 8 8 8
p = ,42

u/L = 21/8
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ITEM 32

ITEM 33

ITEM 34

ITEM 35

- ITEM 36

U35

L35

U35

L35

U35

L35

U35

L35

U35
L35

A C D E
o (33 |1 |o |1
6 16 3 4 6
p=,70
U/L = 33/16
A B c D E*
7 o 0 2 26
10 4 4 2 15
p = ,59
U/L = 26/15
A Br C D E
7 25 0 1 2
16 .8 9 1 1
p = ,47
U/L = 25/8
A* B C D E
23 6 1 4 1
9 6 1 15 4
p = ,46
U/L = 23/9
A% B C D E
20 7 7 o 1
6 5 24 | O o
p = ,37
U/L = 20/6
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ITEM 37

ITEM 38 .

ITEM 39

ITEM 40

ITEM 41

U35

L35

U35

L35

U35

L35

U35

L35

U35

L35

A B+ C D E
2. |31 2 o) o)
3 (11 | 1o 2 9
p = ,60
U/L = 31/11
A* B C D E
28 1 0 5 1
10 5 5 |14 1
p = ,54
U/L = 28/10
A B C D E*
o) 0 0 o |35
9 | 5 | 3 | 1 17
p=,74
U/L = 37/17
A B C D* E
o | o 4 |31 o)
1 7 |10 |15 2
p = ,66
u/L = 31/15
a°- B* ¢ b E
o |32 o) 0 3
1 6 0 1 |27

U/L = 32/6
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ITEM 42

ITEM 43

ITEM 44

ITEM 45

ITEM 46

U35

L35

U35

L35

U35

L35

U35

L35

U35

L35

68

U/L = 29/15

B C D E*
6 o} O |28
14 . | 7 5 5
p = ,47
U/L = 28/5
B C D E* .
1 o} o |34
8 4 o |23
p = ,81
U/L = 34/23
B Cc* D E
6 |21 5 o}
9 4 |12 3
p = ,36
U/L = 21/4
B* D E
22 '2 3 7
5 |10 3 |15
p = ,39
U/L = 22/5
B C D* E
o} 4 |29 2
5 {lo |15 2
'p = ,63



ITEM 47

ITEM 48

ITEM 49

ITEM 50

ITEM 51

U35

L35

U35

[

35

U35

L35

U35

L35

U35

L35

B C D* E
5 4 |22 4
10 8 8 5
p = ,43
U/L = 22/8
B C* D E
o |35 0 0
o |19 5 |11
p = .,77
U/L = 35/19
B* C D E
| 31 o} | 2 0
13 5 |13 1
p = ,63
.U/L = 31/13
"B C* D E
0 |35 0 0
6 |24 0 2
p = ,84
U/L = 35/24
B* C D E
26 | 2 3 1
15 8 8 2

p = ,59

U/L = 26/15




ITEM 52

ITEM 53

ITEM 54

ITEM 55

ITEM 56

U35

L35

U35

L35

U34

L34

U34

L35 .

A B C E*
o} 5 6 21
11 6 7 3
p = .,35
U/L = 21/3
A B C* E
3 4 |23 3
2 8 8 10
p = ,44
U/L = 23/8
A B C E*
1 2 |27
12 3 5 8
p = ,50
U/L = 27/8
A B* C E
.1 |30 1 0
9 |11 6 3
p = ,60
U/L = 30/11
A B C E*
22 | 0 8 4
18 2 5 6
p = ,14
= 4/6
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ITEM 57

ITEM 58

ITEM 59

ITEM 60

ITEM 61

U34

L35

U33

L35

U35 .

L35

U35

L35 .

U35

L35

*

B C E
1|21 5 3
7 | 14 5 6

p = ,51
U/L = 21/14
A Bx C E
4 | 20 1 4
o | 12 4 13
p = ,47
U/L = 20/12
A B o] E
22 0 6 6
6 3 |14 5
p = ,40v
U/L = 22/6
A B C* E
9 | 12 |13 1
17 | 1o 6 o}
p = ,27
U/L = 13/6
A B* C E
3 9 |12
1 2 |18 5
p= ,16
U/L = 9/2
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ITEM 62

ITEM 63

ITEM. 64

ITEM 65

ITEM 66

U35

L35

U35

L35

U35
L35

U35
L35

U35
L35

-\ B C D E*
3 | 4| 5] 2 |21
8 7 7 4 9
p = ,43
U/L = 21/9
a* B C D E
8 9 5 4 9
18 3 1 5 8
p = ,37
U/L = 8/18
A* B C D E
21 4 4 2 4
5.1 6 |16 3 5
p = ,37
U/L = 21/5
A B* C D E
15 4 7 6 3
18 3 4 9 1
p = ,10
U/L = 4/3
A B- c D E*
7 5 3 |15 5
3 3 6 | 19 4
p = ,13
U/L

= 5/4
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ITEM 67 A - B C D* E
U35 3. 2 3 |22 5
L35 | O 4 |18 9 4
p = ,44
U/L = 22/9
ITEM 68 A B c* D E
U35 5 7 |15 4 2
L35 | 8 6 8 7 6
P =7,34
U/L = 15/8
ITEM 69 A* B C D E
U35 | 20 4 8 1 |2
L35 | 14 6 4 6 5
p = ,49
U/L = 20/14
ITEM 70 A B C D* E
w3s | 1 | 4 |12 |16 | 2
L35 | 8 | 3 9 6 9
p = ,31
U/L = 16/6

The item analysis yields the

of difficulty levels:

following distribution
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Figure 3

THEkDISTRIBUTION OF PILOT TEST ITEM DIFFICULTY
LEVELS, p, CALCULATED ON THE BASIS OF THE TOP

35 SCORERS AS THE UPPER GROUP AND THE 35 LEAST
SCORING CANDIDATES AS THE LOWER GROUP

< ,l6 * % k%
,16 - ,25 . *
,26 - ,35 *hkkkkik . 7
,36 - ,45 khkkhkkhkhkhhkkhhk 15
,46 - ,55 % J d K K J & d e de ok gk de kK 16
’56 - ,65 Kdddededdkddddkhdki 14
,66 - ,75 %k k& dek K
/76 - ,85 *k K

> ,85 k%

MEAN p = ,50 STANDARD DEVIATION = ,17

Some of the items provéd to be rather more difficult
than estimated and a few proved to be too easy. In
order to achieve maximum discrimination, these items
would have to be excluded from the test. Items
rejected on this basis were numbers 5, 14, 18, 24, 25,
32, 39, 40, 43, 48, 50, 56, 61, 65 and 66. |

Items rejected because of the U/L ratio, i.e. because
they did not discriminate properly between the able

and the less able, were 1, 56, 63 and 66. The only
item excluded on the grounds of confusing distracters
was number 3. A further five items were rejected
simply to shorten the test, namely, items'z, 10, 16, 60
and 61.

Apart from the information gained about the items,
the pilot test also provided information about . the
length of the test and the mechanical business of
scoring. Two hours had obviously been too long a
spell for many of the boys to coﬁcentrate but still



not enough time to finish’all the questions. It

was decided that the next test should be shorter

in duratibn, but allow more time per item. . Reducing

- the number of items, of course, would mean a

decrease in reliability; however, too much guessing
in order to finish would likewise reduce reliability -

a balance would have to be found.

The boys who wrote the pilot test had not been
‘provided with an answer sheet, but had made theif
responses on the question paper. The reasoning
behind this had been that there would be less chance
of errors being made in matching the item with its
answer since the candidate's eye would not have to
travel to a separate sheet. However, scoring this
had proved to be tedious and inefficient because of
the necessity to turn pages constantly. It was
decided that, for the next test, an answer sheet

would be provided.

The pilot test was a very_valuable exercise which
greatly facilitated the construction and administration
of the revised test, a description of which follows in

the next section.

4,3 THE REVISED TEST

The pilot test had provided information about the
length of the test, the level of difficulty of the
items and the desirability of having an answer sheet.
The revised test would have to solve the problem of
maximising reliability by striking a balance between
providing an adequate sample'of suitable items whilst
not exhausting the candidates. The problem of
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maximising the test's diécriminating power would be
addressed by having item difficulty levels more
closely clustered around ,50 through the exclusion of

items which had proved to be too easy or too difficult,
engo r

Item 5: (p = ,87) |

Add: 5% - x° + 6; 3% + x + 8; -dx + 2x°

A typical manipulation-taught to standard six pupils
in introductory algebra - this item proved to be -
much too easy for these standard seven boys and,
consequently, nearly everyone .chose the correct
answer, thereby providing no distinction between the

able and the less able groups.

Item 25: (p = ,14)

Which of the following are rational numbers?

I V3 II V4 IIT 2%

This item proved to be very difficult (perhaps the
boys had not yet been taught the definition of
"rational”), and practically no one answered
correctly - again providing no distinction between

able and less able pupils.

By excluding such items from the revised test, only
those middle-difficulty items, which provide an
opportunity for maximum discrimination between the

upper and lower groups of candidates, would remain.

4.3.1 Construction of the Revised Test

It was decided that the revised test would use
only items that had already been tried out in the
pilot test. In this way it would be possible to



extract scores on the revised test for the pupils
who had written the pilot test.

Certain items had already been rejected on the basis
of the results of the foregoing item analysis. This
left 47 items which were suitable for re-use.
However, the rejection of questions had disturbed
the balance of the various ability types among the
items and it was important that the revised test
conform to the same proportions of types of mental
process as the senior certificate-examinations. To
serve this purpose,'items of the pilot test were
scrutinised again and a further 12 items were
rejected. Most of the questions excluded at this
stage had worked quite well in the original test,
and were left out simply because they were similar
to another item or, because they performed slightly
less well than other items. The test items
rejected on this basis were numbers 4, 8, 20, 27,
30, 33, 35, 45, 46, 49, 52 and 70.

The remaining items were rearranged to place some

of the later questions of the pilot test nearer the
beginning of the revised test to determine what
effect the Quessing'of the slower candidates had

had on the difficulty levels of these items - it
will be remembered that a number of boys had
experienced difficulty in finishing, .and that ten
minutes before the end of the test, they had been
advised to use intelligent guesswork in order to
complete all items. It was thought that this might
have affected adversely the difficulty levels of
those items near the end of the test paper. Other

items were presented in ascending order of difficulty

according to the levels of p calculated in the item
analysis of the previous section. Again the
positioning of correct responses among the foils was

selected randomly.
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The time allocation per item was increased to two
minutes which meant that the duration of the test
would be seventy minutes. = This seemed a reasonable
time spén from the point of view of the candidates"'
concentration, the school timetable and the purposes

of- the investigation.

The revised test was typed and printed along with
an answer sheet, and a copy of each of these is
tabled separately in Appendix C..

4.3.2 Administration of the Revised Test

The co-operation of five local high schools was
obtained, three co-educational and two girls‘
schools. It was agreed that, in order to ensure
that pupils viewed this test with the utmost
seriousness, it should be written at the same time
as the ordinary end-of-year promotion examinations.
It was not possible to arrange that the test would
be written on the same déy_in‘each school, and so
" the test was administered throughout the month of
November 1983 to the standard seven pupils of four
of the schools. Standard eight pupils in the.
fifth school wrote the test immediately after school
recommenced in January '1984. This group of
candidates was different from the others in that
they all had chosen to study Mathematics at the
senior level; however, nearly all of the pupils
attending this particular school do opt for this
subject, and so the composition of the group still
represents a wide range of talent, but excludes
the very weakest pupils. This had the effect of
inflating the mean score of these pupils a little.
All test material was kept secure before the writing
of the test and was then completely removed from the
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schools after writing. There is, therefore, no
reason to believe that there was any information,
concerning the content of the test, passed between

pupils of different schools.

The test was administered by four or five different
teachers in each Separate-school. In order to
ensure some sort of standard procedure in
administration, invigilator's instructions were sent
with the test in the hope that this would leave less
room for doubt on the part of those teachers, and so
produce similar test conditions for all candidates.
A copy of these instructions is tabled separately in

Appendix C.

Administered together with the revised multiple-
choice test was a short test of mathematical
reasoning which was designed to indicate which pupils
could find their own solutions to problems which
involved complex thought processes or complicated
verbal statement. This test is discussed more fully

in Section 4.4.

Reliable feedback from invigilators was difficult to
obtain as it was not possible to make contact with
"all of the teachers involved; however, comments from
a few indicated that lack of time had been a problem
for some of the candidates, in spite of the extra
time allocated to each item. An invigilator from
school C reported that some. of the pupils had not
seemed to take the test seriously and that some
results might be open to question. This had been a
potential problem at school E, the students of which
wrote the test in January; however, the pupils were
told that the outcome of this test would determine
subject setting, and, according to invigilators’
reports, this seemed to have the desired effect.



4.3.3 Analysis of Results, Reliability and Validity

All scoring of answer sheets was undertaken by the
writer and one assistant, again on the basis of

one mark per correct response with no adjustmenf
made for guessing - it was mentioned previously
that intelligent guessing ‘had been encouraged as

an alternative to leaving an item unanswered. The
results, on the 35 items of the revised test, of
the boys who wrote the pilot test were also
extracted so that they could be compared with the
others. Note that school H is the school at which
the pilot test was run. The code letter H was
used to denote this school simply to set it a little
apart from the others because the test written at
this school was not the same as that written at the
other schools. The table that follows gives é
summary of the test statistics school by school:

TABLE 5: COMPARISON OF REVISED TEST STATISTICS FOR
THE STANDARD ‘SEVEN PUPILS OF SIX CAPE
PENINSULA HIGH SCHOOLS

SCHOOLS

H A . B . c D E
N 129 131 100 - 127 176 142
TYPE Eoys Girls ' Co-educational
MEAN 15,95 13,34 9,96 10,44 11,54 13,33
SD 6,63 5,44 4,92 5,18 5,04 5,04
MEDIAN : 16 13 A 9 9 11 13
HIGH 32 29 | »28 28 27 - 28

. LOW . 3 -2 1 2 ' 3 3

It is interesting that, with the exception of school H,
the top scorers in each school had very similar

results; there is a corresponding similarity at the
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bottom of the range too. Schools A, B, E and H
are all, geographically very close, while schools

C and D are some distance away from the others.

Most interesting,; perhaps, is £he difference in
results between school A and school H. These
schools serve exactly the same residential area and,
to a large extent, the same families; it is
noticeable that the boys have fared better, on
average, than the girls. The possibility that
boys are better mathematicians than girls is

'investigated in Chapter 6.

Apart from the above observations, these test results
tell us little. We need to know whether this test
is reliable, and whether it is valid for its purpose,
i.e., does this test have predictive validity for

the Senior Certificate examination in Mathematics?

Reliability:

Since this test is intended to select candidates
capable of succeeding in matriculation mathematics,
we need to have an estimate of reliability for this
test which includes a measure of candidate stability,
i.e., we need to know to what extent the results of
candidates would be consistent should they rewrite
the test. - For this reason, it was decided that
pupils would indeed rewrite the test at some later
stage. This is discussed in Section 4.5 of this
chapter. However, it was possible, at this stage,
to obtain a measure of internal consistency by using
the method of Split-Halves. A rough split of items
of the pilot test had been obtained when the boys'
scores on the 35-item test had been extracted; their
scores on the 35 items were correlated with their
scores on the remaining 34 items using the Product

Moment correlation coefficient. The reliability



estimate was calculated to be

rf = +0,74

in the case of the revised test and, using the
Spearman-Brown formula for a test twice the length,

we obtain a reliability estimate of

in the case of the pilot test. These measures
reflect a fair degree of internal consistency
especially when it is remembered that the split of
items used'was not, perhaps, the best one, but
rather a convenient one. A more dependable measure
of the reliability of the test was obtained when

candidates were retested.

Validity:

We are interested in the ability of this multiple-
choice test of mathematics to predict achievement
in the Senior Certificate examination in mathematics,

i.e., we are concerned here with criterion-related

validity. The criterion, in this case,. is the
matriculation examihation. . Is it, then, necessary
to wait three years to find out whether the test

has predictive wvalidity? Logically, if the demands
of the senior and junior syllabuses are different,
then somewhere between standard seven and standard
ten there must be a transition. It has been the
writer's experience, in the past, that this
transition occurs during the first quarter of
standard nine. The nature of much of the standard
eight syllabus material lends itself to the same
sort. of mechanical handling as the junior study
topics, and there are no time pressures. At the
beginning of the standard nine year,‘the quality

and quantity of the syllabus content changes
noticeably and, therefore, so do the level of
thinking required by the pupils, the pace of lessons
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and the nature of tests and examinations. Standard
nine tests begin to look more and more like the

final Senior Certificate examination.

The introduction of the new syllabus (1984) may
bring this transition forward into the standard
eight year, as yet it is too early to tell;
certainly a few more difficult topics are now to be

studied one year earlier. Thus, if successive

school examinations are increasingly similar to the

matriculation examination, then the correlation

between the multiple-choice test and each successive

‘examination must also increase, assuming that the

multiple-choice test does have predictive validity

for the Senior Certificate paper.  Conversely, if

the standard seven examination tests essentially
some different ability than the matriculation

" examination, then the correlation between it and

the later school examihations should decline. To
pursue this line of reasoning, it would be necessary
to follow the progress of the students tested for at
~least two years, in order to determine whether or

not such trends would materialise.

In ‘the construction of. the multiple—choice test
there had been no attempt to cover the same ground
as the standard seven examination, but both tests
are tests of mathematical ability and so one might
expect a positive correlation between them. It was
not considered worthwhile, at this stage, to calculate
coefficients for all schools, since many of the |
candidates would not continue with mathematics, and
therefore, would be lost to the .investigation.
However, the Product-Moment correlation coefficients
were calculated for two schools, viz., schools A and
H. The resu{%s obtained are given in Table 6.

P
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TABLE 6: PRODUCT MOMENT_CORRELATION'BETWEEN THE
REVISED MULTIPLE-CHOICE TEST AND THE
STANDARD SEVEN EXAMINATIONS IN TWO HIGH

SCHOOLS
SCHOOL SAMPLE r 'STD. ERROR
A - 130 girls +0,78 0,056
H 125 boys . +0,73 0,062

One girl and four.boy5‘wefe excluded because there
was no standard seven examination result available.
The strength of the posiﬁive correlation is
interesting, but it must be remembered that the.
range of talent within these two groups of pupils
was considerable and that this would tend to

inflate the correlation coefficient. Nevertheless,
it is obvious that these two tests, although
designed,for differeng purposes, are'testing some

common abilities.

Since, at this étage, it waé not possible to address
the question of reliability and validity, it was
decided that a further more rigorous investigation
of the test items be undertaken with a view to
improving the test forvre-administration at the end
of the standard eight year.  In order to maximise
reliability and validity it would be necessary to
alleviate the pressure of time in the test and to
seek out those questions which were the best
middlé-difficulty discriminators. This investigation
is described in the section that follows.



4.3.4 Further Analyses

As was mentioned before, many pupils were lost to
the investigation either because. they did not
continue to study Mathematics or, as in a few cases,
they left the school. It was unfortunate, too,
that at this point school C withdrew from the
experiment. The table that follows indicates how
many pupils continued with Mathematics and the

grade on which they continued:

TABLE 7: COMPARISON OF THE NUMBERS OF STANDARD

| SEVEN PUPILS OF SIX CAPE PENINSULA HIGH
SCHOOLS CONTINUING WITH SENIOR COURSE
MATHEMATICS

‘SCHOOL SEX STD 7 SENIOR HIGHER STANDARD
. MATHS GRADE GRADE

H Boys 125 125 107 .18
A Girls 130 105 74 3
B Girls 100 . 54. 42 12
¢ Co-ed 127 . 99 68 31
D Co-ed 176 142 56 86
E Co-ed 170 = 137 101 26

It is clear that in all the schools a high percentage
(about 80%) of pupils are continuing with Mathematics;
in fact in school H (a boys' school) it appears that
all students proceed to the senior course. Only in
school B (a girls' school) does there seem to be no
great pressure felt to opt for Matriculation.

~ Mathematics. The division of grades is also very
similar from school to school; except in school D,
at least two-thirds of the pupils, who take Mathematics,
take it on the Higher Grade. In school D, a process
of selection for the Higher Grade group was fairly
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rigidly adhered to, and this probably'accounts for
the different proportions of Higher and Standard
Grade candidates. An interesting innovation, at
this school, was the introduction in 1983 of the

so-called Terminal Mathematics. This was a one-

year course designed to meet the computational needs
of pupils who wished to study Standard Grade
Physical Science but who could not manage the
regular course in Mathematics for the full three
years of its duration. It also covered the
syllabus of the N.T.C. I examination, so that boys
entering apprenticeship might be exempt from this
first hurdle. Ten pupils opted for this course at
the beginning of 1984 and a few more transferred to
this class from the Standard Grade class a little
létég‘in the year. This group of students does not
constitute part of this investigation, but the
existence of such a group within an ordinary school
situation highlights the desperate need that pupils.
feel to expose themselves to as much Mathematics as

they possibly can.

On the whole, aé might be_expected,.the pupils who

do not continue with Mathematics are those whose
previous record in the subject has been poor. Among
the girls, there are a few who managed the junior
course well enough but simply have no interest in
Mathematics and so do not pursue it in the senior
secondary phase. Conversely there are pupils who
continue with the subject whose previous record does

not give any encouragement.

The following tables indicate the shifts in test
statistics when the pupils who did not continue

with Mathematics are excluded:



COMPARISONEOF REVISED TEST STATISTICS FOR

TABLE 8:

THE STANDARD SEVEN PUPILS OF SIX PENINSULA

HIGH SCHOOLS WHO CONTINUED WITH MATHEMATICS

IN STANDARD EIGHT

SCHOOLS

H A B’ c D E
N 125 105 54 99 142 137
TYPE Boys Girlé Co-educational
MEAN 16,06 14,05 12,17 11,37 12,37 13,39
SD 6,62 5,42 4,78 5,40 5,03 4,88
MEDIAN = 16 13 13 10 11 13
HIGH 32 29 28 28 27 28
LOW 3 3 2 2 4 3
TABLE 9: COMPARISON OF REVISED TEST STATISTICS FOR

THE STANDARD SEVEN PUPILS OF SIX PENINSULA

HIGH SCHOOLS WHO CONTINUED WITH HIGHER

GRADE MATHEMATICS IN STANDARD EIGHT

SCHOOLS

H A B C . D E
N 107 74 42 68 56 101
TYPE Boys Girls Co~educational
MEAN 17,05 15,88 13,79 13,04 16,52 14,84
SD 6,19 4,89 4,52 5,43 4,70 4,62
MEDIAN .17 15 13 12 - 17 14
HIGH 32 29 28 28 27 28
LOW 5 8 6 2 7 6

It is interesting that, after the stringent selection
of higher grade candidates at school D, the median
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has increased to the same level as the median score
at school H, where the great majority of pupils are
higher grade candidates.

In order to find out more about the difficulty and
discriminating power of the test items for the group
continuing with Mathematics} another item analysis
was carried out. Only the pupils from schools A
and H were used for this purpose since the number

of candidates is comparable, the home background of
the pupils is the same and a separation of the

sexes is obtained.

Instead of splitting pupils into an upper and a
lower group, candidates were divided into quintile
groups, on the basis of their scores on the '
multiple-choice test. It was thought that such a
split might provide more detailed information about
the way that items discriminate between pupils whose
scores éiace them in the middle of the distribution
rather than at the extrémes, After all, these are
the pupils about whom this investigation revolves -
. for the top group and the lowest group prediction

is not such a problem.

The girls from school A were divided into five
roughly equal groups of 22 pupils, 19 pupils,

28 pupils, 16 pupils and 20 pupils, in descending
order of achievement on the revised multiple-choice
test. The boys from school H were split into five
groups of 28 pupils, 25 pupils, 25 pupils, 24 pupils
and 27 pupils. Absolute parity in groups could not
be achieved because of the necessity of placing
candidates with the same score in the same group.

The item analysis follows:
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SCHOOL A SCHOOL, H
ITEM 1 |
A B C D* E A B  C D* E
ol 1|0 17 |4 | 1| olol26 |1
ol 1|1 ]1a |3 ol 1|0 {2212
of 2| o |13 |12 ol 1|2 |19 |3
1] 4| 1] 4a]s o 1|1 (148
2| 2] 2| 3 |10 1] 43|81
p = ,50 p = ,69
D = +0,54 D = +0,47
ITEM 2
A B* C D E A B* C D E
ol20| 1|0 |1 2|25 |1]0|oO
o/13| 2] 0o | 4 1021 |20 |1
o8| 5o |4 | ol21 |10 |3
1] 71 6|0 |2 3o s |1 e
210 | 4|3 |1 3947|117
p = ,65 p = ,66
D = +0,33 " D = +0,51
ITEM 3

D*

23]
o
t
Q

A B C D* .

|_l
(-]
|_l
N
(03]
1Ol I

1y 1} 0 |17 14 2 |2 |19

19

N

3 2 2 {20

~|lololo]o
=
(93]
o

D = +0,24 D = +0,47 -



SCHOOL A
ITEM 4
A B C* D E
o] 217 |3 ]o0
0] 2 |17 O’ 0
1 2 119 6 0
0 3.1 7 2 4
) 5 4 6 5
p = ,61
D = +0,51
'ITEM_S
A* B C D E
17 0 0 4 | l
12 o) ) 6 1
131 1 4 9 1
8 0 0 5 1
-5 1 1 8 3
p = ,54
D = +0,28
ITEM 6
A B* C D E
3113 1 3 2
3] 83 (2|1
6 9 8 2 1
2 2 6 1
4 5 4 4 1
p = ,38"
D = +0,32

SCHOOL H
A B C* D E
o 0|24 4 10
o 0|14 8 3
o 2115 | 7 o)
0 2111 j 6 3
4 310 6 4
p = ,59
D = +0,28
A* B C D El
24 1 0 2 1
16 o] 1 7 o
14 2 1 7 l
13 2 2 7 o}
"5 4 5 |12 1
b = ,56
D = +0,40
A 'B* C D E
2 120 1 4 1
2 |16 | 3 2 2
5 112 2 5 1
2 |16 1 2 3
3 9 6 8 1 |
p = ,56
= +0,18

90



SCHOOL A
ITEM 7
A B C* D E
Of 1]20] 10
0 2|15 2 0
0 2] 20 3 3
0] 1 9 4 1
o 114 4 o
p = ,76
D = +0,19
ITEM 8
A B C D* E
_ 5 0 O |16 1
5 of 1 |12 1
14 0 O |13 | 1
8 0 1 6 1
10, o] o | 8 | 2
p = ,52
D = +0,30
ITEM 9
A B* C D E
3] 11 2 2 | 3
.3t 10 2 1 3
41 11 2 4 | 2
3 5 1 1 4
0 _ 4 4 5 4
p = ,44
D = +0,23

SCHOOL H
A B* C D E
0|21 4 |1 |2
1{19| 4 {0 |1
o|12| 5 (3 |5

cof10| 712 |5
3{10| 6 |3 |5

p = ,55
D = +0,36

A B C D* E
3] 0] 2 23 |o
6| 1] 2 16 |0
4] 1| 3 |16 |1
i1 1] 519 |a

133|217 |2

p = ,55
D = +0,41
A B* C D E

‘ofl2s| 1|1 |o
114 16 |3
3 (11 5 |3 |3
517063 |2
7111 ] 3|3 |3

p = ,53
D = +0,39
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SCHOOL A

ITEM 10
A B C D E*
o o 1 3 |17
o o 1 3 {15
o o 3 6 |18
1 o 2 |3 [10
3 2 1 6 1. 7
p = ,66
D = +0,31
ITEM 11
A B* C D E
1} 13 4 1 3
4| 10 2 0 3
0| 15 5 4 2
1 6 | 3 1 5
4 5 4 1 3
p = ,49
D = +0,23
ITEM 12
A B* C D E
4 7 5 1 4
1 6 3 1 6
4 6 4 1 9
5 2 1 o 6
2 73 3 1 |10
p = ,25
D = +0,19

SCHOOL H

B* C D E
22 1l 0] 3
19 1l 0] 3
13 0 0 6
7 2 0 8
6 5 1 |11
p = ,52

D = +0,55

B* C D E
17 4 l» 4
17 4 '3 1l
14| 3 | o |2
11 1 2 3
8 4 3 6
p = ,52 |
D = +0,28

B* C D E
16 1 4 2
12 2 3 5
18 1 2 3
10 1l 4 7
9 | 3 | 3 |12
p = ,51

D = +0,19
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SCHOOL A
ITEM 13
A* B C D E
19 2 (o ]lol 1
12 2 (2] 1] 2
10/ 3 (4| 2] 8
6| 4 |1 2] 3
s 5 |3 |2] a4
p = ,50
D = +0,43
ITEM 14
A B C* D E
2| 1 {1811 o0
3] 1|13 2] 0
2] 2 |15 | 1] 4
71 o5 | 2|1
1of 3 (3|22
p = .53
D = +0,51
ITEM 15
A B C D E*
o 2 {2]1|17
5] o {14138
10 4 |o |21} 9
5| 2 |1 |1] 7
1| 2 |5 |37
p = ,48
D = +0,19

SCHOOL H
A* B C D E
15 3 7 2 1
15 4 3 0 2
14 1 3 4 3
11 1 3 4 5
10 7 2 4 4
p = ,51
D = +0,17
‘A B C* D E
1 1120 3 2
4 2 |16 2 1
2 2 |13 5 3
10 1411 1 1
6 7 4 4 6
p = ,50
D = +0,39
A B C D E*
oO| O 1 3 (24
6 1 1 2 |15
5 1 3 5 |11
7 1 5 1 10‘ 
10 2 5 5 5
p = ,50
D = +0,43



SCHOOL A
ITEM 16
A B* C D E
o{18 |1 {1} 2
of 710 {219
2{13 |1 |31]09
ol10 |0 | 2] 4
1| 9 |1 /|4]s5s
p = ,55
D = +0,07
ITEM 17
A B C* D E
1{ 1 (15 | 4|1
1| 1 (11 {3 ] 3
ol1 |6 [ 5] 6
o 2 |5 |4]s5s
1 3|16 ]9
p = ,k36
D = +0,45
ITEM 18
A B C D E*
ol 3 |2 |1 |16
1l 6 |22 ]7
1110 |5 |73
11 7 |3 (3|1
ol 6 |6 |6 |1
p = ,28
= +0,50

o

SCHOOL H
A B* C D E
0l27] o |o] 1
o|l12| o |o |13
o|11]| o |1 {13
1] 7] 0 |1 |15
1| 3| o |o (23

p = ,47
D = 40,52
A B C* D E

1| 2021 |2 2
2| 7012 | 2] 2
ol |11 [1] 3
ol 7|1 7 15| s
2| 4| 6 | 8] 7

p = ,45

D = +0,36
A B C D E*
ol 6] o |o |22
1| 7] 0o |o |17
oli5]| 2 {o ] 8
195|217
4| 9| 7 |3] 4

p = ,45

D = +0,52
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SCHOOL H

A B C .D E*
1 4] 5] 1 |17
31 3] 3] 2 |14
41 4] 1] o |16
41 8| 2} 6 | 4
71 5] 712 1|6

p = ,45
D = +0,39
A B C D* E
1 4| 2|19 | 2
o 2| 4|13 |6
4 { 5| 111 | 4
4| 5| 4| 7|4
5/ 6| 7] 6|3
p = ,44
D = +0,35
~A* B C D. E
19 51|30
12| 5135 ]o0
10| 5 1|72
10| 3| 216 |3
4| 8] 6| 6|3

+0,33

SCHOOL A
ITEM 19
A B c D E*
1 7 3 0o |11
2 3 2 3 9
6 9 2 3 7
5 3 2 2 4
4 7 3 1 4
p .34
D +0,25
. ITEM 20
. B C D* E
3 2 3 |11 2
1 2 8 3 4
4 3 3 8 {10
2 2 2 5 5
3] 2 6 2 7
p = ,28
D +0,14
ITEM 21
A* B Cc D E
14 3 ¢) 4 1
8 4 2 3 1
11 1 3 |10 2
3 1 5 511
4 2 5 6 1
P , 40

,43
D = +0,30

o/
i
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SCHOOL A . ' SCHOOL H
ITEM 22
A B* C D E A B* C D E

4113 2 2

]
Ul

20 1 o 2

6 6 2 3

=
~J

14 o 2 2

12y 20 3{21]1 137710 |o
p=,34 p = ,41
D = +0,27 " D = +0,38
ITEM 23
A* B C D E A* B C D E
19/ 1] 200 24 0| 3|0 |o
10| 21 6|1]o 141 2171 |1
12 312|110 6| 3|13 |2 |1
5] 3/ 8|o]o 3] 5150 |1
4/10| 6 |0 | o s 14|l 8|1 |o
p = ,48 p = ,40
D = +0,44 D = +0,59
ITEM 24
A B C* D E A B C* D E
ol ol22| 0] o . 36154 |o
ol 118 | 0] o 2| 4|15 |4 |o
1| ol23 | 4a]o ol 513 | 4 |2
o] of12 ]| 2|1 216|519 |2
ol 2012 ] 4] 2 6|81 4|7 |2
p=,84 p = ,40
D = +0,28 - D = +0,39



SCHOOL H
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SCHOOL A
ITEM 25
A B C D* E
| 1/ 0 | 3 |13 | 4
2 ols |6 (s
2] 216|719
11 1 |8 1]1]5
5] o |7 (1|7
p = ,28
D. = +0,42
ITEM 26
A-B C D  E*
31 2 |1 |3 (13
2| 5 ]1]11]8
o 3 {107 1|7
1{ 1 |6 |3 |4
2| 6 |5 | 4|3
p = ,35
D = +0,32
ITEM 27
A B C D E*
1] 2 o |3 |16
1| 4 |o |4 |8
2| 4 |3 |6 |11
1|11 |o | 2 |2
31 8 |2 |5 |2
p = ,39
D = +0,49

A B C D* E
2 1 3 |18 4
2 3 5 |12 3
2| 3 8 |10 2
1 3 ]10 6 4
0 5113 S | 4

P ,40

D +0,34
A B C D E*
4 3 1 3 (16
4 3 3 2 |13
5 3 6 2 9
5 1 3 7 8
3 51 6 8 | 5°

P .39

D +0,30
A B C D . E*
o) 6 o) 2 {20

0 12 o} O |13

1114 o 3 7
0 |10 1 7 | 6
341 9 1 ]11 3

P (38

D +0,44-



SCHOOL A
ITEM 28
A* B c D
11 1 7 o
5 1 5 2
61 4 |13 1
2 3 3 3
1 o 6 5
P /25
D +0,32
ITEM 29
~A* B C D
7 2 9 1
3 2 6 | 1
4 7 8 | 4
1 2 7 5
0 5 9 |2
P ,15
D +0,22
ITEM 30
A B C* D
6 3 6 5
2 4 3 2
14 3 3 1
7 2 o 3
76‘ 3 o 4
P /12
D +0,23

D = +0,44

SCHOOL H
A* B C D E
18| o| 4| 1| 5
14| 1| 5| 1| 4
71 51 5| 4 4'
4 111 3] s
4| 3{10| 5| 5
p = ,37
D = +O,44
A* B C D E
18| 2 4| 2] 2
10| 4] 51} 2] 4
6| 4j10 | 4| 1
8| 31 92| 2
2|1 6112 2| 5
p = ,34
D = +0,32
A B C* D E
ol 6|20 1] 1
3| 5|10} 2] s
9| 2| 71 4] 3
8| 5| 3] 2] 6
8| 5| 3|01
p = ,33
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SCHOOL H

SCHOOL A
ITEM 31
A B C* D E
-1 5 4 8 3
4 3 2 2 1
6 2 3 7 6
2 4 3 o 5
2 3 2 8 4
p ;16
D +0,03
ITEM 32
A* B cC D E
5 1 8 2 2
6 Q 511 3
7 4112 2 0o
1 o 8 3 2
1) -2 9 4 3
p: ;22
D +0,28
ITEM 33
A B C D* E
21 1 1 }12 5
1 2 1 4 7
7 3 2.1 3 111
3 o 1 2 8
8 2 o1 8
P 223
D +0,33

A B C* D E
3 6 | 13 3 2
3 3114 4 | O
1 8 7 5 4
4 3 7 5 5
71 6| 1| 6| 7
p = ,33
D = +0,37
A* B C D E
15 0|10 3 0
11 1 9 {1 3
8 1| 8 4 4
4 1 6 6. 7
2 3 9 8 5
p = .31
D = +0,37
A B C D* E
2 1 1120 ] 4
o) 4 1 6 |14
6{ 3| 1|81 7
6 3 1 4 10
11| 3| o 1|12
p = ,30
D = +0,37
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SCHOOL A 3 SCHOOL H
ITEM 34
A* B C D E A* B C D E
11| 5{ 6| o{ 0 204301
2| 3| o] 1] o 716 120 |o0
s| 2118] 21 o 3|8 13|01
2] 4| 7] 1| o 2|6 |16 |0 |o
ol 7]12] o] o 6|4 17010
p= .21 p = .,30
D = 40,25 | D = +0,35
ITEM 35 )
A B* C D E A B* C D E
oj16| 5| o |1 o 17 |8 {11
1| 5/10] oo ol|e6 [15|1]3
3] sfl11| 2| 2 o |5 |14 | 3|3
o] 2| 6| 3|3 * 3]4 10|16
3] 1]12] 2 |1 3|1 12|74
p=,33 T b= ,2
D = 40,43 | D = +0,33

Item difficulty levels were calculated as before.
Naturally, the p-levels obtained from the boys"'
scores were virtually unchanged from the original
analysis; however, the girls reacted quite
differently to some items and some of the levels of
difficulty obtained from their scores differ greatly

from the p-levels in the original analysis.
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TABLE 10: ITEM DIFFICULTY LEVELS, p, AND ITEMS
RANKED ACCORDING TO DIFFICULTY VALUES,
FOR TWO SCHOOLS, A AND H

ITEM SCHOOL A SCHOOL H SCHOOL A SCHOOL H

p p Rank Rank
1 0,50 0,69 24,5 35
2 0,65 0,66 31 34
3 0,72 0,63 33 33
4 0,61 0,59 30 32
5 0,54 0,56 28 30,5
6 0,38 0,56 17 30,5
7 0,76 0,55 34 28,5
8 0,52 0,55 26 28,5
9 0,44 0,53 20 27
10 0,66 0,52 32 25,5
11 0,49 : 0,52 . 23 25,5
12 0,25 0,51 . 7,5 23,5
13 0,50 0,51 24,5 23,5
14 0,53 . 0,50 27 21,5
15 0,48 0,50 21,5 21,5
16 0,55 0,47 . 29 20
17 0,36 0,45 16 18
18 0,28 0,45 10 18
19 0,34 0,45 - 13,5 18
20 0,28 0,44 10 16
21 0,40 0,43 19 15
22 0,34 0,41 ‘ 13,5 14
- 23 0,48 0,40 21,5 12
24 0,84 0,40 : 35 12
25 0,28 0,40 . 10 12
26 0,35 0,39 ' 15 10
27 0,39 0,38 18 9
28 0,25 0,37 7,5 8
29 0,15 0,34 2 - 7
30 0,12 0,33 1 5,5
31 0,16 0,33 3 5,5
32 0,22 0,31 5 4
33 0,23 0,30 6 2,5
34 0,21 0,30 4 2,5
35 2 1

0,33 0,26 1

One would hardly expect difficulty values to be
exactly the same for two different groups, but there
does seem to be a fair degree of correspondence
‘between them. A measure of this correspondence is

given by the Rank-Difference Correlétion Coefficient,
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which was calculated to be:

rho = +,74

There are eleven items for which the p—leVels of
the two groups are very different, and the nature

of these items will be discussed in due course.

The girls of school A found some of the items to.be
much easier than did the boys, but on the whole the
test presented greater difficulty to the girls.

The frequency diétributions below reveal the greater
spread of item difficulty levels for school A as
compared with school H.

Figure 4

DISTRIBUTION OF REVISED TEST ITEM DIFFICULTY LEVELS,
p, FOR THE GIRLS OF SCHOOL. A '

< ,16 % 2
’16 - ’25 dkkkkk 6
’26 - ’35 ***_**'** ‘7
e R 5
’46 - ’55 ****_****»* 9
/56 - ,65 = k% 2
/66 = ,75 k% 2
/76 - ,85 %% 2

> ,85

Mean = 0,42 Standard Deviation = 0,18

Figure 5

DISTRIBUTION OF REVISED TEST ITEM DIFFICULTY LEVELS,
p, FOR THE BOYS OF SCHOOL H

< ,l6
(16 - ,25 .
,26 - ,35 Jo kK % do kK 7
,36 - ,45 © kkkkkkkkhkkk 12
,46 = ,55 % g % % % % Kk % kK 10
/56 - ,65 % % d J 4
166 - ,75 * % 2
/76 - ,85

> ,85

Mean = 0,46 Standard Deviation = 0,11



Three of the items that the girls found considerably
easier than did the boys were numbers 7, 10 and 24.
Both item 7 and item 10 are straightforward
manipulative techniques taught and drilled in standard
seven, viz., algebraic long division and subtraction;
- once the pupil knows the technique or has established
the rule and can work through the process with
precision, these items should present no problem.

. It has been the writer's experience that girls,
especially, feel very secufe with this level of
Mathematics, most of them take pleasure in completing
such exercises and performing them perfectly. It is
possible that boys have less patience with this type
of procedure and, in haste, make mistakes. It may
be that the girls' love of precision helped them
through item 24 too, while the'boys seemed to be

quite confused about this question:
1f 5% - 4% = 3/8T, then x = ...

Some of the boys seemed reluctant to choose the answer
X = 2 on the grounds that when symboliéing.a square‘
root it is common practice to omit the two, whereas
with cube roots, fourth roots, etc., the order of the’
surd must be given. Many of the boys, therefore,
felt that x = 2 could not be the correct response.
Girls, on the other hand, frequently show a little

" chagrin with the practice of omitting certain

understood numbers in algebraic notation. It is >
quite common to see the younger girls cling to
notations such as 1lx instead of x, or,'even lxl for

X. Similarly, with surds, standard six and seven
girls often prefer square roots and cube roots to be
reinforced verbally as "two'th" and "three'th" roots.

The items that the girls found considerably more
difficult than did the boys were items 1, 6, 12, 18,
20, 29, 30 and 31. Of these eight items, four
involve geometry, viz., items 1, 6, 30 and 31; three
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involve estimation or working with:numbers in an
abstract way, viz., items 12, 20 and 29; and,

item 18 asks the candidates to visualise the
construction of a wire framework. As far as the
geometrical items and item 18 are concerned, the
superiority of the boys is due, probably, to a more
highly developed spatial ability - boys tend to
make things to a far greater extent than girls.

The estimation items may have given the girls more
trouble because, once again, they tend to prefer to
know precisely with which numbers they are dealing.

These results tend to be in line with Xrutetskii's
(1976) generalisation when summing up various studies
of sex differences in mathematical ability:

..., boys excel in ability for logical reasoning,
and girls excel in precision, rigour, accuracy, a
kind of "punctiliousness" of thought.

In addition to providing information about the
difficulty of the items, the analysis also yields
data concerning the discriminating power of each

item for the various quintile groups. By scanning
the pattern of correct responses, it was hoped that
certain trends might become evident that would assist
in the choosing of the most effective discriminators
among the items. - These would be items which showed
a decreasing correct response tally from the top
group to the lower groups. It was hoped that
certain items would show themselves to be good
discriminators for both groups of pupils, and that by
studying the nature of these items it might be
possible to concentrate on these in the new edition
of the test, thereby facilitating the classification

of pupils' scores more accurately.
P Y

A visual inspection of the correct response columns
was made, but this did not prove to be very fruitful;



all that was revealed was that most:of the items
seemed to be working quite well, and this was not
really surprising as the split of pupils into five
groups had been based on their scores on this same
test. It was decided that, in order to dispel
vagueness, for each item an index of discrimination
should be calculated, i.e., that there should be
some quantitative way of expressing the extent to
which a test item separates the able students from
the less able. The index of discrimination
selected for this purpose was D, which was calculated

using the formula

D

(U - L) + %N

where U represents the number.of correct responses
of thé top scoring 40% of candidates, L the number
of correct responses of the least scoring 40% of

candidates and N the number of candidates involved.

In effect, D is simply the difference between the
ratios of correct responsés from an agreed upon
upper and lower group. It follows that the larger
the index D, the greater is the efficiency of the

item as a discriminator.

The table below lists the index of discrimination

for each item:
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TABLE 1l: COMPARISON OF THE INDICES OF DISCRIMINATION
OF THE REVISED TEST ITEMS AS CALCULATED FOR
SCHOOLS A AND H

ITEM » SCHOOL A SCHOOL H
D D
1 +0,54’ - +0,47
2 +0,33 . +0,51
3 +0,24 +0,47
4 +0,51 . . +0,28
5 +0,28 +0,40
6 +0,32 +0,18
7 +0,19 - +0,36
8 +0,30 +0,41
9 +0,23 +0,39
10 +0,31 +0,55
11 +0,23 " 40,28
12 +0,19 : +0,19
13 +0,43 +0,17
14 +0,51 +0,39
15 +0,19 =~ . +0,43
16 +0,07 - +0,52
17 +0,45 | +0,36
18 +0,50 . +0,52
19 +0,25 +0,39
20 +0,14 . 40,35
21 +0,33 j +0,30
22 +0,27 +0,38
23 +0,44 +0,59
24 +0,28 ' " +0,39
25 +0,42 +0,34
26 +0,32 - +0,30
27 +0,49 - +0,44
28 +0,32 +0,44
29 +0,22 +0,32
30 +0,23 +0,44
31 +0,03 . +0,37
32 +0,28 . +0,37
33 +0,33 +0,37
34 +0,25 +0,35
35

+0,43. +0,33

It 'is clear that these items are much more powerful
discriminators for the boys than they are for the
girls, especially if one considers the following

statistics:



TABLE 12: COMPARISON OF EXTREME AND MEDIAN INDICES
OF DISCRIMINATION IN TWO SCHOOLS

HIGHEST D - LOWEST D MEDIAN D

SCHOOL A +0,54 . +0,03 +0,28
SCHOQL H +0,59 +0,17 +0,37

The extent to which these D-indices would rank the
items, similarly, as discriminators does not appear
to be very great. Item number 16 is one of the
most powerful discriminators for the boys, but one

of the weakest for the girls; similarly, item number
13 works in reverse order for boys and girls. The
D-indices of items 1 and 18 are noticeably in
agreement. A full list of ranked indices of

discrimination is given in Table 16.

Still in pursuit of infofﬁation that might indicate
which items would differentiate in the same way for
everyone, it was decided that a second set of indices
should be calculated, using the candidates' mid-year
school examination scores to divide them into groups;
these two sets could then be compared and trends
sought out. Furthermore, since separating the sexes
had produced no obvious patterns, it was decided to
repeat the calculations for schools D and E, where
the results would include both boys and girls.

At this stage, it was no longer possible to deal,
simultaneously, with all pupils taking Mathematics,
because, from this point on, Higher Grade candidates
and Standard Grade candidates would write different
examination papers.  All further analyses, therefore,
will be based on the results of the Higher Grade
students only.
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As soon as the school examination results were
available, the calculations of the new indices of
discrimination were completed in the same way, except
that the upper and lower groups represent the top 33%
and lowest 33% of pupil scdres. The results are
summarised in the tables that follow:
TABLE 13: COMPARISON OF INDICES OF DISCRIMINATION

OF REVISED TEST ITEMS FOR SCHOOLS A AND

H, BASED ON TWO DIFFERENT UPPER AND LOWER

GROUPINGS- OBTAINED BY USING THE REVISED
TEST SCORES AND THE SCHOOL EXAMINATION

SCORES
_ REVISED TEST GROUPED MID-YEAR TEST GROUPED -

ITEM SCHOOL A SCHOOL H SCHOOL A SCHOOL H
1 +0,46 +0,46" +0,42 +0,31
2 +0,29 +0,51 +0,21 +0,43
3 +0,13 - +0,49 +0,13 . +0,29
4 +0,33 . +0,29 +0,21 +0,09
5 +0,33 +0,34 - +0,17 +0,29
6 +0,25 +0,29 +0,17 +0,23
7 +0,17 h +0,34 +0,04 +0,09
8 +0,29 +0,43 - +0,25 - +0, 29
9 +0,29 +0,37 +0,13 +0,26
10 +0,13. +0,49 +0,21 +0,29
11 +0,00 - +0,34 +0,00 +0,11
12 +0,17 +0,11 +0,08 +0,14
13 . +0,50 . - +0,20. +0,04 +0,17
14 +0,33 +0, 29 +0,33 +0,26
15 +0,38 +0,51 +0,25 +0,31
16 +0,21 +0,71 -0,04 . +0,43
17 +0,42 +0,40 - +0,29 +0,31
18 +0,67 +0,57 : +0,54 +0,43
19 +0,29 +0,51 +0,13 +0,40
20 +0,25 +0,34 +0,04 +0,09
21 +0,54 +0,26 +0.,21 - +0,20
22 +0,33 +0,51 - - +0,08 +0,46
23 +0,33 +0, 60 +0,38. +0,66
24 +0,29 +0,31 +0,08 +0,46
25 +0,38 +0,26 - +0, 25 +0,23
26 +0,33 +0,29 . +0,21 +0,11
27 +0,54 +0,40 +0,21 - +0,34
28 +0,38 +0,46 +0,33 +0,37
29 +0,25 +0,31 ’ +0,04 +0,34
30 +0,21 +0,51 +0,29 +0,34
31 -0,04 +0,23 -0,13 - 40,26
32 +0,21 +0,43 +0,00 +0,20
33 +0,46 +0,57 +0,46 +0,49
34 +0,29 +0,46 +0,29 +0,17
35 +0,46 +0,37 +0,33 +0,40
Highest D +0,67 +0,71 +0,54 +0,66
Lowest D =-0,04 +0,11 -0,13 +0,09

Median D _+0,29 +0,37 +0,21 +0,29
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TABLE 14: COMPARISON OF INDICES OF DISCRIMINATION OF
REVISED TEST ITEMS FOR SCHOOLS D AND E,
BASED ON TWO DIFFERENT UPPER AND LOWER
GROUPINGS OBTAINED BY USING THE REVISED
TEST SCORES AND THE MID-YEAR EXAMINATION

SCORES
ITEM REVISED TEST GROUPED MID-YEAR TEST GROUPED
SCHOOL D SCHOOL E . SCHOOL D SCHOOL E

1 +0,19 +0,29 v +0,37 +0,31
2 +0,24 +0,20 +0,21 +0,11
3 -0,05 +0,26 +0,00 +0,31
4 +0,33 +0,29 . +0,32 +0,11
5 +0,43 . +0,26 ' -0,11 ° -0,08
6 +0,05 +0,39 -0,42 +0,26
7 +0,10 +0,23 . -0,11 - +0,36
8 +0,19 +0,31 0,00 +0,19
9 +0,33 +0,12 - 0,00 +0,09
10 +0,14 +0,43 = . +0,11 +0,37
11 +0,24 : +0,49 -0,21 +0,22
12 +0,19 +0,57 . 0,00 +0,15
13 +0,43 +0,26 +0,05 +0,03
14 +0,24 . " +0,46 o +0,32 +0,25
15 +0,38 " +0,35 +0,26 +0,25
16 +0,33 -0,03 +0,21 - +0,03
17 +0,19 - +0,38. - . -0,05 +0,23
18 +0,67 +0,29 +0,26 +0,31
19 +0,10 , +0,35 ) +0,05 +0,22
20 +0,33 +0,40 +0,11 +0,03
21 +0,43 +0,37 ' +0,26 +0,11
22 +0,38 .. +0,12 - +0,42 -~ +0,14
23 +0,33 +0,14 +C,11 +0,25
24 +0,14 +0,32 +0,05 +0,25
25 +0,38 +0,36 +0,16 - +0,06
26 +0,33 +0,26 +0,11 +0,03
27 +0,43 +0,46 +0,58° +0,08
28 +0,29 +0,31 ' +0,05 +0,17
29 +0,48 +0,30 +0,16 +0,03
30 +0,29 +0,06 ' +0,11 +0,14
31 +0,05 +0,21 -0,11 +0,12
32 +0,43 +0,25 +0,32 +0,36
33 +0,00 +0,22 +0,05 +0,03
34 +0,19 +0,18 +0,16 : +0,06
35 +0,49 +0,22 ' +0,21 +0,03
Highest D +0,67 +0,57- +0,58 +0,37
Lowest D -0,05 -0,03 -0,21 -0,08
" Median D +0,29 +0,29. +0,11 +0,14

The degree of correspondence between the two different
groupings for each school was calculated using the
Rank-Difference Correlation Coefficient (ranks are
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shown in Tables 16 and 17), and the results are as

follows:

TABLE 15: RANK-DIFFERENCE CORRELATION OF THE INDICES
" OF DISCRIMINATION OF REVISED TEST ITEMS
BASED ON REVISED TEST SCORES AND THOSE
BASED ON THE MID-YEAR EXAMINATION SCORES

SCHOOL N rho

A 74 +0,64
H 107 +0,69
D ” 56 | +0,55
E 101 +0,25

Although the discriminating power of items was
generally reduced when grouping was carried out
according to the mid-year school examination results,
it seems that, with the exception of school E, there
is, nevertheless, a fairiyfstrong positive
correlation-betwéen the two sets of D-indices. This

is particularly noticeable_in schools A and H.

In order to obtain a measure of the extent to which
these four schools agree on the merit order of the
test items as discriminators, the items were rénked
and Kendall's Coefficient of Concordance, W was

calculated.

The Tables 16 and 17 show the ranking of items for
the four schools, first, using upper and lower groups
based on the multiple-choice test; and secondly,
'upper and lower groups accordingvto the May school

examination.
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TABLE 16: REVISED TEST ITEMS RANKED AS DISCRIMINATORS
ACCORDING TO THE REVISED MULTIPLE-CHOICE
TEST GROUPING OF SCORES

ITEM H A D E

1 23 30 il 18
2 29 15,5 - 15 7
3 25,5 3,5 1 14,5
4 7,5 21,5 21,5 18
5 13,5 - 21,5 30 14,5
6 7,5 11 3,5 ' 29
7 13,5 5,5 - 5,5 11
8 20,5 15,5 . 11 21,5
9 16,5 15,5 21,5 - 3,5
10 25,5 - 3,5 7,5 31
11 13,5 2 : 15 34
12 1 5,5 11 35
13 2 32 : 30 ' 14,5
14 7,5 21,5 = = 15 32,5
15 29 26 _ 26 24,5
16 35 ‘ 8 21,5 : 1
17 18,5 28 o 11 28
18 32,5 35 : 35 18
19 29 - 15,5 ~ 5,5 24,5
20 13,5 11 . 21,5 30
21 . 4,5 33,5 30 : 27
22 29 21,5 26 3,5
23 34 21,5 21,5 5
24 10,5 15,5 -~ 7,5 23
25 4,5 26 ' 26 26
26 7,5 21,5 21,5 14,5
27 18,5 33,5 30 32,5
28 23 26 17,5 21,5
29 10,5 11. 33 20
30 29 8 17,5 2
31 3 1 3,5 8
32 20,5 8 30 12
33 32,5 30 2 9,5
34 23 15,5 11 6
35 16,5 30 34 9,5
Kendall's Coefficient of Concordance, W = 0,25

Critical values of W depend both on m, the number
of sets of ranks, and on N, the number of ranks in
each set. For N > 7, a Chi-square test may be

applied, where .
Chi-square = m(N - 1)W

This has a Chi-square distribution with N-1 degrees

of freedom.



Thus, Chi-square |

i.e., Chi-square

4(35 - 1) 0,25

34 with 34 degrees of freedom.

Tables of Chi-square yield

i.e., if this experiment were repeated 100 times, these

results could occur more than 5 times by chance alone.

There is no statistically significant association.

P > 0,05

TABLE 17: REVISED TEST ITEMS RANKED AS DISCRIMINATORS
~ ACCORDING TO THE MID-YEAR SCHOOL EXAMINATION
GROUPING OF SCORES
ITEM H A D E
1 21 33 33 .31
2 30 19,5 © 25 14
3 17,5 13 8,5 31
4 .2 19,5 31 14
5 17,5 15,5 4 1
6 11,5 15,5 1 29
7 2 6,5 4 33,5
8 17,5 24 8,5 21
9 14 13 8,5 12
10 17,5 19,5 18 35
11 4,5 3,5 2 22,5
12 6 10 - 8,5 19
13 7,5 6,5 13 5
14 14 30 31 26,5
15 21 24 28 26,5
16 30 2 25 5
17 21 27 6 24
18 30 35 28 31
19 27,5 13 13 22,5
20 2 6,5 18 5
21 9,5 19,5 28 14
22 32,5 10 34 17,5
23 35 32 18 26,5
24 32,5 10 13 26,5
25 11,5 24 22 9,5
26 4,5 19,5 18 5
27 24 19,5 35 11
28 26 30 13 20
29 24 6,5 22 5
30 24 27 18 17,5
31 14 1 4 16
32 9,5 3,5 31 33,5
33 34 34 13 5
34 7,5 27 22 9,5
35 27,5 30 25 5

Kendall's Coefficient of Concordance, W = 0,37

Thus, Chi-square = 50,43 with 34 degrees of freedom.
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There is statistically significant association at
the 0,05 level.

Note: For both Tables 16 and 17, a high rank indicates
a powerful discriminator, while a low rank indicates a

weak discriminator.

It seems the association that exists is very marginal.
Even a brief examination of the rankings shows that
some items fluctuate wildly, in their discriminating
power, from schdol to school, and even between
different groupings in the same school. However,

no matter how marginal, -a noticeable degree of
correspondence was recorded.. Consequently, an attempt
was made, roughly, to clasSify items as "consistently
good", "consistently fair", "consistently poor" and
"fluctuating" discriminators. Items were further
classified according to subject material, viz.,
‘Algebra, Geometry, Algebra/Geometry or Other; the
mental process involved, viz., Manipulation, Routine
problem, Comprehension and Non-routine problem; and,
- the level of difficulty recofded (on average), viz.,
Fairly easy, Middle difficulty,; More difficult or
Very difficult.

In the lists that follow, an attempt has been made to
place items in some sort of merit order. The figures
given are the levels of difficulty recorded for
schools A, H, D and E respectively.

1. "Consistently Good" Discriminators:

Item 18: Algebra/Geometry Non-routine problem
Middle difficulty (,35; ,54: ,52; ,39)

Item 1: Algebra/Geometry Routine problem
Fairly easy  (,52; ,69; ,57; ,68) -
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Item 23: Algebra - Manipﬁlation
Middle difficulty (,58; ,48; ,69; ,39)

Item 15: Geometry Comprehension
- Middle difficulty (,54; ,54; ,48; ,61)

Item 22: Algebra Routine problem
Middle difficulty (,43; ,46; ,43; ,35)

Item 27: Algebra Comprehension
Middle difficulty (,56; ,40; ,64; ,54)

Item 28: Geometry Non-routine problem

" More difficult (,28; ,43;: ,29; ,b31)
Item 35: Algebra Manipulation
More difficult (,46; ,33; ,34; ,14)

2. "Consistently Fair" Discriminators:

Item 33: Geometry = Non-routine problem

Very difficult (,34; ,37; ,10; ,17)
Ttem 32: Algebra - Manipulation

More difficult (,22; ,31; ,40; ,b35)
Item 19: Geometry - ‘Non-routine problem

More difficult (,36; ,43; ,29; ,38)
Ttem 8: Algebra - Routine problem .

Fairly easy (,50; ,59; ,71; ,59)
Item 4: Algebra | Manipulation

Fairly easy (,61; ,59; ,79; ,74)
Item 16: Geometry Non-routine problem

- Middle difficulty (,55; ,47; ,45; ,44)

Item 29: Algebra Comprehension
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3. "Consistently Poor™" Discriminators:

ITtem 6:

Item 7:

Item_12:

Item 31:

Geometry
Middle difficulty

Algebra
Fairly easy

Arithmetic
More difficult

Geometry
Very difficult

-Comprehension

(,44; ,54; ,45; ,61)

Manipulation

(,79; ,60; ,86; ,71)

_Non—roﬁtine problem
(,28; ,50; ,24; ,34)

Non4routine problem
(,24; ,32; 1227A120)

" 4, "PFPluctuating" Discriminators:

Item 14:
Item’ld:
Item 2:

Item 21:
Item 17:
Item 25:
24:

Item

Item 3:

Algebra
Middle difficulty

Algebra

Fairly easy

- Geometry

Middle difficulty

Geometry
Middle difficulty

Algebrav

Middle difficulty

Algebra
More difficult

‘Algebra ‘
Middle difficulty

Algebra
Fairly easy

(,46; ,46; ,38;

' (1367

Manipulation

(,53; ,50; ,74; 149)'

Manipulation

(,70; ,56; ,93; ,68)

Comprehension

(,38; ,38; ,55; ,70)

Comprehension

(r407 143; 1407.144)

Comprehension .
+39)

Non-routine problem
41; ,33; ,27)

Comprehension

(,84; ,40; ,12; ,74)

Manipulation

(,73; ,64; ,74; ,57)



Item

Item

Item

Item

Item

Item 34: Geometry Non-routine problem
Very difficult - (,21; ,30; ,29; ,09)

Item 9: Numbers . Comprehension
Fairly easy - (,45; ,60; ,74; ,71)

Item 26: Algebra ' Routine problem

More difficult. - (,35; ,39; ,45; ,28)

1l: Numbers - , Non-routine problem
Middle difficulty (,57; ,46; ,50; ,48)

20: Algebra Comprehension
More difficult (,43; ,49; ,31; ,37)
30: Geometry ' Routine problem

Very difficult- (,12; ,33; ,14; ,12).

5: Algebra/Geometry  Routine problem
Middle difficulty (,45; ,60; ,60; +53)

13: Graph lComprehension
Middle difficulty (,60; ,47; ,45; ,54)

Summary

By subject material:

Algebra Geometry Alg/Geo Other

"Good" 4 2 2 -
"Fair" 4 ‘ 3 - -
"Poor" 1 2 - 1
"Fluctuating" 8 4 1 3

'By mental process:

Manipu~ Routine Compre- Non-

lation _ . hension Routine
"Good" - 2 2 2 2
"Fair" 2 1 1 3
"Poor" 1 - 1 2
"Fluctuating" 3 3 7 3
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3. By level of difficulty:

‘Easy dibfdyiig&ity difsscult d1fE1malt
"Good" 1 5 2 -
"Fair" 2 1 3 1
"Poor" 1 1 1 1
"Fluctuating" - 3 8 | 3 2

In general, there seem to be no visible trends as

far as subject material and mental process are
concerned. Items which required é combination of
algebraic and geometric thought appear to do better
than the others, but there are not sufficient’of
these items to be sure that this did not occur by
chance. The_mentél processes seem to be well
represented at all levels of discrimination but it

is possible that this is a reflection of the '
difficulties that were experienced in classifying
questions according to mental processes, i.e., that
for groups of pupils taught'ih'different schools,

or, even, in the same school but by different teachers,
the levels of mental process may vary depending upon
‘whether or not the item is familiar, or, the extent
to which this type of item has been emphasized and
drilled by the teacher. This area of difficulty was
discussed earlier, when the past examination papers
were analysed, and it is obvious that it may be a
restricting factor in the present analysis as well.
In order to discover the existence of t}ends among
the different types of mental process, it would be
necessary for each individual teacher to reclassify
questions in the light of her own teaching. Even if
this were feasible, it would not provide the perfect
classification because of the individual pupil
perceptions of each item, which, as was mentioned
before, can also vary to a marked extent, even among

pupils taught in the same class.
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The middle difficulty items, as expected, are obviously
the best represented among the better discriminating
items. In the construction of the new test, this was
kept in mind and a further determined effort made to
centralise difficulty levels as some of these still
seemed to be more extreme than desired. The last few
items of the revised test tended to be more difficult
than was expected, and this may have been due to the
time factor. These items would have to be carefully

considered.

Before proceeding to the construction of the third and
last multiple-choice test, the "reasoning™ test, which
was administered along with the revised test must be
discussed. The naming of this test as the Reasoning
Test was a simple conveniehce-in order to distinguish
it from the other multiple-chdice tests.

4,4 THE "REASONING TEST

After writing a Higher Grade Mathematics examination,
and subsequently discussing the solutions with their
teachers, pupils frequently complain that their problems
more often stem from not knowing what a particular
question is "getting at", rather than being able to
complete the solution. Among a certain number of these
pupils, this may indicate an immature reading ability;
others may have an inadequate comprehension of the work
and try to depend too heavily on recognising a particular
"recipe" solution; however, too many pupils make this
kind of comment to explain it away on the grounds of _
reading ability or lack of basic understanding. It is
possible that finding the solution to a non-routine
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mathematical problem requires some special quality of
thought from the candidate. Mathematical statements
are always extremely concise, but some problems are
posed using many words and the quantity of information
seems overpowering at the first reading; other
problems are so concisely stated, in so few words,

that there seems to be no information to work on at
all; yet other problems present a combination of
diagrammatic and verbal information. The pupil who is
able to sift through questions and discover their
essence quickly and successfully, must be at a
considerable advantage over those who, for one or

other reason, cannot do this. For this reason, it

was decided that a short test, consisting of non-routine
items, involving all of the above-mentioned methods of
presenting information, would be constructed and
administered together with the multiple-choice test

described in the previous section.

Example 1: 32 men are'employéd'to do a piece of work,
and, after 15 days have cdmpleted four-
ninths of the work. 12 of the men are
then drafted to another job, and the work
proceeds for 8 days with only 20 men.

How many extra men must then be employed
to finish the whole job in 10 days more?

This problem involves a great deal of verbal information
and requires careful reading before the solution may be
attempted. The solution is fairly complex and requires
that the candidate determine what part of the work has
been completed after the initial 23 days, but also that
he can devise some sort of unit of measurement for the
job - probably the "man-day". Additional hazards to

be negotiated in the text are words such as "extra men"

and "in 10 days more".



Example 2: Find the word in brackets:
53 (DICE) 94
54(....)16

In this item the verbal information is extremely
limited. The solution of this problem depends only
on the candidate's ability to make the correct
connections between letters and numbers in contrast to
the previous problem where the ability to read and

comprehend was very important.

Example 3: If the circle has diameter 1lOcm., héw long

is AB?

//////’;f—N\:T\EC
-

\ B

This item presents a combination of verbal and
diagramatic information. - Neither the statement nor
the sketch is sufficient on its own for the solution -
the candidate is forced to use both to arrive at an

answer.

This test would not be in the multiple-~choice format,
but would offer the candidates an opportunity to show
their thoughts and working along with their answers.

A copy of this test is tabled separately in Appendix C.

The duration of this ten-item test was thirty minutes,
and the questions were unlikely to have been drilled,
or even encountered in the classroom. This test of
reasoning, then, presented the candidates with quite a
considerable challenge. Participating schools, i.e.,
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'schools A, B, C, D and E, were informed that this test
need not be written on the same day as the multiple-
choice test, if it was difficult to set aside the
necessary time all on one day. In fact, however, all
schools adhered to the suggestion that the two tests

be written consecutively with a break of ten to fifteen
minutes between them. Candidates were instructed to
show answers and relevant working on the question
papers, and, then, these were returned to the writer

for scoring.

The allocation of marks to the items of this test posed
certain difficulties. To offer one mark for a correct
response would not create sufficient separation of able
and less able candidates; on the other hand, detailed
marking of working given, would seriously reduce the
facility and speed of scoring so many scripts. The
following, fairly simple procedure was adopted: one
mark given for making a start that looked hopeful;

two marks given for completely correct reasoning shown
with an arithmetically incorrect answer or for almost
complete and correct reasdning not followed.through to
a conclusion; and, three marks given for a correct
response, with or without working. Guessing .of correct
answers was not considered to be an issue in this test,
and the writer had to assume that tests had been
carefully invigilated and so cheating could, likewise,

not have taken place.

Scoring the test, in practice, was easier than had been
expected. Many candidates were so overwhelmed by the
problems that they did not attempt any of them; . others
offered incorrect answers supported by no working at
all; others, still, gave no final answer but only some
illegible and incomprehensible scribbles next to the
question. The question arises, what was the cause of
this large-scale failure to arrive at answers? It
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could be that time was so short that candidates
panicked, but then one would éxpect thét the last few
questions would be noticeably less well done than the
first few - this was not the case on many scripts;
many candidates simply seemed to freeze, and then
either would not,Aor could noﬁ, persevere with ahy one
of the problems. It is interesting that this

petrification of examinees occurs in school mathematics

examinations as well, fortunately not on such a large
scale. Perhaps, if we could determine the reason for
this phenomenon, we would discover exactly why
mathemétics is such an "overwhelmingly difficult"

subject for many high school pupils.

The results of this test were recorded; however, such
‘was the consternation among students, about the reasoning
test, that these results could in no way be considered

as a reliable estimate of ability, and no conclusions
were drawn from them. For the sake of completeness,

and interest, a summary of the test statistics is given
in the Tables 18 to 20. |

TABLE 18: COMPARISON OF REASONING TEST STATISTICS FOR
THE STANDARD SEVEN PUPILS OF FOUR PENINSULA
HIGH SCHOOLS

SCHOOLS

A B C D
N 131 100 127 176
TYPE girls - co—educational
MEAN - 8,02 5,70 5,79 6,44
SD 4,11 3,31 4,04 4,31
MEDIAN - 8 . 6 5 6
HIGH 19 14 19 18

Low - 0. ) 0] 0]
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TABLE 19: COMPARISON OF REASONING TEST STATISTICS FOR
'~ THOSE STANDARD SEVEN PUPILS WHO CONTINUED
WITH MATHEMATICS IN STANDARD ‘EIGHT IN FIVE
PENINSULA HIGH SCHOOLS
SCHOOLS

A B c ’ D E
N 105 54 99 142 - 137
TYPE Girls Co—-educational \ 
MEAN 8,06 6,74 6,34 6,82 7,37
SD 4,05 3,28 4,26 4,33 4,28
MEDIAN 8 6,5 6 6 7
HIGH 19 14 19 18 23
LOW 0 0 0 0 0
TABLE 20: COMPARISON OF REASONING TEST STATISTICS FOR

THOSE STANDARD SEVEN PUPILS OF FIVE PENINSULA

HIGH SCHOOLS WHO CONTINUED WITH'HIGHER GRADE

MATHEMATICS IN STANDARD EIGHT:

SCHOOLS

A B C D E
N 74 42 68 56 101
TYPE. Girls ‘Co-educational
MEAN 8,78 7,24 7,24 . 9,41 8,02
SD 4,09 3,08 4,41 4,12 4,36
MEDIAN 9 7 7 9 8
HIGH 19 14 19 18 23
LOW 1 1 0] 0] 0]

Note that the boys of school H did not write the

Reasoning Test;
the beginning of their standard eight year, and those
tested were all continuing with Mathematics.

pupils at school E wrote the test at



As a matter of curidsity,’the results of the reasoning

test were correlated with the results of the multiple-

choice test. The Product-Moment correlation

coefficient, r, was used for this purpose, and the

outcome is shown below:

TABLE 21: PRODUCT-MOMENT CORRELATION BETWEEN THE
MULTIPLE-CHOICE TEST SCORES AND THE
REASONING TEST SCORES FOR THE STANDARD
SEVEN PUPILS IN FIVE PENINSULA HIGH

SCHOOLS
SCHOOL N r
A 131 +0,38
B 100 +0,40
C 127 +0,47
D 176 +0,42
E 142 +0,47

The association that exists is positive, not strong and

varies little from school to school.

It was thought that these reasoning test results might

correlate more closely with the pupils"Intelligence

Quotients. Since these were made available to the

writer in two schools, viz., A and D, it was considered
worthwhile to examine the results of such a correlation.
Not all pupils in the two. schools A and D had completed
intelligence tests, consequently the sample numbers are

slightly smaller than given in Table 21.

Product-Moment correlation coefficient was used for the

calculation:

Again the
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TABLE 22: PRODUCT-MOMENT CORRELATION BETWEEN THE
REASONING TEST SCORES AND THE INTELLIGENCE
QUOTIENTS OF STANDARD SEVEN PUPILS IN
SCHOOLS A AND D '

SCHOOL N r
A 119 . - +0,39
D 171 +0,46 .

Since the r-values obtained are very similar to those
obtained from the previous calculation, the question is
raised, to what extent do the multiple-choice test
scores correlate with the intelligence quotients?

TABLE 23: PRODUCT-MOMENT CORRELATION BETWEEN THE
MULTIPLE~CHOICE TEST SCORES AND
INTELLIGENCE QUOTIENTS

R SCHOL -~~~ N _ Cr

A 119 40,59
D 171 40,62

General ability seems to play a greater part in the
multiple-choice test than it does in the reasoning

test, and this is true of the standard seven examination

as well.

TABLE 24: PRODUCT-MOMENT CORRELATION BETWEEN THE
STANDARD SEVEN SCHOOL EXAMINATION SCORES

..... sc HO OL . ‘ . . . N . . . . . ; . r <L : . ' . . .
A 119 +0,57
D 17T +0,60

The results of the reasoning test, then, as stated
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before, do not reveal much about the pupil's ability.
The horror struck in the hearts and minds of many
pupils by this test was curious; not all of the items
were so very difficult, although the time allotted was
short. It would be interesting to determine exactly
-how much this'apparent fear of verbose problems, or
questions that appear to be complicated, affects the
student's ability to perform well; and the extent

to which the Senior Certificate examination papers

have this effect on candidates.

This train of thought was not pursued by ‘the writer in
this investigation; however, it might provide an

interesting avenue for future study.

4.5 THE REVISED TEST FURTHER REVISED

The purpose of this revision of the Revised Test, or
the New Test, was twofold. Firstly, it would provide
an estimate of reliability for the multiple-choice
test, as most of its items would come from the Revised
Test. This estimate of reliability would be a measure
of internal consistency as well as a measure of )
candidate stability because of the intervening time
lapse of one year. During the course of the year,
pupils would have added to their knowledge and so it
could be expected that they would do slightly better
on average. Secondly, the items retained in this
test would be those which had shown themselves to be
efficient discriminators .in the previous test, and

so, it was hoped that this test would indicate more

clearly which pupils were able to perform with insight.



4.5.1 Construction cf the New Test

The items'of'the Revised Test retained in the New
Test were those which had been classified as "good"
or "fair" discriminators - only number 16 was
omitted as its\efficiency’had seemed rather erratic.
In addition, seven of the better "fluctuators" were
included. One item from the Pilot Test, which had
not been included in the Revised Test was resurrected
for the New Test. These twenty-two items did not
provide an adequate sample for the New Test, and so
a further eight items, which had not béen tried
before, but which seemed to offer the right kind of
challenge, were also included -in the New Test. Item
numbers were re-assigned and the Table 25 shows the
item numbers of those questions which had been '
retained frbm previous tests: '

TABLE 25: NEW TEST ITEM NUMBERS AS THEY APPEARED
IN THE REVISED AND PILOT TESTS

NEW TEST ~ REVISED. TEST PILOT TEST
1 27 21
2 32 13
3 34 . 36
4 8 .26
5 35 11
6 14 9
7 33 22
8 29 64
9 26 31

11 28 | 59 -
12 - 45
13 22 34
14 18 42
15 1 19
19 23" 12
20 25 . 67
21 2 37
22 4 7
23 21 29
24 15 | 54
25 17 53

26 ... 19 62
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Items 10, 16, 17, 18, 27, 28, 29 and 30 in the New
Test were not tried out'in’either of the previous

tests.

The duration of the test was extended to.75 minutes,
i.e., 2,5 minutes per item, in order to give each
candidate a fair chance of completing all of the

items.

The New Test was typed, and a copy thereof can be
found in Appendix D.

4.5.2 Administration of the New Test

Thé New Test was administered to standard eight
pupils at schools A, B, E and H; these pupils had
all written either the Revised Test or the Pilot

Test during the previous year. Unfortunately
school C had withdrawn from the experiment earlier

in the year, and school D did not respond to the
request for their pupils to write this test. In
addition, the standard seven and standard nine pupils
of schools A, E and H wrote the New Test, although,
none of these students had been tested before. It
was foreseen that the investigator might follow the
progress of the standard nine pupils until their
-matriculation examination, while the new standard
seven class would provide a basis for comparison with

the original standard seven group.

As before, with the exception of school H, the test
was written as part of the end-of-year school
examination, to ensure that pupils made every effort
to offer their best attempt.  The pupils of school H
wrote the New Test very early in the new academic
year. Once again, the test was accompaniedrby a set
of invigilator's instructions and separate answer

sheets. Copies of these can be found in Appendix D.
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4.5.3 Analysis of Results -

All test materials were returned to the writer, who
scored the tests, with one assistant, on the basis
of one mark for a correct response and nil for an
incorrect response, omission or multiple response.
The following tables give a summary of the test
statistics and some indication of the increase in
score from standard seven to standard nine.- In
the case of standards eight and nine, the figures
quoted include both higher and standard grade

candidates.

TABLE 26: COMPARISON OF NEW TEST STATISTICS FOR THE
1984 STANDARD SEVEN PUPILS OF THREE
PENINSULA HIGH SCHOOLS

SCHOOLS
H A E

N - 144 143 171

TYPE - Boys - Girls. Co-educational
MEAN 12,7 12,9 10,2

SD 5,99 5,91 o 5,46
MEDIAN 12 .. C 12 .9

HIGH 29 27 - 25

LOW 2 1 2

TABLE 27: COMPARISON OF NEW TEST STATISTICS FOR THE
1984 STANDARD EIGHT MATHEMATICS PUPILS OF
FOUR PENINSULA HIGH SCHOOLS

SCHOOLS

H A B E
N lle - 96 54 130
TYPE Boys Girls Co-educational
MEAN 18,9 14,7 13,7 13,9
sD 6,32 5,66 5,37 5,96
MEDIAN 19 14 13 13
HIGH 30 28 27 29

Low 4 2 5 2
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TABLE 28: COMPARISON OF NEW TEST STATISTICS FOR THE
1984 STANDARD NINE MATHEMATICS PUPILS OF
THREE PENINSULA HIGH SCHOOLS

S CHOOL S

H A E
N 131 110 | 128

TYPE Boys : Girls Cp-educational
MEAN 18,3 15,9 | 14,7

SD 6,33 6,68 6,03
MEDIAN 19 | 15 14

HIGH 30 30 30

LOW o 5 5 3

' Note that small discrepancies in sample numbers in
some schools are due to the absence of a few pupils
on the day of. the test and further to the fact that
some pupils left the school.

Note that the New Test had a maximum possible score
of 30, while the Revised Test had a maximum possible
of 35. Comparing the test statistics of both tests
reveals that, at school A, the standard seven pupils
fared slightly better than did their predecessors on
the Revised Test; at schools E and H, the standard
seven pupils did less well than the previous
standard seven class. It must be remembered,
however, that the students, at school E, who firét
wrote the multiple-choice test were not representative
of all of the standard sevens but were those who had
already chosen to continue with Mathematics.

The results of the standard eight and nine pupils
show the expected increase in scores owing to their
greater knowledge and experience of Mathematics.



The Tables 29 and 30 give a summary of the New Test

statistics for Higher Grade candidates only in

standards eight and nine.

" TABLE 29:

COMPARISON OF NEW TEST STATISTICS FOR THE
1984 HIGHER GRADE STANDARD EIGHT PUPILS
OF FOUR PENINSULA HIGH SCHOOLS
| SCHOOLS
H A B E
N 100 57 39 86
TYPE Boys Girls Co-educational
MEAN 20,0 17,5 15,5 16,1
SD 5,68 4,61 4,99 5,32
MEDIAN 20,5 17 14 15,5
HIGH 30 30 27 29
- LOW 4 10 - 7 . . 5
TABLE 30: COMPARISON OF NEW TEST STATISTICS FOR THE
1984 HIGHER GRADE STANDARD NINE PUPILS OF
THREE PENINSULA HIGH SCHOOLS '
SCHOOLS
H A E
N 97 62 57
TYPE Boys Girls Co-educational
MEAN 20,3 ‘ 20,2 19,4
SD 5,42 5,14 4,41
MEDIAN 20 21 19
HIGH 30 30 30
LOW 7 6 10

One important reason for running this New Test, was

to provide an estimate of reliability for the

‘multiple—choicé test which would include a measure

of candidate stability.

With the results of the



New Test processed this could now be calculated.

The Product-Moment correlation coefficient was used
for this estimate of reliability, and Table 31 shows
the result for each school when all candidates'
scores are included, i.e., Higher and Standard Grade:

TABLE 31: PRODUCT-MOMENT CORRELATION BETWEEN THE
REVISED TEST SCORES AND THE NEW TEST SCORES
OF STANDARD EIGHT MATHEMATICS PUPILS

SCHOOL N r  STD ERROR
A 96 . +0,81 0,061
B 54 +0,72 0,096
E 130 +0,77 0,056
H 116 +0,81 0,056

This procedure was repeated using only the Higher
Grade candidates' scores as a basis for the

correlation, and the results are given in Table 32.

TABLE 32: PRODUCT-MOMENT CORRELATION BETWEEN THE

REVISED TEST SCORES AND THE NEW TEST SCORES

FOR HIGHER GRADE STANDARD EIGHT PUPILS

SCHOOL N r  STD ERROR

A 57 +0,72 0,091
B 39 +0,67 0,122
E 86 +0,76 0,071
H 100 +0,76 0,066

These r-values show that the multiple-choice test
produces fairly consistent results when one considers
the considerable lapse of time between tests.
Unfortunately numbers in. the individual school
samples are not large, and so the estimates are
perhaps less dependable than desired; on the other
hand, however, the various r-values for the different
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schools are quite'similar, indicating that if one
r-value for all pupils was calculated (thus, giving
a sample size of 396 or 242 higher grade students)
the resulting estimate of ‘reliability would not be
very different from the values we have for the

individual schools.

‘The decreases in r when only the Higher Grade
candidates are considered are, probably, due to the
reduction in the range of talent for this group.

It is obvious from the test statistics in Table 27
that the presence of the Standard Grade pupils
reduces the mean and median scores of all of the

school groups noticeably.

The. question of validity must still hang in the
balance at this stage, because we have‘only two
examinations, viz., the May and November papers

of the standard eight year, with which to compare‘
the multiple-choice tests. - It is the writer's
opinion, that the standard eight syllabus does not
demand the same high degree of insightful thinking
as does the standard nine syllabus, and so, it might
be expected that the correlation between the
standard seven examination scores and the standard
eight examination scores would be stronger than the
correlation between the multiple-choice test scores
and the standard eight examination scores. This
hypothesis was tested using the results of schools
A, B, E and H for Higher Grade candidates only.

In the Tables 33 to 36, the Product-Moment
correlation coefficient, r, has been calculated for
each pair of tests, and is shown in the appropriate
cell of the matrix. { |
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TABLE :33: PRODUCT-MOMENT CORRELATION OF MULTIPLE-
CHOICE TEST AND HIGHER GRADE MATHEMATICS
EXAMINATION RESULTS FOR 1984 STANDARD

EIGHT PUPILS

SCHOOL H:

Revised New
Test Test
1983 1984

Révised :
Test 1 +,76
1983

New
Test 1
1984

Std 7
Exam
1983

Mid-year
HG Exam
1984

Std 8
HG Exam
1984

BOYS

std 7
Exam

~1983

+,69

+,62

Mid-year
HG Exam

1984

+,73

+,67

= 100

std 8
HG Exam
1984

+,71

TABLE 34: PRODUCT-MOMENT CORRELATION OF MULTIPLE-
CHOICE TEST AND HIGHER GRADE MATHEMATICS
EXAMINATION RESULTS FOR 1984 STANDARD

EIGHT PUPILS

SCHOOL A:

Revised New
Test . Test
1983 1984

Revised
Test 1 +,72
1983

New
Test 1
1984 ‘

std 7
Exam
1983

Mid-year
HG Exam
1984

- Std 8
HG Exam
1984

GIRLS
std 7
Exam
1983

+,68

Mid-year
HG Exam
1984 -

= 57
Std 8

HG Exam

1984




TABLE 35:

PRODUCT—MOMENT CORRELATION OF MULTIPLE-

1984 .

CHOICE TEST AND HIGHER GRADE MATHEMATICS
EXAMINATION RESULTS FOR 1984 STANDARD
EIGHT PUPILS ‘
SCHOOL B: GIRLS N = 39
Revised New Std 7 Mid-year std 8
Test Test Exam HG Exam HG Exam
1983 1984 1983 1984 1984
Revised
Test 1 +,67 +,59 +,45 +,56
1983
New
Test 1 +,57 +,60 +,63
1984
std 7
Exam 1 +,71 +,78
1983
Mid-year
HG Exam 1 +,86
1984
Std 8
HG Exam 1
1984
~ TABLE 36: PRODUCT-MOMENT CORRELATION OF MULTIPLE-
CHOICE TEST AND HIGHER GRADE MATHEMATICS
EXAMINATION RESULTS FOR 1984 STANDARD
EIGHT PUPILS
SCHOOL E: CO-EDUCATIONAL N = 86
Revised New std 7 Mid-year Std 8
Test Test  Exam HG Exam HG Exam
1983 1984 1983 1984 _ 1984
Revised
E;g; 1 +,76 +,63 +,58 +,74
New
Test o 1 +,59 +,53 +,69
1984 '
std 7
1983 ’
Mid-year
HG Exam 1 +,84
1984
Std 8
HG Exam 1
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From the Tables 33 to 36 it is clear that, in -each
school, the standard seven examination results
correspond more closely with the end-of-year standard
eight examination. Although the r-values of both
multiple-choice tests generally increase, they still
cannot compete with the strength of the correlation
between the two school examinations; also noteworthy
is the fact that this correlation appears to be
strengthening as well, except in school A where it

remains constant.

In order to determine whether these initial trends
would be contihued, it was decided to repeat the
procedure using the scores obtained from the Higher
Grade standard nine pupils in Schools A and H. The
necessary results of past examinations were obtained
from the official records of the two schools and, as
before the Product-Moment correlation coefficient, r,
was calculated for each pair of tests indicated by
the cells in the Tables 37 and 38.

TABLE 37: PRODUCT-MOMENT CORRELATION OF MULTIPLE-

CHOICE TEST AND HIGHER GRADE EXAMINATION
SCORES FOR 1984 STANDARD NINE PUPILS -

SCHOOL H: : BOYS N = 97

New Std 7 May Std 8 May  Std 9
Test Exam . Exam - Exam "Exam Exam
1984 1982 1983 1983 1984 1984
New
Test - 1 +,51 +,50 +,75 +,79 +,77
1984 :
std 7 .
Exam 1 ' +,68 +,72 +,56 +,54
1982
‘May _
Exam : 1 +,68 +,58 +,58
1983
std 8
Exam -1 +,85 +,80
1983 _
May :
Exam ' 1 +,90
1984
std 9 )
Exam 1

1984 o R
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TABLE 38: PRODUCT-MOMENT CORRELATION OF MULTIPLE-
' CHOICE TEST AND HIGHER GRADE EXAMINATION
SCORES FOR 1984 STANDARD NINE PUPILS

SCHOOL A: GIRLS v N = 53
New Std 7 May  Std 8 May std 9
Test: Exam Exam Exam Exam Exam
1984 1982 1983 1983 1984 1984

New '

Test 1 +,55 +,67 +,63 +,62 +,55

1984

Std 7

Exam -1 +,79 +,80 +,68 +,66

1982

May

Exam 1 +,87 +,80 +,77

1983

Std 8 '

Exam 1 +,84 +,84

1983

May

Exam : _ 1 +,86

1984

std 9 ,

Exam 1l

1984 '

Note that of the 62 girls tested at school A, 9 were
either new-comers to the school and their results
could, therefore, not be traced back, or they had
missed an examination through illness.

From Tables 37 and 38, two different pictures emerge.
In school A, the correspondence between the multiple-
choice test and the successive school examinations
peaks in May of the standard eight year and then
decreases throughout the standard nine year to its
original strength; the pattern of correspondence
between the standard seven school examinatidn and
‘.later examinations is the same, except that the final
r-value is considerably greater than that of the
multiple-choice test with the same school examination.




cf the multiple-choice tests and the school
examinations has indicated that, in general,
the correlation between the standard seven
school examination and subsequent school
examinations is higher than that between the
"multiple-choice tests and the school examinations.
There is also some evidence of an increasing
trend for the correlation coefficients of the
multiple-choice tests and a decreasing trend for
the standard seven school examination. The |
1985 school examination results would provide

further information.

4.5.4 Analysis of New Test Items

Most of the items of the New Test had been used
previously and, therefore, their efficiency had been
investigated before; however, their relative
positions in the test had been altered»and it was
necessary to determine what effect this had had on
the difficulty level and discriminating power of
thesé items. It waé fhéught that certain items,
previously placed near the end of the test may have
been subject to overmuch guessing owing to a lack of
time in the earlier test. ' The new items in the test
had not yet been analysed, and had been chosen simply
on the grounds that they appeared to require the same
kind of thought processes as the tried and tested
items. Another item analysis was undertaken and the

details are summarised in Tables 39 and 44.

In order to maximise discriminating power, items of
middle difficulty had been sought out in the previous
item analysis and used again in the New Test. The
pupils, however, had had one more year's experience
of Mathematics and had learned a few more advanced



In school H, the r-values for the multiple-choice
test increase noticeably over the two-year period,
while the r-values for the standard seven school
examination remain, more or less, constant throughout
standard eight and then show a marked decrease in
standard nine, falling well below the strength of the

correlation coefficients for the multiple~choice test.

It must be remembered that, apart from the multiple-
choice test, the examinations written by the two
groups were internal school examinations, i.e., they
were completely different tests of Mathematics, with
different subject material and varying quantities of
that subject material - some teachers preferring to
move quickly through the syllabus to finish early
for thorough revision, others moving more slowly and
carefully to finish just before the final examination;
however, all teachers of senior Mathematics have to
ensure that their pupils are prepared for the same
final matriculation examination and, therefore,
there must be a certain degree of similarity between

the papers of different schools.

Another possible reason for differences shown in the
Tables 37 and 38 might be that prediction for girls
is different from prediction for boys. This
possibility is discussed in Chapter 6 when taking
into account the data subsequently collected.:

To sum up on the questions of reliability and

validity:

It seems that the multiple-choice tests show a
reasonable and acceptable degree of reliability,
i.e., these tests yield consistent results. The
validity of the test cannot.properly be estimated
at this stage of the investigation because of the
lack of a suitable criterion which is common for

all pupils. However, a comparison of the results
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techniques, which had the effect of making some of

the items rather less problematic for them than they
had been in standard seven. A study of Table 39

and the frequency distributions shown in Figures 6

to 9, indicates a definite shift in the mean difficulty
levels for the different schools. '

' TABLE 39: NEW TEST ITEM DIFFICULTY LEVELS, p, FOR
HIGHER GRADE STANDARD EIGHT PUPILS OF 1984

ITEM SCHOOL H SCHOOL A SCHOOL B SCHOOL E

2 P P P

1 0,73 0,67 0,87 0,72

2 0,51 0,36 0,31 0,48

3 0,62 0,50 0,36 0,26

4 0,76 - . 0,64 0,82 0,66
5 0,42 0,66 = - 0,46 0,34
6 0,74 0,84 0,54 0,67

7 0,45 0,31 0,32 0,49

8 0,67 . -0,47 - 0,28 0,45

9 0,49 0,40 0,18 0,42

10 0,78 0,90 0,79 0,58
11 0,67 ‘0,55 0,51 0,59
12 0,47 0,36 0,58 0,31
13 0,53 0,48 0,54 0,44
14 0,77 0,70 0,67 0,48
15 0,91 0,84 0,76. 0,83
16 0,80 - 0,69 0,56 - 0,80
17 0,65 0,50 0,38 0,44
18 0,53 0,29 0,44 0,38
19 0,73 0,88 0,87 0,73
20 0,76 0,57 0,51 0,59
21 0,85 0,81 0,56 0,69
22 0,76 0,69 0,67 0,76
23 0,73 0,59 0,51 0,60
24 0,89 0,78 0,67 0,65
25 0,69 0,67 0,49 0,57
26 0,64 0,48 . 0,36 0,57
27 0,81 0,64 0,67 0,55
28 0,67 0,53 0,33 0,50
29 0,29 0,31 0,13 0,29
30 0,65 0,50 0,36 0,57
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Figure 6

DISTRIBUTION OF NEW TEST ITEM DIFFICULTY LEVELS,
p, FOR THE BOYS OF SCHOOL H

< ,16 o}
(16 - ,25 0
,26 - ,35 * 1
,36 - ,45 k% 2
,46 - ,55 *hkkk 5
;56 - ,65 % kk % _ 4
,66 - '75 khkkkkkikkk lo
,76 - ,85 kkkhkkk 6

> ,85 *% 2
Mean = 0,67 Standard Deviation = 0,15

Figure 7

DISTRIBUTION OF NEW TEST ITEM DIFFICULTY LEVELS,
p, FOR THE GIRLS OF SCHOOL A

< ,l6 0
(16 - ,25 0
26 - ,35 * k% 3
,36 - ,45 *k% 3
46 - ,55 kkhkkkkkkk 8
,56 - ,65 * Kk k% ) 4
,66 - ,75 kkkkkk 6
;76 - ,85 *kkx 4
> ,85 *x 2
Mean = 0,59 Standard Deviation = 0,18

Figure 8

DISTRIBUTION OF NEW TEST ITEM DIFFICULTY LEVELS,
p, FOR THE GIRLS OF SCHOOL B

< ,16 Sk 1
(16 - ,25 * 1
,26 - ,35 *kdkk 4
,36 - ,45 * % %%k ok 5
46 - ,55 % d ke kdkk 7
;56 -~ ,65 * k% 3
,66 - ,75 * kK 4
;76 - ,85 * ko 3
> ,85 *% 2
Mean = 0,52 Standard Deviation = 0,20
" Figure 9 |

DISTRIBUTION OF NEW TEST ITEM DIFFICULTY LEVELS,
p, FOR THE PUPILS OF SCHOOL E

< ,16 o)
,16 - ,25 0
,26 - ,35 *H kK 4
,36 - ,45 kK kK 5
,46 - ,55 xRk Kk 5
,56 - ,65 kkkkkhhk 8
,66 - ,75 khkkkk*k 6
,76 - ,85 *% 2

> ,85 0

Mean = 0,55 Standard Deviation = 0,15



Clearly, the New Test was much less difficult for
these standard eight pupils than it had been the
previous year. It must not be forgotten that these
pupils were all Higher Grade candidates, if Standard
Grade pupils had beén-included, the p-levels would
not have shown such a marked increase.

The standard seven pupils of 1984, on the other hand,
experienced just as much difficulty with the New Test
as their predecessors had had with the Revised Test
the year before. Table 40 lists difficulty levels
for these students in schools H, A and E: '
TABLE 40: NEW TEST ITEM DIFFICULTY LEVELS, p, FOR

THE STANDARD SEVEN PUPILS OF 1984 AT
- THREE PENINSULA HIGH SCHOOLS

ITEM SCHOOL H ~ SCHOOL A SCHOOL E
P v o P
1 0,41 0,39 0,32
2 0,26 0,31 0,16
3 0,28 - 0,37 0,18
4 0,72 0,58 0,38
5 0,32 0,43 0,27
6 0,54 0,59 0,29
7 0,24 0,25 0,15
8 0,40 0,33 0,22
9 0,48 0,49 0,34
10 0,70 0,61 . 0,55
11 0,33 0,35 0,27
12 0,34 0,22 0,32
13 0,34 0,35 . 0,37
14 0,35 0,32 0,22
15 0,67 0,69 0,57
16 0,70 0,69 0,67
17 0,35 0,31 0,18
18 0,33 0,40 | 0,21
19 0,41 0,54 . 0,28
20 0,37 0,34 0,29
21 0,56 0,58 0,49
22 0,57 0,72 0,54
23 0,39 0,49 0,41
24 0,44 - 0,52 0,46
25 0,38 0,38 0,39
26 0,34 0,36 0,32
27 0,58 | 0,53 0,40
28 0,41 0,34 0,21
29 0,24 0,14 0,22
30

0,32 . 0,37 0,30
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Figure 10

DISTRIBUTION OF NEW TEST ITEM DIFFICULTY LEVELS,
p, FOR THE 1984 STANDARD SEVEN PUPILS OF SCHOOL H

< ,l6 0
;16 - ,25 *% -2
,26 - ,35 % %k k% ko k kK k kk 11
,36 - ,45 khkkkkdkkk 8
,46 - ,55 *% 2
56 - ,65 * k% 3
,66 - ,75 *k k% 4
,76 - ,85 0

> ,85 0
Mean = 0,43 Standard Deviation = 0,14

Figure 11

DISTRIBUTION OF NEW TEST ITEM DIFFICULTY LEVELS,
p, FOR THE 1984 STANDARD SEVEN PUPILS OF SCHOOL A

< ,1l6 * 1l
16 - ,25 * % 2
,26 = ,35 ok e ek K 8
,36 - ,45 - %k k% %k k 7
,46 - ,55 . kkkkk 5
;56 - ,65 *k k% 4
,66 - ,75 L kkk 3
,76 - ,85 0

> ,85 0
Mean = 0,43 Standard Deviation = 0,15

Figure 12

DISTRIBUTION OF NEW TEST ITEM’DIFFICﬂLTY LEVELS, -
p, FOR THE 1984 STANDARD SEVEN PUPILS OF SCHOOL E

< ,1le * 1
,16 - ,25 khkhkkhk 8
,26 - ,35 dkk kkkkkkkk '10
,36 - ,45 *kkkk 5
,46 - ,55 ki) 4
;56 - ,65 * 1
,66 - ,75 * 1
,76 - ,85 0
. > ,85 0
Mean = 0,33 Standard Deviation = 0,13



The levels of difficulty given in Figqures 10 to 12
were based on the scores of all standard seven pupils
in schools H, A and E during 1984. As mentioned
earlier, one cannot expect the level of difficulty

of an item to remain constant from school to school,
but the distributions do appear to be fairly similar
and there is considerable agreement among the three
groups as to the relative difficulty of the items.
A measure of this correspondence, between any peir

of school groups, is given by the Rank-Difference
correlation coefficient, which may be obtained if

the test items are ranked according to their level of
difficulty as in Table 41. '

TABLE 41: NEW TEST ITEMS RANKED ACCORDING TO THEIR
LEVEL OF DIFFICULTY

ITEM SCHOOL H SCHOOL A SCHOOL E

1 19 . 16 17
2 3 4,5 2

3 4 13,5 3,5
4 30 24,5 21

5 5,5 18 10,5
6 23 26 13,5
7 1,5 3 1

8 17 7 | 8

9 - 22 - 19,5 - 19
10 28,5 27 28
11 7,5 10,5 10,5
12 10 2 17
13 10 10,5 20
14 12,5 6 8
15 27 | 28,5 29
16 28,5 28,5 30
17 12,5 | 4,5 3,5
18 7,5 | 17 5,5
19 19 23 12
20 14 8,5 13,5
21 24 24,5 26
22 25 v 30 27
23 16 19,5 24
24 21 21 25
25 15 15 ' 22
26 .10 12 17
27 26 22 23
28 19 8,5 5,5
29 1,5 1 8

30 5,5 13,5 15




The correlation coefficients obtained are given in
Table 42:

TABLE 42: RANK-DIFFERENCE CORRELATION BETWEEN
RANKED LEVELS OF DIFFICULTY FOR
SCHOOLS A, E AND H

School A vs School H - fho = +,79
School E vs School H rho = +,75
= +,75

School A vs School E rho

These correlation coefficients show almost exactly
the same degree of correspondence among schools as
was found previously, when the difficulty levels
~of the Revised Test were compared in schools A and
H (rho = +,74). ' |

It is interesting that, in a few items, the standard
seven groups experienced no more difficulty than the
standard eight Higher Grade groups; in fact, in
items 9, 18 and 22 the standard seven girls of
school A managed with greater ease than did the
standard eight girls, which, considering the nature
of these particular items, is difficult to explain.

In addition to item difficulty levels, the item

" analysis provided a measure of the discriminating
power of each item. These D-indices were calculated
as described before, except that the upper group, U,
represents the "top" 50% of candidates, and the lower
group, L, represents the "bottom" 50% of candidates.

Grouping was carried out both on the basis of the New
Multiple~-Choice Test results and on the basis of the
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November Higher Grade examination for standard eight.

The results are summarised in the Tables 43 and 44.

TABLE 43: COMPARISON OF THE INDICES OF DISCRIMINATION,
D, FOR TWO DIFFERENT UPPER AND LOWER GROUPS
IN SCHOOLS A AND H

New M-C Test Grouped November Exam Grouped

ITEM - ,
SCHOOL A SCHOOL H SCHOOL A SCHOOL H

1 +0,03 +0,42 +0,11 . +0,34
2 +0,10 +0,10 -0,07 -0,06
3 +0,24 +0,40 +0,32 +0,12
4 +0,24 +0,04 +0,07 -0,04
5 +0,34 . +0,44 +0,25 +0,48
6 -0,03 +0,28 +0,21 +0,36
7 +0,41 +0,42 - +0,29 +0,20
8 +0,45 +0,26 ‘ +0,25 +0,38
9 +0,31 +0,34 +0,18 +0,38
10 0,00 +0,04 0,00 - 0,00
11 +0,21 +0,42 +0,21 +0,30
12 +0,03 +0,38 -0,04 © +0,18
13 +0,21 +0,30 +0,04 +0,30
14 +0, 39 ' +0,26 +0,44 +0,22
15 +0,10 +0,18 : +0,04 +0,10
16 +0,34 +0,24 -0,14 : +0,08
17 +0,31 - = +0,50 +0,04 . +0,34
18 +0,24 . +0,34 +0,18. +0,30
19 -0,03 +0,42 +0,04 +0,26
20 +0,45 +0,32 +0,36 +0,20
21 +0,10 +0,22 +0,04 +0,22
22 +0,21 +0,20 +0,14 . +0,16
23 +0,28 +0,42 +0,29 +0,34
24 +0,17 +0,14 0,00 +0,10
25 +0,17 +0, 34 ' +0,11 - +0,26
26 +0,21 +0,48 +0,18" ' +0,24
27 +0,31 +0,14 +0,32 +0,06
28 +0,31 +0,50 +0,21 ) +0,34
29 -0,07 +0,22 +0,07 +0,10
30 +0,24 +0,30 +0,29 +0,18
Highest D +0,45 - +0,50 - +0,44 +0,48
Lowest D =-0,07 +0,04 -0,07 '+ -0,06

‘Median D +0,23. +0,31 +0,16: +0,22
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TABLE 44: COMPARISON OF THE INDICES OF DISCRIMINATION,
D, FOR TWO DIFFERENT UPPER AND LOWER GROUPS
IN SCHOOLS B AND E

ITEM New M-C Test Grouped November Exam Grouped
SCHOOL B = SCHOOL E SCHOOL B SCHOOL E

1 +0,10 40,23 0,00 +0,12

2 +0,31 +0,35 +0,14 +0,22

3 +0,31 +0,19 +0,11 +0,19

4 +0,10 +0,26 -0,07 +0,21

5 +0,41 +0,16 +0,32 +0,29

6 +0,36 +0,28 +0,11 +0,21

7 +0,32 +0,21 +0,14 +0,17

8 +0,36 +0,47 +0,11 +0,22

9 +0,26 ' +0,14 +0,25 +0,05

10 +0,26 +0,23 -0,04 -0,10

11 +0,41 +0,21 +0,07 +0,17

12 +0,42 +0,30 . +0,36 . - - +0,19

13 +0,46 +0,45 +0,29 +0,22

14 +0,21 +0,40 -0,07 +0,14

15 +0,26 - +0,26 +0,15 +0,12

16 +0,31 +0,12 +0,18 -0,07

17 +0,36 . +0,14 +0,32 -0,02

18 +0,15 +0,30 +0,11 +0,31

19 +0,21 +0,16 +0,11 +0,17

20 +0,31 - +0,44 +0,14 '+0,10

21 +0,21 +0,35" -0,04 +0,05

22 -0,10 +0,26 0,00 +0,24

23 +0,10 -+0,33 +0,07 +0,31

24 +0,31 +0,21 +0,11 +0,12

25 +0,46 +0,26 +0,14 +0,29

26 +0,41 -+0,35 +0,14 +0,31

27 +0,41 +0,40 +0,14 0,00

28 +0,36 +0,49 +0,07 +0,29

29 +0,05 +0,26 +0,04 +0,12

30 +0,31 +0,30 . +0,18 - +0,17

Highest D +0,46 +0,49 +0,36 +0,31

Lowest D -0,10 +0,12 -0,07 : -0,10

Median D

+0,31 +0,26 +0,11 +0,17
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Once again, the degree of correspondence between the
two different groupings for each school was calculated
using the Rank-Difference correlation coefficient,

and the results are given in Table 45:

TABLE 45: RANK-DIFFERENCE CORRELATIONS BETWEEN NEW
TEST BASED INDICES OF DISCRIMINATION AND
SCHOOL EXAMINATION BASED INDICES OF

DISCRIMINATION
SCHOOL N ‘ rho
A 57 +0,69
H 100 +0,71
B 39 +0,63
E 86 +0,36

As before (see Tables 13, 14 and 15), with the
exception of school E, there is a strong positive
correlation between the indices of discrimination
obtained from the two different groupings in each
school. Indeed, even in school E, a slight
strengthening of the correlation is evident. Could
this indicate that the internal school examinations
and the multiple-choice tests are beginning to call
forth more similar thought processes?

The discriminating power of items, in general, seeﬁs
to have been reduced by comparison to the D-indices
determined in the item analysis of the revised test,
but this is probably due to the fact that, at least
for these standard eight pupils, individual items
seem to be less difficult.

The items of the test had been ranked as discriminators,
and in order to determine the extent to which the four
schools agreed on these rankings, Kendall's coefficient

of concordance was calculated.
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The Tables 46 and 47 show -the ranking of the indices
of discrimination, D, of the thirty items for the

various schools, first, grouped according to the new
multiple-choice test, and secondly, grouped according

to the November Higher Grade school examinations.

TABLE 46: NEW TEST ITEMS RANKED AS DISCRIMINATORS
' ACCORDING TO THE GROUPS YIELDED BY THE
NEW MULTIPLE-CHOICE TEST

SCHOOL SCHOOL SCHOOL SCHOOL
ITEM A H B E
1 5,5 24 4 10,5
2 8 3 15,5 23
3 17,5 21 15,5 6
4 17,5 1,5 4 14
5 25,5 27 25,5 . 4,5
6 2,5 13 21,5 17
7 28 24 19 8
8 29,5 11,5 21,5 29
9 22,5 18 11 2,5
10 4 1,5 11 10,5
11 13,5 24 25,5 8
12 5,5 20 28 19
13 13,5 14,5 29,5 28
14 27 11,5 8 25,5
15 8 6 11 14
16 25,5 10 15,5 1
17 22,5 29,5 21,5 2,5
18 17,5 18 6 19
19 2,5 24 8 4,5
20 29,5 16 15,5 27
21 8 8,5 8 23
22 13,5 7 1 14
23 20 24 4 21
24 10,5 4,5 15,5 8
25 10,5 18 29,5 14
26 13,5 28 25,5 23
27 22,5 4,5 25,5 25,5
28 22,5 29,5 21,5 30
29 1 8,5 2 14
30 17,5 14,5 15,5 19

Kendall's Coefficient of Concordance, W = 0,35
Thus, Chi-square = 40,6 with 29 degrees of freedom.

There is no statistically significant association.
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TABLE 47: NEW TEST ITEMS RANKED AS DISCRIMINATORS
- ACCORDING TO THE GROUPS YIELDED BY THE
NOVEMBER SCHOOL EXAMINATION (STANDARD
EIGHT HIGHER GRADE)

SCHOOL SCHOOL SCHOOL SCHOOL
- ITEM A H B e
1 12,5 24,5 5,5 9,5
2 1 1 19,5 22
3 27,5 9 . 13,5 17,5
4 10,5 2 1,5 19,5
5 22,5 30 28,5 26
6 20 27 13,5 19,5
7 25 13,5 19,5 14,5
8 22,5 28,5 13,5 22
9 17 28,5 26 5,5
10 3,5 3 3,5 1
11 20 21 9 14,5
12 2 11,5 30 17,5
13 7 21 27 22
14 30 15,5 - 1,5 12
15 7 7 23 9,5
16 14,5 5 24,5 2
17 7 24,5 28,5 3
18 17 21 13,5 29
19 7 18,5 - 13,5 14,5
20 29 13,5 19,5 7
21 7 15,5 3,5 5,5
22 14,5 10 5,5 24
23 25 24,5 9 29
24 3,5 7 13,5 9,5
25 12,5 18,5 19,5 26
26 17 17 19,5 29
27 27,5 4 19,5 4
28 20 24,5 9 26
29 10,5 7 7 9,5
30 24,5 14,5

+ 25 11,5

Kendall's Coefficient of Concordance, W = 0,36

Thus, Chi-square = 41,76 with 29 degrees of freedom.

There is no statistically significant association.

Note: For both tables, a high rank indicates a
powerful discriminator, while a low rank
indicates a weak discriminator.



Once again, it appears that items operate with varying
degrees of efficiency from school to school and that
no statistically significant conclusions may be drawn,
~although there does seem to be some degree of
association. There are some items, however, that do
seem to show a certain amount of stability, and in a
last attempt to discover any hidden trends present,
another method was devised to classify items as "good",
"fair" or "poor". Note that these terms are relative
to the particular set of D-indices under scrutiny.

Thus, for each method of grouping in each school, test
items were classified as "good" discriminators if their
ihdices of discrimination were among the highest within
that group, "fair" if their D-indices were clustered
round the middle of the distribution and "poor" if ,
their D-indices were among the lowest within that group.

TABLE 48: "GOOD" DISCRIMINATORS ACCORDING TO THE NEW
: TEST GROUPING :

SCHOOL A SCHOQL H SCHOOL B SCHOOL E

20;8 17;28 » 13;25 28

7 ’ - 26 12 8

14 5 5;11;26;27 13

5;16 1;7;11;19;23 20

9;17;27;28 . o . 14:27
2;21;26

TABLE 49: "GooD" DISCRIMINATORS‘ACCORDING TO THE
NOVEMBER EXAMINATION GROUPING

SCHOOL A SCHOOL H SCHOOL B - '~ SCHOOL E
14 5 ' 12 18;23;26
- 20 ' 8;:9 5;17 - 5;25;28
3;27 6 13 22
7;23;30 1;17;23;28 9
16;30
. 15
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TABLE 50: "FAIR" DISCRIMINATORS ACCORDING TO THE
NEW TEST GROUPING
SCHOOL A SCHOOL H SCHOOL B " SCHOOL E
23 3 6;8;17;28 23
3;4;18;30 12 7 12;18;30
11;13;22;26 9:;18;25 2;3;16;20;24;30 6
24;25 20 9;10;15 4:;15;22;25
2:15;21 13;30 14:19;21 29
6 ' 1;10
8;14 7;11;24
16
21;29
TABLE 51: "FAIR" DISCRIMINATORS ACCORDING TO THE NOVEMBER
EXAMINATION GROUPING
SCHOOL A SCHOOL H SCHOOL B . SCHOOL E
5:;8 : 11;13;18 2;7;20;25;26;27 2:;8;13
6;11;28 19;25 3;6;8;18;19;24 4;6
9;18;26 26 11;23;28 3;12
16:22 14;21 29 . 7:11:;19;30
1;25 7:20 14
4;29 12;30 1;15;24;29
13;15;17:19;21 22
-3
15;24;29
TABLE 52: "POOR" DISCRIMINATORS ACCORDING TO THE NEW
TEST GROUPING
SCHOOL. A SCHOOL H SCHOOL B SCHOOL E
1;12 22 18 3
10 15 1;4;23 5;19
6;19 24:27 29 9;17
29 2 22
4:;10 22
TABLE 53: "POOR" DISCRIMINATORS ACCORDING TO THE
NOVEMBER EXAMINATION GROUPING
SCHOOL A SCHOOL H SCHOOL B " SCHOOL E
10; 24 16 1;22 20
12 27 10; 21 9:21
2 10 "4:14 27
4 17
2 16

10




In order to accentuate those items which, most
consistently, discriminate efficiently between upper
and lower groups, a simple point system was devised.
Two points were allocated to items classified as "good”
discriminators, one point to items classified as "fair"
discriminators and no points (zero) to those
 classified as "poor" discriminators. This procedure
was followed with both sets of classifications, i.e.,
items classified according to the new multiple-choice
test upper and lower groups, and the school examination
upper and lower groups. Each item, then, obtained a
score as a discriminator; -the larger the item's score,
the more consistent the item in its power to
discriminate between top scoring pupils and least

. scoring pupils. ,

TABLE 54: POINTS OBTAINED BY ITEMS OF THE NEW TEST

ACCORDING TO THEIR EFFICIENCY TO DISCRIMINATE
BETWEEN THE ABLE AND LESS ABLE IN 4 HIGH SCHOOLS

Item New Test School Examination Combined
Grouped : Grouped Score
1 3 4 7
2 4 2 6
3 3 5 8
4 2 2 4
5 6 - 7 13-
6 3 5 8
7 6 -5 11
8 6 5 11
9 4 5 9
10 2 0 2
11 ) 4 10
12 4 4 8
13 6 5 11
14 6 4 10
15 3 5 8
16 4 3 7
17 5 5 10
18 4 5 9
19 3 4 7
20 6 4 10
21 5 2 7
22 2 4 6
23 4 7 11
24 3 3 6
25 5 5 10
26 7 5 12
27 6 3 9
28 7 6 13
29 2 4 6
30 4 6 10
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By this somewhat artificial'device, it becomes clear
that items 5, 28, 26, 7, 8, 13 and 23 are, over-all,
the most promising of the test questions. Other items
also perform well for one or two of the schools, but
lack the stability of the above-mentioned items; among
these are questions»9, 11, 12, 14, 15, 17, 20 and 27.
Items 3 and 6 are not among the best'discriminators,
but are consistently "fair". Some items vary in their
power to differentiate between the able and the less
able - in one school being very effective, but not at
all effective in another. Only two items, 4 and 10,
are consistently "poor" discriminators and the probable
reason for this is that they proved to be too easy for
pupils at the standard eight level.

On the basis of the scores in Table 54, items may be
grouped together under the headings "Good" for those
items which have been consistently efficient as
discriminators, "Fair" for those which have shown more
fluctuation in their effectiveness or have been
consistently fair discriminators, and "Poor" for those

items which have not been efficient discriminators.

TABLE 55: NEW TEST ITEMS CLASSIFIED ACCORDING TO THEIR
EFFICIENCY AS DISCRIMINATORS AMONG HIGHER
GRADE STANDARD. EIGHT PUPILS IN FOUR SCHOOLS

GOOD FAIR ’ - .POOR
5;28 11;14;17;20;25;30 2:22;24;29
26 9;18;27 4
7:8:13;23 3;6:;12;15 10

: 1;16;19;21

These groupings were then examined with a view to
determining the distribution of mental processes
involved. The results are given in Table 56.



155

TABLE 56: OCCURRENCEVOF‘MENTAL PROCESSES AMONG THE
GOOD, FAIR AND POOR DISCRIMINATORS

Mental "GOOD" "FAIR" "POOR"

Process No. % No. % No. %
Manipulation 1 14,3 3 17,6 2 33,3
Routine Problem 1 14,3 4 23,5 1 16,7
Comprehension 3 42,9 4 23,5 2 33,3
. Non-routins prcblem 2 28,6 6 35,3 1 16,7

The distribution of mental processes in the new
multiple-choice test is given in Table 57.

" TABLE 57: THE DISTRIBUTION OF MENTAL PROCESSES IN
THE NEW MULTIPLE-CHOICE TEST

NEW TEST CONTENT

Mental

Process No. of Items %
Manipulation' 6 20
Routine problem 6 20
Comprehension 9 30
Non~-routine problem 9 30

The information in Tables 55, 56 and 57, together with
the diagram in Figure 13, indicates that, on the whole,
the mental processes occur in the same proportions
among the different levels of discrimination as they
do in the new multiple-choice test. Three notable
exceptions are the high percentage of Comprehension
among the "good" discriminators, the high percentage
of Manipulation among the "poor" discriminators and
the slightly higher than expected occurrence of the
Non-routine types of problem among the "fair" dis-

criminators.



Figure 13

DISTRIBUTION OF MENTAL PROCESSES AMONG
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In the foregoing classification, the combined scores

of items were used to categorise items as "good",

“"fair" or "poor" discriminators;

if the process is

repeated using the scores obtained from the new test

groupings and the school examination groupings, the

picture remains much the same. Tables 58 and 59 and
Figures 14 and 15 illustrate this.

Note that the lowest and the highest levels of the
ability hierarchy, i.e., Recall and Apply "higher

mental processes" do not appear in these latest analyses.
The reason for this is that the new test did not 1nclude

any Recall type questions and the number of items of

the highest level was so small that it was decided to

combine these with the Insight type to form the Non-

routine problem category.
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DISTRIBUTION OF MENTAL PROCESSES AMONG

TABLE 58:

DIFFERENT LEVELS OF DISCRIMINATOR

ACCORDING TO NEW TEST GROUPING OF PUPILS

”n " n L] " "

Mental GOOD FAIR POOR
Process No. % No. 3 No. 3
Manipulation 1 10 25 1 25
Routine problem 1 10 4 25 1 25
Comprehension 3 30 5 31,3 1 25
Non-routine problem 5 50 3 18,7 1 25

TABLE 59:

DISTRIBUTION OF MENTAL PROCESSES AMONG

DIFFERENT LEVELS OF DISCRIMINATOR ACCORDING

TO THE SCHOOL EXAMINATION GROUPING OF

PUPILS (STANDARD EIGHT HIGHER GRADE)

" n n n - L1
Mental GOOD FAIR POOR
Process No. 3 No. 3 No. 3
Manipulation 1 25 4 18,2 1 25
Routine problem 0 0 5 22,7 1 25
Comprehension 3 75 5 22,7 1 25
Non-routine problem 0 0 8 36,4 1 25
Figure 14
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Figure 15
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Once again it appears that the occurrence of the
various mental processes among the different levels
of discriminator simply echoes the proportions of
their occurrence in the new multiple-choice test.

The apparent dominance of the Comprehension type of
item among the "good" discriminators of the school.
examination grouping is merely a function of the very
small number of items that could be classified as

" "good", i.e., since there are only four items in this
particular category, small variations from the
expected frequencies produce an exaggerated distribution.
- The dominance of the Non-routine problems among the
"good" discriminators of the new multiple-choice test
grouping is slightly more impressive owing to the
larger number of items in this category, viz., ten
items.

Bearing in mind the difficulties involved in classifying
a test item according to the mental process involved
to complete it successfully, this analysis has indicated
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that although Comprehension and Non-routine problems may
make marginally better discriminators than the lower
levels of mental ability, i.e., Manipulation and Routine
problems, there is not sufficient evidence to prove

that the occurrence of the mental processes among the
different levels of discriminator is any different
from their pattern of occurrence in the test itself.

The school examinations used in the foregoing analysis
"were the internal standard eight Higher Grade promotion
examinations, and it is pertinent to ask to what‘extent
these examinations resemble the final matriculation
examination? Could it be possible that the upper and
lower groups of student scores would change to such an
extent over the standard nine and ten years so as to
produce a different distribution of mental processes
among the wvarious categories of discriminator?  This
line of thought is pursued in Chapter 5 when the '
pupils' progress at a more advanced level of the Higher

Grade course is discussed.

Another method of investigating the efficiency of
individual test items was undertaken, viz., each item
was submitted to a Chi-square test. =~ For promising
items, two-by-~two contingency tables were constructed
comparing those above the median score with those below
on the correctness of their response to the item.
Again, two upper and lower groups were obtained by
making use of the results from both the new multiple-
choice test and the standard eight higher grade school
examinations. Note that Chi-square was corfected for
continuity and that the null hypothesis is as follows:

Ho: There is no difference in the ability to

complete this item successfully of those above

the median and those below the median.

The reader should note that the median in question is
the median score either of the New multiple-~choice test
or of the standard,eight Higher Grade school examination
depending upon which grouping of pupils is under

discussion.



SUMMARY OF RESULTS OF CHI-SQUARE TEST OF

TABLE 60:
SIGNIFICANCE APPLIED TO SOME ITEMS OF THE
NEW MULTIPLE-CHOICE TEST WHERE THE . NEW
TEST GROCUPING OF PUPILS WAS USED
ITEM. SCHOOL TYPE CHI-SQUARE P Ho
5 H Boys 18,10 0,00 Reject
A Girls 8,12 0,00 Reject
B Girls 4,41 ‘0,04 Reject
28 H Boys 26,05 0,00 Reject
A Girls 5,71 0,02 Reject
B ‘Girls 3,71 0,05 Reject
E Co-ed 18,61 . 0,00 Reject
26 H Boys 22,96 C,00 Reject
A Girls 2,46 0,12 '
B Girls - 4,92 0,03 Reject
E Co-ed -9,30 ‘0,00 Reject
7 H Boys 15,57 0,00 Reject
A Girls 10,89 0,00 Reject
B Girls 3,04 0,08
E Co-ed - 4,03 0,04 Reject
8 H Boys 6,51 0,01 Reject
A Girls 11,60 0,00 Reject
B Girls 4,14 0,04 Reject
E Co-ed 18,00 0,00 Reject
13 H Boys 7,87 0,01 Reject
A Girls 2,46 0,17
B Girls 5,75 - 0,02 Reject
E Co-ed 16,27 0,00 Reject
23 H Boys 20,29 0,00 Reject
A Girls 4,21 0,04 Reject
B Girls 0,02 0,88
E Co-ed 8,22 0,00 Reject
18 H Boys 10,28 0,00 Reject
A Girls 3,33 0,07
B Girls 0,26 0,61
E Co-ed 7,08 0,0l Reject
6 H Boys 8,78 0,00 Reject
A Girls ft € 5 '
B Girls 3,08 0,08
E Co=-ed 6,41 0,01 Reject
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TABLE 61: SUMMARY OF RESULTS OF CHI-SQUARE TEST OF
SIGNIFICANCE APPLIED TO SOME ITEMS OF THE
NEW MULTIPLE-CHOICE TEST WHERE THE STANDARD
EIGHT HIGHER GRADE EXAMINATION GROUPING OF
PUPILS WAS USED
ITEM . SCHOOL TYPE CHI-SQUARE P Ho
5 H Boys 21,72 0,00 Reject
’ A Girls 2,87 0,09
B Girls 7,13 0,01 Reject
E Co-ed 6,48. 0,01 Reject
28 H Boys 11,58 0,00 Reject
A Girls 1,79 0,18
B Girls 0,13 0,72
E Co-ed 5,76 0,02 Reject
26 H - Boys 5,25 0,02 Reject
A Girls 1,14 0,28
B Girls 1,05 0,31
E Co=-ed 6,96 0,01 Reject
7 H Boys 3,26 0,07
A Girls 4,01 0,05 Reject
B Girls 0,90 0,34
E Co-ed 2,29 0,13
8 H ‘Bovs 14,65 0,00 Reject
A Girls 2,57 0,11
B Girls ft < 5.
E Co-ed 2,78 0,10
13 H Boys 7,87 0,01 Reject
A Girls 0,00 1,00
B -Girls 5,51 0,02 Reject
" E Co-ed 2,78 0,10
23 H Boys 12,99 0,00 Reject
: A Girls 3,08 0,08
B Girls 0,11 0,74 _
E Co-ed 7,19 0,01 Reject
18 H Bovs 7,87 0,01 Reject
A Girls 1,35 0,25
B Girls 0,45 0,50
E Co-ed 4,99 0,03 Reject
6 H Boys 15,02 0,00 Reject
A Girls ft < 5
B Girls 0,45 0,50
E Co-ed 3,49 0,06
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The results of the test of significance for a few of

the items are summarised in Tables 6C and 61.

Note that when the null hypothesis is rejected, the
conclusion is that it is likely that those pupils
with above median scores will be more successful in
that particular item than the others with the
probability as given by P.

The application of the Chi-square test to individual
items reveals nothing new, but rather, once again,
points up the variability of the efficiency of the
items as discriminators. from school to school and
between the different upper and lower groupings
produced by the multiple-choice test and the school
examination.  Whether this would change during the
standard nine yeér remained to be seen as the
investigator followed the progress of these students,
but at this stage, it did not seem possible to
isolate particular types of item which would
discriminate efficiently for all groups of pupils.

To sum up: The purpose of this new test was,
primarily, to provide a check on the reliability of
the multiple-choice test.  The measure of reliability
obtained was found to be satisfactory.

In addition, it was hoped that further item analyses,
using the results of the higher grade candidates only,
might lead to the discovery of trends of discriminating
power amond certain types of ‘item, thereby allowing
deductions to be made about the sort of predictive
instrument that could be devised to test the
suitabiiity of standard seven pupils for participation
- in higher grade Mathematics. Unfortunately, the
various analyses have provided no evidence of such
trends, and it seems that, as far as the standard

eight pupils are concerned, any kind of item is capable
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of being a "“good" discriminator,'provided_that it is
neither too easy nor too difficult. BEowever, it is
possible that the standard eight examination is too
similar, in its intellectual demands, to the standard
' seven examination to yield the information about the
items for which it had been hoped. . Groupings of
candidate scores on future, more advanced Mathematics

examinations may provide this information.

In the next section, the progress of the candidates
is followed into standards nine and ten. The final
matriculation examination is ﬁased directly on the
svllabus taught during these last two years of the
secondary course, and so, it might be expected that,
school examination papers, internally set, should
begin to follow the pattern of the externally set
papers more closely. If this is true then any
predictive value, possessed by the multiple-choice
tests, should become apparent by a tendency for the
- correlation, between these tests and the school
examinations, to increase as pupils approach the final

examination.

48 1IN 108~
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5.1 CHAPTER OUTLINE

In the chapter that follows the progress of candidates,
originally tested as standard seven pupils in 1983, as

well as candidates tested, once only, as standard nine
pupils in 1984, is pursued in 1985, their standard
nine and final years of school respectively. The
results of the multiple-choice tests written
previously are compared with the Higher Grade results
of the internally set May examinations for standard
nine and ten and the November promotion examination
for standard nine; in addition, the results of the
1985 standard ten pupils in the, externally set, Cape
Senior Certificate examination were obtained, and
these are also compared with the pupils' scores on
the multiple-choice test that they wrote at the end

of their standard nine year.

The main thrust of the analyses will be:

1. To establish the extent to which the multiple-
choice tests, developed earlier, may have
predictive validity for the Senior Certificate
course in Mathematiés'by.examining'the
correlation between these tests and successive

school examinations.

2. To discover whether any particular type of
item (vis—-a-vis the mental process involved)
provides a maximally efficient discriminator
between those who, ultimately, will be
successful in senior Mathematics and those

who will not.

)



5.2 THE SAMPLE

It has been mentioned in pfevious sections that the
size of the sample of pupils under investigation
steadily decreased from the outset of the study.

This was due firstly, to the non-compulsory status

of Mathematics in the senior high school years:;
secondly, to the normal movement of a few pupils out
of the school for various reasons or their absence
during an examination; and, thirdly, to the tendency
of candidates to abandon the Higher Grade course in
favour of the Standard Grade course, when they feel
that theY‘can no longer cope with its greater

content and complexity. Table 62 indicates the
extent to which the investigation sample was depleted
over a two year period. This table refers to the
standard nine pupils of 1985.

TABLE 62: ' SAMPLE DEPLETION AMONG HIGHER. GRADE PUPILS

- AT FIVE SCHOOLS FROM'EARLY STANDARD  EIGHT -

TO THE END OF STANDARD NINE

SCHOOL - MID-YEAR NOVEMBER MID-YEAR NOVEMBER

1984 1984 1985 1985
H 107 100 97 . 86
A 74 57 54 49
B 42 39 34 31
D 56 51 44 42
E 101 86 58 36

During the standard ten year, the decline in numbers of

pupils taking the Higher Grade course continues as

candidates take stock of their mathematical status and

measure it against the demands of the syllabus with
which, at this stage, they are almost completely
acquainted. Table 63 indicates the decrease in
numbers of Higher Grade candidates in three schools
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during the final year of study.

TABLE 63: SAMPLE DEPLETION AMONG HIGHER GRADE PUPILS
AT THREE SCHOOLS DURING THE FINAL YEAR OF

STUDY

SCHOOL NOVEMBER 1984 NOVEMBER 1985
H 97 80
A .53 35
E 57 26

The writer wishes to stress-ﬁhat in'the analyses that
follow, two different groups of students are discussed.
The first group consists of those pupils who first
wrote the multiple-choice test at the end of 1983

when they were in standard seven, and then were
retested, with the exception of pupils at school D,

at the end of 1984. These candidates are referred

to as "the standard nine" pupils, because during the
year under consideration in this chapter, 1985, these
pupils were in standard nine. '~ The second group of
students wrote only one multiple-choice test in
November 1984, when they were at thé end .of their
standard nine year; these pupils will be referred

to as "the standard ten" pupils, because in 1985 these

pupils were in standard ten.

5.3 THE 1985 MID-YEAR SCHOOL EXAMINATIONS

The work directly examinable'by the Cape Senior
Certificate mathematics papers is taught during the
course of the standard nine and ten years. It
follows, then, that teachers, faced with the task of
setting internal examination papers for these senior
pupils, would pay close attention to the construction
and particular bias of previous external papers and
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reflect these in their own questioﬁvpapers: so that
their pupils might become accustomed to and practised
in the writing of suéh examinations. If this is the
case, then, there is reason to believe that any
predictive validity possessed by the multiple-choice
test should begin to become apparent by a tendency

to correlate more closely with ever more_adVanced
school examination papers. Furthermore, the different ‘
examinations set in the various schools should submit |
more readily to comparison with each other as they are
written progressively closer to the final external
paper. However, this is possibly less true for the
mid-year standard nine examinations, than for other
examinations. Especially in standard nine, the
quality and quantity of the work covered by different
school groups, could vary considerably, depending

upon the teacher's starting point in the syllabus, of
which there are several logical ones, and final
revision policy, viz., to finish as quickly as

possible and then undertake extensive revision
programmes, or to teach more slowly and carefully,
leaving final revision to the pupils themselves.

In the sections that follow, pupils' results, on their
current examinations, are compared to their results on
previously written multiple-choice tests, not only to
prodﬁce a measure of validity for the multiple-choice
tests, but also to try to detect any increasing

trends that might exist in these correlation
coefficients as the school examinations are set more
and more in the image of the final matriculation papers.
Individual items are also examined with respect to
their ability to discriminate between the able and less
.able groups of pupils as these emerge from the more

advanced school examination papers.
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5.3.1 Correlation of the Multiple-choice Tests

with School Examinations

5.3.1.1 Standard nine candidates' scores:

During the month of May, Cape Peninsula schools
hold their mid-year examinations. Papefs are
set internally and cover the work completéd_in
class from the beginning of the school year.
The examination results of the Higher Grade
candidates under observation were»obtained from
the official school records of schools H, A, B,
D and E.

These latest scores were correlated with five
sets of previously obtained scores for these
pupils, viz., two multiple-choice tests,

written at the end of 1983 and 1984, the standard
seven and standard eight promotion examinations
also written at the end of 1983 and 1984, and

the mid-year standard eight examination of 1984.
In the case of school D, it will be remembered
that there was no score on the 1984 multiple-

choice test.

The Product-Moment correlation coefficient, r,
was calculated for each pair of test or
examination results sets:to produce the
correlation matrices given in Tables 64 to 68.
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TABLE 64: TABLE OF CORRELATIONS BETWEEN SIX SETS OF
TEST AND HIGHER GRADE EXAMINATION RESULTS

SCHOQL H: BOYS N = 97

Revised New Std 7 Mid-year Sstd 8 Mid-year
Test Test Exam = HG Exam HG Exam HG Exam
1983 1984 1983 1984 1984 1985

Revised

Test 1 +,74 +,67 +,71 +,69 +,73

1983

New »

Test 1 +,61 +,64 +,68 +,75

1984

std 7

Exam 1 +,75 +,81 +,75

1983

Mid-year-

HG Exam 1 - +,89 +,83

1984

Std 8

HG Exam 1 +,90

1984 '

Mid-year

HG Exam 1

1985

In the School H (boys), the multiple—choice tests,
particularly, the later of the two, show an encouraging

increase in their correlation with successive school

examinations.

strong positive correlation with later school

The standard seven examination shows a

examinations but it is impossible to discern any

upward or downward trend from the figures.

The school

examinations at School H show a quite remarkable degree

of consistency.



TABLE 65: TABLE OF CORRELATIONS BETWEEN SIX SETS OF
TEST AND HIGHER GRADE EXAMINATION RESULTS

SCHOOL A: -~ GIRLS | N =- 54

Revised New Std 7 - Mid-year Std 8 Mid-year
Test Test © Exam. HG Exam HG Exam. HG Exam
1983 1984 1983 1984 1984 1985

Revised
Test 1 +,74 +,72 +,60 +,73 +,66
1983 .

New
Test ' 1 +,55 +,49 +,70 +,61
1984 '

std 7
Exam 1 -~ +,31 +,81 +,85
1983

Mid-year _
HG Exam ' 1 +,74 +,74
1984 ,

Sstd 8 _
HG Exam : . 1 +,82
1984 :

Mid-year. : o _ , .
HG Exam , -1
1985

'In school A (girls), the correlation coefficients of the
multiple-choice tests fluctuate. The New Test .
coefficients show a slight tendency to increase, but the
pattern is disturbed by the mid-year examinations. The
standard seven school examination, on the other hand, -
shows a very strong positive correlation with later
examinations and, moreover, the coefficient shows an
“increase in the mid-year standard nine examination.
‘School examinations, in school A, are also quite
consistent one with the other, but not quite so
remarkably so as in school H; this could be due to the
smaller number of candidates involved with a more
restricted range of talent.



TABLE 66: TABLE OF’CORRELATIONS BETWEEN SIX SETS OF
TEST AND HIGHER GRADE EXAMINATION RESULTS

SCHOOL B: '~ GIRLS ' N = 33

Revised New std 7 Mid-year Std 8  Mid-year
Test Test Exam HG Exam HG Exam HG Exam
1983 01984 1983 1984 --1984 1985

Revised :
Test 1 +,70 +,59 +,45 +,59 +,38
1983

New .
Test 1. +,57 +,60 +,71 +,66
1984

std 7
Exam 1 +,71 +,78 +,36
1983 :

Mid-year
HG Exam 1 +,86 +,38
1984

Std 8
HG Exam . 1 +,52
1984 '

- Mid-~-year v
HG Exam S 1
1985 ' :

In school B (girls), the revised test correlation

coefficients fluctuate, but the coefficients of the New

Test show an encouraging tendency to increase with
successive school examinations. The coefficients of
the standard seven school examination first increase,
and then decrease sharply; other school examinations
show less consistency one with the other than in
schools H and A. This could be due to the relatively
small number of candidates involved at school B, again
with a more restricted range of talent.
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TABLE 67: TABLE OF CORRELATIONS BETWEEN SIX SETS OF
TEST AND HIGHER GRADE EXAMINATION RESULTS

SCHOOL E: CO-EDUCATIONAL N = 58
Revised New Std 7 Mid-year Std 8  Mid-year
Test Test Exam  HG Exam  HG Exam HG Exam
1983 1984 1983 1984 1984 1985
Revised ’
Test 1 +,76 +,63 +,59 +,76 +,46
1983 : ‘
New
Test 1 +,59 +,56 +,69 +,41
1984 :
std 7
Exam 1 +,76 +,80 +,65
1983
Mid-year
HG Exam 1 +,84 +,64
1984
std 8
HG Exam 1 +,79
1984
Mid-year
HG Exam 1
1985

In school E (boys and girls), the correlation

coefficients of the multiple-choice tests fluctuate and

no trends can be discerned.

The -same is true for the

standard seven school examination, although individual

coefficients are more strongly positive for these than

for either of the multiple-choice tests.



TABLE 68: TABLE OF CORRELATIONS BETWEEN FIVE SETS OF
TEST AND- HIGHER GRADE EXAMINATION RESULTS

SCHOOL D: CO~EDUCATIONAL N = 44

Revised Std 7 | Mid-vear Std 8 Mid-year
Test Exam HG Exam HG Exam - HG Exam
1983 1983 . .1984 1984 1985

Revised ‘ '

Test 1 +,44 +,33 +,36 +,12

1983 ‘

std 7

Exam 1 +,61 +,70 +,45

1983

Mid-year -

HG Exam 1 +,74 +,41

1984

std 8 ,

HG Exam. . 1 +165

1984 '

Mid-year

HG Exam : _ 1

1985 ' .

In school D (boys and girls) the multiple-choice test
shows a definite decreasing trend in its correlation
with the successive school examinations. - The internal
school examinations themselves seem to lack fhe same
degree. of consistency that has been noted in schools

H, A and E; however, once again the number of pupils
involved here is rather small, and since the pupils

at school D were subjected to a fairly stringent
selection. process before being admitted to the Higher
Grade course, the range of talent represented here is

probably quite restricted.

4



From the Tables 64 to 68 it is extremely difficult
to draw any conclusions at all about the ability of
the multiple-choice tests to predict performance in
Higher Grade Mathematics - in one school the
correlation coefficients increase, in one they
decrease and in the other schools they fluctuate.
The mid-year examinations, based as they are on
small amounts of work, seem to disturb the
relationships between'testé'and the examinations

and, even, among the examinations themselves.

In order to determine exactly what effect the mid-
year examinations have on the pattern of correlation
coefficients it would be necessary to set up the
same kind of matrices for the standard ten pupils.
It must be remembered that, although more
"examination historY'is available for thesé
candidates, they wrote only one multiple-choice

test and they took this test at the end of their
standard nine year. . In other words, the multiple--
choice test presented much less of avchallenQe to
these candidates than it -did for the younger pupils,
"and there was hardly any time lapse between the
writing of the multiple-choice test and the senior

course examinations.

5.3.1.2 Standard ten candidates' scores:

Previous examination results for these pupils were
traced back, as far as the end-of-year standard seven
promotion examination, through the official school
records of two schools only, at this stage, viz.,
schools H and A. ~ As before, the Product-Moment
correlation coefficients were_calculéted for each
pair of results sets to produce tables of
correlations. These are the Tables 69 and 70.
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TABLE 69: TABLE OF CORRELATibNS OF SIX SETS HIGHER
GRADE EXAMINATION RESULTS AND THE 1984
MULTIPLE-CHOICE TEST .

SCHOOL H: BOYS N = 82

New = Std7 May std'8  May std 9  May
Test Exam © Exam Exam Exam Exam Exam
1984 1982 1983 . 1983 1984 1984 1985

New ’
Test 1 +,46 +,41 +,69 +,73 +,70 +,70
1984

std 7
Exam 1 +,65 +,71 +,52 +,50 +,61
1982 '

Exam 1 '+,63 +,53 +,55 +,58
1983 _

Std 8 o '
Exam - : 1 " +,82 +,77 +,79
1983

May _
Exam | 1 +,87 +,83
1984

std 9
1984 '

- May
Exam » 1
1985 '

Once again, the tendency for the correlation between.
the multiple-choice test and the successive school
examinations is seen to be an increasing one among the
boys of school H. The correlation between the
standard seven examinations and later examinations
showed a decrease up to the end of the standard nine
year, but shows an increase in May of the standard ten
year. However, at this stage, the mﬁltiple-choice
test would be a slightly better predictor than the
standard seven examination.



TABLE 70: TABLE OF CORRELATIONS OF SIX SETS HIGHER
GRADE EXAMINATION RESULTS AND THE 1984
MULTIPLE-CHOICE TEST

SCHOOL A: GIRLS N = 45

New std 7 May ~ Std 8 May std 9 May
Test - Exam Exam Exam Exam Exam Exam
1984 1982 1983 1983 1984 1984 1985

New _ _ '
Test 1 +,57 +,65 +,60 +,56 +,47 +,58
1984

Std 7 :
Exam 1 +,81 +,82 +,68 +,67 +,58
1982

May _
Exam 1l +,87 +,80 +,76 +,73
1983 ' ’

std 8 - : '
Exam - .. 1 +,83 +,83 +,71
1983 ‘

May
Exam ' ’ 1 +,84. +,84
1984

Std 9 v : c : :
Exam 1 +,86
1984 ' :

May

Exam S N 1
1985 ’ ‘ :

‘Among the girls of school A, the correlation
coefficients of the multiple-choice test and the
school examinations remain fairly constant over-all
except for a peak in .the standard 8 May examination
and a low point in the end-of-year standard nine ,
examination. The coefficients of the standard seven
examination, in contrast, show a marked tendency to
decline; however, at this stage, the standard seven
examination would make just as efficient a predictor

~as the multiple-choice test.
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As yet there has been no conclusive evidence that the
multiple-choice test would make a better predictor of
success in the Senior Certificate examination than
would the standard séven school examination.
Certainly for'the'boys of school H, the multiple-
choice test seems to be more efficient, but this is
not the case among the girls of school A. Again

the question arises, is this indicative of some
underlying difference between the mathematical
ability of boys and girls, the predictability of

boys and girls or, even,‘the teaching of the
different sexes? Or, could it be, that we are
. trying to predict the largely unpredictable? Could
it be that there are so many uncontrollable variables
that precision prediction is impossible? Before
drawing any conclusions on these issues, it was
decided to gather one last set of examination results
for both the standard nine and standard ten pupils,
viz., the end-of-year standard nine Higher Grade
examination and the final Cape Senior Certificate
Higher Grade examination for 1985. It was hoped
that obtaining scores on an external, and thérefore,
common examination, for pupils of three different
schools might shed more light on the predictive value
of the multiple-choice test. The outcome of this
further investigation is discussed in Sections 5.4
, and 5.5 of this chapter.

5.3.2 Analysis of Multiple-Choice Test Items Using
the 1985 Mid-year Examinations as a Basis for
Grouping Pupil Scores

The issue of whether a certain tvpe of item makes an
optimum efficiency discriminator between the able
and less able candidates still has to be resolved.
The previous item analysis was conducted at the end
of the standard eight year, and it was thought that



a possible reason for the lack of evidence to support
the notion, that the items-invdlving the more compléx
mental processés would make better discriminators,
was that the standard eight syllabus material and
examination did not place éufficient emphasis on
pigher level work and tended, still, to concentrate
on manipulative skills. It was considered worth-
while to carry out one more ‘item analysis, this time
using the mid-year standard nine Higher Grade
examination results as a basis for separating pupil

scores into quartile groups.

The items analysed were those included in the most
recent multiple-choice test, which has been referred
to as the New Test. The pupil scores involved will
be those from schools H, A, .B and E.

- In order to reduce the physical bulk of this study
the item analysis grids are not included, but levels
of difficulty calculated are summarised in Table 71

and indices of discrimination are listed in Table 72.

5.3.2.1 TItem difficulty levels, p:

Although, at this point, it is the discriminating
index of each item that is of interest, it is,
nevertheless, necessary to review the item difficulty
values, as it is known that the difficulty level of
an item haé a bearing on its power to discriminate.
In schools H, A and B, relatively few candidates

have been lost since the standard eight examination

" and the recorded levels of item difficulty, p, should
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not have’changed much; 'howeVer, in school E, the
number of Higher Grade candidates has been reduced
from 86, at the end of the standard eight year, to-
58 at the time of their mid-year examination. It
seems reasonable that those pupils, who dropped out
of the Higher Grade course, were the weaker Students,
and so their absence may have caused a considerable
shift in the p-levels for this school; this in turn
might affect the indices of discrimination of the

items.

Table 71 lists the item difficulty levels, p, for
the four schools, H, A, B and E.

The upward shift in the mean p-levels for schools B
and E, indicates that for the pupils remaining in the
Higher Grade course during the mid-vear examination,
the test items had presented rather less difficulty.
This could result in:a decrease in the discriminating

power of individual items.

5.3.2.2 1Index of Discriminating Power, D:

Indices of discrimination, D, were calculated for
each item in exactly the same way as before, i.e.,

U represents the upper 50% of scores and L the

lower 50% of scores. For ease of comparison, the
D-indices obtained previously, in which grouping

of upper and lower scores was based on the multiple-
choice test, is repeated in the Table 72.
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TABLE 71: ITEM DIFFICULTY LEVELS FOR THIRTY ITEMS OF
THE NEW TEST.USING THE MID-YEAR STANDARD
NINE EXAMINATION AS A BASIS FOR GROUPING
PUPIL SCORES

ITEM SCHOOL H SCHOOL A - SCHOOL B SCHOOL E
2] ' P p _P
1 0,74 ; 0,70 0,88 0,78
2 0,51 0,36 0,31 0,53
3 0,63 : 0,49 0,41 0,29
4 0,79 0,64 0,78 0,69
5 0,43 0,66 0,47 0,36
6 0,77 0,85 0,56 0,78
7 0,48 0,34 0,32 0,31
8 0,67 0,27 0,31 0,56
9 0,50 0,42 0,22 0,41
10 0,79 0,92 0,81 - 0,60
11 0,68 0,53 0,59 0,62
12 0,49 0,36 0,65 - 0,31
13 0,54 0,47 0,56 0,51
14 0,79 0,64 0,69 0,55
15 0,93 0,91 0,77 0,86
16 0,81 0,70 0,63 0,79
17 0,66 0,53 0,47 0,43
18 0,54 0,30 0,41 0,45
19 0,74 - 0,89 0,91 0,74
20 0,77 0,58 0,56 0,63
21 0,85 0,79 . 0,56 0,71
22 0,78 0,68 _ 0,66 - 0,88
23 0,73 0,62 0,50 v 0,69
24 0,91 - 0,77 ‘ 0,72 0,72
25 0,71 0,66 0,53 0,64
26 0,65 0,49 ' 0,44 0,64
27 0,81 0,64 0,72 0,52
28 0,69 0,55 0,34 0,60
29 0,30 0,34 0,09 0,32
30 0,65 0,51 0,44 . 0,64
Figure 16

DISTRIBUTION OF DIFFICULTY LEVELS, p, OF NEW TEST
ITEMS IN SCHOOL H
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Mean = 0,68 Standard Deviation = 0,15



Figure 17

DISTRIBUTION OF DIFFICULTY LEVELS, », OF NEW TEST
ITEMS IN SCHOOL A
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Figure 18

DISTRIBUTION OF DIFFICULTY LEVELS, p, OF NEW TEST
ITEMS IN SCHOOL B

A

,16

,16 - ,25  *

126 = ,35  Kkkxx
136 = ,45  Kkxx
)46 = ,55  kkxx
,56 - ’65 khkkkkkk
66 = ,75  Kxxk
,76 = ,85  k*x
> ,85 %

NWE Jd& &b

Mean = 0,54 Standard Deviétion = 0,20

Figure 19

DISTRIBUTION OF DIFFICULTY LEVELS, p, OF NEW TEST
ITEMS IN SCHOOL E
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TABLE 72: COMPARISON OF D-INDICES FOR SCHOOLS A AND H
BASED ON THE GROUPINGS ACCORDING TO THE NEW
TEST AND THE MID-YEAR STANDARD NINE

EXAMINATION
- ITEM NEW M-C TEST,GROUPED;  ~ MID-YEAR EXAM GROUPED
School A School H - School A School H
1 +0,03 +0,42 +0,11 +0, 40
2 +0,10 +0,10 ~-0,04 +0,10
3 +0,24 -+0,40 +0,23 +0,04
4 +0,24 +0,04 +0,15 ~0,06
5 +0,34 +0,44 +0,34 +0,48
6 -0,03 +0,28 +0,11 +0,33
7 +0,41 +0,42 +0,23 +0,13 :
8 +0,45 +0,26 +0,30 +0,38
9 +0,31 +0,34 0,00 +0,46
10 0,00 +0,04 -0,04 +0,04
11 +0,21 +0,42 0,00 +0,27
12 +0,03 +0,38 -0,04 +0,23
13 +0,21 +0,30 +0,19 +0,13
14 +0,39 +0,26 . +0,23 +0,25
15 +0,10 +0,18 +0,15 +0,06
16 +0,34 +0,24 +0,26 +0,08
17 +0,31 +0,50 -0,08 +0,36
18 +0,24 +0,34 +0,15 +0,33
19 -0,03 +0,42 +0,04 +0,31
20 +0,45 +0,32 +0,19 +0,13
21 +0,10 +0,22 . +0,08 +0,13
22 +0,21 +0,20 +0,08 +0,17
23 +0,28 +0,42 +0,46 +0,25
24 +0,17 ' +0,14 " 40,15 +0,10
25 +0,17 +0,34 +0,26 +0,17
26 +0,21 +0,48 +0,15 +0,21
27 +0,31 +0,14 - +0,23 +0,04
28 +0,31 +0,50 +0,04 +0,33
29 -0,07 +0,22 - +0,15 +0,09
30 +0,24 +0,30 +0,26 +0,13
Highest D +0,45 +0,50 +0,46 +0,48
Lowest D -0,07 +0,04 -0,08 -0,06

Median D +0,23 +0,31 ’ +0,15 +0,17

Indices of discrimination, D, remain much the same for
schools A and H with only a small decrease in the median
index of D evident. In both of tﬁese schools, the
sample of pupils was practically unchanged from November
1984 to May 1985, and the latest examination has
obviously caused little disturbance to the merit order
of candidates, suggesting that the November examination



and the May examination call forth much the same
abilities, or that, even if the abilities called
forth are different, the same ranking of pupils
occurs. It was mentioned previously that it could
be expected that top scoring pupils in the junior
Mathematics course would probably be the most
successful pupils in the senior course too, and that
the least scoring pupils would, similarly, be least
successful in the more advanced course; however,
it was hoped that more precise information about
that broéd band of "average" candidates and their
ability to succeed would emerge as higher levels of
mathematical thinking and complexity were presented
to. them. Thus far, there has been no evidence

that such information can be obtained.

In schools B and E, greater changes in pupil sample
occurred between November 1984 and May 1985, namely,
‘a 12,8% loss of pupils in school B and a 32,6% loss
in school E.  In the girls" school B, the
effectiveness of test items as discriminators
showed an increased range of values,.as well as, an
increase in the median index of D. The items
contributing most to this increased efficiency were
numbers 3, 4, 7, 8, 14, 16, 20, 23, 26, 28 and 30;
of these none are classified as manipulation types,
two are routine problems (18,2%), four are
comprehension types (36,4%) and five are classified
as non-routine problems (45,4%). In the co-
educational school, E, the efficiency of items as
discriminators also shows an increase in the range
of D-indices, but a decrease in the median index

of D. Contributing most to this decline in.
effectiveness were items 1, 2, 4, 5, 7, 14, 16, 17,
19, 23, 28 and 30; of these four were classified
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as manipulation types (32,3%), three were routine
problems (25%), thtee wérévcomprehension types (25%)
and two were non—routihezproblems (16,7%) . There-
is a temptation tc conclude-that the items involving
the higher mental processes are improving in
efficiency compared to those involving mere
manipulation or routine problem types; however,

this is not supported by the shifts in D-indices
recorded in schools A and H, e.g., in school H, 50%
of items showing an increase in efficiency were
manipulation types, and 50% of items showing'a
decrease in their D-indices were non-routine problems.
It seems, theﬁ, that even midway thrbugh the standard
nine year, the test items involving higher levels of
mathematical thought cannot be said to make
consistently better discriminators between. the able
and less able than those involving more mechanical

or routine skills. Of course, this part of the
analysis is haunted by the spectre of the pnreviously
encountered classification difficulties, namely,

that individual items might be classified differently
from school to school because of the different
teaching styles, practices and philosophies of all
the teachers involved. This factor alone could
obscure any trends that do exist; it is impossible
to tell from the data available here.

For the sake of completeness, and to make quite
certain that no correspondence was overloocked, the
indices of discrimination of the four schools were
ranked and Kendall's coefficient of concordance was
calculated. The ranks and the value of W are
listed in Table 73. - As expected, no significant

correspondence was forthcoming.
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TABLE 73: ITEMS RANKED ACCORDING TO MAY 1985 STANDARD

NINE HIGHER GRADE SCHOOIL EXAMINATION

SCHOOLS

ITEM
A ‘H B E

1 11,5 28 14 6,5

2 3 8,5 14 13,5

3 - 22,5 3 29 24,5

4 15,5 1 18,5 6,5

5 29 30 18,5 18,5

6 11,5 24 6,5 28,5

7 22,5 12 24 3

8 28 27 27,5 16

9 5,5 29 18,5 30
10 3 3 2 11
11 5,5 21 9,5 22
12 3 18 14 16
13 19,5 12 22 20
14 22,5 19,5 14 3
15 15,5 5 14 9
16 26 6 27,5 1
17 1 26 9,5 18,5
18 15,5 24 25,5 26,5
19 7,5 22 18,5 11
20 19,5 12 22 16
21 9,5 12 6;5 11
22 9,5 15,5 1 22
23 30 19,5 22 13,5
24 15,5 8,5 4,5 26,5
25 26 15,5 9,5 24,5
26 15,5 17 30 28,5
27 22,5 3 4,5 3
28 7,5 24 25,5 6,5
29 15,5 7 9,5 22
30 26 12 . 3

Kendall's Coefficient of Concordance, W = 0,31

Thus, Chi-square = 35,96 with 29 degrees of freedom.

Although there is no statistically significant

association, as before in Section 4.3.4, it may be

noted that W = 0,31 ddes.show some noticeable degree

of association.
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In the previous chapter, a simple points system was
devised to enable items to be categorised as "good",
"fair" or "poor" discriminators. This method was
employed once more, to determine to what extent item
categories would change or remain stable, after pupils
had been exposed to a.portion.of the syllabus material
directly examinable by the final Senior Certificate
examination, "Two points were assigned for items
ranking in the top ten discriminators, one point for
those ranking between 10 and 20 and no points for the
rest. Scores from each school were added to give the
total scores, and then items were classified as "good”
if they obtained six or more points, "fair" if they
obtained three, four or five points and "poor" if they
obtained less than three points. The classification
is given in Table 74.

TABLE 74: NEW TEST ITEMS CLASSIFIED ACCORDING TO THEIR

EFFICIENCY AS DISCRIMINATORS AMONG HIGHER
GRADE STANDARD NINE PUPILS IN FOUR SCHOOLS

Good Fair Poor

8:18 6:;7:9;20:25 2;4;15;21;27
3;5;13;23;26 1;11:14;16;19;28 10
12;17;22;24;29;30

These groupings were analysed according to the
occurrence of the various mental processes involved in
the items. The result is given in Table 75.

TABLE 75: OCCURRENCE OF THE MENTAL PROCESSES AMONG THE

GOOD, FAIR AND POOR DISCRIMINATORS AS DETERMINED
BY THE GROUPING OF PUPILS OBTAINED FROM THE MID-

YEAR STANDARD NINE EXAMINATION

"Good" "Fair" "Poor"

No. 3 No. $% No. 3

Manipulation - 1 14,3 4 23,5 1 16,7
Routine problem 1 14,3 3 17,6 2 33,3
Camprehension 3 42,8 4 23,5 2 33,3
Non-Routine problem 2 28,6 6 35,3 1 16,7
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The occurrence of the various mental bProcesses among
the different categorie§7of discriminator may be
compared with their percentage occurrence in the
multiple-choice test by means of the bar graph shown
in Figure 20.

Fiqure 20

DISTRIBUTION OF MENTAL PROCESSES AMONG
THE DIFFERENT LEVELS OF DISCRIMINATOR
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- MENTRL PROCESSES THYOLVED

Although a few individual items have changed categories,
either improving slightly or deteriorating slightly as
discriminators, the over-all distribution of the

mental processes among the different categories has

not changed much. As before, there appears to be a
preponderance of comprehension and non-routine problems
among the "good" discriminators and "fair" discriminators,
respectively, but not to any statistically significant
extent. There is no evidence to suggest that this
distribution of mental processes is any different from
the distribution of the various item types in the
construction of the test. '
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Earlier, the question was posed, "Would the distribution
of mental processes change as pupils progressed further
into the senior course?". . It wasvthought that the
standard eight syllabus might not provide the same
degree of challenge as the standard nine and ten
syllabus, and that this might have been obscuring the
true efficacyvof the items involving the higher mental
processes. The foregoihg item analysis based on the
groupings of pupil scores yielded by the mid-year
séhool examination has not produced results much
different from those produced by the previous item
analysis, and therefore, it must be concluded that
comprehension and non-routine problem types do not
make better discriminators, between the able and less

~ able to cope with Senior Certificate Mathematics,
than do the type of items involving manipulation and

routine problems.

No further item analyses will be undertaken, but, in
the sections that follow, the progress of the standard
nine pupils will be recorded up to the end-of-year
examination. The progress of the standard ten pupils "
will be purSued to the final Cape Senior Certificate
examination also written at the end of the 1985

academic year.

5.4 THE 1985 END-OF-YEAR STANDARD NINE SCHOOL EXAMINATIONS

During November, Cape Peninsula schools conduct their
promotion examinations. The results of candidates in
different schools have not previously been comparable
because of the great differences possible in the setting
of internal examinations. However, at the end of the
standard nine year, it is probably safe to say that
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' most teachers would have‘qdvered at least half of the

' ~ two-year syllabus, examination questions included in
the papers would be similar to the kinds of problem
presented in past Senior Certificate papers, and that
the tests should provide a fair challenge to pupils to
ensure that they are ready for promotion to the final
year of study. For these reasons the end-of-year
standard nine promotion examinations of the different
schools, although internally set, are probably more
comparable, one with the other, than examinations in

standards seven and eight have been.

The examination results of all candidates were obtained
from the official school records. As mentioned in a
previous section, the sample size of higher grade
candidates has been feduced still further since the May

‘examination.

TABLE 76: PERCENTAGE REDUCTION IN SAMPLE SIZE FROM MAY
TO NOVEMBER OF THE STANDARD NINE HIGHER GRADE
GROUPS IN FIVE SCHOOLS

" SCHOOL _ DECREASE
H 11,3%.
A 9,3%
B 8,8%
D - 4,5%
E 37,9%

Judging by the above figures and the reduction in numbers
of pupils noted earlier in the year, it seems that quite
a substantial pfoportipn of candidates do feel that the
pressure of the Higher Grade syllabus ‘is too great during
standard nine and, consequently, decide to change to the
less demanding Standard Grade course. It has been the
writer's experience that the fortunes of this "Higher
Grade drop out" group are rather mixed; some pupils

seem to derive great benefit from a year or two in the
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Higher Grade course, and, even though they may have
had a desperate struggle to keep up,‘eventually,
when they make the change in grade, do exceedingly

- well in the Standard Grade course. Other pupils, in
contrast, show no sign of benefit from the more
demanding course, and. continue to achieve at the same
low level when they switch grades. 'Many possible .
explanations for'theseAphenomena*come'to mind, e.qg.,
intellectually very sound students, with no
particular interest‘in,the theoretical bias of the
Higher Grade course, may find the practical approach
of the Standard Grade course more to their taste and,
since their problem was not one of inadequate _
understanding, they bring their deeper knowledge and
increased interest into the less demanding course of
study, experience greater satisfaction and, thus,
achieve better results. Weaker students, on the
other hand, may be so confused and demoralised from
their experience with the Higher ‘Grade course, that
their feelings of hopeless inadequacy and lack of
self-confidence preclude success in Mathematics,
even Standard Grade Mathematics - they have spent too

long in the vicious "mathematical triangle":

Poor Feels
"results bad
in . about
Maths Maths
Spends

less time

and effort

on Maths

.8till other pupils may consider the Standard Grade
course to be so much less demanding intellectually



and content-wise, that they feel at liberty to reduce
their own efforts substantially, and so achieve no
greater success than they had managed before on the
more difficult Higher Grade course.

Tt is with these latter two groups of "Higher Grade

drop outs" that this study is principally concerned -

these are the pupils who need to be identified early
and persuaded that the Standard Grade course holds

more hope of maximum achievement for them. Doggedly -

persevering with the Higher Grade course, when it is
obvious that they cannot succeed is detrimental not
only to their own self-image but also places’
restraints on those pupils who can achieve success.
Very often, bright oupils become bored and impatient
with the low-level explanations that must be offered
to the stragglers, and pupils ofvmarginal ability,
i.e., those pupils who are capable of success with a
little extra help, are deprived-df the attention of
the teacher in favour of the hopeless cases.

Returning to the November.examinatibns, it was
suggested earlier that any predictive validity,
possessed by the multiple-choice tests, should be
revealed by a tendency for the correlation between
these tests and the successive school examinations
to increase. Accordingly, the Product-Moment
correlation coefficient, r, was calculated for each
pair of test or examination results from standard
seven to the end of standard nine, using only the
scores of those pupils still involved in the Highér
Grade course. These values of r are recorded in
the correlation matrices given in Tables 77 to 81l.
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TABLE 77: TABLE OF CORREZATIONS BETWEEN THE MULTIPLE-
CHOICE TESTS AND THE EXAMINATION RESULTS OF
HIGHER GRADE PUPILS

SCHOOL H: BOYS N = 86

Revised New Std 7 May Std 8 May: std 9
Test Test Exam Exam Exam Exam Exam
1983 1984 1983 1984 1984 ~ 1985 1985

Revised ' _
Test 1 +,72 +,63 +,67 +,66 +,67 +,63
1983 .

New _
Test 1 . +,53 +,58 +,59 +,66 +,58
1984 '

std 7
Exam ‘ 1 - +,73 +,78 +,70 +,67
1983 :

May _ , _ . o
Exam : 1 +,89 +,79 +,78
1984 '

Std 8
Exam ‘ 1 +,86 +,86
1984 ’

May '
Exam ' _ 1 +,90
1985

std 9
Exam - _ 1
1985

In school H, the correlation coefficients between the
multiple-choice tests and successive school examinations
remain fairly constant-or, in the case of the New Test,
show a slight tendency to increase. The standard seven
examination coefficients, although ultimately still more
strongly positive than those of the multiple-choice
tests, definitelyv tend to decrease.
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TABLE 78: TABLE OF CORRELATIONS BETWEEN”THE_MULTIPLE—
CHOICE. TESTS AND THE EXAMINATION RESULTS OF
HIGHER GRADE PUPILS.
SCHOOL A: GIRLS N = 49

Revised New - Std 7 May Std 8 May Std. 9
Test ‘Test Exam Exam Exam Exam Exam
1983 1984 1983 1984 1984 1985 1985

Revised _

Test 1 +,75 +,74 +,61 +,74 +,69 +,73

1983 ‘ '

New .

Test 1 +,55 +,50 +,72 +,61 +,65

1984

std 7

Exam 1 +,79 +,78 +,80 +,83

1983 '

May :

Exam 1 +,72 +,73 +,77

1984

Std 8 ;

Exam - 1 +,81 +,81

1984

May

Exam 1 +182

1985

std 9

Exam 1

1985

The correlation‘coefficients of the multiple-choice tests
again remain fairly constant in the case of the Revised
Test, and show a slight tendency to increase in the case

of the New Test.

standard seven examination show a marked inclination to

increase.

However,

the coefficients of the
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TABLE 79: TABLE OF CORRELATIONS BETWEEN THE MULTIPLE-
CHOICE TESTS AND THE EXAMINATION RESULTS OF
" HIGHER GRADE PUPILS

SCHOOL B: GIRLS N = 31

Revised New Std 7 May Std 8 May Std 9
Test Test Exam Exam Exam ‘Exam Exam
1983 1984 1983 1984 1984 .1985 1985

Revised ) '
Test 1 +,71 +,59 +,46  +,61 +,38 +,63
1983

New
Test ' 1 +,56 +,60 +,72 +,65 +,73
1984 _

Sstd 7
Exam 1 +,71 +,78 +,34 +,46
1983

May
Exam : 1 +,86 +,36 +,55
1984 '

Std 8 ‘
Exam _ , 1 +,51 +,64
1984 - : -

May .
Exam ' 1 +,88
1985 -

std 9
Exam ' 1
1985 )

In school B, the correlation coefficients of the multiple-
choice tests with successive school examinations show
sharply rising tendencies, particularly in the case of

the New Test. In contrast, the coefficients of the
standard seven examination decline sharply. These

were the expected trends which, unfortunately, were not

as clearly discernible in any of the other schools.



TABLE 80: TABLE OF CORREEATIONS BETWEEN.THE MULTIPLE-
' CHOICE TESTS AND THE EXAMINATION RESULTS OF
HIGHER GRADE PUPILS

SCHOOL E: CO-EDUCATIONAL N . = 36

Revised New Std 7 May Std 8 May Std 9
Test Test Exam Exam Exam Exam . Exam
1983 1984 1983 1984 1984 1985 1985

Revised ,
Test . 1 +,81 +,55 +,53 +,74 +,38 +,50
1983

New
Test 1 +,59 +,55 +,73 +,37 +,54
1984 S

std 7
Exam 1 +,76 +,77 +,64 +,64
1983 ‘

May :
Exam ' 1 +,84 +,66 +,69
1984 : e : '

Std 8
Exam _ _ 1 +,74 +,80
1984

May
Exam 1l +,87
1985 '

Std 9
Exam 1l
1985

In school E, the correlation coefficients between the
multiple-choice tests and successive school examinations
fluctuate considerably, but over-all show a decreasing
pattern. The coefficients of the standard seven
examination also tend to decrease but, ultimately, are
more strongly positive than those of either of the
multiple-choice tests.




TABLE 81: TABLE OF CORRELATIONS BETWEEN THE MULTIPLE-
CHOICE TESTS AND THE EXAMINATION RESULTS OF
HIGHER GRADE PUPILS

SCHOOL D: ‘ CO-EDUCATIONAL N = 42

Revised New Std 7 May Std 8 May Std 9
Test Test Exam Exam. Exam Exam Exam
1983 1984 1983 1984 1984 1985 1985

Revised
Test 1 +,44 +,34 +,39 +,20 +,30
1983 |

New
Test
1984

std 7
Exam : 1 +,59 +,70 +,49 +,50
1983 '

May
Exam 1 +,72 +,43 +,57
1984 : ‘ :

Std 8 ' ,
Exam 1 +,64 +,71
1984 o ’ :

May | :
Exam ° - _ 1 +l.68
1985

Std 9
Exam 1
1985 '

In school D, the correlation coefficients between the
Revised Test and successive school examinations show a
fairly steady decline. The coefficients of the
standard seven examination fluctuate, but over—-all tend
to decrease. In this school, coefficients are
noticeably weaker than in the other schools, perhaps
owing to the rather restricted range of talent.
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The expected trends in the pattern of correlation
coefficients between the multiple~choice tests and
successive school examinations, and between the
standard seven school examination and later school
examinations, namely, that the multiple-choice scores
should correlate increasingly closely with the
examinations, while the standard seven examination
scores should correlate less and less closely with
later examinations, was only fully realised in

school B, where the multiple-choice tests proved to
be better predictors of success in later Higher Grade
examinations than did the standard seven‘school
examination. In school H, the expected pattern,
though less marked, was noted, but the standard seven
examination, in this school, remains a more accurate
predictor of achievement in the senior years than the
multiple-choice tests. In school A, although the
multiple-choice test correlation coefficiénts remained
fairly constant and fairly strongly positive, they
could in no way compete with the increasing strength
of the correlation between the Standard seven school
examinations and later school examinations. The
position in the co-educational schools, E and D, is
less clear as corrélation coefficients tend to
fluctuate to a greater extent.  However, in the end,
it seems that the standard seven examination, again,
is the better predictor of achievement in the senior
years, although, in both schools, these examinations
also tend to correspond less and less well with the

later examinations.

To sum up: Using the scores of these standard nine
pupils on both versions of the multiple-choice test
and successive school examinations from standard
seven to standard nine, measures of validity for the
tests have been established. The strength of the

correlation coefficients is quite encouraging



(school D excepted), althbugh less dependable than

is desired owing to the relatively small number of
pupils left in the study. In other words, it seems
that the multiple-choice £ests do have predictive
validity for the Higher Grade course in Mathematics.
However, the standard seven examination in all of the
schools, except B, proved toc be a better predictor
still. This phenomenon was not. expected, as it was
thought that this examination would, in most cases,
concentrate on mechanical, drilled skills which could
not be expected to draW'ouﬁ the mathematical insight
required to succeed in the Higher Grade course. Four

possible explanations spring to mind:

1. The standard seven examinations set at
schools H, A, D and E contaln con31derable
amounts of material demandlng 1n51ght and

understanding.

2. Teachers are unconSciously teaching toward
their examination papers, so that items
normally involving the higher mental
?rocesses are reduced to drilled,'foutine
items. This is difficult to avoid as
teachers are very aware of the importance
of good results in Mathematics to the
pupils. Very poor class averages are
often a bone of contention at parents!
meetings and pupils have become expert at
subtly "pumping" teachers just before

examinations.

3. Success in Higher Grade Mathematics does
not require ability alone, but also 4
motivation, sustained interest in the
subject, determination and dedication to
hard work. Pupils who do well in
standard seven probably have these
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qualities, and these are sufficient to
carry them throughfsuccessfuiiy to the
final matriculation examination. Pupils
who have performed well in junior
Mathematics possibly have managed to
build sufficient self-confidence to allow
them to weather the mathematical storms
they encounter when they entef the senior

Higher Grade course.

4. The writer first became concerned about the
problem of the lack of success among
certain pupils in a school not unlike
school B, i.e., a girls' school, not
particularly noted for high academic
achievement - a school whose pupils were
fairly "average" mathematicians. Perhaps
the problem only exists for the middle
stratum of high school girls. 1In school A,
also a girls' school, but particularly
noted for the achievement of its nupils,
the multiple~choice tests did not perform
as well as predictors (compared to the
standard seven examination) as in the case
of school B. -

There is no way of determining whether any of the above
possibilities have any wvalidity, with the exception,
perhaps, of number 2.  When pupils write the,
externally set, final Senior Certificate paper there
is no possibility of unconscious coaching on the part
of the teacher. In the next section, when the
progress. of the standard ten pupils is investigated,
correlation coefficients Will.belcalculated between
the multiple-choice test and the 1985 Cape Senior
Certificate examination, as well as the standard seven
school examinations and this external examination; it

may be possible, then, to detect some common decrease



in the high degree of correspondence between the school

examinations and this latest examination.

Before the investigation passes on to the standard ten
- pupils, it may be helpful to summarise the foregoing
tables of correlation so that the situation may be more
easily and clearly appreciated. In the summary Tables
82 to 84, correlation coefficients for mid-year
examinations have been omitted to accentuate the upward
or downward trends in the values of r. vAll tables
appear on the same page so as to facilitate comparison.
TABLE 82: COMPARISON OF CORRELATION COEFFICIENTS
BETWEEN THE REVISED TEST SCORES AND HIGHER

GRADE SCHOOL EXAMINATION SCORES IN FIVE
HIGH SCHOOLS

Type MC Test MC Test MC Test
School of N vs Vs Vs

School std 7 std 8 - Std 9
H Boys 86 +0,63 +0,66 +0,63
A Girls 49 +0,74 +0,74 +0,73
B Girls 31 +0,59 +0,61 +0,63
D Co-ed 42 +0,44 +0,39 +0,30
E Co~-ed 36 +0,55 - +0,74 +0, 50

TABLE 83: COMPARISON OF CORRELATION COEFFICIENTS
BETWEEN THE NEW TEST SCORES AND HIGHER
GRADE SCHOOL EXAMINATION SCORES IN
FOUR HIGH SCHOOLS:

Type ~ MC Test MC Test MC Test

School of N Vs vs vs
School Std 7 std 8 Std 9
H Boys 86 +0,53 +0,59" +0,58
A Girls 49 +0,55 +0,72 +0,65
B Girls 31 - +0,56 +0,72 +0,73
E Co—-ed 36 +0,59 +0,73 +0,54

TABLE 84: COMPARISON OF CORRELATION COEFFICIENTS
BETWEEN THE STANDARD SEVEN EXAMINATION
SCORES AND HIGHER GRADE SCHOOL EXAMINATION
SCORES IN FIVE HIGH SCHOOLS:

Type std 7 std 7
School of N ' vs Vs

School - ' ‘ Std 8 std 9
H Boys 86 +0,78 +0,67
A Girls 49 +0,78 +0,83
B Girls 31 +0,78 +0,46
D Co-ed 42 +0,70 +0,50
E Co-ed 36 40,77 40,64
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5.5 THE 1985 CAPE SENIOR CERTIFICATE EXAMINATION

The 1985 matriculation candidates of three schools,
namely, H, A and E wrote the new multiple~choice test
at the end of their standard nine year. The
examination results of the pupils at schools H and A
were traced back through the school records as far as
standard seven and their progress was followed
through to the final matriculation examination at the
end of 1985. A similar procedure was adopted for
pupils attending school E, but, unfortunately, no
mid-year examination results were recorded, and so
the information for this school will appear in the
summary only.

During the period. between the.May examination and the
final examination, only two boys, in school H,
changed from Higher Grade~tb Standard Grade, whilst,
in the case of the school A, ten girls made a-grade
change, i.e. a further loss to the sample (in school
A) of 22,2%. School E had a sample loss of 31
pupils during the course of the standard ten year,
i.e., a loss of 54,4% of their Higher Grade pupils
between the end df standard nine and the end of

standard ten.

Examination results for pupils at these three schools
were obtained from the official school records. A
comparison of the actual examination statistics is
undertaken in Chapter 6, but it must be mentioned here
that the candidates are assigned symbols, not marks,
in the final examination. In order to carry out
statistical calculations, the symbols obtained by



pupils have been translated as the mid-marks of the
‘particular class-interval in question. The symbols .
allocated, the class-intervals represented by these
and the mid-marks assigned to those symbols are
listed in the Table 85.

TABLE 85: SYMBOLS ALLOCATED TO CANDIDATES IN THE
' CAPE SENIOR CERTIFICATE EXAMINATION,
THEIR CLASS-INTERVALS AND MID-MARKS
TO BE USED IN ALL CALCULATIONS

Symbol Class-Interval Mid-Mark
a 320 - 400 360
B 280 - 319 - 300
o 240 - 279 260
D 200 - 239 . 220
E 160 - 199 - 180
E* 140 - 159 . 150
F* . 120 - 139 , 130
G 80 - 119 100

The * notation indicates failure to obtain a Higher
Grade pass, but a Standard Grade pass was awarded.
Candidates obtaining G symbols fail Mathematics
completely.

In the Tables 86 to 88 the Product—Momeht.correlation
coefficients between ali possible pairs of examinations
and the multiple-choice test are given for those pupils
who wrote the Higher Grade Senior Certificate paper at
the end of 1985 and whose scores could be traced back

through the records to standard seven.
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TABLE 86: TABLE OF CORRELATION COEFFICIENTS BETWEEN .
SEVEN SETS HIGHER GRADE EXAMINATION RESULTS
AND THE 1984 MULTIPLE-CHOICE TEST

SCHOOL H: _____ BoyYs ' - N =80

New Std 7 May Std 8 May Std 9 May Final
Test Exam Exam Exam Exam Exam Exam Exam
1984 1982 1983 1983 1984 1984 1985 - 1985 -

New _ .
Test 1 +,44 +,41 +,70 +,73 +,70 +,71 +,64
1984 '

std 7 ,
Exam 1 +,67 +,71 +,51 +,46 +,58 +,46
1982

May :
Exam 1 +,62. +,53 +,54 +,58 +,42
1983

std 8
Exam ' 1 +,81 +,76 +,78 +,70
1983 :

May : ‘
Exam 1 +,88 +,83 +,79
1984 _

std 9 S |
Exam | 1 +,89 +,85
1984 -

May :
Exam o 1 +,86
1985 '

Final

Exam 1
1985

In school H, the correlation coefficients between the
multiple-choice test and successive examinations shows

a very definite tendency to increase, while the

standard seven examination coefficients show an over-
all tendency to decrease.  In the case of these boys,
it seems that the multiple~-choice test would make a more
efficient'predictor,of'succéss in the final examination
than would the standard seven school examination.’



TABLE 87: TABLE OF CORRELATION COEFFICIENTS BETWEEN
SEVEN SETS HIGHER GRADE EXAMINATION RESULTS
AND THE 1984 MULTIPLE-CHOICE TEST

SCHOOL A: ' GIRLS N = 35

New Std 7 May Std 8 May Std 9  May Final
Test Exam Exam Exam Exam Exam Exam Exam
1984 1982 1983 1983 1984 1984 1985 1985

New
Test 1 +,52 +,70 +,57 +,49 +,39 +,44 +,51
1984

std 7 _
Exam 1 +,79 +,80 +,66 +,60 +,46 +,64
1982 : .

May _ : :
Exam 1 +,87 +,81 +,73 +,70 +,75
1983

std 8
Exam _ 1 +,81 +,78 +,62 +,70
1983 -

Mav

Exam 1 +,83 - +,83 +,80
1984

std 9 »
Exam » 1l +,84 +,80
1984 .

May
Exam v : 1 +,81
1985

Final
Exam : 1
© 1985 .

In school A, the correlation coefficients between the
multiple-choice test and later examinations fluctuate
quite considerably, and remain at all times much less
strongly positive than those of the school standard
seven examination which, for these girls, appears to
make the more efficient predictor of success in the
final Senior Certificate examination.

It is extremely difficult. to draw, from these results,
any valid conclusions, since the tendencies in the two

schools appear to pull in opposite directions. It has



been mentioned before that, in many ways, the pupils in

schools H and A are readilv comparable, coming from the -

same residential area (in many cases, from the same
families) and representative of much the same ability -
spéctrum - both of these schools regularly produce
several distinction candidates in the external
examinations. Had it not been for the fact that the-
multiple-choice test seems to make a fairly good
predictor for the standard nine girls of school B,
there might have been justification for concluding that
the multiple-choice test works well for boys, but less
so for girls. Sex differences in the study of
Mathematics are discussed further in the next Section.
However, in an attempt to clarify the situation, a
similar set of correlations was carried out for the
boys and girls of the co-educational school, E.
Unfortunately, the sample size at this school was
reduced to only twenty-six candidates and no mid-year
results were obtained from the school.

TABLE 88: TABLE OF CORRELATION COEFFICIENTS BETWEEN
FOUR SETS HIGHER GRADE EXAMINATION RESULTS -
AND THE 1984 MULTIPLE-CHOICE TEST

SCHOOL E: CO-EDUCATIONAL - N = 726°

New std 7 Std 8 - Std 9 Final
Test Exam Exam ‘Exam Exam
1984 1982 1983 1984 1985

New -

Test 1 +,43 +,59" +,71 +,57

1984 '

std 7 : . _

Exam 1 +,85 +,75 +,53

1982 .

Std 8

Exam 1 +,87 +,62 .

1983

std 9

Exam ' 1 +,64

1984

Final

Exam 1

1985 _ _ , » 4 S Ry

In school E, once again, the correlation coefficients
of the multiple-choice test and successive school
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examinations show a definite tendency to increase - the
decline at the end is also noted in the other two
school matrices. In contrast, the standard seven
examination coefficients show a decreasing trend, but
ultimately, there is not much difference in the
respective predictive abilities of the multiple-choice
test and the standard seven examination for‘the‘pupils
of school E.

In order to facilitate comparison among the three

schools the information in Tables 86 - 88 is summarised

in the Tables 89 and 90.

TABLE 89: COMPARISON .OF CORRELATION COEFFICIENTS
BETWEEN THE MULTIPLE-CHOICE TEST  SCORES

AND HIGHER GRADE SCHOOL EXAMINATION o
SCORES IN THREE HIGH SCHOOLS:

W Test  IC Test  MC Test — MC Test

- Type
School of N vs vs vs vs

School Std 7 - Std 8 Std 9 Final

H Boys 80 +0,44 +0,70 +0,70 +0,64

A Girls 35 +0,52 +0,57 +0, 39 +0,51

E Co-ed 26 +0,43 +0,59 =~ 40,71 +0,57

TABLE 90: COMPARISON OF CORRELATION COEFFICIENTS

BETWEEN THE STANDARD SEVEN SCHOOL EXAMINATION

'SCORES AND HIGHER GRADE SCHOOL EXAMINATION
SCORES IN THREE HIGH SCHOOLS:

: std 7 “std 7 std 7
School’ of N vs : vs vs
School Std 8 Std 9 Final
A Girls 35 - +0,80 +0, 60 +0,64
E Co-ed 26 +0,85 +0,75 +0,53

The general impression created by the results in Tables
89 and.90 tends to confirm the value of the multiple-
choice test as a predictor of success in Senior
Certificate Mathematics. However, it should be
remembered that the standard ten pupils wrote the
multiple-choice test only one year before their final
matriculation examination, whereas there was a time
lapse, between the standard seven paper and the final
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paper, of three years. - Thus, there is really no
conclusive evidence that the multiple-choice test has
greater predictive wvalidity for the final matriculation

examination than does the standard seven examination.

In the previous section, it was suggested that one of
the reasons for the particularly, and consistently,
high degree of correspondence among all of the school
examinations, might be that there was an element of
unconscious coaching for -internal examinations.
Certainly, in the correlation matrices for the standard
ten pupils, there is evidence of a. decrease in the
correlation coefficients of schools H and E. .However,
it is impossible to say how much this was due to the
unaccustomed novelty of the paper -‘certainly,
candidates frequently remark, on emerging from their
final examination, that théy found the paper "strange"

or "different" in some vague, undefined way.

It is interesting that the correlation coefficient
between the standard nine promotion examination and

the final matriculation examination, in both schools

H and A, is remarkably high (+0,85 and +0,80). This
indicates that by the end of'the standard nine yéar,_
the pupils of these two schools have been examined in
such a way that they should have a fairly accurate idea
of their standing with respect to the final examination.

Before proceeding to the concluding section of this
dissertation, the items of the 1984 version of the
multiple-choice test were subjected to scrutiny once
more, this time on the basis of the combined Senior
Certificate results of the pupils of schools H, A and
E. Results were collected into one merit list - this
was permissible since -all pupils wrote a common
examination - 29 pupils with median scores, i.e., 180
marks, were excluded, and then two-by-two contingency
tables were constructed for each test item. The cells
of the table represent those above and below the median,
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correct and incorrect responses to the item. Chi-squafe
was calcuiated for each item, and a full record of these
is given in Table 91. Of the thirty items in the test,
only fourteen produced values of Chi-équare large enough

to allow the rejection of the null hypothesis:

Ho: There is no difference in the ability to
complete this item successfully of those
who pass and those who fail the Senior

Certificate examination.

Note that since the median was 180 marks, i.e., an E
symbol, those below the median were, in fact, those who
failed the Higher Grade course. |

TABLE 91: SUMMARY OF RESULTS OF CHI-SQUARE TEST OF
- SIGNIFICANCE APPLIED TO ITEMS OF THE NEW
"MULTIPLE-CHOICE TEST WHERE THE 1985 CAPE
SENIOR CERTIFICATE HIGHER GRADE MATHEMATICS
GROUPING OF PUPILS WAS USED

ITEM. CHI-SQUARE P Ho
1 ‘ ft < 5
2 0,248 . 0,62
3 1,146 0,28 _
4 5,007 | 0,03 Reject
5 4,278 0,04 Reject
6 14,897 0,00 Reject
7 6,422 ' 0,01 Reject
8 2,256 . 0,13
9 - 3,560 0,06
10 0,181 0,67
11 1,822 0,18
12 3,510 0,06
13 ' 20,937 0,00 Reject
14 4,944 0,03 Reject
15 ft< 5
16 0,019 0,89
17 0,009 0,96
18 13,521 0,00 Reject
19 12,336 0,00 Reject
20 6,415 0,01 Reject
21 0,529 0,47
22 4,768 0,03 Reject
23 ‘ 2,306 0,13
24 2,450 . 0,12
25 9,910 0,00 Reject
26 0,796 0,37
27 0,179 0,67
28 17,916 0,00 Reject
29 10,122 0,00 Reject

30 8,762 0,00 . Reject ..
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The items for which the null hyvothesis could be
rejected were, invorder of merit: TItems 13, 28,

6, 18, 19, 29, 25, 30, 7, 20, 4, 14, 22 and 5.

The distribution of the mental processes involved in

these items is shown by Table 92.

TABLE 92: THE DISTRIBUTION OF THE MENTAL PROCESSES
AMONG THE GOOD DISCRIMINATORS ACCORDING
TO THE COMBINED MATRICULATION RESULTS OF
SCHOOLS H, A AND E |

OBSERVED EXPECTED
Mental
Process No. % No. 2
Manipulation 4 28,6 2,8 20
Routine problem 2 14,3 2,8 20
Comprehension 4 28,6 4,2 30
Non-Routine problem 4 28,6 4,2 30

As before, when the scores of the standard nine pupils
were used, the mental nrocesses are distributed among
the good discriminators in almost exactly the same
proportions as they are in the construction of the

test. Nothing new was learned from this analysis.
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CHAPTER 6

SEX DIFFERENCES IN THE STUDY OF

HIGHER GRADE MATHEMATICS

6.1 ARE THERE DIFFERENCES IN THE MATHEMATICAIL

ABILITIES OF BOYS AND GIRLS?

6.2 ARE BOYS MORE PREDICTABLE, MATHEMATICALLY-

' SPEAKING, THAN GIRLS?

6.3 INTEREST, INCLINATION AND TRADITION



On several occasions in earlier sections, test results
and results of correlations have given rise to
questions concerning the nature of mathematical
abilities in boys and girls, and the possibility that
prediétion of future achievement may be easier among
boys than among girls. Certainly some teachers of
Mathematics comment that they perceive differences in
teaching only boys or only girls, but. are these
differences real, or imagined; and, if they are real,
to what are they due? Are girls less able
mathematically than boys, are they less inclined
towards Mathematics, or are they just less interested?

6.1 ARE THERE DIFFERENCES IN THE MATHEMATICAL
ABILITIES OF BOYS AND GIRLS’

The Tables 93 and 94 give the examination statistics
for the 1985 Cape Senior Certificate examination in

Higher Grade Mathematics.

TABLE 93: SENIOR CERTIFICATE EXAMINATION STATISTICS
FOR HIGHER GRADE MATHEMATICS IN SCHOOLS H,
A AND E

School H School E School E School A

Boys Boys. Girls Girls
N 80 12 14 35
Mean - 208 270 242,86 241,71
Median 180 260 220 220
High Score - 360 360 360 360
Low Score 100 180 180 130
Std Deviation 75,01 53,60 57,57 . 59,28

Since schools H and A are schools of roughly the same
size, and school E is only slightly larger, with respect
to the number of scholars, it is clear, from  the large
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number of boys involved in the Higher Grade course,
that the attitude towards Higher Grade Mathematics in
school H is veryv different to that in schools A and E.
In the boys' school H, it seems that pupils are
encouraged, not only to study Mathematics on the Higher
Grade, but also to persist with it even when the mid-
vear standard ten examination results indicate that the
pupil is in danger of failing. In schools A and E,
weak candidates are persuaded to change grades almost
as soon as their examination results show signs of
dropping below the official pass mark of 160 marks.

The effect of this policy'is'to ensure that, on the .
whole, those candidates who eventually write the final
examination on the Higher Grade do, in fact, pass on
the Higher Grade, whereas, in school’H; there are a
number of boys who fail or obtain converted Standard
Grade passes. Table 94 illustrates the different

spread of pupil results in the three schools.

TABLE 94: 1985 CAPE SENIOR CERTIFICATE HIGHER GRADE
MATHEMATICS SYMBOL DISTRIBUTION AMONG BOYS
AND GIRLS OF SCHOOLS H, A AND E

School H School E School E School A

Symbol Bovs Boys . Girls Girls
% % % B
A 10,0 16,7 14,3 8,6
B 6,3 16,7 14,3
C 15,0 41,7 - 28,6 28,6 Higher Grade
D 16,3 16,7 - 35,7 25,7 Pass
E 21,3 8,3 21,4 11,4
E* 15,0 : 8,6 Standard Grade
F* 5,0 ~ 2,9 Pass
G 11,3 ‘ Fail

Another interesting feature of Table 94 is that the top
mark in all schools, for both sexes, is the same, i.e.,
the maximum possible, 360 marks. = This would seem to

indicate that boys and girls have equal capabilities in
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Mathematics. Although it may be just a chance result,
if the scores of the top pupil in each school are traced
back, it is evident that their marks are consistently of
the same order.

TABLE 95: RECORDED MULTIPLE-CHOICE TESTvAND»EXAMINATION
SCORES FOR THE TOP PUPILS OF SCHOOLS H, A AND E

Pupil Code XH72 XEOl XE1l3 XA32
School H E E A

Pupil's Sex - Boy Boy Girl Girl
New M=C Test 28 30 29 29
Std 7 Examination 260 288 _ 276 286
Std 8 Examination. 382 364 352 331
Std 9 Examination 379 345 359 369

Senior Certificate 360 360 360 360

Although pupil scores in different schools may not be
compared, directly, because the examinations they wrote
were different, nevertheless, it is clear that the top
boys and girls are achieving the same degree of
distinction on different tests covering a common
syllabus. This is reinforced by the recorded results
of the top boy and girl at school E, who were taught in
the same class and were graded on the same examinatiohs.

Even if the top 20% of pupils is considered, there is
not much difference in the mean scores of boys and
girls in the Senior Certificate examination:

TABLE 96: MEAN SCORES OF THE TOP 20% OF BOYS AND GIRLS

(A) IN SCHOOLS H, A AND E IN THE 1985 CAPE SENIOR
CERTIFICATE HIGHER GRADE MATHEMATICS
EXAMINATION

School H School E School E School A
Boys Boys Girls Girls
Mean Score 322,5 340,0 326,7 325,7
Std Deviation 41,2 34,6 57,7 32,1

There is no evidence that the capabilities of top scoring



boys are different from the top scoring girls.
However, the mean scores of boys and girls, who wrote
the Higher Grade examination, at school E, do show an
interesting phenomenon, over the years. In the

final matriculation examination the boys at school E
had ‘a mean. score higher than the mean score produced
by the girls of school E in this examination. In
every other, previous, examination, the mean score of
these girls had been higher than the mean score of the
boys. Table 96 illustrates these differences.

TABLE 96: 'MEAN.EXAMINATION SCORES AND MULTIPLE-CHOICE

(B) TEST SCORES OF THE 12 HIGHER GRADE BOYS AND
14 HIGHER GRADE GIRLS AT SCHOOL E

Boys Girls

std 7 Examination 231,42 253,43
Std 8 Examination 244,33 273,79
' std 9 Examination 215,58 236,79
M—-C Test 1984 21,58 21,50
Final Examination 270,00 242,86

If, as has already been stated, there is no evidence
to suggest that the mathematical capabilities of boys
and girls are different, why do the school E girls
suddenly do less well, on average, than the boys?

The pattern was also discernible among the standard
nine pupils of the co-educational schools, D and E,
i.e., the mean scores of girls, almost without
exception, greater than the mean scores of boys on
internally set papers, with the opposite holding for

the externally set multiple-choice papers. Much research

has been carried out in this field and a review of some

of that research is given in Appendix F.
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TABLE 97: MEAN EXAMINATION SCORES AND MULTIPLE-CHOICE
TEST SCORES OF THE 17 HIGHER GRADE BOYS AND
19 HIGHER GRADE GIRLS IN STANDARD NINE AT

SCHOOL E .
‘Boys Girls

Std 7 Examination 209,94 220,00
M-C Test 1983 _ 18,94 16,82
Std 8 Mid-year C 229,41 _ 249,47
Std 8 Examination 251,41 261,26
M-C Test 1984 ' 19,65 18,32
Std 9 Mid-year 194,53 210,05
Std 9 Examination 222,82 232,63

TABLE 98: MEAN EXAMINATION/SCORES AND MULTIPLE-CHOICE
TEST SCORES OF THE 26 HIGHER GRADE BOYS AND
16 HIGHER GRADE GIRLS IN STANDARD NINE AT

SCHOOL D
Boys Girls
Std 7 Examination 227,65 229,13
M-C Test 1983 17,85 16,25
Std 8 Mid-year 226,31 250,50
Std 8 Examination . 217,54 . 217,38
std 9 Mid-year 245,38 247,25
Std 9 Examination 215,12 206,19

One explanation might be that the tendency among girls,
noted previously, to prefer the security of work that
requires precision and accuracy of technique, rather
than logical reason or innovation, may reduce their
flexibility somewhat, so that when confronted by an
examination, set in an unfamiliar style, their
confidence is a little shaken to the detriment of
their performance. This effect has been noticed, by
the writer, even in internally set examinations = in
.girls' schools at least, the pupils, whose teacher
sets the examination, seem to have a slight advantage
over the others, simply because the style of thinking



in the question paper is familiar to them. The greater
flexibility of the boys, perhaps renders them less

sensitive to such changes in style.

The girls' love of precision and accuracy, often, has
another undesirable effect; namely, that many girls
are unwilling to commit their mathematical thoughts to
paper, if they are unsure that they are quite correct.
They feel that they have to present solutions that are
perfect in every way, and tend to discard their rough
work on unfinished problems, preferring to leave a
blank page rather than present a "mess", which they
define to be any tentative attempts or half-completed
solutions. Even in the everyday activity of the
classroom, without the pressure of an examination, it
is often difficult to convince some girls that they can
think mathematically. ‘They seem to lack the self-
assurance necessary to penetrate the world of intuitive
mathematics,«and certainly show no signs of feeling at
all cheated if the teacher explains everything carefully
and, then, provides that panacea for all their
mathematical ills, "the method".

To sum up: Although individually girls énd boys have
equal mathematical potential, it may be that, because
of their preference for the known above the uncharted
unknown, collectively, girls may have more ‘difficulty

achieving really well than do boys.

6.2 ARE BOYS MORE PREDICTABLE, MATHEMATICALLY-SPEAKING,
THAN GIRLS? '

Intuitively, it seems quite reasonable that prediction
of achievement in Mathematics might be more difficult
for girls than for boys. Emotionally, there seem to

be more disturbing influences for the girl in Mathematics.
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During the first two years of high school, most girls
are quite enchanted with the subject, and derive much
satisfaction from its tidiness, strict adherence to
rules and the possibility of having hard work rewarded
by very high marks - in Mathematics, unlike the
languages, it is quite possible to score 100% and there
is security in the thought that answers are either
right or wrong, with no bewildering shades of grey.
However, as they begin to discover their femininity,
they may believe that success in a subject, that they
perceive to be more masculine in nature, will detract
from this new-found attribute and may even attempt to
hide their talent. This new disinclination may
coincide with the onset of the more difficult, less
mechanical part of the syllabus, and so even the
satisfaction derived from conscientious hard work may
be "under fire" as increased efforts produce less
visible rewards. In trying to predict the level of

a girl's success in Higher Grade Senior Certificate
Mathematics, it becomes more a task of predicting how
she will deal with growing up than with determining
the strength of her mathematical ability. For boys,

" on the other hand, there would appear to be no such '
conflicts with the study of Mathematics. If a boy
has great mathematical ability, there is no reason to
feel embarrassed about it, and if he is less able, he’
probably still tries to do his best work because he
_appreciates the importance of Mathematics in nearly
all career areas. In general, boys seem to be more
relaxed in their attitude towards Mathematics and less
afraid of making mistakes.. Consequently, they are
more inclined to use their mathematical "£lair".

Thus, it might be expected that a boy's performance

in Mathematics in successive tests would be a more
pure measure of his mathematical ability, less affected

by emotional factors.
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All this is, of course, conjeéture. If this wview had
any validity, it might be expected that the correspondence
between early school examinations and later examinations
would be weaker for girls than for boys. To put this

to the test, scores for boys and girls were sepafated

in the results of thé co-educational'schools, and
correlation matrices were constructed as before. This
was carried out for both standard nine and ten pupils

at school E, but only standard nine pupils at school D.

Results are shown in Tables 99 to 104.

TABLE 99: TABLE OF CORRELATION COEFFICIENTS BETWEEN
‘ FOUR SETS HIGHER GRADE EXAMINATION RESULTS
AND THE 1984 MULTIPLE~CHOICE TEST FCR
STANDARD TEN GIRLS

SCHOOL E: CO-EDUCATIONAL N = 14
New std 7 Std 8 std 9 Final
Test Exam Exam Exam Exam
1984 1982 ‘ 1983 1984 1985
New _
Test 1 +,72 : +,85 +,81 +,71
1984
std 7 v :
Exam 1 ' +,78 +,73 +,59
1982 :
std 8 <
Exam 1 +,84 +,79
1983
std 9
Exam 1 +,72
1984 -
Final
Exam v 1
1985

The correlation coefficients between the multiple-choice
test and successive school examinations, for the standard
ten girls of school E, are marginally higher than the
correlation coefficients between the standard seven

examination and later examinations.
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TABLE 100: TABLE OF CORRELATION COEFFICIENTS BETWEEN
FOUR SETS HIGHER GRADE EXAMINATION RESULTS
AND THE 1984 MULTIPLE-CHOICE TEST FOR
STANDARD TEN BOYS
SCHOOL E: CO-EDUCATIONAL = 12
New std 7 std 8 std 9 Final
Test Exam Exam Exam Exam
1984 1982 1983 1984 1985
New
Test 1 +,21 +,40 +,61 +,43
1984 '
std 7
Exam 1 +,89 +,75 +,85
1982
-8td 8
Exam 1 +,91 +,72
1983 :
Std 9
Exam 1 +,72
1984
Final
Exam 1
1985

The correlation coefficients between the multiple-choice

test and successive examinations,

for the standard ten

boys of school E, fluctuate considerably, but given the

small sample size and a restricted range of talent,

this might have been expected.

The strength of the

correlation between the standard seven examination and

later examinations is noteworthy.



TABLE 101: TABLE OF CORRELATIONS BETWEEN THE MULTIPLE-
CHOICE TESTS AND THE EXAMINATION RESULTS OF
HIGHER GRADE PUPILS FOR STANDARD NINE GIRLS

SCHOOL E: CO-EDUCATIONAL N = 19
Revised New Std 7 May Std 8 May std 9
Test Test Exam Exam Exam Exam Exam
19823 1984 1983 1984 1984 1985 1985
Revised ’
Test 1 +,7% +,67 +,68 +,74 +,22 +,37
1983 '
New
Test 1 +,65 +,67 +,70 +,25 +,54
1984
std 7
Exam 1 +,77 +,82 +,67 +,71
1983
May :
Exam 1 +,89 +,51 +,68
1984
std 8 .
Exam 1 +,65 +,79
1984
May
Exam 1 +,83
1985
std 9
Exam 1
1985

For the standard nine girls of school E, the coefficients
between both multiple-choice tests and successive school

examinations show decreasing trends, although they

fluctuate, noticeably,

from one examination to the next.

For this group of girls, the standard seven examination

seems to be a more accurate predictor of success in the

senior course, the correlation coefficients being more

stable and more strongly positive.
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TABLE OF CORRELATIONS BETWEEN THE MULTIPLE-

TABLE 102:
CHOICE TESTS AND THE EXAMINATION RESULTS OF
HIGHER GRADE PUPILS FOR STANDARD NINE BOYS
SCHOOL E: CO-EDUCATIONAL N 17
Revised New Std 7 May Std 8 May Std 9 °
- Test Test Exam Exam Exam Exam Exam
1983 1984 1983 1984 1984 1985 1985
Revised
Test 1 +,88 +,57 +,52 +,8 +,61 +,70
1983
New
Test 1 +,62 +,48 +,81 +,58 +,58
1984 _
std 7
Exam 1 +,75 +,76 +,63 +,59
1983
May
Exam 1 +,78 +,81 +,70
1984
Std 8 :
Exam 1 +,83 +,80
1984 A
May
Exam 1 +,91
1985
Std 9
Exam 1
1985

For the standard nine boys of school E, the correlation

coefficients between the multiple-choice tests and

successive school examinations are fairly erratic, but,

nevertheless, finish just as strongly positive as the

coefficients of the standard seven examination.



TABLE 103: TABLE OF CORRELATIONS BETWEEN THE MULTIPLE-
CHOICE TESTS AND THE EXAMINATION RESULTS OF
HIGHER GRADE PUPILS FOR STANDARD NINE GIRLS

SCHOOL D: CO-EDUCATIONAL N = 16

Revised New Std 7 May Std 8 May Std 9
Test Test Exam Exam Exam Exam Exam
1983 1984 1983 1984 1984 1985 1985

Revised
Test 1 +,13 +,42 +,25 +,23 +,40
1983

New
Test
1984

std 7 ' :
Exam 1 +,62 +,83 +,43 +,58
1983 :

May
Exam ' 1 +,80 +,53 +,61
1984 ,

std 8 '
Exam ° 1 +,80 +,81
1984 e

May
Exam 1 +,85
1985 ’ :

std 9
Exam 1
1985

The correlation coefficients between the multiple-choice
test and later school examinations fluctuate and are

" only weakly positive. The coefficients for the
standard seven examination are more strongly positive,
but also fluctuate noticeably. Once again, the sample
size is small and the range of talent among the standard

nine girls of school D is very restricted.
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TABLE 104: TABLE OF CORRELATIONS BETWEEN THE MULTIPLE-
CHOICE TESTS AND THE EXAMINATION RESULTS OF
HIGHER GRADE PUPILS FOR STANDARD NINE BOYS

SCHOOL D: - CO-EDUCATIONAL N = 26

Revised New Std 7 May Std 8§ May std 9
Test Test Exam Exam Exam Exam Exam
1983 1984 1983 1984 1984 1985 1985

Revised
Test 1 +,62 <+,40 +,48 +,20 +,24
1983

New
Test
1984

std 7
Exam : 1 +,58 +,61 +,50 +,46
1983

May :
Exam 1 +,69 +,37 +,61
1984 ~

std 8 ‘
Exam , 1 +,52 +,65
1984

May _ : _
Exam 1 +,58
1985 ‘

std 9
Exam 1
1985 ‘

The correlation coefficients for the standard nine boys
of school D, fluctuate less noticeably than those of the
girls in school D. The coefficients between the
multiple-choice test and later examinations show a marked
decline from standard seven to standard nine. The
standard seven examination appears to be a marginally
better predictor of success in the senior course than
does the multiple-choice test.



The Tables 99 to 104 compared boys and girls, who were
taught in the same classes and wrote the same internal
examinations. However, these tables provide no shred
of evidence that girls' achievement is any more difficult
to predict than boys®' achievement. In fact, judging by
the variety of patterns of correlation, it may only be
concluded that the achievement of students in general,
is impossible to predict. = Of course the overriding
factor in this part of the investigation is the fact
that so few pupils have continued in the Higher Grade
Mathematics course that the correlation results obtained
can hardly be considered dependable to any extent.
Another factor could be the very restricted range of
talent among the boys and girls under consideration -
it was noted earlier that, in school D, pupils were
very carefully selected at the beginning of standard
eight, and in schools A and E, large numbers of |
mathematically weaker students had been persuaded to
change to Standard Grade, leaving small samples of
candidates possessing above average aptitude for
Mathematics. The only schools, in the investigation,
which offer a broader spectrum of talent, are boys*‘
school H and girls' school B. If the various
correlations for these two schools are examined in the
summary  Tables 105 to 114, it will be seen that,
although the standard seven examination did not prove
to be such an efficient predictor of later achievement
among the girls, the 1983 multiple-choice test was
equally efficient as a predictor in both schools, and
the 1984 test was more efficient for the girls. Again,
there is no evidence that success is easier to predict
for boys than for girls.

In the summary Tables 105 to 114, Product-moment
correlation coefficients, between the multiple-choice
tests and end-of-year examinations and between the
standard seven school examination and later end-of-year
examinations, are shown for boys and girls Separately,

in all schools.
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TABLE 105: CORRELATION BETWEEN THE REVISED MULTIPLE-
CHOICE TEST AND LATER SCHOOL EXAMINATIONS
FOR STANDARD 9 GIRLS
MC MC - MC C MC
7 7 7 7
SCHOOL| N MC SE SE SE
8 7 8 9
A 49 +,75 +,74 +,74 +,73
B 31 +,71 +,59 +,61 +,63
D 16 +,67 +,74 +,37
TABLE 106: CORRELATION BETWEEN THE REVISED MULTIPLE-
CHOICE TEST AND LATER SCHOOL EXAMINATIONS
' FOR STANDARD 9 BOYS
MC MC MC MC
7 7 17 7
SCHOOL | N MC SE SE SE
8 7 8 9
H 86 +,72 +,63 +,66 +,63
D 26 +,62 +,48 +,24
E 17 +,88 +,57 " +,85 +,70
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TABLE 1C7: CORRELATION BETWEEN THE NEW MULTIPLE~
CHOICE TEST AND LATER SCHOOL EXAMINATIONS
FOR STANDARD 9 GIRLS

MC MC MC

8 8 8
SCHOOL N SE | SE SE
7 8 9
A 49 +,55 +,72 +,65
B 31 +,56 +,72 . +,73
E 19 - +,65 , - +,70 +,54

TABLE 108: CORRELATION BETWEEN THE NEW MULTIPLE-
CHOICE TEST AND LATER SCHOOL EXAMINATIONS
FOR STANDARD 9 BOYS

MC MC MC

8 8 8
SCHOOL N SE SE SE
7 8 9
H 86 +,53 +,59 +,58

E 17 +,62 +,81 +,58
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TABLE 109: CORRELATION BETWEEN THE STANDARD 7
SCHOOL EXAMINATION AND LATER SCHOOL
EXAMINATIONS FOR STANDARD 9 GIRLS

SE SE
7 7
SCHOOL N B B
8 9
A 49 +,78 +,83
B 31 +,78 +,46
D 16 +,83 . +,58
E 19 +,82 +,71 |

TABLE 110: -CORRELATION BETWEEN THE STANDARD 7
SCHOOL EXAMINATION AND LATER SCHOOL
EXAMINATIONS FOR STANDARD 9 BOYS

SE SE

7 7
SCHOOL N SE SE
8 9
H | 86 +,78 +,67
D 26 +,61 +,46
E 17 +,76 +,59
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TABLE 111: CORRELATION BETWEEN THE NEW MULTIPLE-
CHOICE TEST AND LATER SCHOOL
EXAMINATIONS FOR STANDARD 10 GIRLS

MC MC MC MC
SCHOOL| N SE SE E C
7 8 8
A 35 +,52 +,57 +,39 +,51

TABLE 112: CORRELATION BETWEEN THE NEW MULTIPLE-
CHOICE TEST AND LATER SCHOOL
EXAMINATIONS FOR STANDARD 10 BOYS

MC MC [ MC MC
SCHOOL| N SE E E sC
7 8 8
H 80 +,44 +,70 +,70 +,64
E 12 +,21 +,40 +,61 +,43
TABLE 113: CORRELATION BETWEEN THE STANDARD 7 SCHOOL
EXAMINATION AND LATER SCHOOL EXAMINATIONS
" FOR STANDARD 10 GIRLS
SE "SE ‘ SE
SCHOOL N 7 SE 7 SE 7 <
, 8 9 '
A 35 +,80 +,60 | +,64
E 14 +,78 +,73 +,59

TABLE 114:

CORRELATION BETWEEN THE STANDARD 7 SCHOOL
EXAMINATION AND LATER SCHOOL EXAMINATIONS
FOR STANDARD 10 BOYS

y; SE SE SE
SCHOOL N 7 SE 7 SE 7 e
8 9
H 80 +,71 +,46 +,46
E 12 +,89 +,75 +,85




6.3 INTEREST, INCLINATION AND TRADITION

During the course of this experiment, certain variations
in results led the writer to consider the possibility
that some of the variations might be due to differences,
between the sexes, in mathematical ability or
predictability. In the oreceding two sections, this
possibility was exvlored by using the collected test
and examination data for standard nine and ten
candidates with the sexes separated. ' The data
available provided no evidence of such differences

between boys and girls in Mathematics.

If perceived differences in the teaching of, and the
collective achievement of the different sexes are

not due to fundamental differences in mathematical
ability, then the fact that advanced Mathematics is

a predominantly male'pursuit, must be the result of
other factors. Chief among these must be interest
in Mathematics and willingness or inclination to

study an abstract subject, the usefulness of which is
often obscure- to teenage girls. -Unfortunately,
Mathematics is a difficult subject to "pick up later",
and so most mathematicians begin their career in

high school, cultivating a love for the subject and
learning very basic techniques necessary to scale

the theoretical heights ahead - without this groundingv
it is impossible to proceed to more advanced work,
which includes not only pure Mathematics, but also,
applied Mathematics and all spheres of activity which
require the manipulation of numbers, e.g., engineering,
astronomy, architecture, computer science, quantity
surveying, navigation, land surveying, statistics,
marketing and all research fields. However, these
pursuits must be uppermost in the minds of only very
few high school girls, who, probably due to peer
pressure and the pressure of society, are more
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concerned with the more traditional feminine pursuits
of fashion, romance and the Arts. At this stage in

a girl's life, an open interest in things mathematical
marks her as being different or tomboyish, and puts

her on the outside of her friendship group. To be too
interested in Mathematics creates a conflict situation

for the girl that it does not for her male counterpart.

It has been mentioned before that the last two years
of the Higher Grade syllabus demand a less mechénidal,
more insightful approach on the part of both teacher
and student. This seems to be less to the taste of
girls than to boys - girls prefer to have nice, neat
books of set methods and procedures which can be
perfected and honed to a fine art, rather than
exercise books which record mathematical explorations,
some showing more success than others. Girls often
resist this new approach to Mathematics, and when they
discover that success depends on the ability to think
with more insight and flexibility, may become
disenchanted with the subject.

At the moment when the serious study of Mathematics
demands maximum interest, persistence and inclination
to think mathematically of the student, girls are
ekperiencing a period of diminished interest and.
inclination owing partly to their own nature and
partly to the dictates of tradition and peer pressure.
When the difficulties of adolescence are over, and
the individual in the young woman asserts itsélf, it
may be impossible to return to mathematical studies,
because the foundations she should have laid in high
school are long forgotten.  Thus, women tend not to
enter the world of Mathematics, and so preserve the

notion that only men make mathematicians.



In a country so desperately in need of professionally
qualified scientists and technicians, it would be
short-sighted to allow the mathematical potential of
women to go to waste. ~ Teachers of Mathematics have
a duty to dispel the idea many girls have that an
interest in Mathematics detracts somehow from their
femininity. By teaching in a way that makes .the
usefulness of Mathematics undeniable to teenage girls,
and by encouraging girls to show more boldness in
their Mathematics, so that they become less content
slavishly to follow set. routines and methods, it may
yet be possible to convince society that women are

the mathematical equals of men.

To sum up: The results of this study confirm that
there is no difference 'in mathematical ability between
boys and girls. Nor is there any evidence that the
mathematical achievement of boys is more easily
predicted'thah that of girls. =~ The fact that fewer
girls stay with Higher Grade Mathematics is probably
due to a disinclination to master the subject. This
~disinclination possibly has its origin in peer pressure
on girls to avoid a subject which society views as the

preserve of males.
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7.1 SUMMARY OF THE EXPERIMENT

The aim of this experiment was to improve the guality
of information given to pupils and their narents
concerning the intellectual demands of the senior
course in Mathematics and.the.probability of success

in. this subject for each individual student.

To accomplish this, both syllabuses and examination
papers were analysed in an attempt to isolate and
reveal the exact nature of the mental processes
required by the senior Higher Grade Mathematics
candidate. The classification of the mental
processes involved in examination items proved to be
a highly subjective task and the end result, which
was based on the writer's own experience and
intuition, is open to debate. However, the emphasis
given to the importance of teaching and testing for
insight in the syllabuses did seem to be reflected in
the weighting of higher order questions presented in
the examination papers analysed by the writer. To

reveal the individual's ability (or inability) to

deal with such examinations, a test was designed which,

it was hoped, would call forth the same mental

processes.

To be of any use, the test had'to_be administered

before pupils made their final subject choice. Items

chosen had, then, to be suitable for, and not beyond
the mathematical expertise of standard seven pupils.
Multiple-choice items were classified according to
the mental processes thought to be involved and a
test was constructed to echo the weighting of the

various mental processes noted in the Senior Certificate

(Higher Grade) examination. papers. Once again the

classification of the test items had to be accomplished
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intuitively and the compilation of the multiple-choice
test was open to subjective bias. This multiple-
choice test was administered to a fairly large group

of standard seven pupils in several Cape Peninsula
schools. The mathematical progress of this group

of students was followed to the end of their standard
nine year as a means of comparing their actual ability
to cope with senior course'Mathematics, as measured by
their achievement in successive school examinations,
and their predicted ability to cope, as recorded by
their result in the multiple-choice test. The

extent to which both sets of results dovetailed
determined the wvalidity and usefulness of the multiple-
choice test as a predictive device. The reliability
of the multiple-choice test was estimated by repeated
administration of the test. The efficiency of
individual items was checked by means of item analysis,
comparing the responses of top-scoring candidates with
least-scoring candidates. Furthermore, the multiple-
choice test was administered once to pupils- entering
their final year of study so that the results could

be compared with the results of an actual Senior‘
Certificate'examinationvextérnally set and common to .
purils from different schools. This was an attempt
fo cancel the effects of varying standards and
examination policies existing in the different schools.

From the results of this éxperiment it is not possible
to pinpoint exactly which students "“have what it

takes" and which students do not.  Nor is it.possible
to determine the level of mental process at which a
successful candidate must be able to operate. However,
it is possible to draw some positive conclusions from
the study and these are discussed in the section that
follows. Moreover, since the initial problem still
remains, the experiment atvlgast has the merit of
pointing up the difficulties involved in such a task.
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7.2 CONCLUSIONS

This investigation was prompted by the need felt for
an additional predictive device to assist punils,
their parents and teachers, in their decision
concerning the suitability of Higher Grade Mathematics
as a matriculation subject. Young people on the

" threshold of their working lives are cognisant of the
fact that there will be an increasing demand for the
technically skilled and a diminishing area of
opportunity for the unskilled. Senior Certificate
Mathematics is an essential stepping stone to any
technical qualification. Bearing in mind the
importahce of Mathematics in countless career areas,
as well as the difficult, often abstract, nature of
the subject, it is imperative that the decisions

that pupils make, concerning Mathematics, are based
on realities such as the extent of their mathematical
ability and an awareness of the exact demands of the
senior syllabus, rather than fantasies such as the
widely held pupil belief that "Maths is not a swot
subject", or irrelevancies such as "all my friends
are taking Maths", "Maths is better than History"

and "I don't like the Needlework teacher".

It is important that as many students as possible
continue with Mathematics, preferably, on the Higher
Grade, so as to keep all career fields oven.
However, those pupils who have no chance of passing
on the'Higher Grade, should not be permitted to
enlarge classes unnecessarily and cause able
youngsters to be delayed or denied their share of

‘the teacher's time.

The Standard Grade course provides adequate mathematical

training for those students who will not proceed to



careers of a scientific or technical nature. Very
weak mathematicians should be excluded from the
subject altogether, unless there is some shorter
course of Mathematics available, which does not
commit the pupii to three years of study in a
theoretical subject for which he has little liking or

aptitude.

In short, it is desirable'thatvthrough careful
selection, pupils be placed in a Mathematics course
from which they can derive maximum benefit, neither
holding back those who are more able, nor having
their own self-confidence and morale shattered by
attempting a course of study beyond their intellectual
capacitv. In order to achieve this goal, there must
be a process of selection. This process must be
accurate, it must be credible and it must be easily
avplicable during the course of the standard seven
year, when pupils need to be advised on their Senior

Certificate subject choice.

The multiple-choice test designed for this experimentv
could form part of such a selection process. The

use of this test has clear advantages. It is quick
and easy to administer, requiring only a double period
to complete; scoring may be done in a short time and'
may be undertaken by non-expert clerical staff. The
test items are not syllabus¥bound which allows that
the test may be written long before the end of the
school year, thereby providing earlier feedback to
pupils and parents. The multiple-choice test is
clearly a test of Mathematics and therefore is likely

to be an acceptable measuring instrument in the eyes

of pupils and parents. Finally, although the multiple-

choice test is perhaps not alwavs as good a predictor
as the standard seven examination, nevertheless, this

test also appears to possess a highly significant
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degree of predictive validitv for the final
matriculation examination, and it is possible that
the validity of this test could be increased if
some of the limitations, which beset this study,
could be eliminated or, at least, reduced. The

problems encountered were:

1. An ever diminishing number of pupils in the
sample owing'té pupils changing grade.
Although a large numbér of pupils were
tested,'their results had to be treated
separately in school groups.  Thus,
instead of being based on one large sample,
the_investigation was reduced to a basis of
several small samples each, ultimately,
reflecting a rather restricted range of.
talent. '

2. The subjective nature of the classification
of test and examination items in terms of

the mental process invoIved.

How these limitations might be overcome 'is discussed

in the last section of this chapter.

The question remains, how should prospectiVe'Higher
Grade students be selected to achieve maximum success
for the greatest humber of pupils? A popular means

of selection in some schools is the "cut-off point",
i.e., the selection of only those students who obtain
above a certain predetermined score in the final
standard seven examination. ~ Proponents of this method
claim that pupils are forewarned and are aware of
exactly what must be achieved; lazy students, are,
therefore, ﬁore highlyv motivated to work sfeadily in

order to exceed the target score.
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The results of this experiment.have shown the standard
seven promotion examination to be a valuable predictor
of success in matricdlatioh Mathematics, but there are
dangers inherent in the "cut-off point"Asystem. To
be visibly fair in the eYes of the pupils, the target
score should remain constant from year to. year.
Consequently, the standard of examinations'should be
carefully monitored so that these are equivalent from
year to year. The target score itself should not be
some arbitrary figure, but should be calculated so
that it serves the purpose of selection adequately.
Another disadvantage of this system is that it

creates confusion among pupils and parents when they
hear of other schools using different "cut-off points”.
This, of course, is unavoidable, because schools set
examinations of varying levels and standards, depending
on the phildsOphy'of the teacher in charge and, to a
large extent, the ability spectrum of pupils attending
the school.

A better means of selection, in the Writer's'opinion,
is one which utilises the teacher's recommendation
reinforced quantitatively by the pupil's score in

the multiple-choice test and the standard seven
promotion examination. Provided that she has taught
the pupil for an adequate length of time, the
teacher's recommendation is, probably, the most
accurate predictor available. This werbal assessment,
together with the multiple-choice test score, would
provide a strong indication to pupils, at an early
stage of the decision year, of their likelihood of
success in the senior Mathematics courée. The end-
of-year examination could provide a final check on
the pupils selected to continue. This approach has

several advantages.
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Parents start asking advice about subject choice
issues shortly after the mid-yvear test series,
believing that this examiﬁation offers some sort
of predictor for future success. HoweVer, these
examinations may have been based on a very meagre
amount of work and for many pupils do not provide
a particularly accurate measure of potential.

The pupil's score on a wider ranging test such as
the multiple-choice test provides a firmer basis
for parent-teacher discussion concerning the
student's chances of successfully completing the

Higher Grade course in Mathematics.

Early, well-informed decision making by pupils
facilitates timetable and‘staff_allocation'planning
undertaken by School Principals during the third
school term, leaving only minimal adjustments
necessary at the end of the year. In addition,
pupils, whose true ability is difficult to assess by
mere observation, are subjected to an extra test.
These students might include those with ability who
through laziness underachieve, and those
conscientious souls who produce excellent results
in standard seven through unremitting hard work
rather than by true mathematical ability. It is
for these pupils that the multiple-choice test may
have some particular wvalue.

The results of the experiment showed that the only
'school, in which the multiple~choice test oroved to
be a better predictor than the school examination,
was the girls' school B - a school of largely
"average" mathematicians. It is for this middle
section of the ability spectrum that there is the
greatest concern in the selection prbcess. It is
important to include those who are capable of
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succeeding, but exclude those who are incapable of
passing the Higher Grade Courée. The multiple-
choice test is.a test that depends on thinking
ability rather than a period of past diligence and
so may be able to reveal inadequacies normally
hidden by extreme zeal and industry, or real
mathematical ability carefully concealed by teen- .

age apathy or rebelliousness.

To sum up: This study has highlighted the need for
careful selection of Higher Grade pupils; The
large drop-out rate in all schools, except school H,
shows that teacher time as well as pupil time is
being wasted when too many students struggle for a
year or two with the Higher Grade syllabus, only to
change to Standard Grade eventually. It will never
be possible to make absolutely accurate predictions
concerning individual pupil achievement, and there
will always be those students, who show early promise
which does not come to fruition. However, selection
could minimise the number of students incorrectly'
placed. If the greatest number of students were
placed in the Mathematics course that best suits
their ability, then, surely, the success rate would
be maximised. Thus fewer pupils would experience
the. demoralisation and frustration associated with
the performance of seemingly meaningless tasks in
the Mathematics classroom because they are unable

to cope intellectually with the levels of thinking
and understanding required by Higher Grade

Mathematics.

The process of selection should pay due regard to
the teacher's recommendation, the oupil's achievement
in the school examination and some measure of the

pupil's ability to think at higher levels, measured
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by a test written earlier in the standard seven year.
A test could be designed along the lines of the
multiple-choice test, which concentrates on the
mathematical insight of the pupil.

The test developed for this study certainly shows a
marked degree of predictive wvalidity for the
Matriculation examination and presents clear
advantages in ease of administration to standard
seven pupils. It is possible that the predictive
validity of this test might be increased and this
possibility is explored in the section that follows.

7.3 SUGGESTIONS FOR FURTHER STUDY

The most limiting factor in this study was the
subjectivity invblved in two crucial phases of the
experiment. Central to the entire investigation was
the determination of the mental processes that are
involved in Senior Certificate Mathematics. Syllabus
specification makes qﬁite clear the desire that

Higher Grade students should be encouraged to think
insightfully, as well as being skilled in various
taught mathematical procedures. However, to
determine a general level of thought for a Senior
Certificate examination item is impossible. Unless

a candidate's past mathematical experience with respect
to particular questions ‘and the way he was taught in
the classroom is known, any attempt to classify those
questions according to mental process can at best be
speculative. Classification was no less vexing a
problem when items were being sought or constructed

in the compilation of the multiple-choice test device.
It would be interesting to determine whether the ‘
predictive validity of the test, or the discriminating



efficiency of the different.types of item would change
to any great extent, if similar tests were to be
devised by individual teachers for administration to
their own pupils, thereby partially eliminating the
problem of the test designer not knowing what kind of
problems the candidates havé-already encountered in
class, and therefore having absolutely ﬁo idea at all
at which level of mental process individual items are

being received by candidates.

The problem of obtaining énd then keeping a large
enough sample to produce dependable results could be
overcome, to a certain extent perhaps, by the
collaboration of several teachers in different
schools. Each one testing and examining his own
pupils along the same lines as the others; each
using different, but equivalent testing devices, and
then comparing results over the three year period

covered by the senior course.

Apart from the problem of selecting pupils for the

" Higher Grade course in Mathematics, there remains
the problem of selecting pupils for the Standard
Grade course. What can be done, mathematically,
for those pupils who are not capable of passing a
course that contains three years' work? Courses,
such as the one-year "Terminal Mathematics" initiated
at school D, which have been designed especially to
meet the specific, and practical, further training
and career needs of the less able pupil, would
provide the education system With some much needed
flexibility, and pupils with é'platform from which
they could, more confidently, enter the working
world of commerce and industry. If free enterprise
is to be broadened in South Africa, then the schools

must play their part in providing useful skills and
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knowledge for those pupils who are not intellectually
equipped to benefit from a lengthy stay in school
studying academic subjects. Entrance to numerous
career fields depends on the successful completion

of matriculation Mathematics. It might be |
instructive to establish exactly how much mathematical
knowledge is required in these fields; perhaps,
Mathematics is being used merely as a sieve to
maintain some exclusivity. It is possible that the
talents of many are lost to society simply because

- 0of their inability to negotiate the barrier of

Mathematics.

To live, and prosper, in today's world everyone needs
some Mathematics; hbwever, not all people have the
same capacity for the subject. Individuals and
society will be served best when teachers of
Mathematics can channel their pupils into Mathematics
courses, in which maximum achievement, satisfaction
and self-fulfilment can be realised. Thus,
frustration, confusion and demoralisation among
students might be reduced to a minimum. '~ In order

to realise this ambition, it will be necessary for
"educators to pursue all the available means of
determining the exact nature and potential of their

pupils' mathematical ability.

: . | ‘
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DEPARTMENT OF EDUCATION

SENIOR SECONDARY COURSE
* SYLLABUS FOR MATHEMATICS

(Higher Grade)

1973



SENIOR SECONDARY COURSE: SYLLABUS FOR MATHEMATICS (HIGHER GRADE)

The following syllabus for Mathematics (Higher Grade) for the Senior Secondary Course will be introduced
as from 1st January, 1974.

The syllabus will be introduced in Standard 8 in 1974, and the first Senior Certificate Examination on this
syllabus will be held in November,/December, 1976.
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SENIOR SECONDARY COURSE: SYLLABUS FOR MATHEMATICS (HIGHER GRADE)

General remarks

The subject-matter dealt with in the Standard 8 syllabus is regarded as pre-knowledge to the syllabus
for Standards 9 and 10. This knowledge is again used either directly or indirectly in the syllabus for
the last two school years and, therefore, also in the Senior Certificate examination, but during these
years the emphasis should fall on the actual syllabus for Standards 9 and 10.

In tests and examinations more stress should be laid on insight and understanding than on mechanical
reproduction of formal knowledge.

Where applicable, the slide rule may be used.

General aims

To acquaint the pupils with the part played by Mathematics in the modern world in which man is
constantly required to handle the quantitative and spatial aspects of situations; :

to contribute to the general education of the pupils, with special emphasis on the development of
logical thought and of systematic, accurate and neat methods of working;

to cultivate in pupils appreciation of the structure and the central theme of each section of the syllabus,
as well as of the underlying relation between certain sections;

to acquaint pupils with, and train them in, mathematical methods of thought and work;

to give puplls a clear insight into, and a thorough knowledge and understanding of those basic
mathematical principles which will prepare and equip them for daily hfe and further study in Mathe-
matics, the pure sciences and certain applied sciences.

Remarks

In all sections of the subject pupils must be guided to tackle and solve each problem or theorem
systematically by

paying close attention to the data and what is required;

accounting for all facts and theorems that can possibly serve as a key to the solution, irrespective of the
section of Mathematics in which they occur;

starting with the most obvious methods and then conS1dermg other possibilities;

comparing the different methods of solution and making a choice;

paving close attention to necessary and sufficient requ_irements with respect to wording and reasoning
when writing down the solution.

Pupils must be trained in the correct use of notation and terminology, the exact formulation of state-
ments and the making of accurate deductions.

THE SYLLABUS
STANDARD 8

Algebra.
Sets (consolidation).
The set concept.
Elements of a set, the empty set, subset, universal set, complement of a set, intersection and union of
sets, Cartesian product.
Venn diagrams and their applications as aids to illustrate the solution of problems.
Number concept.
An outline of the structure of the system of real numbers, as developed from the natural numbers,
with emphasis on the irrational numbers.
Relations of order between numbers and the relevant laws; operations with numbers, rules for opera-
tions, closure in respect of operations.
The number line. One-to-one correspondence between points on the number line and real numbers.
Products of the following types by inspection:
(ax-b)(c-d). _
(ax+b)cx+d)
(ax+b)?
(ax+b)ax—0)
Factors of polynomials of the following types:
ax+bxtayLby
ar-—-b\ —~¢ and ax“—b\) =+ cy?
b.
The foregoing types, with the inclusion of a common factor.
L.C.M. of polynomials by factorisation only.
Algebraic fractions (Simple examples only).
Simplification.
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4.2.1

*4.2.2
4.2.3

Operations.

Solution sets.

Determining the solution sets of linear cquations in one unknown with numerical and literal coefficients.
Determining the solution sets of linear inequalities in one unknown with numerical coefficients only.
The solution of simple problems with the aid of linear equations and inequalities in one unknown.
Determining the solution sets of simple quadratic equations and inequalities in one unknown by means
of factors.

Formulae.

Construction of formulae from data.

Changing the subject of a formula.

Substitution in formulae.

Relations and functions. , .

Relation: the mapping according to a given rule of the elements of one set on the elements of another
set.

Sets of ordered pairs.

The function concept.

Representation of ordered pairs by points in the Cartesian plane. |

The function defined by y=mx-c and its graphical representation; intercept and gradient.

Systems of linear equations and inequalities.

Algebraic solution of systems of linear equations in two unknowns. (Numerical coefficients only).
Graphical illustration of the solution sets of systems of linear equations in two unknowns.

Graphical illustration of the solution sets of systems of inequalities in two unknowns.

Application of systems of linear equations in the solution of simple protlems.

Logarithms.

Definition of a® for n an integer (a>0).

Use of logarithmic tables for:

multiplication;

Synthetic Geometry

N.B. Although all theorems must be proved, formal proofs of theorems in examinations must be
limited. Only proofs of theorems denoted by an asterisk in the following list, will be required.
However, applications (including constructions) of any theorem, definition or axiom in this
list may be set. ‘

If two lines intersect, the sum of any pair of adjacent angles is equal to 180° and conversely, if the
sum of two adjacent angles is 180°, the outer arms form a straight line. (Axiom)

When two lines intersect, the vertically opposite angles are equal. (Theorem)

Two lines are parallel if, and only if, an intersecting transversal forms equal corresponding angles.

" (Definition)

424
425

4.2.6
*4.2.7
*4.2.8

4.29

4.2.10

4.2.11
4.2.12

*4.2.13.1
*4.2.13.2
4.2.14

4.2.15
*4.2.16.1
*42.16.2
*4.2.16.3
*4.2.17
*4.2.18.1
*4.2.18.2
*4.2.19

4.2.20
4221

If a transversal intersects two lines, these two lines are parallel if, and only if, alternate angles are
equal. (Thecrem)

If a transversal intersects two lines, these two lines are parallel if, and only if, the sum of the interior
angles on the same side of the transversal is 180°. (Theorem)

Lines which are parallel to the same line, are parallel to each other. (Theorem)

The exterior angle of a triangle is equal to the sum of the interior opposite angles. (Theorem)

The sum of the angles of a triangle is 180°. (Theorem)

The concept of congruence.

If two sides and the included angle of one triangle are respectively equal to two sides and the included
angle of another, the two triangles are congruent. (Axiom)

If three sides of one triangle are respectively equal to three sides of another, the triangles are congruent.
(Axiom)

If two angles and a side of one triangle are respectively equal to two angles and the corresponding side
of another, the two triangles are congruent. (Theorem without proof)

If two sides of a triangle are equal, the angles opposite them are equal. (Theorem)

If two angles of a triangle are equal, the sides opposite them are equal. (Theorem)

If in two right-angled triangles the hypotenuse and one side of the one are respectively equal to the
hypotenuse and one side of the other, the triangles are congruent. (Theorem)

Definitions of: quadrilateral, parallelogram, rhombus, rectangle, square and trapezium.

The opposite sides and angles of a parallelogram are equal. (Theorem)

A quadrilateral is a parallelogram if the opposite sides are equal. (Theorem)

A quadrilateral is a parallelogram if the opposite angles are equal. (Theorem)

A diagonal of a parallelogram bisects the area of the parallelogram. (Theorem)

The diagonals of a parallelogram bisect each other. (Theorem)

If the diagonals of a quadrilateral bisect each other, the quadrilateral is a parallelogram. (Theorem)
%f 1t)wo op?osite sides of a quadrilateral are equal and parallel, the quadrilateral is a parallelogram.
Theorem .

The diagonals of a rectangle are equal to each other. (Theorem)

The diagonals of a rhombus bisect each other at right angles, and bisect the angles of the rhombus.
(Theorem)
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42221
42222
42223

*4.2.23
*4.2.24
*42.25

4,2.26
4.2.27
4.2.27.1
4.2.27.2
42273
42274

4
A parallelogram and a rectangle on the same base and between the same parallels, have equal areas
(theorem), with the following corollaries;
The area of a parallelogram = base X height.
The area of a triangle = 4 base X height.

The area of a trapezium = i (sum of the paralilel sides) X (the perpendicular distance between the
parallel sides).

The line segment joining the mid-points of two sides of a triangle, is parallel to the third side, and
is equal to half the third side. (Theorem)

The line drawn through the mid-point of one side of a triangle, parallel to another side, bisects the
third side. (Theorem)

If three or more parallel lines make equal intercepts on a given transversal, they make equal intercepts
on any other transversal. (Theorem)

The theorem of Pythagoras and its converse.

Calculations in connection with lengths, areas and volumes of

right prisms on triangular and rectangular bases;

right pyramids on rectangular bases;

right cylinders and cones on circular bases; and

spheres.

(Direct calculations and calculations involving changing the subject of a formula. Only simple
numerical applications, where the data and results are rational numbers, are requlred Deductions
of formulae are not required.)

THE EXAMINATION

Two papers will be set
First Paper: 2 hours

Algebra .. . .. .. .. .+ 125 marks
Second Paper: 1} hours

Geometry .. - .. .. .. 75 marks
Cumulative vear mark .. .. e .. 100 marks
Total .. .. .. .. L . .. 300 marks

[R—

STANDARDS 9 AND 10

N.B. (a) Where applicable, the language and notation of sets should be used throughout.
(b) When the universal set is not specified, the set of real numbers is implied.
{c) No point-by-point plotting of graphs will be required in examinations.
(d) Any mathematically valid solution of a problem is acceptable.

Algebra

Number concept: summary of the operations and rules for operations in the various number sets,
only as introduction to the following:

The principle of mathematical induction with simple applications to summation of series.

The structures, groups and fields, to illustrate preperties of familiar number systems.

Definition of 2 group; examples of groups in both the additive and multiplicative structures of the
familiar number systems; applications limited to equivalence classes (residue classes) and symmetries
of simple geometric ﬁzures

Definition and recognition of a field in a number system; fields for equivalence classes modulo m
(m a natural number).

Relations and fuactions.

Mapping, rule, formula, one-to-one, one-to-rrany, many-to-one and many-to-many mappings,
relations and functions, domain and range, variable, dependent variable, independent variable.
The inverses of the functions defined by y=ax-+b, y=ax*® and y=a(x—+p)*.

The quadratic expression ax?+4bx+c¢ and its conversion to the form a(x+p)°+4.

Function of a function.

Graphical representation of relations, including examples of relations defined by equations (with
rational coeflicients) of at most the second degree; symmetry, intercepts with the axes and shape.
Special attention to the following relations:

{(x;3)|ax+by-+c=o};

{{xp)Ix2y2=r; {(xp)|y=ax®+bx+c};

{(x;»)ixy=~}, and absolute values such as

{(x:3)1y=lax+bl}, wherz x and y are real. )
The deduction of the characteristics of each relation from its equation and graphical representation
in respect of domain, range, intercepts with the axes, shape and symmstry. Slope and gradient of

- Alxsy)|ax -rbl’——c_o\

3.1.2.7

Equalmes and Inequalitics in respect of re‘mom fxom 5.1.2.0, mch_du g

{(x J’)lyzx/r~—A {(\,y)IV——x/P—x} {(x: 1)*1%—‘» {(x: ﬂn—'m + bt
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Quadratic equations and inequalities

The roots of ax?4-bx--c¢=o0; relationship between b*—4ac and the nature of the roots. The sum and
product of the roots. . :

The solution of ax"’—:bx+c§o,

The solution of two simultaneous equations in two unknowns of which one equation is of the first
degree and the other of the second.

Problems which lead to quadratic equations and inequalities of the above types.

Exponents.

N.B. For the proofs of laws the base must be positive.

Definition of q® for n a natural number, with deduction of the laws:
g, gl=gm+n

aB-=-qgt=gm-2 for m>n or for m<n
(ab)r=gqrhn

(gm)2=gmnn
Extension of the definition of a® to include all integers and rational numbers as exponents by defining

qu-m

p)a
a=1; av=—; ([JQ) =q°

Relation between surds and exponents and notation for the corresponding basic properties:

n_ n_ n_:y_n_ mn_ m. m.__

va/b=+/ab; ¥ va=+/a; (1/a)P=+/a®. (a,b>o0).

Logarithms.

The exponential function defined by y=a*, a>o; its graph, shape and position; deductions from
graph.

The logarithmic function defined by y=loga.x, a>o0, and a1, as inverse of the exponential function
defined by y=a*; its characteristics and graph; deductions from the graph.

The basic properties of logarithms. (Proofs required.)

Change of base. (Proof required.) _

The use of logarithmic tables as needed for relevant calculations.

Sequences and series.

Characteristics and the general terms of arithmetic and geometric sequences; the Z-notation; the
sum to n terms of arithmetic and geometric series; calculation of number of terms.

The convergence of a geometric series and its sum to infinity.

Simple applications.

Synthetic Geometry

N.B. Although all theorems must be proved, only proofs of theorems denoted with an asterisk (and
their converses where mentioned or implied) in the following list will be required in examinations.
Applications (including constructions) of any definition, axiom or theorem in this list or in the
list for Standard 8 may be set. Not more than three-tenths of the marks will be allocated to
bookwork in the examination.

The line joining the centre of a circle to the mid-point of a chord is perpendicular to the chord, and,

conversely, the perpendicular bisector of a chord passes through the centre of the circle. (Theorem)

The angle which an arc of a circle subtends at the centre is double the angle it subtends at any point

on the circumference. (Theorem)

The angle in a semi-circle is a right angle. (Theorem)

Angles in the same segment of a circle are equal, and, conversely, if a line segment joining two points

subtends equal angles at two other points on the same side of the line segment, these four points lie

on the circumference of a circle. (Theorem)

A quadrilateral is a cyclic quadrilateral if, and only if, opposite angles are supplementary. (Theorem)

The exterior angle of a cyclic quadrilateral is equal to the interior opposite angle. (Corollary)

Triangles (parzllelograms) on the same base (or equal bases) and on the same side of it (them), are

equal in area if, and only if, they lie between the same parallel lines. (Theorem)

Definition of similarity.

Amy line divides two sides of a triangle proportionally if, and only if, it is parallel to the third side.

(Theorem)

Two triangles are similar if, and only if, corresponding sides are proportional. (Theorem)

The theorem of Pythagoras and its converse.

A line through a point on the circumference of a circle is a tangent to the circle if, and only if, it is

perpendicular to the radius. (Theorem)

A line through a point on the circumference of a circle is a tangent to the circle if, and only if, the angle

etween the line and a chord through the point is equal to the angle in the alternate segment. (Theorem)

If a secant and a tangent to u circle are drawn from a point outside the circle, the square of the length

of the tangent is equal to the product of the lengths of the segments of the secant. (Theorem)

If two chords of a circle intersect inside or outside the circle, the product of the lengths of the segments

of one chord is equal to the product of the lengths of the segments of the other. (Theorem)

The internal bisectors of the angles of a triangle are concurrent. (Theorem)

The perpendicular bisectors of the sides of a triangle are concurrent. (Theorem)

The medians of a triangle are concurrent. (Theorem)
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5.2.18  The aititudes of a triangle are concurrent. (Theorem)

53 Vector algebra

5.3.1 Definition of a vector as an ordered number pair; xts magnitude and direction.

5.3.1.1  Corollary: directed line segments are representations of vectors.

5.3.2 Equality of vectors.

5.3.3 Special vectors.

5.3.3.1  The null vector.

5.3.3.2  Unit vector in the direction of a given vector.

5.3.3.3  The negative of a vector.

5.34 Addition of vectors.

5.34.1 Geometric representation.

5.34.2 Deductions.

5.3.4.2.1 Commutative law.

5.3.4.2.2 Associative law.

5.3.4.2.3 Additive identity.

5.3.4.2.4 Additive inverse; subtraction of vectors; geometric representation.

53.5 Multiplication of a vector by a scalar.

5.3.5.1  Deductions: the two distributive laws and the associative law.

5.3.6 The inner product of two vectors and tbe angle between two vectors.

5.3.6.1  Deductions and corollaries from the definitions. i

5.3.7 VYector equation of a straight line and the division of a line segment in the ratio k : 1.

5.3.8 Elementary applications to geometric problems.

54 Trigonometry

54.1 Definitions of the six tngonometnc ratios for any angle (positive or negative), with the aid of co-
ordinates in respect of a set of rectangular axes.

542 Deduction of the relations between the trigonometric ratios for any angle.

54.3 Sin, cos and tan as functions, with a complete description of the distinct domains, ranges and periodici-
ty, the latter as it becomes evident from the function values for 84n < 360°.

544 Function values for 0°, 30°, 45°, 60°, 90° and the corresponding angles in the other quadrants.

5.4.5 Sketches of the curves of the sin, cos and tan functions, in respect of a set of rectangular axes. (Also
for compound angles.)

54.6 Function values for 180°1+6, 360°+-6 and 8-£n X 360° forn=-+1; +2; &3;.. . expressed in terms of 4.

54.7 Application of the trigonometric functions to angles in a triangle. Deduction of the sine rule, cosine
rule and the formula: area of a triangle 4BC=14ab sin C. Solution of triangles. Problems in two and
three dimensions in which these concepts are applied..

5438 Identities.

5.4.8.1  Elementary examples obtained from the relations between the trigonometric ratios for any angle.

5.4.8.2 The identities:

(i) sin®f-+cos?=1
(ii) sec*§=tan*4—+1
(ili) cosec?f=cot?6-+1 '
5483 "Proof of the identity cos (cc —B)=cos cc cos B - sin oc sin # and deductions of identities for cos (o< +8),
sin (cc £ B), cos (90°x8), sin (90°16), cos 26, sin 26, tan (4 f) and tan 26.
5.4.9 General solutions of elementary trigonometric equations.

THE EXAMINATION
STANDARD 10

The examination at the end of Standard 10 will consist of two papers, each of three hours duration. Both
papers will be set on the syllabus for Standards 9 and 10.

The total marks for each paper will be 150. The distribution of marks among the various sections of the
syllabus, will be as follows: _

Paper 1 _

Algebra, and one question of a miscellaneous nature which may cover all the sections of the syllabus and
for which at most 15 marks may be allocated: .. .. .. .o .. e es .« 150 marks.
Paper 2

Synthetic Geometry .. . . . .. 50 marks
Vector algebra .. . .. . .. .. 40 marks
Trigonometry .. . .. . .. .. 60 marks
Total . .. .. .. .. .. .. 150 marks

N.B. The marks for each section of the second paper may be increased or decreased by a maximum of 10.

STANDARD 9

The examination at the end of Standard 9 will consist of two papers. The total marks for each paper will
be 150. Schools themselves decide on the marks allocated to each sub-section, as well as on the duration of the
examination.
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SYMBOLS

= is equal to.

#* is not equal to.

R is approximately equal to.

> is greater than.

< is less than.

> is not greater than.

<« is not less than.

> Is greater than or equal to.

< is less than or equal to.

= is congruent to; is identical to.

H is similar to.

1l is parallel to.

1 is perpendicular to.

therefore.

because.

= implies.

< implies and is implied by.

{x] absolute value of x.

€ is an element of.
3 is not an element of.

< is a subset of.

> :  includes.

{}org :  the empty set.

o . :  Is equivalent to.

¢ . is mot a subset of.

ANB :  the intersection of A and B.

AUB - . the union of A and B.

A’ ~ ¢ the complement of A.

n(A) :  the cardinal number of A.
{x|...}or{x:...}: the set of all x, such that. ...
AxB : A cross B; the cross product (Cartesian product) of A and B.
1 ¢ inverse of f.

u- : ! universal set.

f:x—>2x41 :  the function mapping x onto 2x+1.
fog : fofg.

() :  the value of the function f at g(1).
. 2,3 : 2 comma 3 recurring.

[—360°; 360°] : closed interval
n

21'.' sum to n terms.

’ » .

z sum to infinity.

1

a vector 4.

19 length of vector a.
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SENIOR SECONDARY COURSE: SYLLABUS FOR MATHEMATICS (STANDARD GRADE)

The following syllabus for Mathematics (Standard Grade) for the Scnior Secondury Course will be introduced
as from Ist January, 1974,

The syllabus will be introduced in Standard 8 in 1974, and the first Senior Certificate Examination on this
syllabus will be held in November/December, 1976.

SENIOR SECONDARY COURSE: SYLLABUS FOR MATHEMATICS (STANDARD GRADE)
l. General remarks

i1 The subject-matter dealt with in the Standard 8 syllabus is rcgarded as pre-Anowledge to the syllabus for
Standards 9 and 10. This knowledge is again used either directly or indirectly in the syllabus for the last
two school years, and, therefore, also in the Senior Certificate Examination, but during these years the
emphasis should fall on the actual syllabus for Standards Y and 10.

1.2 In tests and examinations more stress should be latd on insight and understanding than on mechai:cal
reproduction of formal knowledge: nevertheless the subject must be made uccessible to as many jupils
as pessible, by avoiding unrealistic demands in the examinuation.

1.3 Where applicable, the slide rule may be used.

2. General aims

N

{ To acquaint the pupils with the part played by Mathematics in the modern world m which man is
+  constantly required to handle quantitative and spatial aspects of situations:
to contribute 1o the general education of the pupils, with special emphasis on the development of logical
thought and of systematic, accurate and neat methods of working;

n
[§)

23 to cultivate 1n pupils appreciation of the structure and the central theme of each section of the syllabus,
as well as of the underlying relation between certain sections;

2.4 1¢ acquaint pupiis with, and train them in, mathematical methods of thought and work;

2.5 to give pupils a clear insight into, and 2 thorough knowledge and understanding of those basic mathe-
matical principles which will prcpare and cquip them fer dady life and further study.

3 Remarks

3.1 In all sections of the subject pupils must be guided to tackle and solve each problem or theorem syste-
matically by

311 paying close attention to the data and what is required ;

3.1.2  accounting for all facts and theorenis that can possibly serve as a key to the solution, irrespective of the
section of Mathematics in which they occur;

313 paying close attention to necessary and sufficient requirements with respect to wording and reasoning
when writing down the solution.

3.2 Pupiis must be trained in the correct use of notation and terininology, the exact formulation of statements

and the making of accurate deductions.

THE SYLLABUS
STANDARD 8

Algebra

Bbhobon
b ph Pt s

B Sets (consolidation).
3.1 The set concept. '
.1.2  Elements of a set, the emnpty set, subset, universal set, complement of a set, interscction and union of sets,
Cartesian product.
4.1.1.3 Venn diagrams and their application as aids to illustrate the solution of problems.
4.1.2 Naumber concept.
4.1.2.1  An cuthine of the structure of the system of real numbers, as developed from the natural numbers, with
emphasis on the irrutional numbers.
4122 Feiction: of order between numbers and the relevant laws; operations with numbers, ruies for operations,
closure in respect of operations.
4.1.2.3  The number line. One-{o-one correspondence batween points on the number hine and the real numbers.
4.1.2 Predueis of the following types by inspection:
413} Az pYc d).
41352 ipx _‘~ “)'f‘ i,
4,133 v by,
4034 {oa U hYav =)
414 ! acturs of po!\novn als of the following tvpes:
T N R N e A
£az l~\ eand ax® by s ert
414z o up
2. 1.4.4 P forepoing ivpes, with the inciusion of a common factor
415 LOAT of petvnanuals by factensation only.
- 1.5 Argehra fractions ssimpie exampics only).
2360 .
LIRNOW:
a7 .
4171 e g the solutan sote of inear equations i one uaheown weh numienicad and hteral coefhicients.
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Determining the solution sets ot hnear incquiaiities 1 one unknown with numerical coeflicients only
Formulac. '
Changing the subject of a formult. {Simple examples only.)

Substitutiom in formulae.

Relations and functions.

Relation; the mapping according to a given rale of the clements of onc set on the elements of another set.
Sels of ordered pairs.

“The function concept.

Representation of ordered pairs ty pomts in the Cartesian plane.

The function defined by y==mux-i-c and its graphical representation; intercept and gradient.

Systems of linear equations and incqualitizs,

Algebraic solution of systems of linear equalmns in two unknowns. (Numerical coeflicients only.)
Graphical illustration of the solutinn sets of svstems of linear cquations in two unknowns.
Graphical illustration of the solutinr scts of systems of inequalinies in two unknowns.
Logarithms.

Detinition of @™ for # an integer. ¢

Use of logarithmic tahles for: -

.11.2.1 multiplication;
.11.2.2 division:
.11.2.3 reising to @ power and taking root, facgabve mdices eacluded). (Simple examples only.)

Synthetic Geumetry

N.B.—Although all theorems musi be proved, formal proofs of theorems in examinations must be
limited. Only proofs of theoren:s (hut nui their converses) denoted by an asterisk in the following
list, will be required. Bowever, ap ,*‘.'..duo;.s (tncluding constructions), of any definition, axiom or
thcorcm in this list may be ot

If two lines intersect, the sum of any pair oi' adjacent angles is equal to 180°, and conversely., if the sum of

two adjacent angles is 180°, the ouicr arms form a straight line. (Axiom)

When two lines intersect, the verticaiiv opposite angies arc equal. (Theorem)

Twe lines are parallel if, and only i, an intersecting transversal forms equal corresponding angies.

(Definition

i1 a transversal intersects two lines, these two lines are paralle] if, and oniy if, alternate angles are equal.

{Theorem)

If a transversal intersects two lines, these two lines are parallel if, and only if, the sum of the interior
angles on the same side of the transversal is 180°. (Theorem)

Lines which are parallel to the same line, are parallel to each other. (Theorem)

The exterior angle of a triangle is equal to the sum of the interior opposite angles. (Theorem)

The sum of the angles of a triangle 1s i80° (Theorem)

The concept of congruence.

If two sides and the included angle of onc triangle are respectively equal to two sides and the included

angle of another, the two triangles @re congruent. (Axiom)

If three sides of one triangic are respecticely equai to the three sides of another, the triangles are con-

gruent. {Axiom)

If two angles and 4 side of one triangle are respectively CQUdl to two angles and the corresponding side
of another, the two triangles are congruent. (Theorem without proof)

If two sides of 2 triangle are equai. th - angles opposite them are equal. (Theorem)

If two angles of a triangle are equai, vhe sides oppostte them are egual. (Theorem)

it in two right-angled triangiss the hvpotcnuse and one side of the one are respectively equal to the

hypotenuse and one side of the other, the triangies are congruent. (Theorem)

Detinitions of : quadrilateral, parallciogram. riiombus, rectungle, square and trapezium.

The opposite sides and angles of 4 paralleiogram are equal. (Theorem)

If the opposite angles or sides of a quadri!atural are equal, the ouadrilateral is a parallelogram. (Theorem)
A diagonu! of a parallelogram biscets the aren f the parallelogram. (Theorem)

The diagonals of a parallelogram biccet cach « “hier. (Theorem)

If the diagonals of a quadrilateral biscet ¢ush othier, the qundrilateral is a parallelogram. (Theorem)

I iwo opposite sides of a quadrilutera! are equal and naradiz!, the quadrilateral is a parallelogram

(Yheoremy

The diagonals of a rectangle are equnl 1o each other. (Theorem)

The diagonals of a rhombus bisect cach other at right ang'es. and biseet the angles of the rthombus.

(Theorem)

A parallelogram and a rectangle on the some base and between the same parallel lines have equal arcas

{theore m) with the following coraiiic

The aren of a paraliclogram base - M aut,

Tt ol o triamele d base - heieht

Pt v of a trapezium 4 tsen o the parallel sidess tthe perpendicular distance between the
paratiet adesy. o

I he v;.,,, seoment ioimmge the »edooete sl raonsedes of o trvgie s paralle! to the third side, and is equal

1 hade the tured side. (rhcnum)
The line drawn through the mic-peimt of . ae side of a tniangle, paralicl to another side, hisects the third
<17 { Vheore m)
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If three or more parallel lines make equal intercepts on a given transversai, they make equal intercepts on
any other transversal. (Theorem)

The theorem of Pythagoras and its converse.

Calculations in connection with lengths, areas and volumes of
right prisms on triangular and rectangular bases;

right pyramids on rectangular bases;

right cylinders and cones on circular bascs, and

spheres.

(Direct calculations not involving changing the subject of a formula. Only simple numerical applications,
where the data and results are rational numbers, are required. Deductions of formulae are not required.)

THE EXAMINATION

Two papers wili be set.
First Paper: 2 hours.

Geometry

Ath W
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—
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Algebra .. .. . .. . - .. .. .. . . .. 125 marks
Second Paper: 13 hours. .

.. .. .. .. . . .. .. .. .. .. .. 75 marks

Cumulative year mark .. .. .. .. .. . .. .. .. .. . .. 100 marks

. 300 marks

STANDARDS 9 AND 10

N.B.—(a) Where applicable, the language and notation of sets should be used throughout.
(b) When the universal set is not specified, the set of real numbers is implied.
(c¢) No point-by-point plotting of graphs will be required in examinations.
(d) Any mathematically valid solution of a problem is acceptable.

Algebra

Relations and functions.
Mapping, rule, formula, one-to-one, one-to-many, many-to-one and many-to-many mappings, relations
and functions, domain and range, variable, dependent variable, independent variable.
The quadratic expression ax3+bx+c¢ and its conversion to the form a(x +p)* +4.

raphical representation of relations, including examples of relations defined by equations (with rational
coefficients) of at most the second degree; symmetry, intercepts with the axes and shape.
Special attention to the following relations:
{(xsynax+by+c=o}; {(xy)xt+yi=r2}; {(x;3)iy=ax?+ bx+c}; and {(x;p)lxy=k);
where x and y are real. The deduction of the characteristics of each relation from its equation and
graphical representation with respect to domain, range, intercepts with the axes, shape and symmetry.
Slope and gradient of {(x;y)lax+by+c=0}.
Equality relations between the linear relation {(x;y)jax?<-by+c=0} and one of the foliowing relations:
{{(x;)ly=ax?+bx+c}; {{x;p)x*+y*=r?} and {(x;p)lxy=k} where x and » are real numbers. Equality
relations between 2 of the latter 3 relations are excluded.
Quadratic equatiosns.
The roots of ax?+bx-+c=o0; the relationship between »*—dac and the nature of the roots.
Solution of two simultaneous equations in two unknowns of which one equation is of the first degree
and the other of the second.
Exponents.

Detinitton of a® for n a natural number, with deduction of the laws:
a™.gb=gm+o

gr=gP=g®-" for m>>n or
{gh)e=arpn

(am)n =—gmi,

(Ne formal proofs will be required in the examination.) .
Extension of the definition of a® to include all integers and rat!cnal numbers as exponents by defining

pree forme<n

r
®- 1. a8 —: \ag?a) =aPa>o)
ant

Reiuton between surds and exponents and the notation for the corresponding basic properties:
m _

Lo n . .\/D- mo. m'~ m

Vah=s/ab: Y a-al (\Wa)t-- yav o {ah o).

Loganithms.

Deamition of o logarithm.

1A hasic properties of logarithms, excluding change of base (no formal proofs required).

Arphication of fugarithins to caleulations with the aid of logarithiumic tables.
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Sequences and series.

Characteristics and the general terms of arnthmetic and geometric sequences; the Z-notation; the sum
to n terms of arithmetic and geometric series; calculation of number of terms in arithmetic series.
Sumple applications.

Synthetic Geometry

N.B.--Although all theorems must be proved, only proofs of theorems denoted with an asterisk (but
not of their converses) in the following list will be required in examinations. Applications (including
constructions) of any definitior, axiom or theorem in this list or in the list for Standard 8§ may be

set. Not more than rwo-fifths of the marks will be allocated to bookwork in the examination.
Simple problems only. ‘

The line joining the centre of a circle to the mid-point of a chord is perpendicular to the chord. (Theorem)
The linc from the centre of a circle, perpendicular to u chord, bisects the chord. (Theorem)
The perpendicular bisector of a chord passes threugh the centic of the circle. (Theorem)
The angle which an arc of a circie subtends at the centre, is double the angle it subtends at any point on
the circumference. (Theorem)
The angle in a semi-circle is a right angle. (Theorem) '
Angles in the same segment of a circle are equal: and. conversely, if a line segment joining two points
subtends equal angles at two other points on the same side of the line segment, these four points lic on
the circumference of a circle. (Theorem)
The opposite angles of a cyclic quadriiuteral ure supplementary. (Theorem)
If the opposite angles of a quadrilateral sre supplementary, it is a cyclic quadrilateral. (Theorem)
The exterior angle of a cvclic quadrilaterai is equal to the interior opposite angle and the coaverse.
(Theorem)
Triangles (parallelograms) on the same hase (or equal bases) and on the same side of it ( them), are equal
in area if, and only if, they lie between the same parallel lines. (Theorem)
Definition of similarity. .
Any line parallel to one side of a triangle divides the other two sides proportionaily. (Theorem)
A linc dividing two sides of a triangle proportionally is parallel to the third side. {Theorem)
Corresponding sides of equiangular triangles ure proportional. (Theorem)
Two triangles are cquiangular if their correspondiag sides are proportional. (Theorens)
The theorem of Pythagoras. (Thzorem)
The converse of the theorem of Pythagoras. (Theorem)
A line through a point on the circumference of a circle is a tangent to the circle if, and only if, it is
perpendicular to the radius. (Theorem)
The angle which a tangent to a circle makes with a chord drawn to the point of contact is equal to the
angie in the alternate segment. (Theorem)
¥ frein one end of a chord a straight line is drawn to make with the chord an angle equal & the apgle in
the aiternate segment, this straight line is a tangent to the circle. (Theorem) '
The micernal bisectors of the angles of « triangle are concurrent (Theorem)
The perpendicular bisectors of the sides of a triangle are concurrent. (Theorem)
hie medians of a triangle are concurrent. (Thearem)
The alniudes of o triangle are concuriznt. @ iheoren)
vieetar alverra
Definition of a vector as an ordered numbsr pair: its magnitude and direction.
Corcllery: directed line segments are representations of vogtory, '
Fguality of veciore.
Special vegtors.
The null vector.
Unit vector in the direction of a given vectar,
The negative of a vector.
Addition of vectors,
Cermetric representation.
Deductions:
Commutative jaw,
AssoCitive Jaw.
Addithve identity. ,
Aaditive Inverse: subtraction of vectors: gesmetric representation.
Multicheaiion of a4 vector by a scuinr
Veducions: the two distributive fiv s and he associating Law,
Crmestary anphertions to peometric prohicme

it
Tricoreme s

Durions of the six trigonomeiric ration for anv angls over the interval [0°; 360°] with the aid of
vosonTinnte s resnect of o set of reerangular aaes,

£t o the rerations betweer the tripononietric rati e

Srceesand e functions, with o complete deseription of the distinet domains, ranges and periodicity
Covr e gt TG 300

j S Eee T OR0° 487 60" e and the corresponding angles in the other quadrants.

St cr b ewmves of the sing coc and tan functions in respect of a et of rectangular axes. (No

'

st eneles and ondy aver the interval {08 36097 )
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54.6 Expression of the sine, the cosine and the tangent of 90° 0, 189° + 0 and 360°+ 0 in terms of 6, where
8 is acute. ’
5.4.7 Application of the trigonometric functions to angles in a triangle. Deduction of the sine rule, cosine

rule and the formula: area of a triangle ABC—=ah sin C. Solution of triangles. Problems in two
dimensions in which thesc concepts are applied.

THE EXAMINATION
STANDARD 10

. The examination at the end of Standard 10 will consist of two papers, each of three hours duration. Both
papers will be set on the syllabus for Standards 9 and 10. '
The total marks for each paper will be 150.
The distribution of marks among the various sections of the syllabus, will be as follows:
Paper | : '
Algebra, and one question of a miscellaneous nature which may cover all the sections ol the syllabus and for which
at most 15 marks may be allocated; ..

.. .. .- .. 150 marks.

Paper 2 .
Synthetic Geometry .. e .. .. .. .. .. . .. 50 marks
Vector algebra .. .. . . .. .. .- . .- . .. .. 40 marks
Trigonometry . .. .. .. e . .. .. .. .. .. 60 marks
Total .. .. .. - .. .. .. .. .. .. .. .. .. 150 marks

—

N.B.—The marks for each section of the second paper may be increased or decreased by a maximum of 10.
STANDARD 9

The examination at the end of Standard 9 will consist of two papers. The total marks for each paper will be

130. Schools themselves decide on the marks allocated to each subsection, as well as on the duration of the
examination.

SYMBOLS
is equal to.

is not equal to.

is approximately equal to.
is greater than.

is less than.

is not greater than.

is not less than.

is greater than or equal to.
is less than or equal to.

is congruent to; is identical to.
1s similar to.

is parallel to.

is perpendicular to.
therefore.

because.

implies.

implies and is implied by.
jvi :  absolute value of .

€ is an element of.

¢ is not an element of.

S :1is a subset of.
>

{

ANV

1

C -

:includes.

Joréd . the empty set.
~ : 1s cquivalent to.
¢ © s not a subset of.
ANB : :  the intersection of A and B.
AUB :  the union of A and B.
A : the complement of A.
n(A) : the cardinal number of A.
{x:. . Yor{al. . ) the set of all x, such that . . ..

A~-H © A cross B, the cross product (Cartesian product) of A and B.
/! o inverse of f. :



U :  universal set,

foa s20 ) © the function mapping 1 onto 2v | 1.
tog : Sfofg,

Slg(1)) :  the value of the function Jat g(}).
2,3 :  2comma 3 recurring.
[—360°:360° : closed interval.

n

21',' sum to »n terms.

? :  sum to infinity.

a vector a.

g :  length of vector a.

Printed in the Republic of South Africa by Trio-Rand Printers (Pty.) Lid., N'dabeni
6168/10/73/3000



Reprinted from The Education Gazette of 17 February, 1977.

SENIOR SECONDARY COURSE: SYLLABUS FOR MATHEMATICS (STANDARD GRADE):
AMENDMENTS

The attention of principals of high schools is drawn to the following amendments to the syllabus for Mathe-
matics (Standard Grade) for Standards 8, 9 and 10. The amendments take effect immediately and the first Senior
Certificate cxamination on the amended S)]labus will be written during November/December 1977:

Standard 8 .

Paragraph 4.1.1.1: Add the following in brackets: “Revision, but not to be examincd™.
Paragraph 4.1.1.2: Add the following in brackets: *“Revision, but not to be examined™".
Paragraph 4.1.1.3: Deletc the whole sentence.

Standards 9 and 10

Paragraph 5.1.3.3: Add the followmg in brackets: **Rationalisation of multinomials as denominators
is excluded™'.
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SENIOR SECONDARY COURSE: SYLLABUS FOR MATHEMATICS HIGHER GRADE

The following syllabus for Mathematics Higher Grade for the Senior Secondary Course will be introduced as
from 1 January 1985.

The svllabus will be introduced in Standard 8 in 1985 and the first Senior Certificate Examination in this subject
will be held in November/December 1987. :

SENIOR SECONDARY COURSE: SYLLABUS FOR MATHEMATICS HIGHER GRADE

IR REMARKS
1.1 The arrangement of the content of the syllabus and its subdivision is not necessarily an indication of the
_ sequence in which the work must be handled.

1.2 Non-programmable pocket calculators may be uscd where necessary and applicable to develop mathe-
matical concepts and for calculation. Basic instruction in the practical usc of pocket calculators must be
given.

1.3 The breakdown for standards 9 an 10 is suggested but is not prescriptive.

2 AIMS

2.1 To develop a love for, an interest in and a positive attitude towards Mathematics, by presenting the subject
meaningfully

2.2 To cnable pupils to gain mathematical knowledge and proficiency.

23 To develop clarity of thought and the ability to make logical deductions.

24 To develop accuracy and mathematical insight, '

2.5 . Toinstilin pupils the habit of estimating answers where applicable and, where possible, of verifying answers

2.6 To develop the ability of the pupils to use mathematical knowledge and methods in other subjects and in
their daily life.

2.7 To provide basic training for future study and carcers.

3 EXAMINATION

3.1 Standards 8 and 9 are examined internally.

3.2 Standard 10 '

3.2.1 The external Senior Certificate papers will be set on the syllabus for Standard 9 and Standard 10.
3.22 There will be two three-hour papers of equivalent value with the allocation of marks as follows:
3.2.2.1  First paper,’

® Algebra i 75% (£ 5%)
e Differential Calculus . : 25% (£ 5%)

3.2.2.2  Second paper

® Questions of a miscellaneous nature covcrmg two or more sections of the whole

syllabus may be asked X 5%
® Euclidean Geometry . 1 30% (£ 5%)
® Analytical Geometry . 1 25% (£ 5%)
e Trigonometry ' v 1 40% (% 5%)
. STANDARD 8
4.1 Products
The following types by inspection:
4.1.1 (a £ b)(ctd

4.1.2 (ax £ b)(cx £ d) and (ax £ by)(cx £ dy)
4.1.3 (ax £ b)* and (ax £ by)?
4.1.¢4 (ax + b)(ax - b) and (ax + by)(ax - by)
4.1.5 (ax + b)(a@*x® - abx + b?) and (ax + by)(a*x? - abxy + b*y?)
4.1.6 (ax ~ b)(a@*x® + abx + b?) and (ax - by)(@*x? + abxy + b*y?)
4.2 Factors
Factorization of the following types:
4.2.1 Quadrinomials by grouping
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422 Quadratic trinomiais

423 Difference of squares

424 Sum and difference of cubes

425 Preceding types including a common factor
4.3 Algebraic fractions

4.3.1 Simplification
43.2 Main operations

44 Equations and inequalities in one unknown

4.4.1 Solution of linear equations with numerical and literal coefficients

44.2 Solution of linear inequalities with numerical cocfficients

4.4.3 Solutions of problems with the aid of linear equations

444 Solutions of quadratic equations by means of factors in which only integers may occur as coefficients
4.5 Formulae .

4.5.1 Construction of formulae for area and volume of right prisms and right cylinders

4.5.2 Substitution in formulae A

4.5.3 Changing the subject of formulae

4.6 Functions

4.6.1 Concept of a function, functional notation and values of a function

4.6.2 Domain and range of a function

4.6.3 Graphical representation of the functions (and deduction of the characteristics of each from its equation and

graphical representation) defined by:
463.1 ax+by+c=0
14632 y=+/F -2 (rrational and r# 0)
14633 y=- V7 = ¥ (r rational and r % 0)
4.6.34 xy=k (kanintegerand k7 0)
. 4.6.3.5 y=ax!+ c(aen crational numbers)

4.7 Systems of linear equations in two unknowns

4.7.1 Solution of systems of linear equations — graphically and algebraically

4.7.2 Application of systems of linear equations in the solution of problems

4.8 Exponents (Pocket calculators may not be used)

4.8.1 The meaning of 2™, «“¢na ”"'L, a7 0 (m, n natural numbers), (for ¢ it examples >0 only)
4.8.2 Intuitive extension of the laws of exponents to include integers and rational exponents
49 Euclidean Geometry

(i) The following must be treated within the framework of a mathematical system. Hence only axioms in
logicand definitions, axioms and theorems that occur in this list or in the list for Standard 7 may be used
as reasons for statements in solving riders.

(i) Although all theorems must be proved only proofs of theorems denoted with an asterisk ("‘) (and their
converses where mentioned) will be required for examination purposes.

(iii) Applications of any axiom or theorem in this list or in the list for Standard 7, may be set (No
constructions for examination purposes). :

(iv) Notmore than three renths of the marks for Geometry will be given for “bookwork™ in the examination.
~ (v) Alogical order of parr. 4.9.1 to 4.9.12 must be adhered to.

*49.1  Theopposite sides and angles of a parallelogram are equal, and conversely, if the opposite sides or angles of
a quadrilateral are equal, the quadrilateral is a parallelogram (Theorem).

*49.2 Thediagonalsof a parallelogram bisect each other, and conversely, if the diagonals of a quadrilateral bisect
each other, the quadrilateral is a parallelogram (Theorem).

*49.3 If two opposite sides of a quadrilateral are equal and parallel, the quadrilateral is a parallelogram
(Theorem).

494 The diagonals of a rectangle are equal (Theorem).
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1.9.5

4.9.6
4.9.7
$.9.8

'4.9.9
'4.9.10
4.9.11

1.9.12
10

1.10.1
1102
1.10.3
1.10.4

.1
1.1
.1.2
.1.2.1
.1.2.2

5.1.3.3

5.1.3.4
5.1.4
5.1.4.1
5.1.4.2
5.1.5
5.1.5.1

5.1.5.2
5.1.5.3
5.1.6

The diagonals of a rhombus bisect each other at nght angles, and bisect the angles of the rhombus
{Theorem).

A diagonal of a parallelogram bisects the area of the parallelog'fam (Theorem).
A parallelogram and rectangle on the same base and between the same parallels have equal areas (Theorem).

Triangles (parallelograms) on the same base (or cqual bases)and on the same side thereof are equal in area if
they lie between the same parallel lines, and conversely, if triangles (parallelograms) lying on the same base
(or equal bases) and on the same side thereof, have equal areas, they lie between the same parallel lines
(Theorem). 4

The line segment joining the mid-points of two sides of a triangle is parallel to the third side, and equal to half
the third side (Theorem),

The line passing through the mid-point of one side of a triangle, parallel to another side, bisects the third side
{Theorem).. ‘ .

If three or more paralle! lines make equal intercepts on a given transversal they make equal intercepts on
any other transversal (Theorem).

The Theorem of Pythagoras and its converse.

Trigonometry

Definitions of the six trigonometric functions for an angle @ and 0 € [0 90"]
Applications for the six trigonometric functions in a right-angled triangle
Solution of right-angled triangles

The definitions of the six tn;,onom«.tm functions for any angle in terms of co-ordinates with respect to
perpendicular axes

STANDARD 9

Algebra

A brief intuitive review of the real numbers

Absolute value

Definition

Algebraic solution of [x - a| £ b

Aunctions

(No point-by-point plotting of graphs will be required for examination purposes.)
Graphical reprsentation of the functions defincd by: T B
(@ y=ax+bx+c@#0)

(d) y =Ix|, y =lx-a| and y =|x| + a, ais a rational number.

The deduction of the characteristics of the functions in 5.1.3.1 from their equations and graphical
representation

Graphical representation of simultaneous equalities with respect to functions from 5.1.3.1, including their
intersection with ax + by + ¢ =0 :

The inverses of the functions defined by y = mx + ¢, y = ax?, xy = k. y = |x]|
Linear programming '

Graphical representation of ax + by + ¢S 0

Problem solving by means of programming

Quadratic equations and inequalities

The roots of ax? + bx + ¢ =0 where a, band c arc rational

(a) Thesolutionofax®* +bx+c=0 ' ,

(b) Conditions for which the equation is solvable on the set of real numbers

(c) Equal and unequal roots; rational and irrational roots; rcal and non-real roots.
The solutionofax + bx + ¢S 0 ’ : _ :
Problems which lead to quadratic equations

The remainder and factor theorent

Applications including solution of cquations of the third degree
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5.1.7 Systems of equations ‘

5.1.7.1  Solving simultancous equations in two unknowns of which one equation is of the first and the other of the
second degree

5.1.7.2  Solving of probleins which lead to equations as shown in 5.1.7.1

5.1.8 Exponents

5.1.8.1  Solving of equations of the form
ax""u ~ b = 0 where m and » are integers, n # 0 :

5.1.8.2  Relationship between surds and exponents and the Corrcsponding basic propertics where ¢ and b are
positive and a1 and n are positive integers:

YT x YT = Y@
:l/ll—u—= mn 7]

Ya — "/

IV'b_ b

5.1.8.3  Rationalization of surds

5.1.8.4  Solving of simple cxpo~ncnlial equations in on:: variable

5.2 Trigonometry . ,

5.2.1 The definitions of the six trigonometric functions for any angle in terms of co-ordinates with respect to
perpendicular axes _

522 Graphsof y =sin8, y =cos feny =tand .

5.2.3 Function values for (90° - 8); (180° £ 8) and (360° % 0), expressed in function values for 0, where 8 € [0°; 90°]

5.2.4 Function values for 0°, 30°, 45° and mulliblcs thercof without the use of calculators
.5.2.5 - Identities '
5.2.5.1 The mutual relationships between the trigonometric function vatues
5.2.52 (a) sin?@+cos*0=1
(b) tan? @ + 1 =sec? 6 .
(c) cot? § + 1 =cosec? 8 ’ ’ , -

5.2.6 Formulae

5.2.6.1  Thesine formula

5.2.6.2  The cosine formula

5.2.6.3  Arcaofatriangle ABC = 5 «b sin C

5.2.6.4  Application of the above formulac in the solution of
(a) triangles;

(b) problems in two and three dimensions.
53 Euclidean Geometry
(i) The following must be treated within the framework of a mathematical system. Hence only axioms in
logic and definitions, axioms and theorems that occur in this list or in the list of standards 7and 8 may be
used as reasons for statements in solving riders. .
(ii) Although all theorems must be proved only proofs of thecorems denoted with an asterisk (*) (and their
converses where mentioned) in the following list will be required for examination purposcs.
(iii) Applications of any axiom or theoremin this listorin the lists for Standard 7 and Standard 8 may be set
(No constructions for examination purposcs). ' :
(iv) Not more than tiree tenths of the'marks for Geometry will be given for “bookwork™in the examination.
(v) A logical order of parr. 5.3.1t0 5.3.11 must be adhered to.

5.3.1 The Theorem of Pythagoras and its converse.

*5.3.2  Theline segmént joining the centre of a circle to the mid-point of a chord is perpendicular to the cord, and
conversely, the line segment drawn from the centre of a circle, perpendicular to a chord bisects the chord
(Theorem). . .

5§.3.2.1  Corollary: The perpendicular bisector of a chord passes through the centre of a circle.

5.3.2.2 A unique circle can be drawn through any three points not in a straight line.
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*5.3.3  The angle which an arc of a circle subtends at the centre is double the angle it subtends at any point on the
circumference (Theorem).

534 The angie at the circumference of a circle subtended by a diameteris a right angle, and conversely if a chord
of a circle subtends a right angle on the circumference, the chord is a diameter (Theorem).
5.3.5 Angles in the same segment of a circle are equal and conversely, if a line segment joining two points subtends
equal angles at two other points on the same side of the line segment, these four points are concyclic
(Theorem) .

e Angles in equal segments of a circle, or of equal circles, are equal (Theorem).

*5.3.6  Theopposite angles of a cyclic quadrilateral arc supplementary, and conversclv ifa pair ofopposuc angles
of a quadrilateral is supplementary, then the quadrilateral is cyclic (Theorem).
Pp

5.3.7 The exterior angle of a cyclic quadrilateral is cqual to the interior opposite angle, and conversely, if an
exterior angle of a quadrilateral is equal to the interior opposite angle, then the quadrilateral is cyclic
(Theorem).

5.3.8 A tangent to a circle is perpendicular to the radius at the point of contact, and conversely, a line drawn

perpendicular to a radius at the point where it mects the circumference is a tangent to the circle (Theorem).

5.39 If two tangents are drawn to a circle through a common point, then the distances between this point and the
points of contact are equal (Theorem).

*5.3.10 Theangle between a tangent to a circle and a chord drawn from the point of contact is equal to an angle in
the alternate segment, and conversely, if a line is drawn through the end point of a chord making with the
chord an angle equal to an angle in the alternate segment, then the line is a tangent to the circle (Theorem).

5.3.11 The following theorems:

3.3.11.1  The bisectors of the angles of a triangle are concurrent.

3.3.11.2  The perpendicular bisectors of the sides of a triangle are concurrent.

5.3.11.3 The medians of a triangle are concurrent. i
5.3.11.4 The altitudes of a triangle are concurrent.

6. STANDARD 10

6.1 Algebra

6.1.1 Logarithms

6.1.1.1  Theexponential function y = a*, a > 0; its graph and deductions from the graph
6.1.1.2  The logaritlimic function y = log,x, @ > 0and a # 1; its graph and deductions from the graph
6.1.1.3  The basic properties of logarithms

6.1.1.4  Change of base of a logarithm

6.1.1.5 Simple logarithmic equations and incqualitics

6.1.2 . Sequences and series

6.1.2.1  Characteristics and the general terms of arithmetic and geometric sequences
6.1.2.2  The Z-notation

6.1.2.3  Calculations involving the sum to n terms of arithmetic and geometric series
6.1.2.4  Convergence of a geometric series and its sum to infinity

6.1.2.5  Solving simple problems using the above

6.2 Differential caleulus
6.2.1 The average gradient of a curve hetween nvo points; average speed
6.2.2 Limity

6.2.2.1  Intuitive approach to the concept of a limit
lim fix+ ) ~f(x)

h—0 It
+ bx + c and ax? ’

6.2.2.2  Decterminin for f(x) onc of the following functions: k;E; ax,ax + b ax®; ax?
- & X

6.2.2.3  The derivative of a function; the notations: D‘, o .md/ (x)
6.2.2.4  The gradient of a curve at any point on the curve.
6.2.3 D, (x"] = nx""*, nreal (without proof)
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6.2.4 Rules for differentiating A

6.2.4.1 D [f(x) £ g()] = D, [f(x)] £D, [g(x)]

6.242 D (kI =k.D, [f(x)]

6.2.5 Applications

6.2.5.1  Theequations of tangents to graphs

6.2.5.2  Turning-points and sketches of polynomials of at most the third degree .

6.2.5.3  Simple practical problems in connection with maxima and minima and rates of change

6.3 Trigonometry
6.3.1 Function values for -6 and (8 + 360° n) where n is an integer, expressed in functionvalues for 8, and 0 EI[()°; 90°}
6.3.2 The sine, cosine and tangent functions

6.3.2.1  Description of domain and range
6.3.2.2  Maximum and minimum function values and period
6.3.2.3  Sketches of curves of the following types: _

(where g is an integer or a fraction of the form ’-I; naninteger)

(a) y=asin8, y=acos0, y=atanl

(b) y=sinab, y =cosab, y =tanaf

(¢) y=a+sinf, y=a+cosh, y=a+tand

(d) y=sin{a+0), y=cos(a+0) »
6.3.3 Cos (4 - B) = cos A4 cos B+ sin A4 sin B, and identitics for

(a) cos(4+ B)

(b) sin (4 x B)

(c) tan(4 £ B)

(d) sin 28

(e) cos 26

() tan 20

6.3.4 General and specific solutions of clementary trigonometric equations (Equations of the type a sin x + b
: cos x = c are included only if ¢ = 0) '

6.4 Euclidean Geometry

(i) The following must be treated within the framework of a mathematical system. Hence only axioms in -
logic and definitions, axioms and theorems that occur in this list or in the lists for Standards 7, 8 and 9
may be used as reasons for statements in solving riders. :

(it) Although all theorems must be proved only proofs of theorems depoted with an asterisk (*) (and their
converses where mentioned) will be required for examinations purposes.

(iii) Applications of any axiom or theorem in this list or in the list for Standards 7, 8 and 9 may be set (No
constructions for examination purposes).

“(iv) Not more than rhree 'lem/u' of the marks for Geometry will be given for *“bookwork™ in the examination.
(v) A logical order of parr. 6.4.1 to 6.4.6 must be adhered to.

*6.4.1 A line parallel to one side of a triangle divides the two other sides proportionally and conversely, if a line
divides two sides of a triangle proportionally, it is parallel to the third side (Theorem).

6.4.2 Definition of similarity

*6.43 If two triangles are, equiangular, the corresponding sides. are proportional and conversely, if the
corresponding sides of two triangles are proportional, the triangles are equiangular (Theorem).

*6.44  Equiangular traingles are similar, and if the corresponding sides of two triangles are proportional, the
triangles are similar (Corollaries). o

*6.4.5  The perpendicular drawn from the vertex of the right angle of a right-angled triangle to the hypotenuse, '
divides the triangle into two triangles which are similar to each other and to the originat triangle (Theorem).

6.4.6 The Theorem of Pythagoras and its converse (Theorem).
6.5 Analytical Geometry in a Plane ‘
6.5.1 The distance between two points

6.5.2 The mid-point of a line segment
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5.5.3 Gradient of a line

5.5.4 Equation of a line and its sketch

5.5.5 Perpendicdlar and parallel lines (no proofs)

5.5.6 Collinear points and intersecting lines

5.5.7 Intercepts made by a line on the axes

6.5.8 Equations of circles with any given centre and given radius

5.5.9 Points of intersection of lines and circles

6.5.10  Equation of the tangent to a circle at a given point on the circle

6.5.11  Other loci with respect to straight lines and circles
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SENIOR SECONDARY COURSE: SYLLABUS FOR MATHEMATICS STANDARD GRADE
REMARKS

The .xrmngcm:.m of the content of the syllabus and its subdivision is not necessarily an mdu.uum ol'the
sequence i which the work must be handled.

Non-programmable pocket calculators may be used where necessary and .zpplu.able to dC\Llnp

mathematical concepts and for calculation. Basic i mstrucuon in the practical use of pocket calculators must
be given,

‘The breakdown lor Standards 9 an 10'is suggested but is not prescﬁptivc.
. AIMS

To develop a love for, an interest in and a positive .muude towards Mathcmancs, by presenting the subjul
meaningtully

To enable pupils to gain mathematical knowledge and proficiency

To develop clarity of thought, so that muathematical technigues may be well understood

To develop accuracy .

o instilin pupils the habit of uum.mng answers where applicable and where passible, of vcnfymg answers

Vo develop the ability of the pupils 1o use mathematical knowledge and methods in other sub)ccts andin
their Jaily hfe )

To provide basic training for future study and carcers

EXAMINATION

Standurds 8 and 9 are examined internally.

Stundard 10 _ s - .

The external Senior Certificate papers will be set on the syllabus for Standard 9 and Standard 10.

Therg will be two three-hour papers of equivalent value with the allocation of marks as follows:
I'iest paper

& Algebra Cr 7% (£ S%)
e Differential Calculus ¢ 25% (X 5%
Secund paper
® Questions of a miscellancous nature c.ovcrmg two or more sccuons ot the whole

syllabus may be asked . : 5%
® |luchdean Geometry . : 0% (X.5%)
® Analytical Geometry _ - 2 25% (X 570)
® ‘Irigonometry ¢ 40% (% 5%)
STANDARD 8 '
Products _
The tollowing types by inspection:
{a £ b{cx o)

(@v £ b)ex = d) und (ax £ by)ex T dy)

vt by en (ax £ hyy

(ax + b)ax - b) and (ax + byNax - by)

Factors . }

Factorization of the following types: ‘
Quadrinomials by grouping in pairs

Quudraltic trinomiais

[fference of squares
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3.3.1
3.3.2
3.4

$.4.1
$.4.2
$.4.3
4.4.4
3.5

42

3.52
$ 3.3
1.0

3.6
402
363

3.0.3.4
+.6.32
<013
1634
1635
4.7

+5.1

1.8.2
19

ol

*34.9.3

294
<98

Preceding types including u common factor

Algebraic fractions

Simplification

Main operations

Equa(ionsind inequalities in one unknown

Solution of linear equations with numerical and literal coefficients

Solution of linear iriequalities with numerical coefficients

Solutions of problems with the aid of linear equations

Solutions of quadratic equations by means of factors in which only integers may occur as coefficients
Formulae

Construction of formulae for area and volume of right prisms and right cylinders
Substitution in formulae

Changing the subject of formulac

Functions

Concept of a function, functional notation and values of a function

Domain and range of a function

Graphical representation of the functions (and deduction of the characzcnsucs of each from its equation and
graphical representation) detined by:

axthy te=10
= \/ o< (r rational and r # 0)
=N \/7- x* (r rational and r # 0)
=k (k an integer and & # 0)
¥ = ax?! +'¢ (g and ¢ rational numbers)
Solution of systems of linear equations — graphically and algebraically
Exponents (Pocket calculators may not be used) »
I'he meaning ot ™, dena ’F. a # 0 (m, n natural numbers), (for a"""'cxamplcs a>0only)
Intuitive extension of the laws of exponents to include integers and rational exponents
I'uclidean Geometry

(i) ‘The following must be treated within the framework of a2 mathematical system. Hence only axioms in
logic and definitions, axioms and theorems that occur in this list or in the list for Standard 7T may be used
i reasons for statements in solving niders.

(11) Although all theorems must be proved only proofs of theorems (but not of their converses) denoted
with an asterisk (*) in the tollowing list will be required for examination purposes.

(iii) Applications of any axiom or theorem in this list or in the list for Standard 7, may be set (No
constructions for cxamination purposes).

(v) Notmore than three tenths of the marks for Geometry will be given for “bookwork™ in the examination.
(v} A logical order of parr. 4.9.1 t0 4.9.12 must be adhered to.

‘The opposite sides and angles of a paralielogram are equal, and conversely, lf the opposite sndcs orangles ot
a guadrilaieral are equal, the quadriluteral is a parallelogram (Theorem).

The diagonals of a parallelogram bisect each other, and conversely, if the diagonals of a quadrilateral bisect
cach other, the quadrilateral is a parallelogram (Theorem).

ll1 two opposite sides of a quadrilateral are equal and parallel, the quadrilateral is a parallclogram
{Theorem).

The diagonals of'a rectangle are cqual (Theorem).

I'he diagonals of a rhombus bisect cach other at rlght angles, and bisect thc angles of the rhombus
(Theorem).

A diagonal of a parallelogram bisccts the area of the parallelogram (Theorem).
A parallelogram and rectangle on the same base and between the same parallels have equal areas (Theorcm)
ioangles (parallelograms) on the same base (or equal bases) and on the same side thereof are equal inarea if
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. they lie between the same parallel lines, and conversely, if triangles (parallelograms) lymg on the same b.m

(fl)rh equal bases) and on the same side thcreof have cqual areas, they lie between the' same paralicl hnes
(Theorem).

The line segment joining thc m:d-pom(s of two sides of a triangle is parallel to the third side, and equal to halt
the third side (Theorem).

;l:]h{ line passing through the mid-point of one side of a triangle, paralie} to another side, bisects the third side
coremy)..

If three or more parallel lines make equal intercepts on a given transvcrsal they make equal intercepts on
any other transversal (Theorem), . ,

The Theorem of Pythagoras and its converse.

Trigonometry

Definitions of the six trigonometric functions for an angle & and BE [0°; 90°)*
Application of the six trigonometric ratios in a rightangled triangle

Solution of right-angled triangles

STANDARD 9
Algebra -

A brief imuitive review of the real numbers

Functions

{No point-by-puint plotting of graphs will be required for examination purposes.)

.- Graphical representation of the functions defined by:

y =uax®+ bx +c (a#0)]

The deduction of the characteristics of the functions in 5. l 2.1 from its equations and graphical
fepresentation.

Grapbhical representation of simultaneous equalities with respect to functions from 5.1.2.1,and the function
defined by ax+ by +c¢=0.

Quadratic equations

. The roots of at‘ + bx+c=0 where ¢, b and c are rauonal

{a) The solution of ax? + bx+¢=0 _
(b) Conditions for which the equation is solvable on the set of real numbers

(c) Equal and unequal roots; rational and irrational roots; real and non-real roots.

The remainder and factor theorem

Applications including solution of cqua(ions of the third degree

Systems of eguations ' ) .

Solving simultancous equations in two unk nowns of which one equation is of the first and the other of the
second degree. .

\

Exponents
Solving of equations of the form
ax® - b = 0 where m and n are integers, n#0

Relationship between surds and exponents and thc cormpondmg basic propema where aand b arc
positive and m and n are positive integers:

Va x U5 = Yab

m :I/a—'= m:/a—
yay = "jd

Ya, = "fu

b v h

Rationalization of surds (denominations of fractidns limited to monomials)
Solving of simple exponential equations in one variable
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*5.6

ST

Trigonometry

Expansion of the definitions of the six trigonometric functions for any angle over [0°; 360°] in terms of
.co-ordinates with respect to perpendicular axis

Graphsof y =sin, y» = cos 6and y = tan @ .

Function values for (90° - 8), (180° £ 8) and (360° - 8) expressed in function values for 8, where 8 € {0, 90 |
Function values for 0°, 30°, 45° and muitiples thereof over [0°; 360“]

The mutual retationships between thc mgonometnc function values

Rc.uprocals e.g.cosecl = Y]

. sin @
uoticnts ¢.g. ——— =7 tan 8
Q - Cos - ,

Quadrauc formulae:
GO sun' 8+ covd =)
(b an ' + 1 = se’ 8

ey eatt 8 1 1 = cosect 0

Formulue

“Ihe sine formula;

The cosine formula;

Arca of a triangle ABC = 5 ub sin G

Appiication of the above formulae in the solution of
(a) triangles;

{b) problems in two dimensions. -

Fuclideaa Geometry

(1) The following must be treated within the framcwork ofa mathemaucal system Hence only axioms m
logic and definitions, axioms and theorems that occur in this list or m the list for Standards 7and ¥ muy
be used as reasons for statements in solving nders.

(i) Although all theorems must be proved only proafs of theorems (but not of their converses) denoted
with an asterisk (*) in the following list will be required for examination purposes.

) Applications of any axiom or theorem in this list or in the lists for Standards 7 and 8 may bc set {No
constructions for examination purposes). :

(iv) Not more than three tenths of the marks for Geometry will bc given for “bookwork™ in the examination.
(v) A logical order of parr. 5.3.] to 5.3.10 must be adhered to.
The Theorem of Pythagoras and its converse

The line segment joining the centre of a circle to the mid-point of a chord is perpendicular to the cord, and
conversely, the line segment drawn from the centre of a circle, perpendncular to a chord bisects the chord-

(Theorem).

Corollary: The perpendicular bisector of a chord passes through the centre of a circle.
A unique circle can be drawn through any three points not in a straight line.

The angle which an arc of a circle subtends at the centre is double the angle it subtends at any point on the
circumtcrence (Theorem).

‘The ungle at the circumference of a circle subtended by a diameter is a right angle, and conversely, ifa chord
of a circle subtends a right angle on the circumference, the chord is a diameter (Theorem).

" Angles in the same segment of a circle are equal and conversely, if a line segment joining two points sub(cnd\

vqual angles at two mhcr pomts on the same side of the line segment, (hcse four points are concycliv
(Theorem) .

_® Angles in equal segments of a circle, or of equal circles, are equal (Theorem).
The opposite angles of a cyclic quadrilateral are supplementary, and conversely, if a pair of opposite angles

- of a quadrilateral is supplementary, it is cyclic (Theorem).

The extenior angle of a cyclic quadrilateral is equal to the interior opposite angle, and conversely, if un

u;cnur angle of a quadrilateral is equal to the interior opposite angle, then'the quadnlateral is cyclic
(Thearem), . .
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Euclidean Geometry

A tangent Lo a circle s perpendicular to the radius at the point of contact, and conversely, a line drawn
perpendicular to a radius at the point where it meets the circumference is a tangent to the circle (Theorem).

Iftwo tangents are drawn Lo a circle through a common point, then the distances between this point and the
points of contact are equal (Theorem). T

The angle between a tangent to a circle and a chord drawn from the point of contact is equal to an angle in
the alternate segment, and conversely, if a line is drawn through the end point of a chord making with the
chord an angle equal to an angle in the alternate segment, then the line is a tangent to the circle (Theorem).
STANDARD 10

Algebra

Coampound. Increase and Decrease

Calculation of initial and final sum

Calculation of rate

Calculation of intervals

Sequences und series

Characteristics and the general terms of arithmetic and geometric sequences

~ The writing of a series in expanded form when given in Z-notation, but not the converse
g p g A

Calculations involving the sum to 7 terms of arithmetic and geometric series
Solving simple problems using the above - -
Differential calculus

The average eradient of a curve between two points; average speed

Limuts

_ Intuitive approach to the concept of a himit’

im flx+ - f(x . PO
Determining I:To'&-——h}-}——'&?for f{x) one of the following functions: k,ax, ax + band -ax*

The derivative ol a function: the notations: D, , Jd-. S/ (x)
. . . X

The gradient of a curve at any point on the curve

D, [x"} = n¥" ' nreal (without proof)

" Rules for differentiating (no proofs):
D, yx) e ()] = D i)yt D, e(xi

D, kst = kD, [fix)

Applications

Turming-points and sketches of polynomials of at most the third degrec
Simple practical problems in connection with maxima and minima
Trigonometry

“The sine, cosine and tangent functions

Description of the range with [0°; 360°] as domain:

Sketehes of curves of the following types:

rIa “in Yoy T acosy, v = gtanx: x € [0 360°)

¥ s aN, ¥ eos @Xs (g an integer and ax € (0°; 360°))

Solving elementary trigonometric equations as stated in 6.3.1.2 .. o ' T

(i) The following must be treated within the framework of a mathematical system. Hence only axioms in
logic and definitions, axioms and theorems that occur in this list or in the lists for Standards 7. Rand 9
may be used as reasons for statements in solving riders.

(i) Although all theorems must be proved only proofs of theorems (but not of their converses) denoted
with an asterisk (*) will be required for examinations purposes.

(i) Applications of any axiom or theorem in this list or in the list for Standards 7, 8 and 9 may be set (No
constructions for examination purposes).
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(iv) Not more than three 1enihs of the marks for Geometry will be given for “book work™ in the exantnation
(v} Alogical order of parr. 6.4.1 10 6.4.4 must be adhered to.

A hine parallel 1o one side of a triangle divides the two other sides proportionally and conversely. il il
thivides two sides ol a tangle proportionally, it is puralicl to the third side ( Thvorem),

Detition ol sinnlarity,
I two triangles are equiangular, the corresponding sides are proportivnal, and conversely, il the
corresponding sides of two triungles are proporuional, the triangles are equiangujur {Theorem).

bqutangular traingles are similar, and if the corresponding sides ol two triangles are proportional, the
triangles are similar (Corollaries). ' '

Analytical Geometry in a Plane

The distance between two points

The mid-point of a line segment

Gradient of a line 4 ¢
Equation of a line and its sketch

Perpendicular and parallel lines (no proots)

Collinear points and intersecting lines

Intercepts mude by « line on the axes
Lquatons of arcles with centre (0 )) and given radius
Points of intersection of lines and circles

Osher simple Loci with respeci o straight hines and circles




THE AIMS, TUITION AND EXAMINATION OF THE ACCOMPANYING SYLLABUSES

Introduction

A syllabus naturally specifies the prescribed subject-mattef in
broad outline, but inevitably also comprises the standard to be
maintained as well as the structure of each section round its
central.theme. In compiling a syllabus both the general and the
special needs of the pupils for whom it is intended must be t;ken
into account very thofoughly, as well as the acquired knowledge and

intellectual macurity of the pupils concerned.

Besides the content and the arrangement of the subject-matter the
teaching methods are also of the greatest importance. This determines .
the success or failure of the teaching. lThrough the teaching the

understanding and insight of the pupils are promoted, and in this

. way their interest in and love of the subject are developed.

The examination technique is just as important as are the subject-
matter and the teaching methodsl Stereotyped questions and exami-
nation paperé encourage stereotyped techniques in the teaching.

Such examinations promote memory work on the part of the pupils and
excessive drilling by the teacher. Then it pays the teacher and the
pupii to concentrate on formulae and mechanical techniques, at the

expense of understanding and insight.

General Aims

(a) Choice of subjec’ -matter

(1) The syllabuses link up with the existing syllabuseé,
» with essential changes. ‘

(2) wWith the content and choice of items due regard was
pﬂid to the general mathématical needs of an
educated person who has to deal wi;h aspects of
quantity and space in all fields.

(3) The syllabuses lend themselves particularly to pre-

' paring and selecting prospective university students.
Candidates. who take Mathematics on the higher grade
should not only be better cquipped for any'intended
“course of study, but are specially prepared for
further study in Mathematics, Physical Science

and other courses ol study for which mathematical

methods +oeeeeere2/vaans



(b)

(4)

(2)

methods and techniques are essential. The standard
grade is meant to make mathematics accessible to as
many pupils as possible.. '

With effective tuition and examination both syllabuses
should also lend themselves to preparing students and

to the selection of. prospective university students by

" the Joint Matriculation Board.

Examination practice

(1)

(2)

(3)

Mechanical reproduction in examinations of memorised

definitions, formulae and techniques should be avoided
as far as possible.

Examination questions>shpuld call for solutions based on
understanding and insight. A candidate should be able
to apply his knowledge and to make deductions.

Seeing that final examination papers have such a great
influence on the tuition, papers should be set in such
a manner that they promote correct teaching methods.
It should pay the teacher to concentrate on under-

standing and insight rather than on excessive drill.

Stereotype&‘papers should be be avoided.



CAPE EDUCATION DEPARTMENT

THE TEACHING AND EXAMINATION OF MATHEMATICS IN STANDARDS 8, 9 AND 10
ON THE HIGHER GRADE (HG) AS WELL AS ON THE STANDARD GRADE (SG)

1.1

1.2

1.2.

1.2,

1.2.

1.2,

1.3

1.3.

1.3.

1.3.

1.3.

AIMS

The general aims are explained clearly in the sullabuses of
both the SG- and the HG-mathematics., (Teachers are advised
to make a thorough study of these syllabuses)

STANDARD GRADE

In the presentation of the subject on the SG the following
additional aspect of the aims should be considered:

world must be emphasized and the fear of mathematics
experienced by some pupils must be erased.

As many pupils as possible must be able to take the subject.
This is one of the reasons why mathematics is offered on the SG.

Teachers must guard against the learning of certain "recipes"
which have no mathematical value. 1In the teaching of the
subject the following such be drilled:  basic Principles,
insight, understanding, correct methods and the logical
Structyre. - C '

In examinations, questions should be set which are of more
direct nature and which will avoid unrealistic demands .

HIGHER GRADE

In the presentation of the subject on the HG the following
aspects of the aims should be considered:

Fupils must be given a sound concept and understanding as well
as the necessary knowledge to equip them for further
mathematical studies.

Emphasis on the logical structure of the sur ject

Opportunities should be created for self-activity, througl, which
pupils can attempt more advanced examples and thus discover
new principles. ‘

Development of the pupils' mathematical and original thinking
ability must be encouraged. ’
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NALE: ......... e | | CL4SS:

MATHEMATICS STANDARD
MUIRIPIE-CE I0ICE TEST

TILIE H 2 I‘LCUP-.;J

=-J

READ ALL THE INSTRUCTIONS BEFCRE YOU BEGIN:

1. Print your name and class clearly in the space provided.

2. Select the CNE alternative which CORRECTLY completes +the
statement or answers the question.

5. Indicate the answer you think is correct by drawing a RING
around the ILETTER next to it, as shown in the examples
below. No other mark should be made on the question paper
- all necessary calculation should be done on scrap paper.

4, Answer ALL the questions. If you are uvncertain, make an
intelligent guess = you will NOT be penalised for incorrect

answers.

Example l.: 2a + 3a + 43 = +.iveee
A 7a
® ©%a
C 10a
D 15a
B 24a

Example 2.: 2x + 1 = 11 if X = ...
A 2
B 3
C 4
® 5
B 6



[

l. 23 is ..Q..o.o....."v

A a base

B an index

C a power

D a variable
E a polynomial

2. Two angles, measuring 470 and 43° respectively, may be
described a2S eesecsceccscess angles, '

A ad jacent

B co-interior

C complementary
D right

E  supplementary

3., Which of the following words
BEST describes the triangles
‘in the sketch?

A similar

B right-angled

C isosceles

D equilateral

B congruent

_ v +y
4, This is Felix, the Mathematical “j“““ﬁ“f'”fﬁ“jf?“j“T“l
Cat. What are the coordinates A 31 : g .E

of the ends of his whiskers, R
marked P and Q7

A P(-13;4) and Q(83;2)

B P(43;-1) and Q(23;8) e A

¢ P(-13-4) and Q(8352) SN
D P(-4; -1) and Q(2;8) b |

E

P(-I;B%) and Q,(2;71/é) 5/000-...



5, Add: 5x - x° 4 6 3 5x2 +X +8 3 -4x + 2x2
20%7

6%° + 14

4x® + 2x7 + 18

4x2 + 2x + 14

2x2 + 4x + 14

H U Q w e

6. Subtract y2 -4 from =3y +1

A 32 435-5

B -y° -3y +5

¢ 4y° -5

D -4y2 + 5

B None of the above

7. Multiply: (—2a3)4 x ~4a’

A -8a9

B -52a10
¢ =e4ald
D +64al’
B +32alo

8. Divide: 2(x°

A B + X° - k)
B %O& + k2 - 1)
C % + k%)
D 20t + ¥° - 1)
E 20k + X°)

9/........



11.

12.

simplify  (p°g* + pg®)° + pogt
A ptg®
B 2p4q8
C 2p2q4
D ptot + pRd”
T 2pg® + poq"
10, Multiply: (2p = 79)(S5p + 3q)
A 10p® - 41pq - 21q°
B 10p° - 35pq - 21g°
¢  10p2 + 29pq - 21¢°
D 10p2 - 29pq - 21q2
E  10p2 - 21¢°
Express as a single fraction:
AL
Xy
B X = 37 + 4
Xy
C X = 3y = 4
Xy
D x-3y + 4
x°y2
E xX-%y -4
2y2
Multiply a +m by y-X
X -3 m + a
A -1
B O
C 1
D =y
E xy

qu

] N

W

4

13/ eennnces.



13, Find the value of the following expression if p = -2

and q = -1:
1/4p2 - 24pg + 36q°
A2
B 3
cC &4
D 10
E 100

14, Pactorise 4x5 + 6x2 - 2X

A 2x(2%° + 3% - 1)
B 2x(2x° + 4x - 1)
C 2}{(2}{2 + 3x)
D 2x(2x2» + 4x)
B 2x(20 + 4°)
15, Solve for k: 4% - 5(2k + 1) = 3
A %
'3 %
C 1l
D 2
B -2
16, The solution of 2x + 7 = 4x + _ x-5

is between cseesccccoe

A -7 and =4
B 4 and 7
C -1 and 1
D 2 and 5
B 0 and 3

;7/...-..-.-...



17. What kind of quadrilateral
is PQRS ? -

H Y QW

18. Which

kite
trapezium

parallelogram
rhombus
no special kind of quadrilateral

value to 1/3 ?

H Y Q W

19. The

B YU Q w =

Y
%
3/16
5/16
7/16

of the following fractions is the nearest in

interior angles of a quadrilateral are y, 2y, y + 20°

2y + 40°. Find the value of y.

1450
40°
55°
50°
Insufficient information

20. What must be added to 2a + a2 - 3 to obtain a2 -2a - 5

H U Qw

g - 2
fg - 2
4La + 2
2
-a~ = 33 = 2

a2 + 3a + 2

21/.........‘..

\n

2



21.

22.

23,

24,

Simplify 2 x 24 x 27

A el2
B gl
c g6
p pll
B 212

A A
DB bisects B and DC bisects C.
A A .
If D = 1220, R then A = o see

A 58°

B 61°

¢ 62°

D 640 B
E Insufficient information

Divide (63{3 - x° - ix -1) by (2x + 1)
A 3x2 -1
B %x° - 2x - 1
c 3x° -x-1
D 3x2 + 2x =1
B 5x2 + x -1

ACB is a straight line, a = 4 and
b = c,

Which one of the following.'l
statements is FALSE ?

A a+b = 90°

B a+c¢c = 90°

C b+da = 90°

D b+c = 90°

B d+c¢c = 90° < -,
A B

25//ooaooooona-



25. Which of the following are rational numbers ?

I3 II V& - III 2%

A
B
c
D
B

I and II

IT and III

II only

III only

I, IT and III

2 2

26. Find the H.C.F., (Highest Common Factor) of 4x“yz, 6xy°z

and

H Y QQwr

8xyz2.

24x2y2z2
4x2y2z2

4xyz
Xy 2z

2x2y222

27, What is the L.C.M. (Least Common Multiple) of 2x2y, 3xz,

4y22

H Y Q w s

2 and Sxyz ?

x2y2z2

Xyz
6Ox2y222
60xyz

12Ox2y2z2

28, When an expression is divided by 3x + 15, the answer
obtained is 2x - 3 and there is a remainder of 2.

What is the expression ?

H O Q w

6x2 - 13

6x° - 17

6x° - x = 13
6x2 x - 13
6x2 + x - 15

+

29/.......-._..

~3J



B Y  w =

0 <37 < 100, theh cesecees

40 < x < 80
40 £ x € 80
60 ¢ x < 100
60 < x < 100
80 < x < 120

' A A
20. If EBA = 120° and DCA = 140°,

31.

52,

then FAB & DAC = .....
A 100°
B 120°
¢ 140°
D 160°
B Insufficient information -

~The

H Y Qwe

equation x +4 x4 _
5 -5 -
an infinity of solutions
a real, irrational solution
-one solution, x =0
two solutions, x = =4, x = <7
no solution

pa
-

has ® & 060 9 000 s 0

Tach of the equal angles of an istceles triangle is four
times as big as the third angle, Find the third angle.

=H O Q o =

15°
20°
25°
30°
36°

Z

-

3/ ossesces



33, If A =90° =D and’ ABC = DCB,

A

thell AABC EA... (ooocl)

H YU Q W =

DCB
DBC
DCB
DBC
DCB

(90°, H, S)
(90°, H, 8)
(s, 8, S)
(¢y ¢, 8)
(¢y ¢, 8)

34. A certain number is 5 more than half the number subtracted
from 40, '

H Y Q w

15
30
35
70
90

What is the number<?

35, All the pupils in Std 78 play hockey or tennis; 18 play
both games; 21 play hockey and 23 play tennis. How many
pupils are there in Std 7E ?

H U QQw kP

26 -
o

53
62

Information insufficient

36, In quadrilateral PQRS, PQ‘// QR
and PQ = PR = PS. If QFR = 80°,

£ind PRS.
A 65°
B 50°
c 80°
D 45°
E 55°

37/ eeecscnssccne



, 1C
A
37, If ACE = 140° and AB = AF = FC,

find ABD. : | A
A 80°
B 100° V
¢ 140°
—i
D 160° > B F c
E Impossible without more informstion.

%8, x énd 7 are the magnitudes of a pair of adjacent angles,
I.f X=720 a-nd. y=%x, then X+y is 6o ceossce0scooe

A a'straight angle
B a right angle

C an acute angle
D an obtuse angle
E a reflex angle

39, Which of the following is the sum of three consecutive

natural nunmbers ?
I 9 ) I 13 _ IIT 15

I only

IT only

I and IT
IT and III
I and III

H Y Q w =

40, TFind the three terms that correctly complete:

(2X»+ 3y)(3x- -oo) = 1000'+ 5Xy— o0
2
A 4Ls o6%x°3 12y
B 4y; 5x2; 7y2
C 4ys 6X2; l2y2
D 2y; 6x°; 6y°
£ 2 2

2y; 5%X73 Y7

41/...0..'0..0



11
41, If ABCD is a parallelogram,.
A

what is the size of AMB 2

A 459

B 90°

C X =Y

D 2X + 2y
B

180° - x + vy

42, This is a sketch of part of Kit's
circuitry. The length of the
network is 2x + 5 and the width
is x - 4. The total length.of wire, T, required to make

this network is eceeeee

= 4%° - 6% - 40
= 2%° = 3x = 20
2 -1

= 6x - 2

= l1lx -5

4 U QW >
H B3 3 8 32
it

43, Which of the following numbers is the largest ?

2 x 2 x 2
202
222
2
52
522

H Y Qwir

l.l..l‘.. If 52 - 42 x‘/Bl 9 then X = s060ee

H Y QwikF
WD RO

45/.0.'..0.....



=

(=)
N

45, What is the sum of the sizes of P
angles My, N, P, Q, R and S
shown in the sketch ?
A 180° M ~y
B 360° -
¢ s40° |
D 720° SR
E Insufficient information S
46, ABCD is a square.} CB is produced A
to P and PA is Joined. D
Calculate the value of x.
x 2
A 12
B 14
C .
18 P B c
D 20 ¢ 28 >
B

25

47, If h, k, m and n are positive integers and k >m and
n > h, which of the following are correct ?

H U Qwe

I n+h c2n be equal tc k + m
IT ¥+ h can be equal to n + m
ITII k¥ +n can be equal to m + h

1 only

IT only

I and IIT

I and II

I, IT and III

48/.'............



48, Three boxes, each 3 x & x 5, are piled on top of one
another. The lowest box lies on its 3 x 4 side; the
middle box lies on its 3 x 5 side, and the topmost
box lies on its 4 x 5 side. What is the height of
the pile of boxes ?

A 7
B 9
¢ 12
D 15
E 60

49, StraightAlines AB and CD intersect
at S, ASC varies from 20° to 150°.
. A
Between which limits will CSB vary 7

70° to 140°
30° to 160°
to 110°
20° %o 150° |
60° to 130° ; \SB

BH O Qw e
=
o
o

50. Bvery unit along the X-axis represents 3 metres and each
unit along the Y-axis represents 2 metres. Which figures

are squares ?
Yo 1o ! ! ' ]

iz el ]

1
e S s Al L

4

I only

II only

IV only

I and II

III and IV -

H YU Q W &

.51/..0006000960



51, If PS = 25Q, PT = 20T and PQ = 3% , find BS
, 3 o
P S Q T
A %
B 2/3
C 1l
D 3/2
B 2
. _ _Vertical change
52, If Gradient = Horizontal change ? y
/
what is the gradient of AB in the P
sketch ? ///////szO+;8)
A =2/1 :
B ~4/3
Al-4;2
C. 4/3 & E4:2) &
D -3/ ¢
E 3/4
53, x‘and y are both integers. Both are divisible by 7.
Which

= tiC? w

ONE of the following is NOT necessarily true ?

x+3y1i
X -y i
x+y5y1i
xy is 4

X2 +y2

s divisible by 7
s divisible by 7
s divisible by 14
ivisible by 49
is divisible by 49

Dh/esseasesssscose



Y

S

N
rey

)
2

B
Which ONE of the following is NOT true ?

ADBC = ADAB = aPBC in area

A

B ABCD = oaDBC + DCT in area.
C ABCD = DBCT in area

D &aPBRC = &CTD in area

E &aPBC = aoPC in area

55. Find the missing number:
' +11 =45 -5

-21 | +19 | =37

A 413
B -13
C +39
D =39
B -17

56, The difference between two numbers is larger than their
sum., From this can be deduced that:

The numbers must have different signs
Both numbers must be positive

Both numbers must be negative

At least one number is positive

H U Q w &=

At least one number is negative

57/..‘0..‘...........0



Ul

58.

59.

60.

The

O awr

=

The

H YU QW b

If
and

H U Qw =

missing number is ....

+F WO

2 6

54 18
4

64 16

cube rcot of 62 570 773 1S eeeecses

383
397
429
517
20 851

A o A o)
XT 1 YZ, XYZ = 56°, XZY = 72
A A
XD bisects YXZ, find DXT.

8%
14°
18°
49
26°

What is the smallest positive number h so that the sum of
is even for any

(X + 1) + (X +2) % taveennes

integer x ?

U Qwe

=

(NN BEE SN NS

+ (x + h)

6L/ veenncencns



el, If 1715 is calculated, what is the value of the last

62,

63.

digit, ie the "units" digit ?

H U Qo =
O 0 V1T W

Three squares with areas of
100, 16 and 81 lie side by
side as shown. By how much
must the area of the middle
square be reduced in order
that the total length, P3,
of the resulting three
squares be 21 ?

-
B 2
C %
D 8
B 12

100

1o

-1

T'ﬂ

A sack, W, contains S5kg white maize and a sack, Y, contains
S5kg yellow maize., 1lkg of yellow maize is taken from Y and

mixed with the white maize in W,

is put back into sack Y.

What is the ratio white maize

yellow maize

A 1/5

B 24/125
c 4/21

D %

E 6/25

inY ?

Then lkg of the mixture

.64/‘...0.0.000'00




64. If x has a value between 4 and 8, and y has a value
between 20 and 40, then ¥y + x has a value between .....

A 2% and 10
B 4 and 4C
C 5 and 10
D 8 and 20
B 2% and 5

65, How many factors of 2 are there in (].Ol'7 + 217) ?

A 34
B 18
C 17
D 2
E 1

66. If the base and the index of p (p # O) are doubled, and
the result is equal to the product of p and y, then'y
is equal t0 ceeve...

A 2
B 4
C »p
D 2p
E 4p

67, If x > 1, which of the following will increase in size
if x increases in size ?

I x-2 IT 1 ITI 4x3 - 2x°
X =X

A i only

B IT only

C IIT conly

D I and III

£ I, II and III

68/ aeerreernennnees



68. What is the length of arc PIR of a circle

with centre O, if the area of the right- P
angled triangle PCR is 32 ?
Q
A T
B 2w o R
C 4w
D 8r
B 16w

69, AABC has a = 3¢cm, b = 20m and 8 var%able. The graph
shows how the area of AABC varies as C varies, From the
graph, decide which of the following statements are TRUE,
I The area increases as 8 increases
1T The area is a maximum when 6 = 90°
IIT The area decreases as 6 increases from 90° to 180°

A ~AREA
A II and III
B I and II 3
¢ III only
D I only ' A
" T only - o q0° 180° c.

70, How much information do you need to answer the question,
" Is x a two digit number? ", if you are told:
I x2 is a three digit number
II 10x is a three digit number

(Assume x is a whole number)

A I alone is sufficient but II alone is not.

B II alone is sufficient but I alone is not.

c I and II together are sufficient, but neither
statement alone is sufficient.

D Pach statemznt alone is sufficient.

E More information is needed to answer the question.

pR oAl A I 4

PR R PP IR EE COTE R RS LRE CCLCEPELOEORR



APPENDIX C

COPY OF "REVISED" MULTIPLE-CHOICE
TEST

ANSWER SHEET

INVIGILATOR'S INSTRUCTIONS

COPY OF "REASONING" TEST



STANDARD 7 MULTIPLE-CHOICE TEST
MATHEMATICS TIME: 70 MINUTES

READ ALL THE INSTRUCTIONS BEFORE YOU BEGIN:

l. Print your name and class clearly in the space provided on
the ANSWER SHEET.

2. Select the ONE alternative which CORRECTLY completes the
statement or answers the question,

3, Indicate the answer you thinkAis correct by drawing a PENCIL
RING around the appropriate LETTER on the ANSWER SHEET.

4, Make no marks on this question paper - all necessary
calculations should be done on scrap paper.

5. You may NOT use a calculator.

6. Answer ALL the questions ~ if you are uncertain, make an
intelligent guess. You will NOT be peralised for incorrect
answers.,

EXAMPLE

l. 2a+5a+4a = ee0e0vooe

A, 7a
B. 9a
C. 10a
D. 15a
BE. 24a
ANSWER SHEET
l. A C D E



1, The interior angles of a quadrilateral are 7, 2y, ¥ + 20°

N o}
2. If ACE = 140 and AB = AF

3.

4,

and 2y + 40°,

A,
B.
C.
D.
B,

AN
find ARD.

A,
B.
C.
D.
E.

Solve for k:

Multiply:

H Y Q w e
L

45°
40°
559
50°

Insufficient information

80°
100°

Find the value of y.

FC,

140° >
160°

+64-a15
+32alo

14k = 5(2k + 1)

B

Impossible without more information

5/.........00



5.

X and y are the magnitudes of a pair of adjacent angles. If
x=72o a.nd y=gx, then X+y iS S 0000000000000 00 0

H O Q w =
®

a straight angle
a right angle
an. acute angle
an obtuse angle
a reflex angle

7.

_ _ 2l . PS
If PS =25Q, P =2QT and PQ = 33, find o
P 5 Q T
A, %
B, 2/3
Ce 1l
D, 3/2
E, 2
Divide (6%° - x° = 4x - 1) by (2x + 1)
A, 3x° -1
B, 3x° -x-1
C. 3x2 -2X - 1
D, 3x2 +xXx -1
E, 3x° + 2x - 1
Find the H.C.F. (Highest Common Factor) of 4x2yz, 6xy2z

8.

and 8xyz2.

A,

H Y aw

24x2y2 2

4x2y2z
Y4xyz
2Xyz
2x2y2z2

M

9/....0......



9. Find the missing number:

S 411 | a5 | - s
A, +13 C
- B, ~13, =29 +3
C. ' +39 ) L : ..5_,,ﬂv
D, =39. e - =21 +19 -39
E. -17. y ’

10. Subtract ya.- 4 from =3y + 1

Ao' 2y + ‘5 ~-

B. 43° -5 | .
C. -4y2v+ 5
D. y2_+3y-5
E. -y>-"3y.+5
11. The missing number is .........
| 2 6
: s | 18
A, O
B, 1 4
c, 2
D, 3 s | 16
E. &4

12. The cube root of, 62-570 773 is_..;..;;.....,

383_.

A, .

B, . 397 - v G
C. 429

D, 517

E, 20 851

13/7........-‘.....




16, If ABCD is a parallelogram,
A
what is the size of AMB ?

450

90°

2x + 2y

180o -y + X
180°% - x + y

[

H Y9 aw ke

17. x and y are both integers. Both are divisidle by 7. Which
ONE of the following is NOT necessarily true ?

. X + Yy 4is divisible by 7
X =y 1is divisible by 7?7

X +y 1is divisible by 14
xy is divisible by 49

%° + y° is divisible by 49

H U Qwe

18, This is a sketch of part of Kit's
circuitry. The length of the
network is 2x + 5 and the width
is x - 4, The total length of wire, T, required to make

this network is seeeces

4x2 - 6xX - 40
= 2x° - 3x - 20
2 - 1

= 6x - 2

= 1llx - 5

L]

H YU Qw i
L

H 13 3 B8 3
]

lg/......‘.....
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19. Three squares, with areas of 100, 16 and 81, lie side by side
as shown. By how much must the area of the middle square be
reduced in order that the total length, PQ, of the resulting
three squares be 21 ?

A, W2

B. 2 100
- 81
Coe 4 | "
D, 8
E. 12 P @

T

20, If h, k and n are positive integers, k >m and n > h,
which of the following are correct ?
I n+h can be equal to k + m
II k+h can be equal to n + m
111 k+n can be equal to m + h

A, I only

B, ITI only

c. I and III

D. I and IT

E. I, IT and TIII

21. If 60 < y < loo’ then ® 0000006000

80

A, 40 < x <

B, 40 ¢ x < 80
Ce 60 < x < 100
‘D, 60 < x < 100
E. 80 < x <120

22/-.-........-



22. A certain number is 5 more than half the number subtracted

from 40,

23, Multiply

o, Ir 52 - 42

H O Q w e

B O Q w
.

H 9 Q w »
[ ]

What is

15
30
35
70
S0

F W PR O

the number ?

x"Bl ’ then X = coecoe

25, If x > 1, which of the following will increase in size if
X increases in size ?

I

1
*Tx

I only
II only
III only

1T -fg-l—- IIT 4% - 2%°

X - X

I and III
I, IT and III

26/0....00.000
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26, The equation ZL%%& - ZL%%‘

O has .l...........

. an infinity of solutions

a real irrational solution

one solution, x =0

two solutions, x = =4, X = =7

t*jU..Otxlib

no solution

27. Simplify 2 x 2% x 27

A, et
B, &l2
c, &b
p, oLl
B 512
A o A o '
28, If XT LYz, XYZ = 56°, XZY = 72 X
and XD bisects YXZ, find DXT.
A, 8°
B, 14°
¢, 18° <
D oy0 S 72
’ = yA
E. 26° ! D '

29, If x has a value between 4 and 8, and y has a value between
20 and 40, then ¥ + X has a value DEtWEen eeeeoeseeeesens

A, 2% and 10
B, 4 and 40
C. 5 and 10
D. 8 and 20
B,

2% and 5

30/.0.l.‘.0l0.



30. What kind of quadrllateral
is PQRS ?

A, kite

B. trapezium

C. ©parallelogram
D, rhombus

E. no special kind of quadrilateral

31. What is the length of arc PQR of a circle
with centre O, if the area of the right- P

angled triangle POR is 32 ?
QL
A. ®
B. 2* O R
C. 4
D. 87!
E. 16=
'32. Find the value of the following expression if p = =2
and q = -1: 1
‘/ 4p2 - 24pq + 36q2
A. 2
C. 4
D, 10
Ee. 100
A
A
33, DB blsects B and DC blsects C.
If D = 1220’ then A = o0 ee
A, 58° D
B, 61° -
c 62°
* C
D, 64° B

E. Insufficient information 3/ eeesocnes



34. In quadrilateral PQRS, PS // QR
A
and PQ = PR = PS. If QPR = 80°,

find PRS.
A, 65°
B, 50° |
c, 80° Q
p. 75°
E. 55°

35. Express as a single fraction:

2 _ 3 _ X =4
y P8 Xy
A, 1
Xy
B. X = 37 + 4
Xy
Xy
D, X = 3y + 4
x2y2
Eo S 3y - 4
x2y2

Y



MUITIPLE-CHOICE TEST ANSWER SHERT

NAP‘E: 'Q....l.......l..ll.l..lll.‘.l CLASS: ® 9 e 0 a0 0 CODE:

Indicate the answer you think is correct by drawing é PENCIL RING
around the LETTER representing that answer on this answer shees,

1. A B C D E 19. A4 B C D T
2. A B C D = 20, A B C D E
3, A B C D =® 2. A B C D W
4, A B C D T 22, A B3 C D =®
5. A B C D E 23, A B C D E
6. A B C D E 24, A B C 'D E
7 A B C D = 25, A B C D E
8. & B C D = 6. A B C D E
% A B ¢ D E ; 2% A B C D .
0. A B ¢ D T ' . 28, A B C D E
1. A B C D = | 29. A B3 C D =&
12, A B ¢ D = | 30, A 3 C D =
13, A B C D E ; 32, A B C D =T
4., A B C D E | 32, A B C D &
15. A B C D E 3, A B C D =
6, A B C D E 3, A B C D =®
7. A B C D E 35, A B G D T
18. A B C D E

Have you answered AILL of the quesvions? If you have missed some,

return to these and malke an intelligent e3S.
@)



-NSTRUCTIONS FOR INYVIGILATORS

l. FLEASE READ THROUGH THE INSTRUCTIONS ON THE FAFEF WITH FUFRILS

.2[ FENCILS SHOULD EE USED TO MARE ANSWERS. CHANGES MAY BE ERASED OFR
CROSSED QUT AS INDICATED: :

AB@/D@)

IN THIS CASE "E" WOULD EBE REGARDED AS THE SELECTED ANSWER.

2. AFTER 70 MINUTES. TELL FUFILS TO CHECKE THAT THEY HAVE ANSWERED ALL
‘ THE QUESTIONS. IF THEY HAVE OMITTED TO ANSWER ANY QUESTION/S,
THEY MUST RETURN TO THESE AND GUESS.

IT IS YERY IMFORTANT THAT EVERY QUESTION IS ATTEMFED.

4. FPUFPILS WILL REQUIRE ONE OF TWO SHEETS OF ROUGH WORKING FAFEF.
FLEASE EMFHASISE THAT NO MARKS SHOULD BE MADE ON QUESTION FAFERS.

THANE. YOU FOR YOUR HELF AND COOFERATION.



STANDARD 7 REASONING TEST | TIME: 30 MINUTES

NAm: .0.0...000ooo.oo.looott...oo. CIJ-A-SS: ® 0 0000 0 CODE: oo 00000

24

Print your name and class clearly in the space provided.

Unless you are instructed otherwise, insert your'FINAL answer
in the BOX provided.,

3. You may do any necessary calculation in the space below each
question.,

4, TYou may NOT use a calculator.

l. Of three men, Jones, Smith and Davis, two eat beef, two eat

pork and two eat mutton. One of them eats neither pork nor
mutton, and the one who doesn't eat mutton, doesn't eat beef
either. If Jones eats either of the two and Smith does
likewise, describe the meat eating habits of the three men,

JONeS €8TS ceeececccoccccccocncss
Smith eats oaooooooooooooooaoo;oo

DaVis eats ® 0000600000000 000000000

2, Arrange the first 13 natural numbers in the 13 circles so

that each set of 3 numbers in a straight line along any
diameter has a sum of 21.

3/000..0......0




3.

&,

Se

6.,

70

The cold water tap can fill a bath in 6 minutes 40 seconds,
The hot water tap can fill the bath in 8 minutes. If the
bath is full, it takes 13 minutes 20 seconds to drain when
the stopper is removed. How long will it take to fill the
bath if both taps are fully open and the stopper is out ?

If the circle has diameter 1lOcm.,
how long is AB ?

A' 4

'P
Find the missing number: 8; 10; 15; 263 ...

Find the word in brackets: 53(DICE)9%4
. 54'(6000)16

20 men stand in a line at regular intervals of 4 paces apart.
They are told to spread out from the left, (that is the
left-hand man is to remain where he is) till they are 6 paces
apart. How many paces should the right-hand man move ?

8/..‘0...'0'.



5

8. 32 men are employed to do a piece of work, and, after 15 days
have completed four~-ninths of the work. 12 of the men are
then drafted to another Job, and work proceeds for 8 days
with only 20 men. How many extra men must then be employed
%o finish the whole job in 10 days more ?

9. 3 ducks are worth 5 chickens, and 4 geese are worth 9 ducks.
If a chicken is worth R2,04, what is the value of a goose ?

10, Three boys, A, B and C run a 100m race; A beats B by Sm and
C by lém. If B takes 11,2 seconds for the full distance,
how long does C take ?

8eloBeRebeBefeRo8e8efl BB o8 RelBefSe e BBl 8 BeRele



APPENDIX D

COPY OF "NEW" MULTIPLE-CHOICE TEST

INVIGILATOR'S INSTRUCTIONS

ANSWER SHEET



MATHEMATICS

Multiple-Choice Test Time: 75 minutes

READ ALL THE INSTRUCTIONS BEFORE YOU BEGIN:

6.

1. Print your name and standard clearly in the space provided on
the ANSWER SHEET, ' :
2. Select the ONE alternative which CORRECTLY completes the
statement or answers the question.
3. Indicate the answer you think is corre¢t by drawing a PENCIL
RING around the appropriate IETTER on the ANSWER SHEET.
&4, Make no marks on this question paper - all necessary
calculations should be done on scrap paper.
5¢ You may NOT use a calculator.
N.B.: 7TYou must answer ALL of the questions -~ 1f you are
uncertain, make an intelligent guess. You will NOT be
penalised for incorrect answers,
EXAMPLE :
1. 2&+3a+4a = A EEEEE)
A, 7a
B, Oa
C. 10a
D, 15a
E. 243
ANSWER SHEET
1. A C D B



1. Simplify 2 x 2% x 27

A
B
C
D

E.

gl2
§29
o1l
12

2, Find the value of the following expression if P =~2 and

q==1:

‘/ 4p2 - 24pq + 36¢.12

5. 'In quadrilateral PQRS, PS // QR and

PRS.

4, Find

PQ = PR = PS, If QFR = 80°, find

the H.C.F. (Highest Common Factor) of uny;, 6xy22

8:qyz‘2 .

A,  24xPyPg2
B, 4x2y222
Ce 4xyz

D, 2xXyz

B, 2x2y2z2

5/00-.00000;?00



5. Express as a'sing1e_fract1on=

2 .3 _ zx=-t

J X Xy

Xy
C. X -3y -4
= ,

"D, X = + 4
X

- Xy

6. Simplify  (p%q* + pg®)2 + p2*

A, phoB
B. 2p q8
C. 2P q

D, pta* + ot

2 24

E. 2pqa” +p Q’

7. DB bisects B and DC bisects C
If D = 122°, then A = .....

A, 58°
B. 61°
c. 62°
D, 64°

E, Insufficient information

C

8/00000-0000000 '



8, If x has a value between 4 and 8, and y has a value between
20 and 40, then Y + X has a value between 2005000t 0e0sen

2% and 10
4 and 40
5 and 10
8 and 20
2% and 5

9. The equation %’,—l& - x—}t—z = 0 has‘.............

A,
B.
C.
D.
E,

10. You are given two white tiles and two black
Tiles with which to £ill the rectangile.
How many different patterns can you make ?
(No broken tiles ! )

A . o A o
11. If XT L YZ, XY% = 56, %ZY = 772
and XD bisects YXZ, find DXT.

A.
B.
C.
D,
E.

an infinity of solutions

a real irrational solution

one solﬁtion, Xx=0 _

two solutions, x = =4, x = =7
no solution

80

12/...0...0'....



12.

13.

14,

15.

What is the sum of the sizes of N
angles M, N, P, Q, R and S
shown in the sketch ?

A,

B,

C.
D.
E.

180° T
360° Q
540°
220° .
Insufficient information _

S

A certain number is 5 more than half the nnmber subtracted
from 40, What is the number ?

A,
B,
c.
D.
B,

This is a sketch of part of Kit's
circuitry. The length of the

network is 2x + 5 and the width
is x - 4. The total length of W1re, T, required to make

15
30
35
70
90

this network is cececscncns

A,
B,
_C.
D.

E..

4x° - 6% - 40

T =

T = 2x° - 3x - 20
T = 3x -1

T a 6x =2

T = 1llx -5

The interior angles of a quadrilateral are y, 2y, y+20°
and 2y+40° Find the value of y.

A,
B,
C.

D
E.

50°
Insufficient information _ 16/ 00 eeasnnene



Examine carefully the algebraic expressions below. In each case
select the statement which is appropriate to the expression.

True for all values of x
False for all values of x
False for all negative values of x
False for all positive values of x

16, x<x + 2
17. x >2x
18, x2 > X
A,
B,
C.
D,
E. False when O
19, Multiply a +m by
X -3
A.o -l
B. 0
C. 1
D. -n
E. X = y

£x<g1

20. If x > 1, which of the following will increase in size if
X increases in size ? ‘

I x=-% II
A, I only

B, IT only

c. III only

D, I and III

B,

I, II and III

_zl-- IIT 4x° - 2%°

21/.............

5



A
21, If ACE = 140° and AB = AF = FC,

23,

24.

£ind ARD.
A, 80°
B. 100°
Cc, 120°
D. 140°
E.

A

D B F C

Impossible without more information

(=222« —4a3

Multiply:
A. "83.10
B, -=32al€
C. =—64al?
D, +64—a15
E, +32a10
If 60 <y <100, thell seeescoses
A, 40 < x < 80
B, 40 € x < 80
C. 60 < x g 100
D. 60 < x < 100
B, 80 < x < 120
A P D T .
/N R
B Cc -

Which ONE of the following is NOT true ?

A,

B
C
D.
B

.

A DBC
ABCD
ABCD
aPBC
A PBC

oDAB = 4PBC in area
ADBC + aDCT in area
DBCT in area

ACTD in area-

APPC in area
25/0.....-0.00..‘



.o _ 7
25, x and y are both integers. Both are divisible by 7. Which

ONE of the following is NOT necessarily true ?

A, x + 3 is divisible by ?
B. X -3y is divisible by 7
c. X +y is divisible by 14
D, xy is divisible by 49

E. x°+ 732 is divisible by 49

26. Three squares, with areas of 100, 16 and 81, lie side by side
as shown. By how much must the area of the middle square be
reduced in order that the total length, PQ, of the resultlng
three squares be 21 ?

A, 42
B, 2
C. 4 ’ 100 8\
D. 8 | e
E. 12 | "

27. The solid lines in diagrams (a) and (b) show two different
paths between M and N, What is the length of the path in
diagram (b) ?

(a) M (b) M
/I ‘,/
'v/ 'v,’
s e
ol - < d
N 1 N
A, 4
B, 5
C. 6
D. 8
E. 12

28/..0..00.000.0



28. X and y are numbers as indicated on the number line below.
Which arrowhead ( A; By C, Dor E ) indicates a number
that could represent the product of x and y ?

A B C D B

B S S S §

v

29. In this quest:.on, the symbol [x] means 'the largest mteger
which is less than or ‘equal to x'.
eg [4%] = ,‘4 _ ,
Which ONE of the followmg statements is correct for al‘I
values of x greater than 1 ?

A, x[x] = x°
B x +[x] = 1,
C. [x+1] = [x] + 1

'D. [x(x-1)] [x] [x--ﬁl]
8 Do 3["3

30, The numbers a, b ¢ and 4 are such that a »> b >e d
Now study this reasoning:

(a v+ vb) (¢ + d) |

>
A, a > (c+d=09)
B. -a » (=c =4 +b)
C. .. @=-2a) > (b=c)
D, - (@#4¢) > (b+a)

If you think the reasoning is éomplvetely sound, circle the
letter E on the answer sheet, otherwise, circle the letter
corresponding to the first step in which an error occurs.




MUITIPLE-CHOICE TEST ANSWER SHEET

Indicate the answer you think is correct by drawing a PENCIL RING
around the IETITER representing that answer on this answer sheet.

1. 4 B ¢ D E _ 186, A B C D E __
2. A B C D E __ 7. A B ¢ D B _
3, A B C D B __ 8. A B C D E —
4, A B € D B  __ 19. A B C D E __
5. A B C¢C D B __ 20. A B C D E __
6. A B C D E __ 2, A B C D E _
9% A B C D E __ 22, A B ¢ D E __
8. A B C D B __ 25, A B ¢ D E __
9. A B C D E  __ 24, A B C D EB __
0. A B ¢C D E  __ 25, A B C D E __
1. & B ¢ D E __ 6. A B C D E __
2. 4 B ¢ D E _ 27, A B C D E _
13, A B C D E _ 28, A B C D E __
. A B C D B __ 29. A B ¢ D E __
1, A B C D E 0, A B C D E __

Have you answered ALL of the questions ? If you have missed some,
return to these and make an intelligent guess. '

CODE: * & & &5 o 5 s 0 0 * o @




APPENDIX E

CHI-SQUARE CONTINGENCY TABLES FOR STANDARD 10

PUPILS OF SCHOOLS A, H AND E COMBINED



APPENDIX

E

CHI-SQUARE CONTINGENCY TABLES FOR STANDARD 10 PUPILS

ITEM

ITEM

ITEM

ITEM

ITEM

ITEM

ITEM

ITEM

OF SCHOOLS A, H AND E COMBINED

ft

37 21| 58
31 23| 54
68 45 | 112
41 17| 58
32 22| 54
73 39 | 112
40 18| 58
25 29 | 54
65 47 | 112
44 14 58
30 24| 54
74 138 | 112
58 0| 58
40 14| s4
98 14 | 112
35 23| 58
15 38| 53
50 61 | 111
46 12| 58
35 19| 54
81 31 | 112

Chi-Square
P

Cannot Reject

Chi-Square
P

Cannot Reject

Chi-Square

P

REJECT Ho

Chi-Square
P

REJECT Ho

Chi-Square

p

REJECT Ho

Chi-Square
P

REJECT Ho

Chi-Square
P

]

at

at

1}

at

at

0,24783

00,6186

Ho

1,1456
0,2845

Ho

5,0066
0,0255

0,05 Level

4,278
0,0386

0,05 Level

14,897
0,0001

0,02 LéVel

6,4219
0,0113

0,02 Level

2,2559
0,1331

Cannot Reject Ho



ITEM

ITEM

ITEM

ITEM

ITEM

ITEM :

ITEM

ITEM

9

ITEM 10

11

12

13

15

16

17

45 13| s8
32 22| 54
77 35 | 112
48 10| s8
42 12| 54
% 22 | 112
49 9| 58
39 15| 54
88 24 | 112
36 22| 58
23 31| 54
59 53 | 112
48 10| 58
21 33| 54
69 43112
50 8| 58
36 18 | 54
86 26 | 112
5
51 58
48 54
99 13 | 112
40 18| 58
38 16| 54
78 34 | 112

Chi-Square 3,5604
P = 0,0592

Cannot Reject Ho

Chi-Square 0,18061
P = 0,6709

Cannot Reject Ho

Chi-Square 1,8216
P = 0,1776

"Cannot Reject Ho

Chi-Square 3,5098
P = 00,0610

Cannot Reject Ho

Chi-Square = 20,937
P = 0,0000

REJECT Ho at 0,02 Level

4,9439
0,0262

Chi-Square
P

REJECT Ho at 0,05 Level

0,018783
0,8910

Chi-Square
P

. Cannot Rejeét Ho

0,009417
00,9649

Chi-Square
P

Cannot Reject Ho



ITEM

ITEM

ITEM

ITEM

- ITEM 19

20

21

22

ITEM 23

24

ITEM

ITEM -25

~ Chi-Square

52 58
31 23| 54
83 29 | 112
56 2| 58
38 16 | 54
94 181 112
52 6| 58
37 17| 54
89 23| 112
53 58
46 54
99 13 | 112
49 9| 58
35 19 | 54
84 28| 112
47 11| 58
36 18 | 54
83 29 | 112
49 9| 58
38 16 | 54
87 25| 112
49 9| 58
30 24| 54
79 33 | 112

[}

13,521
00,0002

Chi-Square
P

REJECT Ho at 0,02 Level

12,336
0,0004

Chi-Square
p

REJECT Ho at 0,02 Level

6,4154
0,0113

Chi-Square
P

"REJECT Ho at 0,02 Level

0,52915
0,467

Chi-Square
P

Cannot Reject Ho

4,768
0,029

Chi-Square
P

REJECT Ho at 0,05 Level

. Chi-Square = 2,3063

P = 0,1289

Cannot Reject Ho

2,4497
p = 0,1175

Cannot Reject Ho

Chi-Square 9,9104
P = 0,0016

REJECT Ho at 0,02 Level



ITEM 26 37 21 58 Chi-Square = 0,79623
29 5 54 ' P = 0,3722.
66 46| 112 Cannot Reject Ho
ITEM. 27 50 8] 58 Chi-Square = 0,17888
44 10 54 P = 00,6723
94 18’ 112 Cannot Reject Ho
ITEM 28 56 2] 58 Chi-Square = 17,916
34 20 54 P = 0,000
%0 22112 REJECT Ho at 0,02 Level
ITEM 29 27 31 58 Chi-Square = 10,122
9 45 54 ' P = 0,0015
36 76 112 REJECT Ho at 0,02 Level
ITEM 30 49 9 58 Chi-Square = 8,7621
31 23 54 P = 0,0031
80 321 112

REJECT Ho at 0,02 Level
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SURVEY OF THE LITERATURE PERTAINING TO CHAPTER THREE

PREDICTION OF ACADEMIC PERFORMANCE:

Lavin (1965) presents three possible reasons for scholarly
interest in the prediction of academic performance:

1. The tremendous increase in the student population
matched with no commensurate increase in educational
facilities resulting in the necessity of selecting those
who are most likely to benefit from the existing resources
and excluding those on whom these resources would

ultimately be wasted.

2. The identification of the'outstandingly talented in
order to develop such talent invthe scientific and
technological spheres in the hope that these gifted
individuals may take the lead 'in finding solutions to
future national and international problems. .

3. Development within the social sciences leading to the
serious and concerted study of education.

ABereiter (1976) cites two reasons, namely, human resource
development and individual development. Fox (1976)
elaborates on these and sees prediction of academic
performance as. a necessary part of educational planning

for the most economic use of resources and the optimum
development of the individual's talents. Stanley (1976),
Bereiter (1976) and Fox (1976) all sound warnings concerning
the use of tests for the purposes of selection and prediction.
They emphasise that test validity is never perfect and

there is always the certainty that a number of‘"false
positives" will be included and some “"false negatives"

will be excluded. To counter this Bereiter suggests that
several tests should be administered, thereby reducing the
possible error. Stanley contends that although test
results can never capture all the talent nor exclude all



those whose ability is slightly insufficient, nevertheless
testing remains the fairest predictor, that is, testing
produces the fewest errors. He stressed the point that
any test employed should be of "appropriate difficulty",
that is, that it should provide ample "ceiling" to enable
the exceptionally talented to score above the marginally
less talented. He added, however, that although high
scores on standardised aptitude and achievement tests are
probably the best single clue to high potential, such
evidence should be corroborated and supplemented by further
testing and perhaps by teacher recommendation.

Fox (1976) notes that when plans for the future education
of an individual are to be made, it is not enough to have
some knowledge of general ability, that is, it is not
enough to know the student's I.Q. score. She contends
that knowledge of a high score on an intelligence test may
provide an estimate of higher learning potential, but
reveals little about the indiwvidual's level of achievement,
special abilities and interests.  Fox asserts that the
educational planning process is made more efficient when
the student's interests, as well as his level of ability
in particular subject areas are known. She warns those
involved in educational planning for students that the
pupil who shows no interest or enthusiasm in a subject or
who is not motivated to learn that subject will not
succeed simply on the basis of forcing by well-intentioned
parents. Furthermore, poorly developed patterns of
interests and the irresistable pull of peer pressure
during the early teens may make pupils (éspecially girls)
reject the study of certain subjects (especially
mathematics) initially or cause a lack of interest or
disenchantment with the subject. Such a reaction from a
pupil in the South African system (particularly in
mathematics) is fairly serious since it is not possible

to "pick up" the subject at a later date and it is very
difficult to regain lost ground in foundation work at the

standard nine or ten level.



Stanley (1976), Fox (1976), Bereiter (1976) and Sherman
(1979) all agree that prediction of academic performance
is much too complex to be based on a single measure of
general ability alone. Fox (1976) stressed the
importance of the student's interest in or liking for the
particular field of study as well as motivational factors,
that is, powerful driving forces such as career or
tertiary educational aspirations which may fuel the
student's efforts in certain subjects.

Sherman (1979), in a study designed to establish

cognitivénand affective variables which might be
predictive of success in Senior High School Geometry,
Problem Solving and Theoretical Mathematics (Advanced

Algebra, Trigonometry, Precalculus and Calculus) j
investigated the relationships between these and nine

independent variables:

Cognitive: Ninth grade scores in (i) mathematics achievement
(ii) vocabulary
(iii) spatial visualization

Affective: (i) confidence in learning mathematics

(ii) perceived attitudes of (a) pupil's mother,
and (b) the pupil's father towards the
study of mathematics

(iii) amount of encouragement from the teacher

(iv) the pupil's attitude towards success in
mathematics

(v) perception of mathematics as a male domain

(vi) perceived usefulness of mathematics

(vii) effectance motivation in mathematics, that
is, a joy in solving mathematical problems.

Sherman posed two questions, namely, would such cognitive

and affective variables measured in the ninth grade predict
mathematics achievement in grades ten through twelve, and
would the relationships be the same for both boys and girls?|



She found that in tenth grade ten of the eleven variables
did, in fact, correlate significantly with female
mathematics achievement, whereas for males only four of
the eleven variables were significant. Correlations
which were significantly higher for females than for

males were the perceived usefulness of mathematics, the
perception that mathematics is a male domain and
mathematics achievement in the ninth grade. Results in
the eleventh grade were different. For the females the
affective variables made a better showing than the
cognitive variables, particularly mathematics confidence,
usefulness of mathematics and effectance motivation.

For the males two variables were significantly correlated
with grade eleven mathematics achiévement,‘namely, ninth
grade mathematics achievement and effectance motivation.
For girls in the twelfth grade, three variables correlated
positively and significantly with Theoretical Mathematics,
ninth grade mathematics achievement, spatial visualization
and effectance motivation; six of the eleven variables
were significantly related to problem solving for twelfth
grade girls, namely, ninth grade mathematics achievement,
vocabulary, spatial visualization, mathematics confidence,
attitudes towards mathematics of the parents and
encouragement received from the teacher. Problem
solving skill has been defined as the ability to solve a
mathematical problem without possession of a standard
solution or procedure as a guide - a skill thought to be
particularly “problematié" for girls (Maccoby and

Jacklin, 1974).

In general, Sherman (1979) found that ninth grade
mathematics achievement showed significant correlation
with the criterion variables in five out of the six
analyses; spatial visualization, confidence in learning
mathematics and effectance motivation showed significant
relationships in four out of the six analyses. Further-
more, she found that relationships tended to be higher
for females than for males and that there was evidence



that girls with talent for mathematics fear success in
mathematics to a greater extent in the ninth grade because
it makes them seem peculiar or masculine. She concluded
that the ninth grade data did successfﬁlly'predict later
performance to a greater or lesser extent, and that in
general, the affective variables showed less predictive
power than the cognitive variables.

These findings roughly substantiate the findings of
Lindvall (1967) who stated that the best predictor of a
student's success in a subject area is probably the record
of his previous achievement in that sphere (or related
sphere) . On the subject of mathematics he had this to

say:

"The scores that a student makes on mathematics achievement
tests covering his seventh and eighth grade work are a good
predictor of success in high school algebra; since the same
factors that have influenced past performance are likely to be
the major detemminers of future achievement. However, there
are occasions when supplementary evidence is essential.”

¥

He explains that records of previous achievement in a
subject area may present cdnflicting evidence owing to,
for example; poor study habits. In such a case an
aptitude test in that subject area would be useful in
underscoring the individual's potential given that his
study methods could be improved. Since efficient study
methods are partly dependent upon the student's attitude
towards the subject and his ability to persist with
difficult tasks, improving study methods may involve some
knowledge of the student's interests and attitudes to work.
If the student happens to be a female her attitude towards
mathematics may be coloured by the stereotyping of
mathematics as a male preserve. It is this interaction
among variables that makes the prediction of academic
performance so complex an issue. Lavin (1965) points

out numerous problems and difficulties in the area of

academic prediction:



1. The traditional criterion for success has always been
high scores in tests and examinations. Lavin cautions
that before these are seen as inherently good, it should
be determined exactly what kind of success is to be
predicted, for example, fairly narrow success in future
educational goals, future success in some career or
future success as a well-adjusted adult human being. In
the case of the latter two perhaps some measure of
intellectual curiosity, critical-mindedness or creativity
would be more useful than test scores.

2. Some variables in education are uncontrollable, which
makes the sources of variation very difficult to determine.

3. There is the possibility that measures with similar
conceptual labels are really quite dissimilar.

4. The converse problem is that very often variables with
different labels are not independent of each other or are
"tainted" by yet other variables, for example, "interest"
in a subject may be a measure of a student's desire to A
"get on in life", or it may be related to his desire to
please some significant other rather than fascination with

the subject content.

5. Given some positive relationship between variahles,

how is this relationship to be interpreted? " Can linearity
be assumed? Correlation methods assume that the overall
correlation is equally representative at all levels of
intelligence, but one may find that ability measures are
predictive in some segments of the range but not in others.
McClelland (1958) poses the question, '

"...what evidence is there that intelligence is not a
threshold type of variable, .that once a person has a certain
minimal level of intelligence his performance beyond that
point is uncorrelated with his ability?"
Apart from the issue of threshold effécts, the exclusive
use of linear correlation methods may hinder the discovery
of curvilinear relationships between predictors and academic



performance, for example, the relationship between test
taking anxiety and examination performance. It seems
reasonable that very low levels of test taking anxiety
might result in low scores; moderate levels of anxiety
might result in high examination scores and very high
levels of anxiety might result in low examination scores.
If this were so, a linear correlation coefficient could
not accurately reflect the actual relationship between
the two variables. '

6. The interpretation of very high and very low
correlations creates certain difficulties. Should the

low correlation variables be discarded? Do the high
correlation variables indicate a causal relationship?
Causal relationships can be extremely difficult to
determine where sequence cannot be established - the cause
precedes the effect in time. All too often the relation-
ship is a feedback relationship where the two variables

are interdependent and "feed upon each other", for example,
high self-confidence and high performance. However, Lavin
goes on to point out that it is frequently sufficient to
know that a variable does predict performance and that the
question of why it predicts is of lesser importance. This

is known as the "actuarial approach".

Lavin lists four groups of basic correlates of academic
performance - ability, sex, socio-economic status and
personality factors. He urges researchers to separate

the sexes in all iEilees bggggge although the wvariables
may 52‘?ﬁ§:§253”§br méiééﬂ;hduggagiggt-the relationships
between the variables may very well be quite different. >
Likewise, he advises that social class should ke controlled
in all studies. He contends that socio-economic status
consistently exhibits a positive association with academic
performance. He points out that evidence suggests that
socio—economic status summarises a variety of personality
characteristics, that is, the social classes differ in
terms of behavioural patterns such as child-rearing.

These patterns, in turn, may be determinants of personality



characteristics and values that are related to acadenmic

achievement.

He contends that although ability measures are the best
single predictor of performance, they account for less
than Egﬁﬂgj_;Q@Lygfiation in academic performance.
Personality factoréthalthough less consistent predictors,
according to Lavin, nevertheless are of notable importance.
He lists the following variables, while reminding us that

many of them are interdependent:

—Motivational factors - anxiety, achievement motivation,

J _
//level of interest (this could mean liking for a subject,
or it might reflect a need for affiliation or a desire

for upward social mobility).

:;) Personality style - degree of independence, impulse control

(persistence), introversion.

Self-concept - this is related to ability and may be

~— 7 "tainted" by previous performance.
e

Study habits and attitudes toward study - a belief in the

value of intellectual pursuit and education in general
are positively related to academic performance.

SUMMARY:

The studies reviewed here'represent a time span of more than
two decades. Researchers have attacked the problem of
prediction from different standpoints and in different ways
but there is general agreement among them. All emphasise
the complexity of the issue and warn against too glib
interpretations from collected data. There seems to be
consensus that the intellective factors, such as previous
performance in the subject field, make the best single
predictors, while not denying the existence and importance
of motivational and personality wvariables which are often’
difficult to define accurately because of their inter-

dependence.



SURVEY OF THE LITERATURE PERTAINING TO CHAPTER SIX

SEX DIFFERENCES IN MATHEMATICS:

Investigations consistently indicate that males outperform
females on tests of mathematics achievement. Much research

has been directed at explaining this phenomenon.

One avenue of investigation has been to examine mean
differences between males and females in variables related
to mathematical performance (Armstrong, 1981; Benbow and
Stanley, 1980). Another avenue of research has been to
investigate differences between males and females in the
extent to which explanatory variables are correlated with
mathematics achievement (Fennema and Sherman, 1977; Pallas
and Alexander, 1983; Sherman, 1979).

Findings have often been contradictory and no consistent
explanation for sex differences in mathematics achievement
has been produced. The one clear conclusion from all the
research is that the superiority of boys' performance in
mathematics is not contingent upon some unitary trait or
aptitude. Studies have been aimed'at uncovering a
multiplicity of explanatory variables, some biological,
some psychological and some sociological. Most researchers
come to rest on the conclusion that sex differences in
mathematics performance are due to some complex interplay
of sociological factors; however, the influence of one
cognitive factor, namely, spatial ability, or, more
precisely, spatial visualization, has been attracting the

attention of many researchers.

It has been suggested that spatial ability is partly an
inheritable trait since performance on some spatial tasks
has been shown to be resistant to environmental influences.
Furthermore, it was hypothesised that spatial ability may
be carried by a recessive gene on the X-chromosome, and |



that whenever the recessive trait is present that it would
be manifest in male behaviour. Since differences between
the sexes in mathematical performance are not in evidence
until adolescence, this theory does not seem to hold up,
unless the development of spatial ability could, in some
way, be affected by changes in levels of the sex hormones,

androgen and estrogen during the adolescent years.

Spatial ability itself is difficult to define and different
researchers investigating this construct may be examining
different aspects of spatial ability. This certainly must
contribute to the inconsistent results that are reported
and makes the drawing of conclusions from these results an
uncertain task. Sex differences have, most consistently,
been discovered on tasks involving spatial visualization.
This revolves around the visual imagery of objects,
movements of the objects or changes in their properties,
that is, the ability to manipulate objects mentally or in
the "mind's eye". It has béen found (Sherman, 1979;
Maccoby and Jacklin, 1974) that from adolescence males

have superior spatial wvisualization and, furthermore, that
spatial visualization is related to mathematics achievement
differently for males and females. Fennema and Sherman
(1977) using the DAT Spatial Relations Test, found that

the correlation between mathematics achievement and spatial
visualization was approximately as high (r = 0,5) as the
correlation between mathematics achievement and verbal
ability. In addition, it seemed that spatial wvisualization
scores were more highly predictive of mathematics performance
for girls than for boys ‘(Sherman, 1980). This finding has
had some support from other studies (Fennema, 1981) which
reported that spatial visualization tended to distinguish
between girls who studied more advanced mathematics and
those who did not. Fennema hypothesised that the critical
relationship between mathematics and spatial visualization
is indirect; that it involves the translation of words
and/or symbols into a form where spatial visualising skills
can be used. It has been suggested that the ability to



make such translations allows for greater flexibility in
problem solving and that some problems become much easier
once the situation has been visualised. Thus boys, with
their superior visualising skills have a clear advantage
in geometry (with its obvious visual content) and greater
latitude in dealing with many other problems which may be
reduced in difficulty if they can be "pictured". Girls,
with their early advantage in verbal ability, may be
hindered in their problem‘solving by clinging to yerbal
strategies where a "visual attack" might have made the
problem easier to handle. Werdelin (1958) found that
spatial visualization related positively to mathematical
reasoning but negatively to computation. @ This finding
suggests that an emphasis on computation could interfere
with the development of a spatial visualization ability
and so hinder mathematical reasoning. Girls' superior
performance on set procedures and computational work and
poorer performance in other more highly cognitive
mathematical tasks would appear to support Werdelin's

findings.

Fennema and Sherman (1977) reject any suggestion that sex
differences in spatial ability are due entirely to
biological factors. They contend that spatial ability
is strongly affected by learning and environmental
influence;. It is a fact that boys tend to gravitate
towards or be steered towards more space-related activities
both inside and outside school (wood-working and model-
making from kits spring immediately to mind). Boys
therefore gain more practice and experience in the
manipulation of objects in space, and so tend to develop
their spatial ability to a greater extent. Studies
(Goldstein and Chaﬁce, 1965; Connor and Serbin, 1980;
Vandenburg, 1975) have shown that girls" scores on tests
of spatial ability improve after training and greater

exposure to space-related activities.



The question of the relationship between spatial visualization
and mathematics achievement, especially where girls are
concerned, remains a vexed issue.. Although there is some
evidence that there exists a genetic bias in favour of

males, there also exists fairly extensive evidence that
whatever potential spatial ability there is may be developed
by training and experience. Sherman (1978) concludes:

"It has now became clear that an X-linked genetic factor

is not responsible for differences sametimes abserved between
groups of males and females in their spatial or mathematical
performance. These findings and the increasing weight of
- evidence pointing to the importance of spatial visualization
to mathematics performance underscore the need for a better
understanding of the development of spatial visualization
and its relationship to education and female development.”

Apart from spatial visualization, Fennema (1981) put
forward a number of social and psychological factors which
may interact to account for the poorer mathematical
achievement of females from adolescence. Among these are
the differential participation of females directly in
-mathematics but also in related subject areas; a general
lack of self-confidence in their mathematical ability on
the part of girls; differential treatment of boys and
girls by teachers; the tendency of females to a greater
extent than males to attribute success in mathematics to
unstable factors but failure to stable factors and the
perception that mathematics is a male preserve.

1. Differential Participation in Mathematics:

The higher up the educational ladder one climbs, the fewer
females are found in mathematical pursuits. . The reasons
for this are possibly any combination of the previously-
mentioned factors of lack of confidence, lack of support
from significant otheré and social stereotyping
(mathematics as a male domain), as well as a general lack
of appreciation of the usefulness of mathematics among
adolescent girls. The tendency among females to ,

participate less in mathematics extends also to related
fields of endeavour such as physics, mechanics, technical



drawing and computer science. Practice of mathematical
skills in these fields tends to reinforce problem solving,
and since males participate more in these applied and
higher level skill areas in classes other than mathematics
(where females do not) it follows that their mathematical

achievement would be further augmented.

Other researchers have supported the notion that reduced
participation on the part of females has an effect on their
achievement. Wise, Steel and MacDonald (1979) reported
that when large sex differences in participation were
controlled the difference in performance between males

and females disappeared or, according to Pallas and
Alexander (1983) were caused to shrink considerably. This
contention, however, has not gone unchallenged. Armstrong
(1981) found only slight differences in participation and
Benbow and Stanley (1980, 1983) completely reject the
hypothesis that differential participation accounts for
sex differences in mathematics achievement.

Armstrong and Price (1982) attempted to identify the most
important factors affecting women's participation in
mathematics by interviewing a sample of students who had
just completed or who would soon complete their high school

mathematics careers. The gquestions raised were:
(a) attitudes towards mathematics (like/dislike)

(b) perceived usefulness of mathematics in respect of
educational or career goals

(¢) the positive influence of parents, teacher,

counsellor and peers.

Perceived usefulness of mathematics was found to be an
important predictor of participation for males and females
as was liking for the subject. Teacher influence was
found to be a mcre important factor for girls than for boys.
The latter point is supported by Casserly (1980) who
reported that many girls who have been accelerated in



mathematics (that is, they are successful mathematicians)

cite positive teacher influence as a cause of their success.

Armstrong concluded that any difference in participation
could be ameliorated by first intervening in the attitude
forming process by attempts on the teacher's part to-
decrease anxiety and increase confidence, and secondly, to
ensure that parents, teachers and counsellors emphasise
the importance of mathematics.for further education and

career aspirations.

2. Confidence in Mathematical Ability:

The influence on mathematics:' performance has been disputed.
Some studies have concluded that sex differences in
achievement could be attributed to the more positive
attitudes towards mathematics by males (Sherman, 1980);
whereas, other studies (Benbow'and Stanley, 1982) found
few sex differences in attitudes and, ‘furthermore, little

relationship between attitudes and achievement.

Possibly one of the most comprehensive studies of the
influence of attitudes towards mathematics achievement

was undertaken by Fennema and Sherman (Fennema and Sherman,
1977, 1978; Sherman and Fennema, 1977; Sherman, 1980).
The investigation focussed on the components of attitudes
towards mathematics thought to be related to performance,
namely, self-confidence in learning mathematics, perceived
usefulness of the subject, support and encouragement from
parents and teacher, and the perception of mathematics as

a male domain. This study was conducted among almost
three thousand pupils from grades six to twelve, and
perhaps the most striking fact to emerge was that girls
were found to be significantly less self-confident in their
ability to cope with mathematics.even before any decline in
their performance was evident. This finding tends to
confirm the influence of this variable on mathematical
achievement. Other findings of this study indicate that



girls' denial that mathematiés is a male domain tends to be
positively related to the girls' relative mathematical
success, and that, in general, boys perceive mathematics to
be more useful to them than do girls. It is reasonable

to expect that a girl, who firmly believes that mathematics
is a subject for boys and that it holds no practical
usefulness for the future, would not approach the learning
of mathematics with any degree of enthusiasm or self-
confidence.

3. Differential Treatment of Boys and Girls by Teachers

It has been suggested that sbme teachers tend to expect more
of boys mathematically and, consequently, provide them with
more opportunities to solve problems. Becker (1979)
reported more teacher interaction of every kind with males
than with females. Good, et al (1973) indicated that

high achieving girls received significantly less attention
in mathematics classes than high achieving boys. Becker
(1981) reported that although girls initiated all types of
teacher contact, boys still received the "lion's share" of
teacher encouragement, persistence and individual help.

This kind of unconscious, but nevertheless negatively

biased treatment of girls by teachers, must surely reinforce
their lack of confidence and perception of mathematics as

a masculine pursuit. Although this would seem to be a
logical conclusion, there seems to be no evidence that girls
perceive teachers to be any less positive towards them
(Fennema and Sherman, 1977).

4. " Attribution Theory:

This theory has to'do with the perceived causes of success
and failure. Wiener (1974) proposed a model in which
attributions of success and failure are categorisedinto
the matrix in Figure 21, with the locus of causation being

one dimension and stability the other.



Figure 21

WIENER'S MODEL OF ATTRIBUTION THEORY

LOCUS OF CAUSATION

INTERNAL EXTERNAL
STABLE Ability Task Difficulty
UNSTABLE Effort Luck

If success is attributed to internal causes, particularly
ability, then future success can be expected and persistence
will be worthwhile. However, if success is attributed to
an external cause, future success is not assured and the
task may be avoided. In contrast, failure attributed to

an unstable cause leads the student to feel that future
failure can be avoided and so persistence is encouraged;
whereas, failure attributed to a stable cause will lead

the student to the conclusion that failure cannot be avoided.
Studies (Deaux, 1976; Bar-Tal and Frieze, 1977; Wolleat et
al, 1980) show that females, to a greater extent than males,
tend to attribute success in mathematics to unstable causes
and failure in mathematics to stable causes. These patterns
of attribution have been linked to a pattern of behaviour
called "learned helplessness" - a condition in which failure
is viewed as inevitable and. insurmountable. Girls, more
often caught in this pattern of behaviour than boys, may
learn to avoid mathematics in order to preserve self-

esteem (you can't fail if you don't take the course!) or

may be less persistent in their attempts at problem solving.
Repeated experiences of having to "give up" before the
solution is found might be expected to have a negative effect
on one's self-confidence, which in turn would dissolve any

residual faith in one's ability.



In a study involving primary school children, Frieze and
Snyder (1980) reported that younger pupils believe
achievement situations are each controlled by their own
specific causal mechanism, and furthermore, that these
"beliefs are learned through experience" in specific
situations, that is, causal attribution can be learned.
If this is so it would seem to be an important task for
the primary school teacher to instruct children in
employing productive, beneficial and realistic causal
schemata for all kinds of situations, especially those
encountered in school. Such instruction would appear
to have a special benefit for girls who generally tend
to underestimate their ability (Deaux, 1976; Nicholls,
1979).

5. Social Stereotyping of Tasks

During the adolescent years boys and girls are initiated
into the adult roles dictated by society. If society has
deemed that certain tasks are appropriate for one gender

and not for the other; it follows that the individual will
be influenced by what is considered to be sexually
appropriate. Sexually inappropriate tasks will be devalued
and less time and effort will be expended on them in favour
of the more valued sexually appropriate activities.- Studies
(Stein, Pohly and Mueiler,_l97l) have shown that the
labelling of tasks as masculine or feminine influenced the
importance attached to the task. Moreover, the pupil's
perception of an activity as sex appropriate/inappropriate
contributed more variance to those scores than actual
biological sex, preference for a male or female sex role

or even liking/disliking the task. Girls therefore, who
perceive mathematics to be a male domain are placed in a
situation of conflict about their achievement in mathematics.
Girls may resolve this conflict either by avoiding
mathematics or by avoiding success in mathematics by
deliberately lowering their performance (Leder, 1982).



"There are two potential sources for the negative
consequences of success, i.e. loss of cne's sense of
femininity and self-esteem, regardless of whether
anyone finds out about the success or not, and/or
social rejection because of success."

As was stated eariier, it seems there is no easy answer
to the inferiority of girls in mathematics achievement
during the secondary school phase, and consequently
their diminished representation in mathematical pursuits
beyond school. The interplay of explanatory variables
is highly complex making the drawing of consistent and
valid conclusions virtually impossible. The one
repeated implication appears to be that female self-
confidence in mathematics needs to be boosted and that
much has to be done in trying to make mathematics a
sex-neutral zone if women (50% of the population) are
to be enabled to make a valuable contribution.

10
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CONCIL.USION:

With regard to this experiment, that is, the writer's
attempt to predict success in higher grade Senior
Certificate mathematics at the Standard Seven level, it
is clear that the sex of the pupil is a factor to be
considered. The question remains at what point in the
process of prediction should the gender of the student
be taken into account? If the predictive device
adequately reflects the type and quantity of spatial
items of the final matriculation papers, then it seems
reasonable that the predictive value of the correlation
coefficients for girls would be just as accurate as they
are for boys (spatial ability being the one cognitive
variable possibly less well developed in girls than in
boys) . Since a test of mathematics cannot estimate
what changes in interests pupils may experience in the
future, it seems that the question of whether the sex

of the pupil will have a bearing on their performance at
the Senior Certificate level must be considered apart from
any academic testing. When the possible problems of the
increasing unattractiveness of mathematics for female
students are known and appreciated by teachers it is
surely possible to intervene in the process of feminine
disenchantment with mathematics by bolstering self-
confidence, presenting‘problems of interest to girls,
emphasising career and educational openings for the
mathematically astute, expecting as much from girls as
from boys in the classroom and providing more space-
related tasks for girls from an early age.

It is obvious from the abundant literature reporting on
sex differences in mathematics that no investigation in
mathematics education would be complete without the
separation of the results of boys and girls. It is also
fairly certain that girls have social difficulties with

mathematics not experienced by boys. For these reasons
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boys' and girls' scores were handled separately through-
out this investigation. However, it is unlikely that
the nature of these difficulties would significantly
affect the value of the correlation coefficients
calculated from the data obtained from the various tests
administered.
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