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SUMMARY

This research almed at measuring the extent to which & group of semior
secondary pupils were attaining desirable cognitive objectives in
mathematics., The summary of the design and procedures adopted in this
study and the major findings which emerged is presented here.

A scheme of objectives for mathematics learning at the senior secondary
level vas sugpested in accordance with Bloom's Taxomomy of Educatiomal
Objectives and recent research relating to the Taxonomy and other
classifications used in mathematics education.

HMultiple choice-type test items were constructed with reference to the
ahove schems of objectives and to content areas selected from the

itandard grade senior secondary mathematics syllabus. A pilotr cest was
administered and snalysed. The selection of items for the final fors

of ths test vas based on a consideration of item analysis data, discractors,

reliabilicy, validity, rating of items according to objectives and
length of test.

The final forms of the test and questiomnaire were administered to a
selected sample of 769 standard nine pupils from 14 Indian high schools
in the Durban and District Area, The test was manually scored and the
scores were subjected to statistical analyses by computerization.

The findings suggest that:

(i) it is possible to devise a reasonably relishle and
valid test instrument to test at least two different

levels of objectives in mathematics learning at senior
secondary schoal level;

(i1)  cthe lower level objectives in mathematics are significantly
easier to attain than the higher level objectives, which
tends to support - im at least two levels - the assumption

of hierarchical structure of a taxonomic classification
of ohjectives;

(iii) the performance in mathematics of the higher grade pupils
tends to be adversely affected by being taught mathematics
in mixed higher and standard grade classes,



CHAPTER (ONE

1. AIMS AND OBJECTIVES I[N EDUCATION AS RELATED TO
THE PROBLEM TO BE S5TUDIED

1.1 AIMS AND OBJECTIVES IN EDUCATION

One of the most complex problems with which educators throughout

the ages have been faced is that of stating aims and objectives in
education. In order to discuss these problems it is necessary to
define and distinguish between certain terms. Since the defining of
ohjectives is basic to this ressarch, wvhich leads to the construction
of an evaluation instrument in mathematics, it is also essential to
point out how objectives are derived and stated, and what role they

play in curriculum development and syllabus construction .

1.1.1  Terms Used in this Study

Much of the confusiom in regard to the discussion of aims and
objectives may be sttributed to the lack of clarity in communicating
the ideas due to the inconsistent use of certain terms. It would,
therefore, be useful to consider a list of definitive terms which

are accepted and used, in peneral, in this sfudy. The following (s the
list of terms presented in alphabetical order, with those cerms

which appear in the definitions and are themselves defined elaewhere

placed in icalies:

aims : general declarations of intent which give shape

and direction to education.

behaviour : any buman activity invelving thinking or

feeling or doing.




coré syllabug : (also referred to &8 common basic syllabus)
a8 minimom listing of subject matter as prescribed
by the Joint Matriculation Board of South Africa
(J.M.B.), which is an examination board controlling
the syllsbuses and standards of matriculation

examinations.

curriculum : cthe planned experiences offered o rthe learner
under the guidance of the school (curriculum is also

referred to as "educational programme').

education : a deliberste process for changing the behguiour

patterns of human beings.

evaluation : tche process of determining how well pupils have
attained specified cbjectives (evaluation may take
several forms of which tests and examinations are the

most widely used in South Africa).

examination : evaluation which may be internal or external,
for purposes of promotion and certification. (The
internal examination is controlled by the school, The
external examination, e.g. matriculation examination
is controlled by the responsible Department of Education.
An examination is wsvally taken at the end of the school

YEeAT, )

general aims ! aims which refer to the end-product of education
or to "the broad generalities which describe what the

school is trying to do".

instructional objectives : objectives stated in terms of bhoth

content and behaviowr, e.g. ability te recall the



definition of an isosceles triangle.

chiectives : intended behaviours or statements of what pupils

ghould be able to do at the end of any course of

study, i.e. statements of expected outcomes.

gchool curriculum @ (also referred to as the whole educational

programme) a combination of several subjectz offered

to the learner, e.g. the senior secondary curriculum.

genior secondary level : fourth phase of schooling (in South

specific

specific

subject

Africa) extending over three years (tenth, eleventh and

twelfth years).

aims ! aims stated in terms of a specific field of
study and at a level of education, e.g. aims relating

to the teaching of mathematics at the senior secondary

level.

or behavioural objectives : objectives stated purely
in terms of behaviowr and independent of subject matter,

e.g. ability to recall knowledge.

a field of study or discipline e.g. English, Afrikaans

and Mathematics are subjects.

subject curriculum ¢ an aspect of the school surrfoulum which

is concerned with a particular subject, e.g. the

mathematice currieulum.

subject matter : (also referred to as "content") the material

avllabus

to be studied in a particular subject or field of study.

: & listing of subject matier in broad outline, e.g.

Syllabus for Mathematics (Standard Grade) in South Afriea,



or GCE "A"™ Level Syllabus for Mathematics in Great

Britain.

teat 1 form of svalugtion where gquestions are set and the

responses are marked by clsss teacher at various stagen

in the school year.

The manner i{n which the terms have been defined for use in this study
reflects the particular view point of education adopted here as
indicated by the definition of the term “education”. The discussion

in the sections which follow will sarve to make clear distinctions

between soma of the above closely relaced cerms.

1.1.2  Srtating Aims in Educatiom

Although the problem of stating aims has a philosophical basis, it 1s
not the purpose here to consider the philosophy of stating aims,
but rather to clarify the notion of aims relevant to this study with

a view to providing a basis for the discussien of objectives.

I:rm-r:t:.r':t’]I discusses the nature of an aim insofar as it is internal to
an activity and not someching which directs it from outside. He

contends that “to have an aim is to act with meaning and to perceive
the meaning of thimgs in the light of that intent". He also regards
aims in education as arising from the persons lovolved in the process

of education, and states certain criteria for good educational sims:

"{i)  An educationsl =im must be founded wpom the intrinsic
activities and needs (including original instinces and

acquired habits) of the given individual to be educated,

(i1} An educational aim must be capable of translation inte

a mothod of co-operating with the activities of those

undergoing instruction."



Kul\‘u!:‘l.i:ll"“z:II

suggests & more comprehensive list of criteria by stating
that aims "should be conmistent with human rights, democratically
oriented, socially relevant, tending to satiafaction of persomnal
needs, and balanced". He procesds to examine the aims in education
promulgated over the last half & century by individuals or committees
in the United States and Britein and points out the difficulty in
distinguishing between "the ends of the total process of

soclalization and the particular aims which lie within the province

of educacion”.

Both these suthors see alms as not belng external to the process of
education, but rather as arising out of the persomal and social needs
of the human beings involved in education. Aims are thus regarded as

some end-products in the individual and the society.

It is understandable why there is difficulty in distinguishing
between tha ends of rhe total process of socializacion and the aims
or ends of education. Since education is inextricably bound up with
the individuals in the society in which it is offered, the ends
tovards which the process of socialization strives are no different

from the aims or ends towards which the education is geared.

The second conditiom as set down by Dewey is, in the opinion of the
author, of paramount importance in the consideration of aims. There
ig little value in stating an aim which cannot be attained at scoe
point in time, There is, therefore, a need to check, at various
stages in the education of an individual, whether there is reasonable
progress towards the attainment of stated aims. This will oaly be
possible if the aims are capable of translation in terms of the
activities (which may be observed and evaluated) at the varicus stages

in the educationm of the individuals undergoing instruction.



The following are some illustrative examples of typical aima in

education, and statements of policy which imply aimm in educationt

(i}

(ii)

(iii)

(iv)

Whitehead 'V

suggests that we should aim at producing
"men who possess both culture and expert knowledge in
some special direction". He goes on to indicate in a
more specific way that education has to lmpart “an
intimate senseé for the power of ideas, for the beauty of
ideas and for the structure of ideas, together with a
particular body of knowledge which has peculiar relersnce
to the life of the being possessing it". Clearly,
Whitehead refers to aims at two distinct levels; flrcstly,
at a general level emphasizing the cultural and intellectual
aspects, and secondly, at a more specific level in terms

of knowledge and ideas.

Wheeler suggests that the American Educational Policies
Commission {191!}{“ aimed at "self-realizacion, adequate
human relationship, economic efficiency and civic
respomsibility”. Wheeler tends to speak of these notions
in terms of "main objectives" and "general aims"
interchangeably. In order to avoid this kind of confusion
in terminology the above "aims" will be interpreted as

aims stated at a general level, i.e. general aims.

The Harvard Cosmittee's Report (1945)(%) supgested that
"education aims at the good man, the good citisen, and
the useful man". These aims may be interpreted as heing
general mims, vhich emphasise the moral (provided 'good'

is #o interpreted) and utilitarian aspects of education.

The Australian Teachers' Federation's Repore IIEEHEH

indicated that the aim of education was "to help the



child to progress towards full attainment of his
potentialities as an individual and a member of society”.
Here again the aim is stated at a general level
emphasising the individualizatiom and socialization

processes of edocation.

{v) The South African National Education Policy Act Ko. 39

of 19&?{?} lays down, inter alia, that education

{a) "shall have & Christisn character",

(k) "shall have a broad national character",

Although these are not explicit statements of aims, they
are poliecy statements which imply the direction in which

the education shall proceed and hence imply the general

aims of education.

{(vi) The following appears under the heading "General Aims"
in the Syllabus for Mathematics (Higher Grada}{aj:
"To acquaint pupils with and ctrain them in mathematical
methods of thought and work". The "aim" here is clearly
related to a specific field of study and hence must be

regarded differently from those stated on a general level.
In the present context this "aim" will be considered as a
specific aim.

Two major problems emeérge from the consideration of the above examples:

(a) the different emphases in stating aims;
(b}  peneral confusion regarding the terms which refer

to aimg.

Firstly, the different emphases in stating aims in education give rise

to several conflicts such as the intellectual versus the social



functions of educatfon. In this regard it may ba useful to consider
Taba's'?) suggestion that “a more systematic examination of all sources
from which educational aims are derived would yield a more
comprehensive and balanced statement of aims and eliminate the currant
conflices"., This would mean returning to an educational philosophy

and the educations! values stated in it.

Whatever the aima, or vhatever the level at vhich they are stated,
they stem from a philosophy of education which reflects the value
judgments of a particular philosophical viewpcint. Since thers are

different philosophical viewpoints there will be different aims.

Secondly, in order to avoid the confusion regarding the terms which
refer to sims, only two categories of aims are recogniced in this

atudy: general and specific aims as defined earlier.

In gemeral, it must be pointed out that aims (general or specific)
merely provide the necessary orientation to the emphasis in educational
progra=mes by establishing a philosophy of education, and are thus
“only a step toward translating the needs and values of a society and
of individuals ints an educational programse”.!?? They are, hovever,
insufficient and of little use for making the more specific decisions
about selection, organisation and evaluatiom of specific learning

experiences in the classroom.

Hicl‘.ﬂi,“l} for example, argues that educational thought is in no
mood to settle for aims and since it & unsure of what {s meant by
the “good man" or "good citizen" it would rather ser its sights on more

obviously tangible accomplishments.

12
Lawton {HHJ{ ) sees the lack of clarity about what the curriculum

is meant to achieve as the main eriticism of tha typical secondary schoal



curriculum. There would, therefore, sess o be a nesd for more

specific directions than the mere statement of aims.

It is clear that sims alone are imsufficient anmd it is cherefore
necessary, in order to mske aims more practically feasible, to describe
in some detail and to specify rthe expecred outcomes, or intended
behaviours, in any particular field of study. When aims are

tefined in this way to an even more specific level in terms of

intended behaviours they are referred to as uhjl-:tivihuj"'““

1.1.3 Distinction between Alms and Objectives

Some educators tend to confuse szims with objectives while others
speak of "aims" as "genmeral objectives". 1t is clear from the
discussion in the previous sectiom that "aims"™ and “objectives" have
been used in two different semses. In order to make a clear
distinction betwveen these two terms their definitions will be restated

and explained.

Aims, in general, cam be thought of as general declarations of intent
which give shape and direction to education. Two categories of aims
can be distinguished: general aims and specific aims. Aima which
refer to the end-products of aducation or to “"the broad generalitiaes
which describe what the school is trying to do"**® are called
general sims (also referred to as ultimate aims in several texts).
Such aims do not relste to any particular field of study or level in
the education of the individual, e.g. to produce a “good man" and a
"good citizen".

Those aims which are stated in terms of a specific field of study and
at & specific level in the education of the individual are called

specific alse. The aims of teaching mathematics at the senior
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secondary level, for example, will be regarded as specific aims. A
specific aim might be to reveal the besuty of mathematics, or to

create a love for mathematics.

It has already been pointed out that aims are insufficient for
classroom practice and that it is necessary to specify expected

outcomes. In this regard I::-nh:.r.:hun'i'“'l"!':I

has suggested that "in splte

of their prime importance, the ultimate aims of education mark out the
teacher's task in only the most general ocutlines". He further pointed
out that im order to be effective in the classroom these aims must be
broken down into "more immediate, specific or proximate objectives for

the pupil and teacher to pursue"”,

Objectives in the present context sre regarded as intended behaviours

or statements of vhat pupils should be able to do st the end of any
course of study, i.e. statements of expected outcomes. Two types of
objectives are distinguished: specific {or behavioural) objectives

and instructional objectives.

Objectives which are independent of subject matter and are stated

purely in terms of behaviour are called specific (or bashavioural)
objectives, e.g. abilicy o recall knowledge, abilicy to apply
knowledge. Since these objectives refer to processes (such as recalling

or applying) they are also called process objectives.

Those objectives which are stated, in even more detail, in terms of

both content and behaviour (process) are called instructional

objectives, e.g. ability to apply the "mid-point theorem”.

The definition of objective adopted hers rests on a particular view

of education. In it education is seen as a “process for changing the
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(D Given this view it is

hehaviour patterns of human beinga".
expected that each school curriculum, subject curriculum and unit

of instruction will brimg about some mignificant changes in the learners.
1f education has to be effective then lt must be decided what changes
gre desirable and what are possible. The teacher's job must then he

to help the learner to modify his behaviours sppropriately so that,

when confronted with a problem situatiom, he can exhibit behaviours

which will lead to a solution.

Unlike general aims which are remote, and specific aims vhich are
intermediate (but atill too general), objectives are immediate and
clearly relevant to the classroom situation. Thus, while ai=s are
general and atrategle, objectives are specific and tactical in nature.
It is possible, at the various stages in education, to determine,
through evaluation, the extent to which pupils are attaining the stated
objectivea. However, it may not be possible to determine whethar

the aims have been attained at the end of schooling or even in a

life-tiome.

in the South African comtext, the distinction between aims and
objectives in education has not been defined. This Is probably due to
the fact that much of South African education is based on that of
Dritain and historically, it has been suggested that “the British
have been fonder of stating aims than objectives, while Amarican
educationaliscs, who have been as prone as ourselves to sonorous
declarations of intent, have shown themselves mors willing to convert

alms into objectives”. 18

In this section & major distinction between aims and objectives has

been made. For further clarity in use of terms, distinctions have be

72

made between two types of aims (general and specific) and between two ;‘ 15

&

RE
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types of objectives (specific and instructional).

1.1.4 Tha Derivationm of Dbjt:tl"l

The translation of general aims to objectivea presents a problem to
educators: how are the chbjectives to be derived? In the opinion of
the author, two related lssues need to ba borne in mind vhen dealing
with this problemt they are the questions of wvhat objectives are
desirable and vhat objectives are posspible. The ansvers to these

questions appear to lie in the sources of objectives.

Trlvlr{“'" exmmines the sources of objectives and contends that, inm
the final analysis, objectives become matters of the value judgments
of those responsible for education. The following scheme emerges
from his examination of five sources:

SOURCES

The Learners —

Contemporary Life — SELECT1ON
Subject Specialiscs — oF
Philosophy — OBJECTIVES

Psychology of Lesrning —_—

Tyler's approach points to the essential link between sims and
objectives since he suggests that objectives become matters of value
judgments. Thus value judgments, based on the examination of the
above five sources, will point to & balance between desirable and

possible objectives.

{20)

Kerr refers to pupils, society and disciplines as sources for

deriving objectives and specifies them as:
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(i) the level of development of the pupils, their

needs and interests,

(ii} the social conditions and problems which the

children are likely to encounter and

{461y the nacure of the subject matter and types of

learning which can arise from it.

While this is a useful and practical approach in determining the
objectives it seems to emphasize only the possible ohjectives and
does not seem to take into account the value judgments which eare

indicative of the desirable objectives.

In an attempt to translate general aims to objectives thtlﬂrill}

suggested a three step process: "Ultimate goals must be scated,

modiate goals derived, and finally proximate goals set up, so that
apecific objectives can be planned at the classroom level." The

term “goals™ is used here to mean "expected behaviour patterns”.
"Ultimate goals" and "mediate goals" may be interpreted as corresponding
to general aims and specific alms respectively, while "proximate

goals" and "specific objectives" correspond to specific objectives

and instructional objectives.

Fraser and Eill-nllz}

mentlon four levels in specifying objectives:
general, mediate, speciflc and Lnstructional. The First two levels
refer respectively to the general aims in education and the aims of a
particular course of study (i.e. specific aims). The "specific” level
refers to objectives which are expressed purely in terms of observable
pupil behaviour and are independent of subject matter (i.e. specific

objectives)., Instructional objectives are expressed in terms of both

the behaviour of the pupil and the subject matter to be studied. The
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suthors suggest that all levels are necessary im the educatiomal
process and that each level depends, for its development, on the

preceding level.

From the sbove approaches it is clear that the use of terms, regarding
aime and objectives, lends itself to the following approach to moving

from aims to objectives:

ATMS » | OBJECTIVES

N\

GENERAL SPECIFLC SPECIFIC INSTRUCTTONAL
ATMS —» AIMS ——2» | OBJECTIVES | —2» | OBJECTIVES

In general, aims originate from philosophical, seciclogical and
psychological considerations, The objectives are then seen in terms
of the possible behaviours which will lead to the realisation of these
aims. These approaches to deriving objectives take inte comsideration

the basic question of their relevance to education and sociecy.

In the final analysis thers would seem to be a two-way approach inm

terms of the derivation of objectives and actainment of aims:

i) rthe derivaction of objectives poincs to a movement

from aims to objectives;

(ii) the actalnment of aims points to 4 sovement from

attainment of objectives to the atrainment of aims.

Schemat ically represenced:-

DERIVATLION
ATMS —_—3 | GAJECTIVES

-
ATTAINMENT
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In view of the above, the standpoint adopted here ls that objectives
should be considered in terms of behaviour modifications in relation
to specific subject arees so that the attainment of these objectives

will result, ultimately, in the attainment of the stated aims.

1.1.5 Stating ﬂbj&:ti?es

Having pointed out the need for objectives in the classroom approach
to teaching-learning and evaluation, and the manner in which these
objectives are derived, it is pecessary to comsider how they should

he stated.

The stating of objectives is closely bound up with evaluation which
is "the process of determining how well pupils have attained
specified instructional ubjectives".iz}h Evaluation, therefore,
presupposes & clear statement of objectives. In order to evaluate
pupil achievement, the specific ways in which the pupils should be
able to exhibit that achievement must be known. This means that the
objectives must refer to what the learner should be able to do at the
end of a course of study. This in turn points to stating objectives
in terms of pupil behaviour. Much of the literature in this field

tends to support this approach.

(24)

Furst contends that it is essential to define objectives in terms

of pupil behaviour in order to knew precisely what to seek in devising

an evaluation procedure. He also suggests the following rules for

specifying ubjentiveg;-tzsl

(i} Scate objectives clearly in terms of behaviour.

(ii}) State the objectives at the right level of generality.

(iii}) Be sure that the objectives do not overlap.
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Furst further stipulates the following requirements when stating

nbjltti“lli'trﬁl

(i) They should include all the more important aspects

of behaviour related to the problem of evaluation.

(ii) They should specify the kinds of responses that may

be accepted as evidence of these aspects of behaviour.

({ii) They should specify the limiting conditions under which

thes¢ responses are likely to take place.

(21}

Lindvall sets down the Following criteria for objectives to be of

paximus uwtility in evaluation:
(i} Objectives should be worded in terms of the pupil.

{(ii) Objectives should be worded in terms of observable

behaviour.

{iii) Objectives should refer to the specific content to

which the behaviour iz cto apply.

argues that the formulation of objectives in terms of
behaviour alone is not satisfactory and states that “"the most usaful
form of stating objectives is to express them in terms which identify
both the kind of behaviour to be developed in the student and the

concent or area of life in which cthis behaviour i= to operate".

EllnlugJI points out the value of behavicural objectives as a means
of communication in selecting materials which can accomplish the
desired outcomes and in plarming instructional and assessment

procedures. He stipulates that an objective should be designed to serve
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all of its commumicative purposes and it should indicate (a) what
the student will have learned from instruction, and (b) what class

of performances he will then be able to exhibit.

(30) (31)

while the above approaches among others (Bloom, Mager,

li"utr-l;.nn‘rmxrl,“E:I T;ha.uj} Allendoerfer'>*') lend strong support to

36 (37)(38) (M
specifying objectives in behavioural terms, some rritm“!” Y3380
have argued against it. In summarizing the most common arguments

raised against behavioural objectives it may be stated that:

{i) they stifle classroom creativity;

{ii) the statemsnts are prescriptive and lead to over=

emphasis on conformity;
(iii) edocational cutcomes cannct be accurately predicted;
(iv) not every subject is amenable to this treatment;

(v} the objectives are too atomistic and can become

too mumerous and unwieldy.

In summing up the debate on behavioural objectives, Stones 4% BuUggests
that "the attraction of logic and rationality are so great that the
literature argulng in favour of specifying objectives (behaviourally)
is such more extensive than that arguing againsc [t". The
systematization of behavioural objectives by Hloom et uI,H“ for
example, has proved to be a useful tool in aducational research, test

consatruction and classroom instruction. 1In thism regard smpirical

evidence has been produced, which will be reviewed in the next chapter.

Teachers, hovever, have remained somewhat unconvinced about the

advantages of wpecifying objectives. This asttitude may be attributed

to lack of knowledge of the rationale of the proceas and to the threat
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posed by the approach which focuses clesrly on teacher assessaent and

accountability.

While Huml““ concedes that there are problems in this approach, he
argues that it i# up to the other systems of course-planning to show
they have more to offer in making the ceacher aware of what he is

doing and why he is doing it.

The first step in constructing a test or examination is concernad with
“what to evaluate?". Since tests and examinations serve the main
purpose of providing evidence of pupll performance or of what the
learner should be able to do at the end of & course of study, it is
logical that chbjectives be stated in terms of both pupil behaviour and
content. Oanly then will it be possible to know precisely what evidence

to seak in & teat or sxaminationm.

l.1.6 Aims and Objectives as Part of a Curriculum Plan

The concept of & curriculum has changed in recent years. It is now

seen wors In terms of the whole learning situation than in terms of the
& .

content of a teaching programme. iﬂmtl!'r{ 3) defines curriculum as

“"the planned experiences offered to the learner under the guidance of

C44) (45)

the school". Other writers give a similar definition.

A school curriculum refers to the whole educational programme of fered
to the learmar. Such a programme, e.g. the senior secondary curriculum,

is made up of a combination of several subjects.

A subject curriculum refers to one aspect of the achool curriculum and
is concerned with a particular subject, e.g. the mathematics curriculum.
It is in this context cthat the word "curriculum™ will be used in the

present work. In che South African context, however, the tarm
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“syllabus” has been used, which will be discussed later.

One of the earliest and clearest expositions of a curriculum was
suggested by Trlir{hia who identified four fundamental guestions which

noed to be ansvered in developing any curriculum:

(i) What educatiomal purposes should the school seek

to attain?

(i{) What educational experiences cam be provided that

are likely to attain these purposes?

{iil) How can the educational experiences be effectively

organized?

{i¥) How can we determine whether the purposes are being

atcained?

These are questions about aime and objectives, content, organization

{imstructional method), and evaluation.

Some writers have incerpreted Iyler's appreach to the development

of a curricuolu= as a linear mndels{‘r}

aims and objectives —» conteént —worganization —3» evaluation.

Tyler makes no mention of either a linecar model or of interacting
components, but emphasizes that “objectives become the criteria by
vhich materials are selected, content is outlined, {necructlonal
procedures are developed, and tests and examinations are |1nrutpnuu'mtl"h""“:I
However, it would be less restrictive and more useful te interpret

the above dpproach in terms of interacting cosponents showing the

continuous reciprocal relationships:



aims and objectives

/

evaluation content

/"

organization (method)

This enables & dynamically constituted curriculum plan which shows
n posnible feedback of the effectiveness of the different components,

each of which potentially bears on the others.

The above interprecation finds support in Futlt'l{#gl modal of the

curriculum plan vhich clearly brings out the reciprocal relations:

educational objectives

learning «&——3 evaluation
experiences

Furst also emphasizes that objectives serve as the bases for

developing both learning experiences and evaluation procedures, and

that these in turm help to clarify the objectives.

{50
Wheeler ' o0) suggests a five-phase cyclic model of a curriculum process

with "selection of aims, goals and objectives" as the first phase:

1. Aims, goals 2. Selection of learning
and objectives experiences
5. Evaluation 3, Selection of content

4, Dr.lnilltinn and integration of
learning experiences and content
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All three models of a curriculum plan make the basic assumption that
the geperal ai= of educstion is to change behaviour and Ethey emphasize

the [undasental impertance of alss apd objectives in corriculum

deve lopment .

1.1.7 Syllsbus and Objectives with Specisl Reference to

Mathematics

The syllabus has comsonly come to be kmown as s listing of subject
matter or content. When compared with the idea of a curriculwm, a
syllabus will have a restricted meaning in the sense that it is seen
largely in terms of the content aspects of the educational
programme, This is precisely the way in which “syllabus" is used in

fouth Africa.

With the growing interest in curriculum development in mathemstics,
particularly in countries with decentralised educational systems,

(e.g. U.5.A., England) several curriculum reform projects have emerged.
In general, these have aimed at “improving the teaching of mathematics
by developing new syllabuses, writing mew texts and devising novel
clasgroom lll:ll'il.ll"-{s:l} Such an approach, where teachers play a
vital role in curriculum planning, is not feasible in a centralised
educational system in which it is only possible for curriculum decisions
to bhe made centrally and simply carried out (as orders) by teachers.

In this regard, Lawton'" >’ claims that "in the United Kingdom, with

its decentralised system, every teacher is, to some extent, his own
curriculum plamner™. The J.LI'I.I.':E'H"'II in South Africa, on the other hand,
draws up the core syllabuses and also controls the standards of the

examinations based on chem. These syllabuses, it (s felt, leave little

room Eor masnoeuvre and the teachers have no option but to follow them

closely with a view to preparing the pupils for the examinations.
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Curriculum researchers have criticised mathematics syllabuses for

being vague and primarily concerned with covering topics. They have
stated that "topics are ususlly given in broad terms with respect

to specific content areas, with little indication of tha depth of
treatment d.ul.al:l:lnl"'.“'r!i":II Of the typical GCE or CSE syllsbus it has been
said that "it encourages a shallow and ephessral style of learning
largely because it offers litcle or mo guidance te the teacher om the

(35) It has also bean

learning possibilities inherent in each topic™.
suggested thar these syllabuses sre set oot purely in terms of subject
matter with such statements &s "properties of triangles™, "length of

arc”, "the sphere™, “proportion and scale” and “pie diagr - (38)(37)

In South Africa the senior secondary mathematics syllsbus sets downm,
in addigion to a listing of subject matter, certain “general aims",
for example, "To acquaint pupils with and train chem in mathematical
methods of thought and Hﬂ.ﬂt“] The syllabus includes such
statements as “the set concept”, "intersection and union of sets",
"function of a function”. Some sspects of the syllabus, which offer
more detall include such statemsnts as “Venn diagrams and their
applications as an ald to (llustrate solutions to problems" and
"substitution in formulae”. These latter statements are of greater
use to the teacher in the sense that they provide some information on

expected outcomes In Cerms of particular content areas.

In general, in South Africa, there seems to be 4 lack of clarity among
teachers, examiners and pupils as to the depth of treatment of the
subject matter in mathematics. This problem has been aggravated with
the introduction of the New System of Differentiated Bducation "’
which requires that a differentiation be made betwsen the Higher and

Standard Crade Syllabuses. Since there (e & lack of specific
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direction in terms of the depth of treatment of the subject matter,
which is only "prescribed in broad outline", the differentiation

may well become meaningless.

1.2 NATURE AND BACKGROUND OF PROBLEM TO BE STUDIED

1.2.1 The Changing Mathematics Curriculum

Mathematics educators have made out a clear case for the modernization

and reconstruction of school mathematics courses in recent years.mﬂ”ﬁ”{ﬁ2
This modernization, which has become inevitable mainly as a result of
technological, social, economic and political changes, has left
mathematics curricula the world over in "a state of flux".{ﬁjl Topics
taught in higher grades in the past have now been brought down to the
lower ones and newer topics taught at university have crept into the
secondary school curriculum. In South Africa, for example, the latest

(64)

Common Basic Mathematics Syllabus for the senior secondary school,

which was introduced under the New System of Differentiated Education{ES}

in 1973, includes such new topics as "vectors", "groups" and

"mathematical induction".

Such changes raise several questions for mathematicians and mathematics
educators: What are the purposes of these changes? How can they be
met? How do we know whether they are being met? These are questions
about educational cbjectives, and about curriculum construction,

teaching and evaluation which must be based on these ubjectives.fﬁﬁ]

1.2.2 Stating the Prcblem

several curriculum reform projects have been developed in the United

States, United Kingdom and Europe with the view to answering some of

(67)(68)

the above questions. In general these have emphasized the
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learning of sachematics with "insight and understanding” and a break-
away from only simple recall and rote learning. In South Africa the
J.M.B., much in line with this thinking and in conjunction with the
new approach in the Common Banic Syllabus, rightly decided "that the
mathemarics examination should test not only formal knowledge but also
insight and u.umhr.l:.m'u:li.w,l“.E“"I Since the mathematics examination has
become an indispensable part of the educational process, and since
teachers and pupils inevitably prepare for the examination, their
efforts to achieve success will be "inclined to over-ride educatiomal
:ansi&eutim".”m It ia implied, therefore, that a “gpood" test or
examination in mathematics will promote correct teaching methods and
hence the attainment of desirsble objectives. The constructiom of
such & test or examination requires the basic comaideration of "whar
to evaluate”. This leads to the problem of suggesting a scheme of

objectives on which evaluation in mathesatics can be based.

While "insight and understanding” and “development of rational powers"
are generally accepted as worthwhile aims of schooling today, it is
questionable whether they are as clear to classroom teachers as they

(71)

probably are to some specialists in education and psychology. it

has already been pointed out that there is, In genaral, a lack of

clarity about what the mathematics curriculum {s meant to achieve.

This points to a need for clearly defining objectives as opposed to

merely stating aims.

The fact that the senior secondary mathamatics syllabuses (1213
contain vaguely stated "general aims" and lack any statement of
clearly defined objectives, raises the problem of vhether the teachars
are teaching and examining the new syllabus in the traditional way:

emphasis being on memory and proficiency rather thas on “insight and
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understanding”., It must, therefore, be ascertained to vhat extent
the senior secondary puplls (exposed to aspects of the new syllabus)
are achieving certain objectives Including those which go beyond the
mere recall of formal knowledge. This will entail che construction of
test items (in the absence of suitable tests) based on & range of

objectives, and the administration of such a test.

Although there are several other problems in the teaching and learning
of mathematica, the problems raised here are of fundamental importance
in that they concern objectives and evaluation which arc the cloaely-

(74) of an educational programme. Since there

bound basic components
appears to be no published research in this area in this country, it

iz envisaged that this invescigacion will produce several possibilicies.

In the light of tha above discussion, the problems with which this

study concerns itself are those of:

(i) defining objectives for use in the teaching of

mathematics at the senior secondary level,

(if) developing mathematics test items to bring out the
stated objectives, and

(iil) ad=inigrering the test to seloctod senior mecondary
pupile to measure the extent to which they are

achieving ths objectives.

1.3 PURPOSE OF THIS STUDY

(i) To suggest a suitable classification of cognitive
objectives for use in the teaching of senlor

secondary school mathematics.
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(ii) To develop mathematics test items designed to elicic

the cognitive outcomes outlined inm such a classification.

(iii) To administer the test to & selected group of pupils
in the senior secondary phase in order to measure the

extent to which they are achieving such objectives.

1.4  ASSUMITIONS ANMD LIMITATIONS

The approach to the investigation of the problem cutlined is based

on certain assumptions and limitatioms.

(i) The operational definition of an "objective" is
given in terms of pupil behaviour as an account of
“what a pupil should be able to do at the end of &
course in terms of remembering, thinking and mdlutlndinl".{“;
This definition assumes the view that education is a process

for changing behaviour.

{(i1) Objectives are stated only in the cognitive domain or area
of thinking abilities. Consequently the evaluation is

limiced to measurement of cognitive abilities in marhematics.

(1id) The content areas for which the evaluation instrment has
been constructed were selected from the Standard Eight
Standard Grade Mathematics ﬂrllnhu““ of the New System

of Mifferentiated Education.

{iv) The sample selected for testing was restricted to 5td IX

pupils from 14 Indian Wigh Schools in the Durban and

District Area.



(v)

{vi)

It is assumad that the evidence of test performance
indicates a measure of attainment of the defined objectives.

Mo assumptions, however, are made about the nature or

process of learning. i

Positive correlations of the test scores with eritarion
scores such as standard eight examination results and
teachers' ratings will be taken as evidence of the validity

of the tesc.

1.5 OUTLINE OF DESIGN AND PROCEDURES OF THE STUDY

(i} with reference to Bloom's Taxonomy of Educational

(i)

(iii)

(iv)

mn.j|-|:|:i*|rml.“I!]I and recent research relating to the Taxonomy
and to the uses of other classifications of objectives in
mathematics education, a scheme of ohjectives for
mathematics learning at che senior secondary level is

suggested.

Multiple cholce-type test items are comstructed with
teference to the above scheme of objectives. These iLtems
are based on content areas selected from the semior
secondary mathematics syllabus. A pilot test is administered

and analysed and a final form of the test is produced,

The final form of the test is odministered to a sample
af 769 Std. IX pupils from 14 high schools serving the

Indian Communities im the Durban and District Area,

The test is pcored manually and the scores are subjected

to statistical analyses by computerization to yield means,



standard deviations, significance values, item analysis
data and correlation coefficiants for relisbility and

validicy.
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CHAPTER THWO

2 OBJECTIVES FOR MATHEMATICS LEARNING

Z.1 DERIVATION OF EDUCATIONAL OBJECTIVES 1IN MATHEMATICS

In the previous chapter aims and ohjectives in education were
considered in general. An aim was differentisted from an objective
and the need for the latter was stressed. [t would be relevant to

pursue this distinction further with respect to mathematics.

A useful distinction between four types or levels of "objectives"

has been made by Fraser and l:}:‘.ll.at::m:':]':II
Objectives
I | | |
(a) {b) (el (d)
General Hediate1 Specific Instructional

|

Alms

In this representation (a), (b), (c} and (d) are regarded as different
types of “objectives" while the first two are labelled as "aims".

The global label "objectives" tends to obscure the kind of distinction
between aims and objectives that has been made in this study, The
following representation is offered as a suitable adaptation with

special reference to mathematics:



ATHS

¢ N

SPECIFIC AIMS SPECIFIC IHETIE.U:"%'THIECH;#.L
GENEBAL > (AIMS OF > OR - OBJ
AIMS MATHEMATICS BEHAVIOURAL IN
COURSE) OBJECTIVES MATHEMATICS
(i) (ii) (iil) {iv)

This scheme provides the necessary distinction between aims and

objectives and also demonstrates the manner in vhich aims may be

refined to yield objectives. The dotted-line arrows indicate the

types of aims and objectives while the solid-line arrows show the

movement from aims to objectives.

The objectives are derived from

the aims in four levels, vhere each level ls dependent oo the

preceding one. All these levels are essemtial in guiding the plaoning

of the educational prﬂtlll.{zj

2,1.1 General Alms

Several examples of gemeral sims in sducation have already been

cited and it has been pointed out that they have their origins inm

"the philosophical approach and cultural environment of the people

in charge of planning the educational pm“ll".”}

They are,

therefore, the same for all subjects of a schoel curriculum offered

in & particular educational system.

Since mathematics hecomes an

integral part of the aducational system in which it is offered, it

has te play lts role in attaining the general aims of that system,

If, for example, the general aims are mainly utilitarian, then the

atilitarian or practical value of mathematics in society will be

emphasined.
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R | Adlme of the Mathematics Course (or !Ei!l: Almi )

The general aims of education of a particular society determine, in

turn, the aims of lts mathematics course. The alms of the mathematics
course are all-embracing statements of intent which give direction and
shape to the teaching and learning of mathematics. They esphasise
why the subject is being studied but do not spall out the desired
outcomes of a course of instruction in mathesatics. The following are

examples of specific aima relevant to secondary mathematics courses:

{(a) usage in evaryday li!l;{“

{b) to interest pupils in mathemacics and to train

them to use the lw:uj

(¢}  mathematics as a means of communicating quantifiable

ldeas and information;'®’

(d} to begin to understand the povers and limitations

of "thﬂtiﬂl:tl}

(e) the inculcation of & feeling, almost a love, for

mathematics; (8)

(f) to contribute to the general education of the pupils
with special esphasis on the development of logical
thought and of habits of systematic, amccurate and
neat methods of wruq.ﬂ}

In general, the aims of a mathematics course tend to be stated in

terms of the wtilitarian, disciplinary or cultural value of the subject,
Aims stated at such a gemeral level are, howsver, of little value for
classroom practice. What is needed is a set of objectives in terms

of the skilla and abilities to be developed by the pupils in order to

attain the aims of the course.



2.1.3 Specific or Behavioural Objectives

These are algo referred to as process ocbjectives which translate the
ailms of the course into detailed statements of observable pupil
behaviour which indicate the achievement of the objectives. These
objectives are independent of subject matter and refer to behaviours
in terms of thinking (cognitive), feeling (affective) and acting

{psychomotor) .

{10}

For example, the Taxonomy of Educational Objectives provides a
detailed classification of behavioural objectives in the cognitive
domain, Since most behavioural outcomes in mathematics seem Lo have

(11)(12)(13) geveral researchers have found an

cognitive origine
adaptation of this classification useful in the teaching and learning
of mathematics, particularly in the construction of mathemstics test
items. Stating objectives in terms of behaviour alone is not

sufficient. Having decided on what behaviours are desirable, it is

necessary te consider these in conmjunction with the subject matter.

2.1.4 Instructional Objectives

An instructional objective is expressed in terms of the behaviour the
pupil is expected to exhibit and the subject matter used to produce
this behaviour, e.g. (a) ability to recall the group properties of
real numbers with respect to addition; (b) ability to apply the

Theorem of Pythagoras.

Instructional objectives are thus best represented along two

(143(15)

dimensions: one of subject matter (content) and the other of

behaviours (processes). Such an analysis yields a two-dimensional

prid:
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PROCEGSS

I B BT - T - I

This grid not only provides a clear picture of the subject curriculum
but also serves sy & design for an achievement test. Each cell in a
grid for mathematics will clearly mark out a particular component

of mathematical ability.

2.2 TAXONOMY OF EDUCATIOMAL OBJECTIVES : COGNITIVE DOMALN

2.2.1 HNeed for a Model of Classification

Having decided on a list of behavioural cbjectives which are regarded
as deairable for a course or examination in mathematics, it is
necessary to organize chem in some way in order to avoid overlap. It
would be useful to classify the objectives into categories or families
under headings such as knowledge, application and evaluation, each
designed to evoka the assoclated behavicurs. Since mathematics is
basically a logical, deductive system in which one proceeds [rom
simple definitions and axioms to more complex proofs of thsorems and
solutions te problems, the crganization of the categories from the
simplest to the more complex will further increase the potential

usefulness of objectives for the teaching and learning of machemacics.

Avital and Ehuul:l:I.m.'«:rrr.ln':"lilll warn against the danger of emphasising



low=level or sasily attainable objectives, such as mastering notation
and terminology, when, in fact, mathematical methods need to be applied
to new situations. These authors suggest the need for a comprehensive
model of levels of performance [rom the lowest to the highest so that
the teacher will be able to conscruct the ehjectives to include the full

range of mathematical performance.

Such a model is available in the Taxoocmy of Educationsl Objectives.(l?)

It is claimed that, in the absence of such & model as a basis to

formulate objectives, "the tendency has bean, and atill is to a great
extent, to emphasize only knowledge and comprehension and to avoid the
higher mental processes involving understanding amd critical lhinkinl,".“m
This problem has been aggravated by the inclusion of a wealth of formal
definitions and new concepts in mathematics curricula. Thus, teachers
may easily be led to emphasize simple recall and comprehension and
neglect the development of the applicational ability in mathematics.
Clearly, the latter will require the scquisition of higher level
cognitive abilities. This necessitates the organization of all cognitive

abilities in such a way that it is possible to distinguish between the

higher level and the lower level abilities.

2.2.2 The Structure and Function of the Taxonomy

The Taxonomy of Educatiomal Objectives Handbook 11 Cognitlve lh-nin.“”
which will be referred to as the Taxonomy in this treatise, has been
acclaimed as one of the most useful frameworks for the classification

of educational objectives. This classification represents one of the
three interacting areas of behaviour roughly corresponding to thinking,
feeling and acting. These areas of behaviour sre denoted by three

domains: Cognitive, Affective and Psychomotor. Mandbook 11 comcerns
i
-

¥ 0s"
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(20}

itself with the Affective Domain which contains objectives dealing
with attictudes, values, interests, appreciation and social-emotional
adjustment. The Psychomotor Domain has been planned to deal with

cbjectives relating to manual and motor skills.

It has already been pointed out that most behavioural outcomes in
mathematicse seem to have cognitive crigins. Therefore, the Taxonomy
which provides a detalled classification of behaviours in the cognltive
domain has special significance for mathematics and hence [or this
sCudy., Thus, this and the following two sections are devoted to a

description and discussion of the Tazonomy.

The Taxonomy identifies six major categories of cognitive behaviours
(those behaviours primarily involved in thought processes) which are

listed in the following nndur:tzl}

L0 Enowledge
2.00 Comprehension
3.} Application
4.00 Analysis

3. 00 Synthesis

6.00 Evaluation

The Taxonomy is seen in terms of two parts: (i) knowledge, and

{ii) the development of those intellectual abilities and skills which
are necessary to use the knowledge. The categories of the Taxonomy
are further divided into several aub—na:eguries.tlz} For example,

Comprehension has three sub-categories: Translatiom, Interpretation

and Extrapolation.

It has been suggested that the Taxonomy basically grew out of attempts
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"o resolve some of the confusion in communication which resulted
from the translation of such general terms as "to understand' into

o (23)

more specific behaviours".

Thus, the Taxonomy was conceived as "an educational-logical-
psychological classification Eyatﬁﬁ'.izﬁj The terms in this order
express the emphasis placed on the different principles on which the

)

Taxonomy was developed. Krar.hwuhlﬂs explains the structural

organization of the Taxonomy as follows:

"It makes educational distinctions in the sense that

the boundaries between categories reflect the decisions
that teachers make among student behaviours in their
development of curricula and in choosing learning
situations. It is a legical system in the sense that its
terms are defined precisely and are used consistently.

In addition each category permits logical subdivisions
which can be clearly defined and further subdivided as
necessary and useful. Finally the Taxonomy seems to he
congistent with our present understanding of psychological

phenomena. "

The generic term "taxonomy"” indicates that the classification is not
arbitrary but represents "something of the hierarchical order of the
different classes of ﬂbjttti¥!l“.{zﬁ} The objectives are organised

in such & way that each successive category is built upon, and is in
turn dependent upon, these which precede it. This arrangement of the
objectives from the simple to the complex is based on the assumption

that a simple behaviour becomes integrated with other similar

behaviours to form complex behaviours. Seen symbolically, if behaviour
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A forms one class, behaviour type AB will form another, while Lype

ABC will form yet another class:

A — A —————3 AN e
(simple) {complex) {more complex)

The authors of the Taxonomy suggest that one of the implications of the
hierarchical structure is that there should be a relationship betwean
complexity of behaviour and facilicty of problem solving. (an For
example, problems requiring behaviour A alone should be correctly

ansvered more often than problems requiring behaviour AB.

The presentation of the Taxonomy includes the definicion of ohjectivas

in three ways, provided by:

(i) a verbal description or definition of sach claas
and subclass, where every effort has been made to
describe the major aspects of each category as

carefully as possible;

(ii) & list of illustrative educational ohjectives which

are included under each subclass of the classification;

{iii) several illustrative examination questions and test

items which clarify the behaviour appropriate to esach

category.

The last type of definition is considered by the authors as representing
“the most detailed and precise definitions of the subclass since it

includes the ctasks the student {s expected to perform and the specific

behaviour he is expected to :thib[r.".tu}
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2.2,3 Uses of the Taxonomy

The Taxonomy has been regarded as a useful classification device in
that it has provided a basis for precisiom in the comsunication of
objectives by teachers, administrators, professiomal specialists and
research workers who deal with curricular and evaluarion problems.
For almost two decades since its publication the Taxonomy has proved
to be a valusble tool for educational research vorkers in alding them
to formulate hypotheses about the learning processes. lts "neutral"
structure allows for s wide range of applicability to “educational
programs which can be specified in terms of intended student
Inzh!ulrinu.v::"'.Im"I Thus it becomes useful to teachers and testers, in
different educational systems, for providing a basis for suggestions
regarding methods of developing curricula, instructional procedures

and testing technigques.

Several research studies have shown how the Taxonomy has been
utilized and studied in a variety of ways. Some of those that bear

relation to the present work are reviewed here.

McFall (30)

used the Taxonomy as a method for classifying test items

of an experimental achievement test. The test was constructed to
identify and evaluate the ability to recall specific material and to
deal with higher level cognitive tasks in general sclence, grades
seven through eleven. Data were produced to support the hypothesis
that a significantly low correlation exists between performance on
test items requiring higher level cognitive behaviour and performance
in current tests evaluating student achievement., McFall suggests that

the use of tests involving largely recall items limits the measuring

of learning outcomes and might restrict the type of learning which

might occur,
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Pleiffer and Dlviltilj

used the Taxonomy to Andlyse teacher-made
semoster examinations for ninth grade courses. It was found that the
similarity between cognitive objectives was indicative of the great
emphasis placed on the acquisition of knowledge and the mental process
of memory in these examinations, The suthors suggest that, while
teachers may very well have been unaware of such emphases, these test

ftems did not reflect the entire range of ochjectives which ware

lmplemented in the classrcom.

Marksherty ot nl‘ﬁz}

used the six levels of the Taxonomy Lo analyse
recommendations of some national committees and the cognitive
objectives [rom a group of melected texts at the elementary level in
language arts, mathematics, reading and social atudies. It was

found that all six categories vere implied in the objectives
inferred from the recommendations of the national committess, but not

all six were in the objectives from texts analywed.

u-u"“" demonstrated the use of the Taxomomy in constructing cests
for primary school pupils. It was shown that a paper-and-pencil
instrument can be developed for the age range of seven, eight and nine,
which will measure separately and distinctly the behavicurs defined

in the Taxonomy. Klein suggests that the Taxonowy im mot just a
theoretical definition of cognitive behaviours but & valuable tool

to educators concerned with developing the rational powers of our

furure citizens.

34
Hn-nd.{ ) in reviewing several classifications of objectives in the
teaching of mathematics and suggesting & scheme based on the Taxonomy
for the Item Bank Project, observes that all thess classificatiocans

"postdate the Taxonomy and each owes some debt to it™. I.-urin.uﬂ
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in a similar approach to objectives in the teaching of science,
suggests Chree broad categories of objectives and points out the

resemblance of each to one or more levels of the Taxonomy.

In general, these studies point to the lncreasing usefulness of the
Taxonowy as & tool in education and educational research. Perhapsa, the
greatest value of the Taxonomy lies in the fleld of evaluation,
(36)(37) (38) (3D (A0) (A1) (A2} (14 s rate the uae of

Several other studies

the Taxonomy, or an adaptatiom of it, in test construction.

2.2.4 Validation of the Taxonomy

The Taxonomy is & theoretical construct which, it would seem, i{s based

on the following major sssumptions:

(a) The processes which it stipulates are behavioural

and all the behaviours are cognitive processes.

{(b) The arrangement of the categories is hierarchical

egnd cumilative.

The Taxonomy is clearly the result of logical and psychological

analysis which is based on the experiences of several examiners, educators
and psychologists rather than on empirical evidemce. While there is
little doubt sbout its communicability and usefulness in education and
educational research, few research studies concerning the existence of

empirical foundations for the Taxonomy are available.

The authors of the Taxonomy have pointed out that comsunicability and

usefulness are not sufficient conditions for validity and that "a

faxonowy must be validarted by demomstrating its cons 1stency with the

theoretical views in research findings of the field it at Lempts €O order”, ¥
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(44) stated that sound evidence concerning the validity of

Kropp et al
the Taxonomy was not available. They presented some of the major
problems relating to response measures, test formats and other
observational conditions, and selection of valid statistical methodology,
which need to be considered in an attempt to provide evidence of
validity. MHowever, they suggested that the Taxonomy was becoming a tool
of growing importance to developers of curriucla, tests and teaching

methods.

E-lih:h“ﬂ uaed hisrarchical syndroms ;nilrlll“ﬁj“”

to investigate
possible ways of combining the cognitive classifications suggested in
the Taxomomy in order to validate the assumption that the cognitive
processes are cumulative and hierarchical. In general, the analysis
of data gathered from responses to four taxonomic tests supported the
Taxonomy rationale of a cumulative and hierarchical continuum of

cognitive processes. However, the Knowledge and Evaluation categorias

were found to bhe inconaistent with the theoretical formulacion.

In one of a series of studies designed to investigate the empirical
validity of the Taxonomy, Stoker and l‘tnpp“a} found that there was
inter-judge agreesent with respect to cognitive processes being sought
in test items. The data gave general support to the hierarchical
structure With a possible misplacement of the Evaluation category.

Factor smalysin, however, failed to support the hypothesized structure

of the Taxonomy.

In a Schools Council research m-_l.-.dy“g] on examinations, invelving
the use of different types of test items, the mathematics panel
classified the test items according to four levels of cognitive

behaviour (viz. Comprehension, Applization, Analysis and Synthesis)
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based on the Taxonomy. Candidates taking the main tests were alsc
rated by their teachers according to the same achedule. It was found
that the correlations of the tests with teacher ratings ranged in size
according to the hierarchical order of the categories. The panel
concluded that the data suggested "that It is possible to devise papers

which test specified taxomomic levels of mathematical ﬁtlity‘ﬂ{m}

The authors of the Taxonomy have subjected the classification scheme

to a series of checks, primarily of cumsunicabilicy and cmprlhmimnifsn
In terms of commmicability che most complece teat of the classificacion
has been their attempt to classify a large oumber of test items. The
authors rTeport that the major problem revealed by the study was that

in all cases it was necessary to know or assume the nature of the
examinees' prior educational experiences. It wvas concluded that, in
general, "test material cam be satisfactorily classified by means of

the caxonomy only when the context in which the test problems were

used is known or ml.-:d".u” In terms of che comprehensivensss of the
Taxonomy the authors claim that "as yet, in the cognitive domain, we

have encountered few statements of student behaviours which could not

be placed within the classification :chm"‘.””

In general, the above researches tend to support the basle ansumptions

on which the Taxonomy is founded.

2.2.5 Criticisss of the Taxonomic Approach

Since the Taxonomy is itself a classification of intended behaviours,
several of the criticisms are, in general, similar to those raised
against the statement of objectives in terms of behaviour. The peed to
state objectives behaviourally has already been stated in the preceding

chaptér. It may further be argued that, since this research rests on
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the basic assumption (as stated earlier) that education is 2 process
for changing behaviour, any criticism against stating objectives
behaviourally must be regarded as irrelevant to the use of the Taxonomy

in this study.

Although tha authors of the Taxonomy claim that it is meutral and does

(54) the fact remaing that it is

not rest on any one view of education,
a classificacion of intended behaviours (as they themselves admi t“”j;
and as such, “only those educational programs which can be specified in

(56)

terms of student behaviours can be classified". This would seem to

be an apparent contradiction in an otherwise logical structure.

It is also claimed that che Taxonomy includes all possible behaviours
and, therefors, any objective which describes an intended behaviour

should be classifiable in this syscem, (37

The essential hehaviours
related to manipulative and computstional skills in mathematics do not,
however, seam to fit into any particular category of the Taxonomy.
This need for a broad category relacing to skills in mathematics has
been recognised by the several adaprations of the Taxonomy, which will

be pressmted later.

(58)

Some critics have argued against the assumptions regarding the
hierarchical structure of the Taxomomy. In general, these arguments are
theoretical and lack supporting empirical evidence. The asuthors of the
Taxonvwy carefully srgue the basic problems of ordering phenomena in
ways which will reveal their essential properties and interrelatiomships
and puggest that, in the absence of "a larger synthetic theory of
learning", the order used in the Taxonomy is consistent with research
(59}

findings. The research studies reviewed in the previous section

alpo gonerally support the basic assumptions underlying the hierarchical

Btructure of the Taxonomy.
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Aumhnl“ﬂ’ claims that few curriculum specialists are trained to
define objectives behaviourally and that behavioural terminclogy more
often obscures than clarifies objectives. Firstly, the lack of

trained specialists does mot point to a problem with the defining of
objectives behaviourally, but rather to & lack of foresight in the
administration of education. Secondly, it must be pointed out that the
terms used in the Taxonomy are defined and vsed (connistently) in a
gpecial way., Clearly, there will be some misunderstanding if they are
seen to "have different meanings for psychologists and educators of

different theoretical ptr:unim:".ﬁ”

It may be concluded that the Taxonomy has been successful in
establishing & classification device which communicates objectives
precisely. It has also been shown that it is a fairly comprehensive
schame which has been found to be useful in education and educatiomal
research in general and in the field of educational measurement in
particular. Moreover, the available empirical evidence temds to

support the hypothesis that the Taxonomy is hierarchical im structure.

2.3 CLASSIFICATIONS OF OBJECTIVES USED IN MATHEMATICS

EDUCATION

The Taxonomy is intended to have universal application and hence it is
phrased in general terms so that it does nmot relate to any particular
subject matter. It has been stated earlier that "it is particularly
relevant to mathematics where most significant behaviours appear to have
cognitive ﬂtl[lll“-“n Further, its applicability to mathematics is
increased by its logical and hierarchical structurs. The Taxonomy ,
therefore, readily lends itself cto an adaptation to mathematical

performance. Several adaptations suitable for use in mathematics
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teaching have been produced. These have served to increase the
potential usefulnass of the Tamonemy to both the mathematics teacher
and the research worker in mathematics education. Some of these
clannifications which have been developed for use in overseas projects

ace prasented here.

2.3.1 T_hl Indian National Couneil of Educational

Raow nrchun

The major categories are as follows:

Objective I: The pupil acquires ENOWMIEOGE of mathematical cerms,
symbols, concepts, assumptions, principles, formulae and processes.

Objective TI: The pupil develops SKILL in

{a} handling the mathematical instruments;
(b) drawing geometric figures and graphs;
(¢} reading tables, graphs, etc.;

{(d) computation.

Objective III: The pupil acquires UNDERSTANDING of mathematical

Cerms, symbols, concepts, principles, formulas and processes.

Objective IV: The pupil APPLIES the knowledge of mathematles to

unfamilisr situationa.

Each of the categories has several subcategories of detailed outcomee,

for example:

(i)  the pupil recognises terms, instruments,

processes, eLe,;



(ii)  the pupil reads tablem, charts and graphe quickly

and accurately;

(iii) the pupil verbalizes symbolic relationships and

vice versaj

(iv) the pupil selects most appropriate formula, mathod

or process to solve a probles.

While there is a striking similaricty between this scheme and the
Taxonomy, Objective II is clearly a useful departure which takes
care of the manipulastive and computational skills which are sssential
to mathemstics learning. Wood suggests that this schese offers "a
detailed inventory of terminal behaviour which may be of more

immediate practical use than some of the other u-hun“.t“:'

2.3.2 The International Study of Achievement in

Mathematics (1£4) %%

This was & cross-national study designed to investigate the mathematics
achievement of secondary school childrem in twelve countries. As a
starting point for the construction of the test instruments each of

the countries was required to submit a list of bebavicural objectives.
The research committese then agreed upom the following “short 1lst of
behaviours (or ohjectives) which they believed would be accepted as

desirable by most teachers of mathematics regardless of cheir
nationalicy™; (66)

A. imowledge and inforeation: recall of definicions,

notation, comcepts.

B. Teohmiques and skills: solutioms.
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€. Translation of data into symbols or schema and vice

YECRA.

D. Comprohension: capacity to analyse problems, to

follow reasoning.

E. Inventiveness: rveasoning creatively in mathemacics.

This scheme has much in common with both the Indian Mational Council
Classificarion and the Taxonomy. However, there =zppears to be a
difference in terminology. "Translation” is seen to be different from
"Comprehension™ which i= concerned with "Analysis™. “Application”,
though not stated as one of the above five broad categories, is

included in & alightly more detailed schame' >’ ?

where a behaviour,
such as "ability to apply concepts to mathemacical problems™, is

stated.

It should be noted that the behaviours outlined above are mainly
confined to the cognitive domain. The TEA investigation omitted the
non=cognitive behaviours and endeavoured to sliminate as far as

poseible student personality traits.

2.3.3 The Ontario Institute for Studies in Education:

Objectives for Mathematics Lzm.{:uun

Avital and Shectleworch'®") suggested a model of levels of performance
in mathematics, based on the Taxonomy, for the upper grades of
elementary school and the secondary school. The authors noted three
levels in sathematical thinking and distinguished [ive taxomomic

categories of mathematics teaching objectives:
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Levels in Mathematical Thinking Taxonomic Level
tEEﬂﬂltiﬂ'ﬂ- rﬂl,"...il. AR R AR EEE SRR EE I-- KHWEE‘H‘QE
algorithmic chinking, 2. Comprehension
generalization 3. Applicatiom

4. Analysis

5. Synthesis

The authors have argued that although Evaluation is assumed to be the
most complex level of performance, in mathematical performance "we
cannot distinguish evaluation as psychologically distinct'. Thus

tasks involving the judgement of the correctness of a proof by internal
analysis of the ateps, which is an integral part of the process of

proof itself, must belong to the category of Analysis or Synthesis.

The authors have also taken cognisance of the fact that the
formulation of objectives is closely bound up with evaluation and have
accordingly produced several test items to illustrate each level of

thinking and the corresponding taxonomic category.

Z.3.4 National Longitudinal Study of Mathematical Abilities

The Resparch and Test Development Section of the School
Mathematics Study Group in U.S.A. suggested the following scheme of
objectives for the development of mathematics achievement tests for

the National Longitudinal Study of Mathemarical hhili:l:i:{?ﬂj

Levels of cognitive behaviour in mathematics:

Enawing : knowing terminology, facts, properties,

reasons, principles, structure.

Manipulating : carrying out algorithss.



=3

Tranalating : changing from one language to another.
Applytng : making comparisons.
Analysing : analysing data;

recognizing relevant and irrelevant
information;

seeing patterns, isomorphisms, and gymmetrries.

Synthegising : specializing and generalizing;
formulating problems;
constructing a proof or a problem.
Evaluating : wvalidating answers.

These seven levels of cognitive behaviours in mathematics were further
grouped into two basic categories: low-cognitve (knowing, manipulating,
translating and applying) and high-cognitive (analysing, synthesizing
and evaluating). This arrangement clearly implies a hierarchical
gtructure. In this study an attempt was made to establish content
validity by mapping out components of mathematical ability resulting
from a two-dimensional representation in terms of content areas and

major Llevels of cognitive behaviours.

It is clear that this scheme closely resembles the Taxonomy. The
essential differences are the inclusion of "manipulating"” and the

listing of "translating" as a separate behaviour on its own.

2,3.5 The Item Bank l"l.'nnjne-':l‘.l:"“:II (Examinations and Tests

Research Unit, NFEHR)

The Item Bank Project is a research project which came into being,



with the inception of the CSE in England, a3 & result of che need

to produce & school-based examination. The item bask which is a pool
(bank) of test guestions (items) bhas been confined to mathematics.
One of the major tasks of the project was the preparation of a
blueprint which is a detailed specification for cthe writing of testc
itema. The blueprint vas drawm wp by reference to "(a) a list of
objectives which are regarded as being those that the examination is

intended to messure and (b) the relevant content "m,._rn'_l

A five-point classification of objectives relevant to the teaching

situation wvas adopted for the pﬂlj-:t-"]]

The following are the
categories of objectives together with some illustrative examples of

behaviour assumed under esch objective:

A Enowledge and informationm:

recall of delinitions, notations, concepts:

{i) knowledge of terminology and conventions;
{ii) knovliedge of specific facts;

(i1} knowledge of principles and generalizations.

All three types of knowledge behaviour are present in the

following examples of & pupil®s terminal behaviour:

(a) accepts the idea of a vector as representing direction

and forece;

(b)  knows that the area of a triangle equals half the base

Cimes tha heighe;

(e} awareness of axioms in geometry and their special

status.
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Feohniques and Manfpulative Skills:

computatfons, manipulation of symbols.

A skill in defined as “anything that the individual has learnt
to do with ease and precision”. A pupil who can demonstrate
that he can carry out the following tasks is displaying this CLype

of bohaviour:

(a) manipulate formulae involving length, area, volume,

capacity, time, speed and money;

(b) use measuring instruments (micrometer, ruler, etc.)

to stipulated accuracy.

Comprehanaion:
capacity to understand problems, to translate symbolic forms,

to follow and extend reasoning.

(i) Translation: tranaforming a communication into other
terms, into another language or into another form of

communication.

Examples of translation behaviour are:

(a) tranmlacion of [llustrations, models, tables,

diagrams, and graphs to verbal form and vice versa;

(b) translation of geometric concepts expressed in

verbal terma, into spatial form.

(11}  Interpretation: resrrangement of material so as to secure

4 total view of the content of the message.

Example of Interpretation behaviour is:
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Es

making inferences from data presented in tabular or

graphic form.

(iii}) Extrapolation (and Interpolation): ability to extend

any trends perceived in given data and to specify
implications and corollaries.

Extrapolation behaviour is exemplified in the following:

(a) predicting population characteristics from sample

data and vice versa;

(b} wextending ideas from one topic or subject to

another relevant one.

Application:
Application of appropriate comcepts to unfamiliar mathematical
situations. This i{s the ability to transfer learning from one

situation to another. Example of application behaviour is:

"Assuming that all the pages of & telephone directory are of
equal thickness, how would you find the approximate thickness of
one page! Express your method of obcaining & result in the form

of an algebraic formula, explaining clearly the meaning of the

letters used™.

Inventivensaa:

reasoning creatively in mathematics.

This is the highest level of behaviour and it iavolves the
assembling of elements so as to form & structure or pattern nmot

clearly visible before, and which for a given student is original

or unique.
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Example of a situation which might induce Inventiveness is:

"gay how you would measure the dismeter af the =oon.

Cive actual mumbers where possible.”

This classification has been derived from both the Taxonomy and che
classification of the International Study of Achievement in Mathemarics.
The higher objectives of the Taxonomy were omitted becsuse they were
considered to be bayond the reach of the majerity of the population
under study. For the same reason "lnventiveness" was regarded as an
experimental category “which needs a lot more sttention before it cam
be confidently |.Ju|m|:l"."'M"II

2.4 CLASSIFICATION OF OBJECTIVES FOR MATHEMATICS LEARNING
USED 1IN THIS STUDY

In this study, the Taxonomy is considered to be the essential
framevork for developing a classification of categories of objectives
for mathematics learning at the senior secondary level. The review

of the classifications of objectives used in secondary school
mathematics, in the previocus section, clearly suggests their affinicies
with the Taxonomy. Cartain useful sodifications of the Taxonomy,

relevant to the teaching of msathematics, have emerged from these

classifications.

Using these modifications of the Taxonomy and drawing from the author's
own experiences with the content and methodology of mathematics
instruction, the following scheme of objectives is suggested for use

in the construction of an evaluation [natrument in mathematics:
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The Categories of Objectives for Mathemarics :I.unj_niﬂﬂ

The major categories of objectives are labelled A, B, C erc. The

subsections (labelled 1, 2, ) e2tc.) are presented to clarify and define

oach major level of behaviour.

A.

g.

ENOWLEDGE

1.

Spaoifioc Faota
abilicy to recall definitions of terms, motationm (symbols),

formulas.

2. Umiversal facts or generaltsations
ability to recall axioms/postulates, theorems, conventions,
methods, techniques, patterns, structure, conditions (criteria),
clapaifications.

SKILLE

1. Manmipulative akills
ability to handle instruments, draw graphs/figures, read
tables.

2. Computational skills
ability to perform operations, factorise, solve, substitute,
change subject of formula.

COMPRERENSION

1. Traenslation

ability to translate from the verbal to the gymbolic and vice
versa, from the geometric to the verbal and vice versa, from

the symbolic to the geometrical and vice versa:

BeomeLric

symbolic f———— 2 varbal



1. Interpretation
ability to illustrate terms/concepts, to explain machematical

terms, notation, concepts and primciples in own words.

). Extrapolation
ability to perceive and extend a trend/pacttern/idea.

D. SELECTION-AFPLICATION
1. Selection
ability to select appropriately the prinmciple, method,
formuls, axiom or theorem required for the solution of a
problem. Ability to reduce an unfamiliar situation to a

familiar situation.

2. Applisation
ability to apply correctly a principle, method, {ormula,

axiom or theorem in a problem situarion.

E. ANALYSIG-SYNTHESIS
1. Analysis
ability to analyse data (parts) with che view to forming

relationships, to compare related mathematical concepta/rerns,

to digcriminate between concepts/terms.

2. Synthesia
ability to gemeralize, to establish relationships, te

construct problems/solutions/proofs.

3. Evaluation

shility to check the validity of a sclution, proof or

genaralization.
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The essential difference between this classification and the Tazonomy
is that it (i) includes skills and (ii) groups Analysis, Synthesis

and Evaluation under one category.

Manipulative and computational skills (as defined in the abhove
clasgification) are essential in mathematics. While several of the
clagsifications of cbjectives in mathematics teaching have recognized
the importance of this category of behaviour, the Taxonomy makes no
provision for it. Several sections of the senior secondary mathematics

syllabus, (76)

e.g. factorization, simplification of fractionms,
substitution in formulae, graphical representation and geometric
constructions, lend themselves to this kind of behavicur. Thus,

the suggested classificacion includes manipulative and computationsl

skills under the wmajor category, Skills.

In the suggested classification, Analysis, Synthesis and Evaluastion
behaviours have been placed under a wingle broad category : Amalysis-
Synthesia. In mathematical performance, Analysis and Synthesis appear
to be complementary, since the one implies the other and vice versas.
For example, the analysis takes place with the view to forming
relationahips or producing a sclution, which clearly implies synthesis.
Evaluation involves boch analysis and synthesis as pointed cut under
4,33 In view of these interrelationships among the three behaviours

the need for listing them separately as major categories was not

racognized.

A prerequisite to applying & principle, method or formula in mathemstics

is the ability to select (from the several that are available)
the sppropriate principle, method or Formula. Selection is emphasized

here as an important aspect of the major category, Belectioon-Application.
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In general, the suggested classification includes all the more
jmportant behaviours relevant to mathematics, which have been presented
in the Taxonosy and in the other classifications (stated in 1.3}

used in secondary school mathematics.

2.4.2 The Suggested Classification of Dbjectives and Illustrative

Test Ltems

Taet items, perhaps, represent the most detailed and precise
definitions of objectives. A test item pinpoints the task the pupil
is expected to perform and the specific behaviour he is expected to
exhibit, In this section =ach major category of behaviour will be

clarified by an appropriate sample test item.

2.4.2.1 [Knowledge
"Enowledge™ [s used in the sense of repetition of material in the

forn in which it was learned. Knowledge objectives emphasize, most
of all, the psychological processes of remembering and recall,
Knowledge is usually regarded as the lowest category. It is defined here

in terms of the recall of specific facts and universal facca.

Both types of knowledge behaviours are present in the following

examplen:

{a) the pupil should be able to state the formulas for

the area of a triangle;

(&) the pupil should be able to state the conditions

for congruency of trianglesj

{c) the pupil should be able to define "equivalent

sets™.
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It is clear from the above examples that there is a close connection
between the statement of an objective and the plan for evaluation.'’”?
1f, for example, "the pupil should be able to” is removed {rom esch
of the objectives, then what remains may be used as an item to

assess whather the pupil has attained the ohjective.

Although Enowledge represents a lover level of mathemstical
parformance, it is indispensable to higher level categories which
assume it to be a prerequisite, Clearly, therefore, & pupil cannot
perform at & higher level without knowledge of the required factas.

In general, the measurement of attainment of a higher level objective

will mean that the necessary knowledge las also mssessed,

The following examples of test items illustrate the knowledge

objectives:

(i) Objective : ability to recognise set notation.

Test item : 'X is the subset of ¥Y' in denoted by:

A, X = ¥
OE[] ¥
[ AN ] el
p. 2C ¥

e, % L) v

(1i) Objective : ability to recall the proporty of zero.
Test item : If a, b are integers which one of the

following is mot true?



(iii)

Objective : ability to state a theorem.
Test item 3: 5State the theorem of Pythagoras

for a plane right-angled triangle.

2.6,.2.2 8kills

This category includes both manipualtive and computatiomal skills.
The pupil is required to perform constructions, computations and
solutions which are based on techniques developed in the classroom.

Although no decision regarding the approach to the solution is

required, accuracy in the use of the technique is essential.

The following are examples of objectives relating to Skills:

(a)

(b)

(c}

(d)

the pupil should be able to produce standard
geometrical constructioms using ruler, protractor

and compasses;

the pupil should be able to factorize expressions

of the form, ab + ac, a* = b% and ax® % bx + c;

the pupil should be able to find solution sats of

simultaneous linear equations;

the pupil should be able to substitute in given

formulae.

B3
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Examples of test items which illustrate the category, Skills:

{i) lUse ruler and compass only to construct

AABC with AB = B ecm, BC = 8 cm and

m(ABC) = 907,

(ii) ”a}sulutitutin; the values a = 3, & = 2,
l.'h! - 2
¢ = 1 in the expression; — = wg gell
P E
&= - & *

A. 22 B 3 C. ¥ D 15 B 25,

2.4.2.3  Compsehession

The category, Comprehension (as defined in the classification) is
characterised by three types of behaviour: Translation, Interpretation
and Extrapolation. Comprebension of mathematical concepts and
terminology is basic to mathematical thinking. Objectives under this
category sust, ctherefors, snsure & seaningful use of the concepts

and terms. Each kind of Comprehansion behaviour is {llustrated here.

Translation requires the ability to transform one form of communication
into another form, e.g. ability to tranialate from the werbal to the
symbolic and vice versa. A great deal of mathemarical performance
dapends on Translation bshaviour which is essential to develop a
fluent use of mathematical language. Tranzlatiom behaviour is

apparent in the following examples:

(a) the pupil should be able to represent graphically
equations of the form, ¥y = mx + ¢;

{b) the pupil should be able to translate geometric

concepts expressed in verbal form into spatial

form; (79)
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(¢} the pupil should be able to express in symbolic

form &8 given verbal statement,

Illustrative test icems:

1 y
A
~Jo; B
{(4; 0) > X
Write down an equation to represent the graph of
the given straight line.
l‘,i-i,'llt‘m‘:|I The area of & rectangle is 6 and its perimetar

is 10. One of the following equations may be used to

find the sides of this rectangle.

A. Iz + 5x + & = 0
B. II - 10x + & = 0
c. 2 - %%+ 6 = 0
b. I:: + l0x - & = 0

E. X - By & 5 - i

interpretation requires the ability to illustrate and explain
mathematical terms, notation, concepts and principles. It is
different from a straightforward translation of a communication in
that it implies the recogniction of the major ideas included in a

communication and their interrelationships. Examples of



interpretation behaviour are:

{a) the pupil should be able to supply or recognize
inferences which may be drawn from a given graph

or table of data;

(82)

(b) the pupil should be able to identify the uses

of the associative, commutative and distributive

lawn g

{e) the pupil should be able to compare related

mathematical concapts.

Illustrative test items relating to Interpretation:

{i) In the Venn diagram the numerals represent the number

of aloments in sach area.

—

Find o [I'Uttﬂs}] .

A. 19
B. B
C. 16
b. 10

E. 3

66
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(ii)

Which pair of straight lines has the same gradient?

A I, L

1
B. 11. I3
€. Iy 1,
D. I*. 11
E. 11, 11

Extrapolation involves the ability to extrapolate or extend trenda
and tendencies beyond the given data. It is an extension of
Interpretation behaviour in that the pupil is required to go beyond
merely stating the essence of the communication and specify any
implicationa. The following examples of objectives illustrate che

category of extrapolation:

{a) the pupil should be able to perceive the underlying

relationship in a mequence and extend it by supplying

the next few terms]
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{c)

&8

the pupil should be able to fill im (or interpolate)
where there are gaps in data, for example, in a

given graph;

the pupil should be able to predict population
characteristics of sample data. (In recognizing a
pattern he is translating and interpreting the data and

in predicting he is going beyond whatr is |.i'i'I=t,'luu'3:II

Illustrative test items relating to Extrapolation:

(i)

(ii)

(iii)

Fill in the missing mumbers in the following

sEquence:
1. ‘-. '.. '-!'p lgl —_ | 3"l —
(B4) p
Exsmine the following mmber arrangement:
1
1 1
1 F 4 1
1 3 3 1
1 [ [ & 1

1f the rows are continued in the same pattern, what

will be the second last mumber in the fifteenth row?
A 1 B. 15 c. 1a D. 14 E. &0

B5
{ }ﬁ volume, v, of gas is related to its préssure,

Py by the relationship pv = 16. When p becomes

very small, v will become:

As  wery small B. very large C. almost 16

D, negative E. zero.
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2.6.2.4 Selection-Application

This category is usually referred to as Application.

1t involves firastly, the correct selectiom of the methods and
principles required for the solution of = problem, and secondly, the
accurate application of the selected principles and methods. While
the former requires the decision about which principle or method

is relevant, the latter requires the decision about the manner in
which the selected tools should be organised or used to produce a

solution.

1f what is learnt is intended for application in real-life situations
then the Application category must be regarded as an extremely
ioportant aspect of the mathematics curriculum. Application depends
on the pupil's ability to transfer learning from one situation to
another. Although the ability to transfer also underlias Comprehension
behaviour, Application differs from Comprehension in that it presents

an unfamiliar situatiom to the 1¢.In.r_tnﬁ]t5?1

1f a pupil had
préeviously encountered a test item requiring Applicatiom behaviour
then he need only recall che original situation; im which case, Cthe

item will not be testing Application but rather Enowledge, or an

aspect of Comprehension.

The following are examples of objectives illustrating the cacegory,

Application:

{a) the pupil should be able to select the mest

appropriate formula, theorem, method or process to

solve a problem;



(b}

(e}

(d)
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the pupll should be able to apply the knowledge
and methoed of solving simultansous equations to solve

a vorbal problem (“"atory problem");

the pupil sheuld be able to select appropriately and
apply the laws of trigonometry to problems involving

heights and distances;

the pupll should be able to apply wector addition and

imner product of vectors to geomatric problems.

Examples of test items illustrating Application behaviour:

(i)

(ii)

2.4.2.5%

The height of a triangle is increased by 102 and its
bese in decreased by 10%X. Does it§ srea increase or

decrease? If so, by what percentage?

A. decrease, 10T 8. increass, 10X €. decrease, 1%

D. increase, 1% E. area remains the same.

Set up a vector disgram and prove that the angle in a
semi-cirele is a right angle.

Analysis-Synthesis

This is a broad category vhich includes all the behaviours defined under

Analysis, Synthesis and Evaluscion In the suggested classificacion.

Analysis involves the breaking down of informatien im a probles

sitoation and the reorganicing of the parts within the problem. Often

it also requires the ability to compare related mathematical concepts

and to distinguish between them. Ceomstric problema, for example,

require the careful analysis of given and implied data.
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Closely related to Analysis is the Synthesis behaviour which
involves che “piecing together" of the relevant parts in order to
establish a pattern or structure not clearly visible before. The
pupil must bhe able to recognize the need for certain principles which
may, at first, seem unrelated to the problem. Synthesis =ay even

include the ability to reason creatively in mathematics.

Evaluation refers to the sbility to check the validity of a solution,

proof or generalization.

In general, the Analysis-Synthesis category requires much more than
the straightforvard application of previcusly learned principles and
concepts. Thus, while Application requires the ability to reproduce
previously learmed rules and procedures in order to solve unfamiliar
problems, Analysis-Synthesis requires the pupil to produce a solution
by discovering relationships among certain previously unrelated

principles and procedures. (88)

It is mecessary to bear this difference
in mind when deciding whether to assign a mathematical problem to

Application or to Amalysis-Synthesis.

The fcllowing are examples of objectives illustrating the cacegory,
Analysis-Synchesis:

() the pupil should be able to analyse given and implied
information in & geometric problem apd establish a

relationship;

{b)  the pupil should be able to make mathematical

generalizations from a consideration of & variety

of results and data;
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{(c) the pupil should be able to check the correctmess of

solutions and proofs by internal amalyses of the

various steps}

(d) the pupil should be able to construct a proof or

problem nev to him.

Examples of test items illustrating the objectives under Analysis-

Synthasis:
(i) (89 1et n and n be any two odd mmbers with n < m.
The largest integer which divides all possible numbers of
the form -1 - uz is
As 2 B. & C. & b. 8 E. 16
iy 9

In the figure, the area of the regular hexagon is 6.
If sach side of the equilateral triangle Is twice the
size of each side of the hexagon then the area of the

equilateral triangle ia

A. ] B, & C. & p. 9 E. 12
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2.4.3 General Comments on the Suggested Classificacion Scheme

This classification scheme clearly emphasizes cognitive behaviours.
It has already been pointed out that most behaviours in mathematics

(91)

have cognitive origins. In this regard Wilson suggests that "the
first concern of evaluation in mathematics learning has been, and will
continue to be, cognitive outcomes or achievement". However, it must
be stated that, while behaviours im the affective (or even the
psychomotor) domain may well have an important bearing on cognicive

objectives, research which is necessary in this area is ocutside the

scope of this study.

Since this classification is based on the Taxonomy and other
modifications of it, it is implied that those assumptions which apply
te the Taxonmomy should also apply to this elassification. The
assumption regarding the hierarchical pature of objectives is apparent
in the present scheme, Analysis-Synthesis is, for example, more
complex than Application, which is in turn more complex than
Comprehension. In this research, Knowledge and Skills are

regarded as Lower Level Objectives, while Comprehension,
Selection-Application and Analysis-Synthesis are regarded as

Higher Level Objectives.

The preparing of test items and the classifying of rest items into the

various categories of behaviours always present problems in deciding
whether & particular item is meant for the one categery or amother.
Therefore, when discussing levels of mathematical performance it ie
necessary to carefully consider the particular test problem in relation
te what the pupil has already been exposed. For example, a prohlem
which may require performance at the Application level for a Standard

B pupil, may become an instance of recall of knowledge for a more

advanced pupil.
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(92) of the Divigion of Education

The Mathematics Subject Committee
of the Department of Indian Affairs has adopted this classification
scheme for redrafting the senior secondary mathematics syllabus in
terms of instructiomal objectives. At the time of writing of this
thesis the Subject Committee reported that cthe scheme was being
succesafully implemented snd that the work on the Higher Crade Syllabus

was nearing completiom.
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CHAPTER THREE

3. CONSTRUCTION OF THE TEST [INSTRUMENT

Maving decided on a classification scheme of objectives for mathematics
learning, the next step was to design test items to measure the extent
to which senior secondary pupils were achieving such cbjectives. The

1
development of test items involved the following Il:lll'l:t )

(i) Specifications for the test in terms of instructional

obhjectives.

{ii) Preparation, review and editing of test items which

kad zo conform to the specifications.

(i4i) Preliminary trial of test items to gauge reliability,

validity, difficuley, discrimination, ete.

(iv) Final selectiom of tast items based on conformity to
specifications and on the results of the preliminary

try-out.

{v) Compilation of test and questiconmaire in appropriate

format for use.

In this chapter the details of the development of the test according

te the above plan will be presented and discussed.

3.1 SPFECIFICATIONS FOR THE TEST

Test specifications involve a consideration of both the content and the
specific objectives, i.e. instructional objectives. A test item will
be completely specifisd in terms of the content area and the specific

behaviour which must be exhibited with respect to the particular content.
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3.1.1 Selection of Content

(2)

Since the target population ta be tested was selected from standard
nine pupile taking mathematics in either the higher or standard grades,
the content had to be restricted so that it was within the experience
range of this group. It was therefore decided that the content for the
test be restricted to the standard eight standard grade syllabuaﬁigl
Since the higher grada syllabus contained every topic set down in the
standard grade syllabus it was assumed that the content outlined in

the standard grade syllabus would be well within the experiences of all

the standard nine pupils.

In order to ensure that there was a fair measure of uniformity in

pupils' expereinces, the problem was discussed with the mathematics
teachers at the various schools which were selected to take part in
this research project. It was discovered that, in three schools, at

least one of the following sections had not been completed (or "covered")

in the previous year:

(i) "5.1.10 Systems of linear equations and inequalities

{in two unknowns)"

(ii) "5.1.11 Logarithms"

Although the teachers indicated that these sections were completed at
the beginning of the following year (i.e. in standard nine) they were
omitted for purposes of test construction in this study, The test items

were based on the remaining sections of the standard eight standard

grade syllabus.

3.1.2 Specific Objectives

The objectives for mathematics learning were discussed in detail in the
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previous chapter and a elassification scheme, together with illustrative
test items, was presented for use in this study. The specific
objectives in this classification were stipulated sccording te the

following major categories of behaviours or processes:

A. Knowledge

B, Skills

€. Comprehension

D, Selection-Application

E. Analysis-Synthesis

These categories formed the basis for the comstruction of test items
in this study.

3.1.3 The l:nntnm‘j-ttim Grid

Given the content areas and the specific objectives (behaviours or
processes) which were to be attained, a content-objectives grid was
easily constructed. Such a grid yielded the instructional objectives
which had te be comsidered in constructing the test items. In the
construction of the grid sach contemt area of the syllabus was
considered in terms of the five categories of objectives. Figure 3.1

below is an illustration of the comstruction of part of the grid.
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0BJECTIVES (PROCESSES)

CONTENT A B c D E

{Topics from COMPRE~ SELECTLON- ANALYSIS~
Syllabus) (V) | 'WOWLEDGE | SKILLS | yewstow | APPLICATION | SYNTHESLS

5:1.1
Sets

5.1.2

Humbart
Concept

5.1.6

Algebraic
Fractions

FIGURE 3.1 PART OF THE CONTENT-OBJECTIVES CRID

Provided the cootent ares lends itself to the attainment of the objective

in question, each cell in the grid defines certain imstructiomal
objectives, ®.g. the instructional objective, "ability to recall the
definition of intersection", clearly belongs to the first cell in the

above [llusgration.

Since the test instrument was not meant to be an examination for
purposes of promotion or certification, it was not necessary to test
every section of the selected content. It was, however, assential for
this study that every level of behaviour be tested. Therefore, it was
decided that an equal number of test items should be constructed for

each category of objectives. In a full scale examination, however, it

would be essential to use 3 system of "weighting" which ensures

balance between the objectives and content u-u.:.':“



}.2 PREPARATION OF TEST ITEMS

3.2.1 Type of Test Item
Objective-type test items framed in such & way as to give only one

pre-determined correct answer were preferred. The decision o use
this type of test was based on the following advantages it had for

test construction in this study:

(i) a large number of scripts could be rapidly and

accurately scored;

{(ii} the objectivity of the marking process ensures a

fair degree of relisbility;'®

{iii) well-constructed objective tests can have an scceptable

(7)(8)

concurrent validity;

{iv) objective tests can successfully test a whole range
(9)

of performance including higher level abilities.
It was also decided that only one form of the objective-type test
should be uwsed, viz. the multiple-choice form. The multiple-choice
type, which is by far the most popular, consists of the item stem
(an introductory gquestion or incomplete statement) and two orf more
responses (the suggested answers to the questions, or completions of

{10)

the statemsnt). The responses include one correct response and

several incorrect responses, called distractors.

In this study multiple-choice items with five alternative respomses

were used so that the probability of guessing the correct answer

vould be minimized. ‘117(12)
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3.2.2  MHriting the Test Items
In constructing the test items certain basic conslderations relating

to the relisbilicy and validity of the test, the distractors, the
difficulty, the discrimination and the technical aspects had to be

borne in mind.

It was assumed that the objectivity in scoring sultiple choice-type

tests would ensure & reasonshle degree of reliabilicy.

Each test Ltem was constructed to conform to the specifications set
out in the content-cbjectives grid in order to ensure a fair degree of

content validity and objective validity. (13014

It was also recognisad
that some topics (content areas) readily lend themselves to the
achievement of certain objectives, while some objectives are not easily

attained through a study of certain topics.

The distractors in each item were made as plausible as possible by
compiling them largely on the basis of the errors which pupils were

likely to make because they lacked the abilities being u:.t-_d.“”

Although both the difficulty Level 1€ (17)

and the discriminating powver
of the test ltems are attributes which could be accurately ascertained
only after the adminiscration of the test, (it vas useful to keep thess
aspacts in mind during cthe initial writing of the test items. Based
on the author's experience in the teaching and examining of school

mathematics, an attempt was made to keep the items within reasonable

reach of the carger popularion.

The fact that the pupil's prior knowledge might alter the objective

for which an item had been constructed had o be considered. An ites

on Application could easily become an item of Comprebension or
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Enowledge for a pupil who had been exposed to & very similar type of

(18 Although the chances of this eccurring in this study were

item.
small because multiple choice-type items were not often used im schools,
it was decided that exercises in textbooks (used by the puplls) and

the examination papers of the schools concermed should be scrutinized.
In this way efforts were made to avoid the reproduction of the typea

of test items to which pupils might have beenm exposed,

Careful consideration was also givea to certain technical aspects of
the format of each test item in order to prevent adverse effects onm
test reliability. Each item stem was worded or structured as clearly,
simply and correctly as possible. The [ormats of responses for sach
item were kept as uniform as possible. The correct response positions

vere varied randomly te avoid any ser pattern.

Several other lunlll.'iﬂlﬁ{ 19)(20)

made by experts in the field of
educational measurement were also takem into account in checking the

formats of the test items.

In all, 36 test items with at least 7 in each of the five categories

of objectives were constructed.

In tha actual comstruction much difficulty was experienced with items
relating to higher level abilities. The items testing lower level

abilities were relacively simpler to construct.

3.2.3 Review and Editing of Test Items

Since the initial (tem drafts were written in pencil with each item
on & separate sheet, review and editing were greatly facilitated. Each
sheet also carried a code (K = Knowledge, C = Comprehension,

etc.) indicating the type of behaviour the item was testing.
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Three experienced mathematics teachers (two of whom were teaching
standard eight machematicn) were regquired to work through the test
leems and to comment on the clarity of the item stems and responses,
the appropriateness of the item idea, the plausibility of the

distractors and the difficulty level of the items.

Three pupils were also required to work through the test items and

to discuss any difficulties they experienced with tha author.

On the basis of the discuswions with these teachers and the pupils some
minor changes were made €0 goven items. Three octher items were
considered to be too difficult and hence unsuitable. It wvas gemerally
agresd that the test of 36 items was too long. All three pupils took
sore than 130 minutes to complete the test. Since [t was the intention
to consiruct a power rather than & speed test, a teat which could
nevertheless be completed in 90 minutes, the 10 items were omitted.

The remaining 26 items were accepted to make up the trial test.

3.2,4 Compilation of Trial Test, Questionnaire and Answer Sheet

A questionnaire was necessary to obtain the persomal details of the
pupil (e.g. name, age, sex, grade, etc.), his previous performance in
mathematics, and (where possible) intelligence test scores, It was
essential that pupils were given detailed instructions on how to

answer multiple-choice questions in order to avoid sny confusion arising
out of a possible lack of experience in answering such qrunti.m.u”

1t was also felt that it would be useful to ascertain how pupils reacted

to the test as a vhola.

The whole trial tesc booklet was thus compiled in four parts:



Part 1 ;1 Details to be filled in by pupils (name,

age, sex, grade, etc.);

Part I1 { The guide to the test, the test itself and

the answer sheet;

Part 111 : ‘To be filled in by pupils after the test

(details regarding reaction to the test);

Part IV

Details to be filled in by mathematics
teacher (overall assessment of pupil’s
mathematical ability, results of standard 8

examination and intelligence test scores).

The first page of the booklet carried Part 1 and Part IV. The second
page contained the guide to the test. This guide included detailed
instructions on how to answer multiple choice gquestions and an
instruction not to guess. The next seven pages contained the trial
test items with solid lines (across the page) separating one item from
another. The trial test items were arranged according to the order of
the categories of objectives, i.e. ltems testing Knowledge came before
items testing Skills and these in turn camm before those testing

Comprahension, &tc. The last page contalned the answer sheet and

Part 111.

3.3 PHELIMINARY TRIAL OF TEST ITEMS

3.3.1 Administration of Trial Test
From amongst 132 pupils teking mathematics (at the school used for

pilot teating) at the standard nine level 66 were randomly 1nle:tndt12}

to represent both grades and both sexes. These pupils were informed
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of the date and time of the trial test. They were also told that
the test was well within their reach and thar it was not an examination

L J

for purposes of promotion.

The 58 pupils who were present on the day of the trial test were
required to take the test during the first four periods. The trial
tent was administered with the help of two senior mathematics teachers
who were glven all the necessary information on the administration of
the test. MNo exact time limit was set for the test. The pupils were
informed that the test would take about 90 minutes. They were also
given time for the completion of the questionnaire (Parts [ and 111).
The test was written under usual examination econditions with the

mathematics teachers acting as invigilators.

Problems regarding the administration of the test were discussed with
tha teachers. The puplls were also asked about any difficulties they
might have experienced in understanding the gquestionnaire, instructions

and test items.

3.3.2 Analysis of Trial Test Results

The test was scored manually by constructing a stemcil. The scores
were not subjected to correction for guessing for several r:n:nn:tgi}

pertinent to this study.

The scores wers statistically llllf!tltzi} to yield means, standard
deviations, realibility and validity coefficients and (tem analysis
data. These formed the bases for the selection of items vhich made
up the final drafes for the test. These aspects of test analysis will

be discussed in greater detail in chapter six.



3.3,2.1 Distribution of Scores
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Tha frequency distribution of the scores on the trial Cest igs shown

in Fig- 3.2. The analysis of these scores yielded the following:

"
HMean

Srandard Deviationh

Srandard Error of Mean =

10

11,713

Il Il }
26 SCORES

‘\||I||1Il
16 18 20 22 24

14

FIGURE 3.2 FREQUENCY ODISTRIBUTION OF TRIAL TEST SCORES

In view of the fact that the sample was fairly small and it was drawn

from a single school, the distributlon of scores was interpreted as

being fairly satisfactory. It was expected that the standard errvor of

the mean and the distribution would improve with an improvement in the

test and an increase in che sample size.
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1,3.2.2 Reliahili:zf25}

The split-half method was used to calculate test reliability. The
Pearson's product-moment correlation was computed for N = 58 to
yeild r = 0,61. On using the Spearman-Brown formulas for correction

(26) It

of this result, it was incressed to r = 0,76 (p <« 0,001).
was expected that a larger zample and the re-organization of the
test items in pairs of similar difficulty would make this result more

dependable.

3.3.2.3 Validity

The test scores were correlated with twoe sets of criterion scores

YiEZ.

(i) overall assessment of pupil's mathematical ability
based on classroom performance, tests, éxaminations,

etc.;

(ii) results of end of year Standard B examination in

mathematics.

In the absence of other reliable measures this procedure was accepted
as satisfactory for & rough estimate of the degree of validity of the

test, The test scores correlated with the sbove two measures as

follows:

(i) overall assessment of pupil's mathematical ability:

H=58, r=0,42 (p< 0,01);

{ii) results of standard B examination in mathematics:

N=54, r=0,50 (p<0,01).
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With an improvement in test quality and incresse in sample size,

it was expected that these correlations would be more dependable.

3.3.2.4 1tem Analysis

(27)

The Facility Index and Discrimination Index were caleculated for
geach item in order to gauge the difficulty of the items and the
extent to which they differentiated hetween the weaker and brighter
pupils. For this purpose the upper 27 per cent and the lower 27 per
cent of the scores were used to make the two extreme groups as large

(28)

and different as possible. The item analysis data is presented

in Table 3.1.

The average facility index for the first 10 items testing lower lewvel
objectives (Enowledge and 5kill) was 56,39 while that for the next

2 items testing higher level objectives (Comprehension, Selection-
Application and Analysis-Synthesis) was 37,33, Thus, items testing
higher level abilities tended to be more difficult than those testing

lower lewvel abilities.

The item snalysis data provided the basic guide for item selection.
However, it was recognised that such data wvere closely related to the
particular sample for which they were calcualted. For this reason,
other criteria (to be discussed in the next section) were also used

in the selection of items for the final form of the test.



TAELE 1.1

ITEM AMALYSIS DATA FOR TRIAL TEST

FACILITY DISCRIMINATION
Te INDEX (F) INDEX (D)
I 63,89 0,50
2 36,11 0,50
3 63,89 0,72
4 41,67 0,39
5 55, 56 0,33
b 75,00 0,39
7 61,11 0,44
B 38, 89 0,33
g 69, 44 0,39
10 58,33 0,28
1 19,44 0,06
12 33,33 0,44
13 41,67 0,72
14 47,22 0,28
15 55,56 0,44
16 19,44 0,39
17 72,22 0,44
18 25,00 0,28
19 50,00 D, 56
20 41,67 0,28
n 18,89 0,56
22 52,78 0,28
23 22,22 -0,11
2 5,56 0,11
25 38,89 0,56
26 33,33 0, 44

93
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1.4 1TEM SELECTION AND REVISION
The selection of items for the final form of the test involved the
consideration of Ltem analysis data, distractors, rating of items

according to objectives, and length of test.

3.4.1 Selection based on Item Analysis

1t was decided beforehand that items with discrimination indices

below ﬂ.lﬂtzﬂh{!ﬂ}

should be rejected or, if necessary, modifled.
On this basis (tems 11, 23 and 24 were rejected. It was slso found
that all chree icems had very low facility indices (as shown in

Table J.1).

3.4.2 Distractors

An snalysis wvas alsc made of the number or responses attracted by
each distractor. 1Tt was Found that esach of the items &, 7 and 9

had a distractor which was mot chosen by any of the pupils. Since
item & also had two other distractors with only one response each

it was felt that this was & weak item. Although it had & reasonable

discrimination index (0,39) it appeared to be & relatively easy item

(F = 75,00). Item & was thus rejected. The other two ltems were

modified in an actempt to make the wealk dimtractors plausible:
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(i) {tem 7 was presented as follows in the trial tesk:

Adding }—.:# and 3—: ve get:-
AP
. fm E: + b)
€ o
I
E. Jmb + Jmc
G
The weak distractor D was changed to T in order to attract those

: 3
who multiply numerators and dlnm:.mtnrh[ )

(id) ltem 9 was presented as follows in the trisl test:

Substituting the values a =3, b= 2, =1
2
in the sxpression: =22 "IE

we ger:-

A. 32 B, 13 c. 39 . 15 E. 26

The weak distractor E was changed to *26 and the '+' signs were
introduced in the case of 8 and D to make all distractors uni!ntﬂ.{'“}

The ""26' vas intended to attract those who calculsted:

2

bl - ()% - T,
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1.4.3 Rating of Items with respect to the Objectives they

Ware Tll:i!i

Test items wore alao selected on the bamis of their objective
validicy. For this purpose, B members of the Mathematics Subject
Eu-it:--,{]!] who had had experience in redrafting the syllabus in
terms of objectives, were required to rate the test items according

to the objectives they were testing.

The ltens from the trial test booklet were re-arranged so chat Chay
were no longer in groups according to the categories of objectives

they were testing., A rating shoet {34

was prepared. In it the

item number, & brief statement of the cbjective being tested by ir,
and a suggested classification of the item into one of the five
categoriss of objectives were presented. Each rater was required
independently to rate his agreesent wvith the classification of each
fvem im terms of “high", “moderate™ or “low". If his agreement

was "low" for an item, he was required to give his own classification

for that {tem.

It vas found that 12 items received eight out of eight "high" rstings.
Ltems 2 and 11 received 2 "low" ratings each while item 22 received
3 "low" ratings. The remaining items recelved at most 1 "low" rating
each. It wvas decided that items 2, 1l and 22 should be modified or
rejected. Item 11, hovever, had already been rejected. Since item 2
also had a low facility index (F = 36,11), relative to the other items

testing Knowledge, it too was rejected.

Teem 22 was modified. The item had been presented as follows in the

trial tese:
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In the figure, AB ||‘CD, FH = 6 cm, EG = 3 cm. The area of

AEFG Lu:

A. greater than ares of AEHG.

B. less than area of AEHC.

C. twice area of AEHG.

D. equal to area of AEHG.

E. sometimes greater and sometimes less than area

of AEHG.

It was argued that the item did not require more than the recognition
of the fact that "triangles haviog a common base and lying between

the same parallels ars egual in area™. AL most, the item reguired

the ability to interpret & geometric situation. Therefore, it was
decided that this ltem should be modifled to demand the higher

level abilicy of Analysis-Synthesis. The raters, subsequently, approved

the item in its modified form.'3>)

It was decided that the final form of the test should be planned for



98

less than 90 minutes in order to avoid the effects of fatigue that
might result from a test of longer duration. From the guthor's
experience with the time taken for the trial test, it was felt that

not more than 20 items should be attempted.

Although 21 items from the trial test were acceptable (chree of them
having been modified) they were not equitsbly distributed im terms
of the categories of objectives they were testing. The acceptable

items ware distributad as follows:

Enowledge &3
Skill by
Comprehennion 6;

SelectionApplication &;

Analysis-fynthesis 3.

Since an equitable dletribution was necessary for a balance among the
various categories and for purposes of csloulating split-half reliability,
it was decided that 4 items in sach category would yield the optimal
number of items, This meant that the Anlaysis-Synthesis category

needed an additional item while two items had to be omirted from
Comprehension.

It was decided that item 24, which wes rejected because of the low
facility and discrimimation indices (F = 5,5; D = 0,11), should be
modified.

Ttem 24 had besn presented in the trial test as follows:



In the figure ABCD is & rectangle. Each side is extended its own

length so that AR = BR', BC = CC', CD = DD', DA = AA'. Lf the

area of A"B'C'D" is p times an big as the area ABCD then the value
of p is:

A. 5 B. & c.- 8 D. 2 E. &

On careful re-sxamination of the item it was concluded that the
proportionalicy constamt “p" presented some difficelty as it
introduced a further unknown elesent. In order to obviate this
problem it wvas decided that a specific value should be given for the
area of ABCD and that the pupils should be required to determine the

area of A'B'C'D'. In this lm'"“"

the ivem would require an anmalysis
and synthesis of the area relationships between the rectangle (with a
known area) and the triangles in the figure. This modification, it
was expected, would reduce the difficulty level of the item and

incredse the discrimination index.

In addition, items 14 and 17 were omitted from the 6 which were

acceptable for testing Comprehension. This decision was based on the
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fact that item 14 had the lowest discrimimation index (D = 0,23)

while item 17 had the highest facility index (F = 72,22) among the

& items (see Table 3.1)-

The 20 items, which were finally accepted, included & from each of the
five categories of objectives. In the fimal analysis the 20 items

were selected from the 26 items of the trial test as follows:

fa) & items { 2, &, 11 and 23) were rejected;

(b} 2 items (14 and 17) were omitted in order to reduce

the number of items under Comprehension;

(¢} 4 items (7, 9, 22 and 24) were accepted with

modifications:

(d) 16 items (1, 3, &, 5, 8, 10, 12, 13, 15, 16, 18, 19,

20, 21, 25 and 26) were accepted without modifications.

The average discrimination index for the trial test of 26 items was
0,38 while that for the selected 20 items was 0,42. Since this was
higher, despite the fact that the & icems accepted with modifications
had low D values (see Table 3.1), it was expected that the selected

items would make up & more reliable test. (37)

3,5 FINAL FORM OF TEST AND QUESTIONRAIRE

The final selection of the test items having been completed, it was
NECEssary to assemble the materials (instructions, test 1Lems, AOsSWar

sheat and questionnaire) in some meaningful way.

31.5.1 Instructions on Test Booklet

ALl the instructions relating to the test were clearly and simply
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presented on the front page of the test bﬁtltt-‘“}

Certain minor changes wers made to the original set of instructions
contained (n the trial test booklet hefore it was printed in its finmal
form. The first sentence, "This ls not an exasinstion™ was included
in order to dispel any fasrs and to motivate the pupila. It was also
decided, on recommendactions by teachers, that the cross (X) be changed

to & tick () for purposes of indicating the right answer.

The detmils on how to answer multipleé~chofce items included a worked
out example. The example itself was made swimpler than the one in the

trial test booklet in order to save Etimes.

It was felt that cthe statesent, "You will also be required to way
what you thought about this test.”, would motivacte pupiles to take Che

test seriously as their opinions were obviously valued.

1.5.2 Final Form of Test

3.5.2.1 Grouping of Test Items

Although the grouping of test items is usually done according to

subject Iltlat,{jg]

it was necessary, in this study, to group them
according to obhjectives. This procedure was considered mulningfult‘u]
because the research concerned itself with the achievement of
objectives. Since the trial test results pointed to an increase in
difficulty of items with increase in complexity of objectives, there
was also the advantage of arranging the items in an increasing order

of difficulty. The latter is also an important consideration in

devising an achievement test.
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The order of the items had to be considered within each group of &
items which were selected to test a particular category of objectives.
It was decided that the items should be grouped in pairs which were
(more or less) of the same level of difficulty. It was expected that
this would ensure fairly equivalent forms of the test for purposes

of caleulation of the reliasbilicy coefficient by the splic-half method.
In the Knowledge category, for example, items | and 3, and items &

and 5 (from the trial test) were grouped because the first two had
equal facility indices (F = 63,89) while the next two had facility

indices 41,67 and 55,56 respectively (see Tahle 3.1).

3.5.2.2 Fommat asd Layout'®™’

Having decided on the sequence of the items in this way, it was
neécessary to reconsider the positions of the correct responses. These
positions were randomly varied in order to avoid a set pattern in the

correct responses, and hence to minimise any adverse effect on the

raliability of the test.

It was also necessary to get the test items into a legible, attractive
and economical format inm order to ensure that there was no adverse

effect on the validity of the test reemlma.':'ﬂ"zzI

The alternatives for each item were consistently labelled, (A}, (B),
(C), (D), and (E). To avoid any confusion, no use was made of these
letters in the alternatives themselves. Short alternatives ware
presented in one line (e.g., items 6, B) while the longer ones were
presented in two lines (e.g., items 5, 7). Others were presented one

belew another, e.g. items 4, 9.



103

Each item was clearly numbered and distinguished from the others by
two solid lines across the page. The items were printed on one side
of the page and the splitting of an item at the bottom of the page was

avoided.

3.5.3 Final Form of Questionnaire and Answer Sheet

The final questionnaire and answer sheet (which will be referred to as
the data sheet) was printed on both sides of a single sheet of paper
in order to facilitate the handling of data. The material was

presented in four parts as fnllnus:(ﬁg}

(A) Details to be filled in by pupils;
(B) Details to be filled in by mathematics teacher;
(C) Answer Sheet;

(D) To be filled in by pupils after the test.

The answer sheet (Part (C)) was arranged in two columns, one for
odd-numbered items and the other for even-numbered items, in order to
facilitate the finding of the two totals for the purposes of

calculating split-half reliability. Since the results were computerized,

this consideration became unnecessary.

Parts (A) and (D), which had to be filled in by pupils, were made as
simple as possible by requiring the pupils to place a tick (¥) in the

relevant block.

NOTES AND REFERENCES

1. This plan was adapted_frnm T. Husén (ed.): Inmternational Study
of Achievement in Mathematics, Vol. I. Almqvist and
Vicksell, Stockholm, 1967. p. 90.

2, Sampling will be discussed in chapter 4.
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CHAPTER FOUR

4. SELECTION OF SAMPLE AND ADMINISTRATION AND SCORING
OF THE TEST

4.1 GAMPLING

4.1.,1 Definition of Population

The Population in this study was defined as follows:

All Standard Nine pupils studying Mathematics in Indian

High Schools in the Durban and District Area.

The standard nine pupils were chosen, in particular, because thay
made up the only group of pupils who had completed (by the end of
1973) the first year of mathematics at the senior secondary level

under the New System of Differentiated Educat jon. (1)

4.1.2 Selection of Sample

Since it was necessary to caleculate several correlation coefficients
and to produce item analysis data, it was decided that a large sample

should be selected from the population in order to produce statistically
dependable results.‘?’

Fourteen high schools with pupils taking standard nine mathematics
were selected to represent the various urban and sub=-urban Indian
areas of Durban. One other high school was set aside for pilot
testing. Tahle 4.1 shows the distribution of the 14 schools according
to the areas. Eleven of them were mixed schools while three were

single sex schools (two for boys and one for girla).
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TABLE 4.1

DISTRIBUTION OF SCHOOLS (WITH STANDARD NINE

MATHEMATICS CLASSES) ACCORDING TO AREAS

AREA HO. ©OF SCROOLS ®O. OF SCHOOLS
IR THE AREA SELECTED
Reservoir Hills 1 (pilot testing)
Clare Estate 1 1
Sydenham 1 1
Asherville 1 1
Durban Central 4 &
Clairwood 1 1
Merebank 1 1
Chatsworth 9 4
Shallcross 1 |

From each of these areas except Chatsworth every eligible school was
selected. In Chatsworth the two schools which were drawing pupils
from Umhlatuzana Township and Kharwastan (where there were no senior
secondary clagses) were included, and two more were randomly selected
from the remaining seven. The inclusion of all four schools in
Durban Central ensured a representative population because these

schools were drawing pupils from several suburbs ocutside this area.

Informetion regarding the number of mathematics class units in each
school and the total roll of pupils in these classes was obtained by
interviews with the school principals and mathematics teachers.

Table 4.2 shows the distribution of pupils according to schools, class

units and grades.



TABLE 4.2
DISTRIBUTION OF POPULATION ACCORDING TO SCHOOLS,

CLASS UNITS AND GRADES

NO. OF NO. OF PUPILS | NO. OF PUPILS ]
SCHOOL | MATHEMATICS IN HIGHER IN STANDARD
CLASS UWITS GRADE GRADE
1 3 &5 40
2 5 33 118
i 3 62 106
& 3 87 23
5 1 0 -
6 5 75 77
7 & 147 58
8 2 41 22
9 7 196 26
10 3 62 39
11 4 130 3
12 4 &4 52
13 4 &4 49
14 2 36 36
TOTAL 54 1 052 649

Random selection of pupils was not practicable. It would not only
have meant the distuption of all the standard nine mathematice classes
but would also have presented the problem of room space for testing.
The selection of a small number of pupils from each class would have
resulted in the need for more rooms (suitable for testing). Such

rooms were not available in most of the schools. Thus random selection

was perforce ahandoned.
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The next alternative was selection by class units, which was praferred
by the principals and teachers. Since a large sample was required it
was decided that about 50 per cent of all the class units would yield

a fairly large but manageable sample,

Since the number of mathematics class units ranged from | to 7 per
school, selecting strictly half of the class units per achool would
have resulted in several half-class unicte. This would have raised
the problem of having te select pupils to form half-a-class unit. In
order to overcome this problem, the following procedure was adopted

in deciding on the number of class units to be selected from each

school:
Number of units Number of units te
per school be selected
1 - 2 1
3 = 3 2
6 - 7 3

This procedure also ensured that at least one class unit wvas drawvn

from each school.

The stipulated mumber of units were then tlnd‘.ulljrtl:' galectod fros
the total number of umirs in each school. A total of 27 mathematics
class umits with 851 pupils was selected (see Table 4.3). However,
the final sample was determined by the nusber of pupils (769) whe
presented themselves for the test. The remaining pupils who were
either absent from school or ill on the day of the test had to be

excluded from the selected sample,
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TABLE 4.3

pISTRIBUTION OF SELECTED SAMPLE AND FINAL SAMPLE

ACCORDING TO SCHOOLS AND CLASS UNITS

HO. OF NO. OF PUPILS Wo. OF PUPILS

SEHOOL SELECTED IN SELECTED N
| CLASS TINITS SAMFLE FINAL SAMPLE

1 2 65 b1
2 2 63 At
3 2 b8 61
by 2 72 67
5 1 30 27
f 2 67 62
7 3 91 ar
8 1 36 34
9 3 a8 B4
10 2 n 58
11 2 63 53
12 2 53 52
13 2 5% 49
14 1 % 28
TOTAL 27 a5l 769

In general, it may be sald that the sanpling procedure was satisfactory
and it was consistently applied. The final sample (N = 769) reflected

8 fairly large proportion of the population under study, vie, iﬁ.i',l:.“”

Since the locations of the schools used in this study indlicate a

reasonably good geographic coverage of the Indian areas of Durban
(see Table 4.1), the final sample was considered to be repressncacive
of the population under scudy.
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4.7  ADMINMISTRATION OF TEST

The sample havimg been selected and the test material having been
produced in its final form, it remained for the test to be administered.
In this section the various aspects of administering the test will be
described. These range from cercain preliminary arrangements to the

final receipt of the completed test materials.

4.2.1 FPreliminary Arrangements

Prior approval for the use of the 14 schools for purposes of this
resaarch project was obtained from the Director of Indian Education.
The testing was scheduled for October of 1974, which was well before

the end of year examinations for standard nine pupils.

Personal visits had to be made to the schools in order to make final
arrangesents for the administration of the test with the principals and
teachers concerned. During these meerings a general plan of the
research, the possible value of the results to be obtained, and the
selection of the units were explained. Arrangemencs regarding the

following aspects were also discussed and finaliwed:

(L) date and time of test;
(1) room and seating;

(ili) invigilation and collection of completed test material;

{iv)  informing pupils of the test.

The date was chosen to fit in with the school programme. [t was
decided that testing should be done at only one school on a particular
day so that each testing session could be personally supervised by the

fesearcher. This made it possible to have all the testing done during
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the morning sessions. The exact time for the start of the test was
agreed upon. This always coincided with the start of a period in the
particular school. Three periods were set aside for the test and

guestionnaire.

Since the class unit as a whole was selected there were no problems im
arranging the room and seating. The pupils could write the test in

their own classrooms in the same wvay as they wrote their examinations.

Invigilation presented no problems as those teachers who were due
to teach in the selected classes were required o act as
invigilators. They wvere alsoc responsible for the administratiom of

the test and the collection of the completed test material.

The pupils in the selected class units had to be informed of the date
and time of the test. They also had to be told that cthe test was
well within their reach and that it was not meant to be an examination

for purposes of promotion.

The preliminary arrangesents were successfully completed with the

co-operation of all the principals and teachers concerned.

§.2.2 Administering the Test

Test material packs were prepared in advance. A pack was sade up of
three files labelled "TEST BOOELET', "MATHEMATICS QUESTIONRAIRE AND
ANSWER SHEET' (data sheet), and 'PAPER FOR ROUGH WOHE'. Each
pack carried material for 40 pupils. A note to the invigilator,
indicating the testing procedure to be followed, was prominently
displayed on the pack. The imvigilation and testing procedure in
respect of each testing session were persomally supervised by the

researcher.
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In general, the typical testing procedure followed in a class unit

involved several steps which are presented hare.

(1)

(ii)

(iii)

{iv)

(v}

(vi)

The seating arrangement was checked and adjuated
where necessary. Each pupil was handed a data sheet
(mathematics questionnaire end answer sheet) and was

required to fill in parc h.{ﬂ

The test booklets were handed out. The pupils were
regquired to read the front page carefully and not
to turn over that page. They were also given the

paper for rough work.

The pupils were reminded to use & soft lead pencil,
not to write on booklet and to use answer sheet

(part C of data sh&et}+{5}

Pupils were then allowed to turn over the front page
of the test booklet and begin the test. They were
allowed sbout 80 minutes to complete the test. Those

who were not able to complete the test within this time

were allowed up to a maximum of 10 minutes extra.

Pupils were finally required to £ill in part DET}

of the data sheet.

The test booklets and data sheets were collected
separately and checked to ensure that none were

missing. The number of pupils who took the test was

recorded.
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The data sheets for each class unit were placed in a file which

bore the name of the school, the class unit and room number, and the
number who took the test. These files were left with the principal
so that the required details in part B{E} could be filled in by the
mathematics teachers. The completed data sheets were collected from

the school at a later date.

4.2.3 Some Comments on the Administration of Test and

Questionnaire

Since no guestions were raised by cthe pupils, it was concluded that
they had no difficulty in coping with the instructiomns on the test
booklet, In respect of the test items, apart from a typographical
error which was queried by two pupils on the first day of testing,

there were no further problems.

The test booklets had to be carefully checked, for pencil marks and
writing, after each testing session. Those bocklets with marks on them

were cleaned in order to prepare them for re-use.

Almost all the pupils completed the test well within B0 minutes and
a small number (12) were allowed a further 10 minutes to complete
the test. This confirmed that the pupils were given enough time to

consider all the items.

Some pupils experienced difficulty with item 4 of Part & of the

{9)

guestionnaire, which was concerned with the "grade" of the

mathematics course. These pupils were assisted and their sttention
was drawn to the fact that the questionnaire concerned itself only

with mathematics. The pupils had no difficulty in E£illing in part D

of the data sheect.
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In respect of part B of the data sheet, the standard eight

(10) pupils who had been

pmathematics examination resules of & few
transferred from one school to another were not available. Several

of the scores on GTISA (which has been used “to measure certain

w11} (12)

anpects of developmental intelligence ) were also not available.
Since item & of part B did not specifically state that standardized
scores on CTISA vere required, some teachers filled in only raw
scores vhile others Filled in both raw and standardized scores. All
these scores, thersfore, had to be personally checked with thase

on the pupils' record cards. These precautions were essential

because the scores had to be used a8 & ser of criterion scores for

evidence of validity of the mathematics test.

In general, the administration of the test and questionnaire was

considered to be a svccess. This may be attributed, inter alia,

to the following factors:

{a) the considerable time that was spent on the

careful planning of preliminary arrangements,

(b} the careful construction and presentation of the

test materisl and data sheet, and

{e) the co-operation recelved from pupile, teachers

snd prinecipals.

4.2.4  Scoring the Test

4.2.4.1 Scoring Procedures

All the data sheets were collected from the schools within three
weeks of the last day of testing. These were counted and checked to

see that the total number of data sheots (769) tallied with the
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number of pupils who had taken the test. Tha data shests were
numbered from 1 to 769 in order to facilitate the recording and
retracing of information. The next stage was concerned with the

scoring of the test.

The actual scorimg procedure was greacly facilitated by the

(13 (14) cut out from

specially prepared answer sheet. Stencil keys
unused answver sheets, wers used for this purpose. The simple method
of counting correct responses was not sufficient because information
on sach {tem was necessary for purposes of ltem analysis. Therefore,

each respomse had to be clearly marked right or wrong.

Each answer sheet had to be scanned, befors marking, to see whather
pupils had marked more than one answer to any of the items. Such

responses (oaly three in this study) were marked 'ml‘l:i.'mg.;‘”""I|

Itams
omitted were also marked wrong. Since pupils were given sufficient
time to comsider all the items, a lack of response was assused Lo be

on indication of [allure.

Since there was only one correct answer for each test item as reflected
in the scoring keys, thers was perfect agresment among the Lhree
Bcorsrs engaged in the scoring. The scored ansuered sheets were

checked independently for clerical errors.

Mo attempt wvas made to count up the correct responses in order to
arrive at & total score for each pupil because this could eanily
be incorporsted in the computer programme which had to be designed to

salve several of the other statistical problems.

In general, it was expected that the objectivity im scoring attained

in this study would contribute positively te test reli.l.hi.lity,“ﬁ:'
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b.2.4.2 Correction for Guanlinl

When considering the total score for each pupil om an objective

test it is pecessary to decide whether or not the score should be

corrected for guessing.

In this study, it was decided that the correctien for guessing should

not be applied to the scores. There were several reasons for this
decision. Firstly, certain precautions had been taken in the preparation
and administration of the test in order to mimimise the probabilicy

of gu&::ing:tl?l

(i) pupile wvere warned against guessing;

(ii) the distractors vere made as plausible as possible
50 that they might be selected by pupils through

misinformation or incorrect reasoning;

(iii) the pupils were allowed sufficient time to consider

all the items.

It was felt that, under these circumstances, a correction for guessing

would tend to over-correct the scores.

Secondly, it may he argued that, since corrected scores "wsually
tank students in about the same relative positions as do the uncerrected

18
l=ﬂfil".t ) thers wvas no value In such a correction for this study.

Thirdly, it must be pointed out that:

(i}  the probability of getting a respectable score on an

objective test by blind guessing alone is extrenely
. (19)

smal
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(ii} “correction for guessing complicates the scoring

task somewhat and tends te lower the accuracy of the
w (20)

ECOTEE «

Correction for guessing does, however, become mecessary when itoms

with fewer alternstives are used, e.g. true—false items, or when

speed tests are used. Neither of these instances apply in the present

study.
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CHAPTER FIVE

5. DATA PROCESSING AND STATISTICAL ARALYSES OF RESULTS

In the previous chapter ths administration of the test and
guestionnaire and che scoring of the test were discussed. The present
chapter will deal with the msethods which were used to process and
statistically analyse the data ocbtained from the questionnaire and

test. The implications of thess results will be discussed in the next

chapter.

5.1 DATA FROCESSING

Since the sample was large and it was pecessary to calculate correlation
coefficients and item snalysis data, both of which involved a
considerable smount of computation, it was impossible to accomplish
these calculations within a reasonable length of time without the aid

of a computer. It was, thersfore, decided that the statistical problems
should be solved by computer. This step necessitated the coding and
storing of data on punch cards and the programming of the problems which

had to be solved.

NHumerical codes were used in transferring daca from the data sheets to
IBM punch cards. Humerical data were punched directly while other data
such &g sex, grade and test response had to be coded, e.g. male = |,
female = 2; higher grade = 1, standard grade = 2; correct response

o & test item = |, incorrect response = 0. Since all the datas vere
collected on a single data sheet for each pupll, handling and punching
of cards became fairly straightforward. The data for each pupil wans
punched on & separate card. In all, 769 cards with 35 pieces of

information on esch were punched. Each card was checked agalinst the
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corresponding data sheet for possible errors.

The fsct that the dats wvas stored in rerms of the smallest unic,
e.g. each ites response was recorded separately, made it possible to
retrieve any or all of the data for answering guestions pertinent to
this study.

Computer prur-u”"" were vritten in the FORTRAN language to determine

the following:

(i) noumber of elements in each group, e.g. number of

pupils taking higher grade mathematics;
(ii) =eans;
(iii) stendard deviations;

{iv) significance of the difference between means, i.e.

the determination of E=scores;
{vl] product-moment correlation coefficients;

(vi) difficulty index and discrimination index for wach

test Ltem.

Each of the sub-programmes was tested to ses whether it was vorking
by exacoting the programme for 20 data cards. The results obtained in
this way were checked against those obtained by the use of an ordinary

electroniec calculator and by almple counting where possible.

5.2 DISTRIBUTION OF SAMPLE

The sample (N = 769) was analysed in terms of sex, grade (in mathematics),
class grade (in mathematics) and age.
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5.2.1 Sex and Grade in Mathematics

Table 5.1 shows the distribution of the sample according to sex and

grade. It is clear that the sample contained a larger proportion of
males and higher grade mathematics pupils than females and standard

grade mathematics pupils respectively.

TABLE 5.1

DISTRIBUTLION OF SAMPLE ACCOEDING TO SEX

AND GRADE (IM MATHEMATICS)

MALES | FEMALES | TOTAL :_mii
Higher Grade 306 130 i 36 56, 70
Standard Crade 111 110 333 43,30
Total 529 240 769 =
T of Total 68,79 31,21 - 100 |

5.2.2 Class Grsde'®’ in Mathematics
Pupils were required to indicate whether they wers taught in a
mathematics class with

only higher grade pupils,

or only standard grade pupila,

or mixed higher and standard grade pupils.

Table 5.1 shows the distribution according to class grads in msathematics

and the grade of mathematics course taken by individual pupils.
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TABLE 5.2

DISTRIBUTION OF SAMPLE ACCORDING TO CLASS
GRADE 1IN MATHEMATICS AND GRADE OF
MATHEMATICS COURSE

HIGHER STANDARD I or
GRADE GRADE TOTAL | romaL
Only Higher Grade 195 - 195 25,3
pupils
Omly Standard =
Grade pupils 163 162 21,07
Mixed Higher and
Standard Grade 241 m 412 53,57
pupils
Total 436 313 789 100

A fairly large proportion of the sample was taught mathesatics in

classes with a mixture of higher and stendard grade pupils.

5.2.3  Age

The average age of the standard nine mathematics pupils who made up
the sample was found to be 16,57 years (N = 786G, SD = 0,987,
SEgean = 0,038). The confidence i.:lll:l'r"ll'-lnl“:l for the mean was found
to be 16,57 = 0,093 (p < 0,01). This was indicative of the
homogeneity of the sample population in respect of age.
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5.3 DISTRIBUTION (OF TEST SCORES

Tabie 5.3 shows the frequency distribution of the test scores vhile

Figure 5.1 provides a corresponding histogram.

TABLE 5.3

FREQUERCY DISTRIBUTION OF TEST SCORES

TOTAL SCORE FREQUENCY
0 1
1 9
2 23
3 E 1)
4 &9
5 92
6 104
7 104
[} [.1:]
9 57
LO 57
11 40

12 21
13 17
L& 26
15 13
13 b
L7 1
15 3
19 1
20 0
N=769; x=7,41; SD =329
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The scores ranged from 0 to 19. The standard arror of che mean was
found to be 0,12 and this yielded a confidence Inunral“} {for the

mean) of 7,61 % 0,31 (p < 0,01},

In Figure 5.2 the frequency distribution of test scores is shown in

terms of class intervals.

1
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00 }
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120 |
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_rﬂﬂ_”JZL__ >
'L'J"in;ﬂ SCORES

i

FIGURE 5.2 FREQUENCY DISTRINUTION OF TEST SCORES
ACCORDING TO CLASS INTERVALS (N = 7é%)

3.4  RELIABILITY OF TEST

The split-hal! method and the Kuder-Richardsom Forsuls 20 vere used to

calculate the test reliability,
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5.4,1 Split-Half Reliabilicy

The test items had been organized in such a way that even-numbered
and odd-numbered items were balanced as far as possible in respect
of the abilities they were testing and the difficulty level of the
items. It was, therefore, possible to treat the two halves as

equivalent tests for purposes of correlatien.

(5}

The Pearson's product-moment correlation was calculated to yield

r=0,505 for R = 769 and SD = 3,29. Since this value of r was the
measure of the reliability of & test half as long as the actual test,

(6)

it was corrected by the use of the Spearman-Brown formula ro yield

r = 0,671 (p < 0,001).

5.4.2 Evder-Richardson Bormula 20%7)

Since the test was not speeded it was possible to apply the Kuder-
Richardson Formula 20 in order to obtain a second value for the
reliability coefficient. It must be pointed out that while the split-
half method depends on the particular cest split chosen, the Kuder-
Richardson Formula 20 depends on the proportion of candidates responding

(8)

to each test item.

The value of r obtained in this way was 0,645 (p < 0,001).

5.46,3 General
Each of these methods yielded a reasonably high relisbility coefficient

which was indicative of the internal comsistency of the test.

For r = 0,671 the standard error of measurement for the test was found

to be 1,887 which was smaller than the sstimated standard error of

medasurement (1,932) for a 20-item testilgl
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5.5 VALIDITY OF TEST

Heasuremsnts of validity are provided essentially by seasurements of
correlation. In order to determina the validity coefficlent of the
mathematics test, the pupila' scores on the test ware correlated wich

the following three esets of criterion scores:

(i) teacher's overall assessment of pupils’ mathematical
ability based on classroom performance, tests,

axsminations, etc.j

(ii) results of end of year standard eight exsminations in

mathematics;

{(iii}) full scale (combinad) score on #I?lll.“u}

It was recognised that the criterion scores were not perfectly reliable

(11)

measures of the attributes which this rest was attempting to

measure. In order to compensate for any possible unreliabilicy ac least
twvo measures had to be ndi.n-i“’“ to yield a correlation with the

(13)(14)

"true" eriterionm score. It waa therefore necessary to calculate

the intercorrelations of the above three sets of scores and the scores
on the test. Table 5.4 shows the lll-tll‘ﬂﬂl‘l‘l.lll:f.ﬂ'm.“"l
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TABLE 5.4

INTERCORRELATIONS OF MATHEMATICS TEST SCORES

AND CRITERION SCORES

a. Teacher's overall
assessment of pupils - 0,396 0,296 0,462
mathemacical ability

b. Scores on standard eight

F 3 F - 0, &30 0,471
mathematics examination 0,39 ? ’

€. Full scale (combined)

gcore on GTISA 0,296 0,430 - UL

d. Total Score on

Mathematics Test 0,462 0,471 0,417 -

K 769 760 596 TG
MEAN 42,20 | 42,61 | 112,43 37,06
5D 15,99 | 15,83 | 13,05 16,44

All correlations are significant {(p = 0,01 and alsoc p « 0,005).

The correlacion between the mathematics test score and the "true"

griterion score was then found as follows:

(1) Tdiab) = Tda , Tan = 0,550 (p < 0,001)

rnh
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(it)  “dibe) o Tab . Tde = 0,457 (p < 0,001)
Fhe

(iif)  Tdatac) o %aa. Tac = 0,651 {p « 0,001),
tll:

The high relationahips between the total scores on the test and the

criterion scores were indicative of the degree of validity of the test.

5.6 ITEM ANALYSIS DATA

Item analysis data provides quantitative information regarding the
difficulcy and discriminating pover of each test item. The Facility

Index (F) and the Discrimination Index (D) were calculated for each

(16)

icem. The F and D values are presented in Table 5.5.
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TARLE 3.5

THE FACILITY INDEX (F) AND DISCRIMINATION

INDEX (D) FOR EACH TEST ITEM

ITEM ¥ D
1 51,9 0,45
2 51,4 0,56
1 a2 0,34
& al,7 0,42
5 64,7 0,49
& 2,3 0,63
7 40,4 0,57
lﬂ 5:;5 'uisn
9 33,4 0,46
10 26,0 0,18

11 31,7 0,48
12 24 .8 0,26
13 52,6 0,38
14 20,9 0,26
15 12,6 0,33
16 50,5 0,34
17 22,8 0,12
18 17,1 0,24
19 23,3 0,32
20 35,3 0,51
F=38,72 0D=0,40
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The average facilicy index for the first B items (1 - 8) rtesting the
lower level (LL) objectives (Knowledge and Skill) was found to be
51,68 while that for the next 12 items (9 = 20) testing the higher
level (HL) objectives (Comprehension, Selection-Application and

Analysis=-Synthesis) was 30,08, (in

The difference between means (as
shown in Table 5.6) was .i'n“ic“t{lﬁ} at p <= 0,00l. This indicated
that the items testing lower level objectives were significantly

easier than those testing higher level objectives.

TABLE 5.6

DIFFERERCE BETWEEN MEARS OF F VALUES FOR LL

ARD F VALUES FOR HL

PART N 2
oF MEAN F | DIFFERENCE| Id L
s {1TEMS)
LL B 51,68 376,915 &, 7401
21,60
HL 12 30, 08 1417,217 | (p < 0,001)

The average discrimination index for the first 8§ items testing the
lower lavel (LL) objectives was found to be 0,50 while that for the
next 12 items testing the higher level (HL) cbjectives was 0,34,

The difference between the means (as shown in Table 5.7) was
significant at p « 0,00l. This indicated that the items testing lower

level objeoctives were significantly more discriminating than those

testing higher level objectives.
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TABLE 5.7

DIFFERENCE BETWEEN MEANS OF D VALIES

FOR LL AND D WVALUES FOR HL

PART N 2

OF MEAX D | DIFFERENCE T t

susy | (LTEMS)

LL a 0,50 0,0656 3.,9528
0,16

ML 12 0,34 0,0760 | {p < 0,001)

5.7 DIFFERENCE BETWEEN MEAN SCORES

5.7.1 Hean Scores on Total Test for Different Grades and

Clasa Crades

Mean scores on total test were calculated for the following groups:

i) pupile taking higher grade mathematics (H);
(ii) pupils raking standard grade mathematics (5):

(11i)  pupils from classes with only higher grade

mathematice pupils (HO);

(iv) pupils from classes with only standard grade

mathemacics pupils (50);

{v) pupils from classes with mixed higher and standard

grade mathematics pupils (HS);
(vi) higher grade pupils from the HS group (H{MS));

(vii) scandard grade pupils from the HS group (S(HS)).



Table 5.8 shows the comparisons of the mean scores on the test for

the different groups.

TABLE 5.8

st E—

COMPARISONS OF MEAN SCORES ON TOTAL TEST FOR

THE DIFFERENT GROUPS ACCORDING TO GRADES AND

CLASS GRADES
DIFFERENCE
GROUP N MEAN (X) 5D BETWEEN £-SCORE
MEANS
i 436 41,60 17,01 12,106
12,79
5 333 29,81 12,23 tp < 0,001)
O 195 45,23 17,28 9,900
13,41
S0 161 29,82 11,94 {(p < 0,001)
H(HS) 241 40,46 16,45 7,443
L0, 66
S(HS) 17 19,80 12,50 {p < 0,001)
HO 195 45,23 17,28 2,921
&, 77
HOBS) 241 40,48 16,49 ' (p < D,005)
50 162 29,82 11,94 0,015
0,02
s(HS) 171 29,80 12,50 (p » 0,05)
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The difference between the means of 50 and S(HS) vas not significant

(p > 0,05).

differences were significant (p < u.msj.““

For all the other groups which were compared the
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5.7.2 Mean Scores on Farts of Test for Total Sample

Hean scores were calcuiated for tocal sample on the following two parcs

of the tesk:

1) first B items testing lower level objectives;

{Li) mext 12 items testing higher level objectives.

Table 5.9 shows the comparison of the means for the different parcs

of the tast in terms of the levels of objectives.

TABLE 5.9

COMPARISON OF MEAN SCOHRES ON PARTS OF TEST

(ACCORDING TO OBJECTIVES) FOR TOTAL SAMPLE

PART DIFFERENCE
i) M HEAN (I) En BETWEEN riﬂﬂ“tm’
TEET MEANS
Lowvar lavel
Salactinig 769 50, 350 22,322 29,616
Higher level Era s
ohjectivas 769 28,164 15,762 (p < Q,001)
|
The correlation between two parcts = 0,446 (p < 0,005)

The mean score on the items testing lower level chjectives was

significantly higher than the mean score on the items testing higher

level sbjectives.
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3.B INTERCORRELATIONS OF SUBSCORES ONM MATHEMATICS TEST

Subscores were calculated for the following parts of the test according

to the objectives which the items were testing:

(i) Enowledge {items 1 = &)}
(ii) Skill (items 5 - 8);
{iii) Comprehension {items 9 = 12);
(iv) Selection-Application (icems 13 - 1é&);
(v} Analysis-Synthesis {items 17-20);

(vi) Lower Level Objectives {items | - 8);

(wil) Higher Level Objectives fitems 9 - 20).

Table 5.10 shows the intercorrelations of subscores on the mathemacics
test and Table 5.11 shows the significance levels for the differences

betvean certain coefficients of ecorrelation.
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TABLE 5.10
IHTEREDRREIATIDHE{EI} OF GSUBSCORES ON THE MATHEMATICS TEST
(i) (i1 | i) civd| (v) | owid | (vii)
(i) FKnowledge - 10,319 | 0,258|0,213|0,217}0,786] 0,329
(ii) Skill - 0,334)0,215|0,269)0,836|0,392
(iii) Comprehensicn - |o,224|0,266|0,36700,733
-+
; Selection=
GV, it cattin 0,206|0,263]0, 692
{v) Analysis-Synthesis - | 0,30140, 669
3 Lower Lewvel
(vi) Objectives 0,446
ity Higher Level i
s Objectives
K 169 769 769 769 769 769 768
MEAN (3) 49,32 51,46 | 26,36) 35,34| 22,79 50,39/ 28,16
5D 23,17 24,92 | 20,08] 19,81| 16,71 22,32| 15,76

All correlation coefficients are gignificant at p < 0,01
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TABLE 5.11

FICASCE OF DIFFERENCE BETWEEK CERTAILN

CORRELATION COEFFICIENTS SHOWN 1IN TABLE 5.10

DIFFERENCE e-varupg (32}  LEVEL OF
Tldeedd - TidCwii) 19,43 p < 0,001
Fldideiy - Trii)(vin) 21,29 p < 0,001
Fritideit) = Friiidwd) 14,18 p < 0,001
Feivdtvil) = T(ivd(vi) 15, 66 p< 0,001
Totvii) = Fewd i) 13,02 p < 0,001

5.9 THE CANDIDATES" REACTION TO THE TEST

Part D of the qmti.mnliutn] required the candidates to indicate

their preferences, after the test, as follows:

(i)

(ii})

Did you think the Lest as a whole was too hard?

Too easy? About right?

If you were taking a mathematics examination and you
wanted your knowledge of sathematics to be tested aa
fairly and thoroughly as poasible would you prefer this
kind of test? The ordinary kiod of test? A misture of
both?

139
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Table 5.12 shows the candidates' reaction to the test.

TABLE 5.12

ANALYSIS OF CANDIDATES' REACTION TO THE TEST

wUMBER  pEmcENTAGE | steurercance(?Y
(1) 'Teo hard' 7 0,91 2 = 699,02
"Too easy’ 174 22,63 (df = 2,
"Abour righe' 588 76,4 p = 0,001)
169 100, 00
(ii) This kind preferred | 223 29,00 x* = 291,52
Ordinary kind '
e 82 10,66 (dE = 2,
Mixture of both
prl!:r:-: 464 60, 34 (p < 0,001)
769 100,00

A significantly high proportion of tha candidates claimed that the
test was “about right". A significantly high proportion of the
candidates also preferred a mixture of the ordinary kind and the

multipla cholice-type test.

NOTES AND REFERENCES

1. A liscing of the computer programme is presented in Appendix C.

2. “Class Grade" refers to one of thres types of classes in which
the pupil was taught mathematics:
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11.

12.

13,

1&,

15.

16.

i7.

18,

19.
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(i) & class with only higher grade pupils;
{(ii) a class with only standard grade pupils;

(ii{) & class with both higher and standard grade
pupile.

Sea Appendix K (1.1).

The details of statistical calculations are preseated in
Appendix E (1.2).

The atatistical formula is presented in Appendix E (3.1).
The stacistical formula is presented im Appendix E (3.2.1).
The formula is presented in Appendix E (3.2.12).

Fraser, W.G. and Gillam, J.MN.: The Principles of Objeotive
Teating tn Mathematics. Heinemann Educatiomal Books,
London, 1972, p. 132.

Ses Appendix E (3.2.3).

The Group Test for Indian South Africans (GTISA) is used "to
measure certain aspects of developmental intelligence, -
that is, the inherent intellectual potential that has
developed under envirommental influences up to the day
of testing”. (Natiomal Bureau of Educational and
Social Research, 1968).

Details of the classification of objectives used in the
construction of the mathematics test are presented in
chapter two, sectiom 2.4.

The details of the stacistical forsmla wsed for this purpose
are presented in Appendizx E (3.3).

Franer, W.G. and Cillam, J.N., op. eit., p. 133.

Cureton, E.E.: “Validicy". In: Liodguist, E.F. (ed.): Edusatiomal
Meapurement. American Council on Bducation, Washingtonm,
1851. p. 680.

The Pearson's product-moment correlation formula was used
{see Appendix E (3.1)).

Details of the statistical methods are presented in Appendix
E (4).

This distinction between higher and lower level objectives has
already been made in chapter two, section 2.4.3.

The determination of significance levels is presented in
Appendix K (2.3).

The determination of significance levels for uncorrelated
data is presented in Appendix E (2.1).
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22,
23,

25,
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The z-score refers to difference hetween means for correlated
data for large samples (ses Appendix E (2.2)).

The Pearson's product-moment correlation formula was used
{see Appendix E (3.1)).

See Appendix E (3.3).
The details of the gquestionpaire are presented in Appendix D.

see Appendix E [5).
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CHAPTER 5SIX

6. DISCUSSION OF RESULTS AND CONCLUSIONS

The previous chapter dealt with the methods of data processing and
the statistical analyses of the results. In this chapter the

findings from these analyses will be dincussed.

6.1 QUALITY OF THE TEST INSTRUMENT

The quality of & test may be judged

(i) by studying the test itself and the written

specificarions used in developing it, and

(ii) by a statiscical analysis of the data it provides.

In the present study the former im evident from the development, trial
and final administration of the test {as outlined in chapters three
and four). 1m this section the statistical analyses of the test

scores will be discussed as evidence of the guality of the test.

6.1.1 Distribution of Test Scores

The dats concerning the distribtuion of the scores on the final test
have been presented in section 5.3. The fact that the scores (as

shown in Fig. 5.1) range from & low of O to a high of 19 on the twenty-
item imstrument, with a relatively high standard deviatiom of 3,29,
shows that the scores vary widely. This variability is indicative

of che test's effective discrimination among the Ell‘ldiilt!s..[lj (2)

A standard deviation of one-sixth of the range bhetween the highest

possible score and the expecced chance score is considered to be quite
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satisfactory and generally the larger it is tha better the :“r__f.!]

The standard deviation of 3,29, vhich is greater than the expected

value {-!F-‘- = 2,67), can thus be regarded as a very satisfactory

Although the mean of 7,41 (37,051) indicated that the test as a whole
was a little on the difficult side, it compared favourably with

similar experimental tests, e.g.

(i) the Secondary School Examinations Council'® reported
a mean of 25,91 for a Secondary Modern group and
38,52 for a Grammar School group on a twenty item

multi-facet test}

{il) the IEA “uh{.'ﬂ reported a highest mean of 26
(37,681) on a sixty nine item multiple choice-type

6.1.2 Reliability

Reliability is often regarded as the “most mignificant statistical
measure of a classroom tn:".“} Statistical evidence is not omnly
central to establishing the reliability of the test but also han some

value in attesting to its validicy.

While expertly constructed standardized tests yield reliabilicy
coefficients as high as 0,90, achievement tests used in schools and
colleges often show reliability coefficients of 0,30 or 1:::«.--:;’.':1"':|| In
the IEA study for example, reliability coefficients on the seventy=item
test ranged from & low of 0,732 to a high of 0,958 for the different

Eﬂuﬂtrill.{!}
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In general, how high or how low a reliabilicy coefficient one is
willing to accept in any given case will "depend upen the practical

values which are involved in that particular 1232113“.'}"['3".I In this

{10}

regard Kelly arrived ar, tnter alig, 8 minimum correlation of 0,50

for evaluating the level of group accomplishment.

Since this study is primarily concerned with group accomplishment,
wiz, the attainment of objectives in mathematice learning by & group
of standard nine pupils, & reliability coefficient of 0,50 or higher
is acceptable. This would therefore mean that the reliability
coefficients, 0,671 and 0,645 (p < 0,001) found by the splic-half
method and by the Koder-Richardsom Formula 20 respectively, are
reasonghly high values attesting to the internal consistency of the

test.

Further, it must be pointed out that these values were obtained on a
relatively short test of 20 items. It is generally claimed that an
increase in the number of items - provided the added items are equal
in quality to those of the original test - tends to increase the
reliahility.{ll} (12) In fact, the doubling of the length of the
test ugsed in this study should yield a high reliability coefficient

of 0,80 (as predicted by the Spearman-Brown Iarmulu{lj};,

The absolute consistency of the test is given by the standard error
of measurement. The standard error of 1,867 (based on r = 0,671 in
this study) is indicative of the accuracy with which the test
instrument measures. This relatively high value must be attributed
to the high variability of the test scores (5D = 3,29). Moreover,

this value is less than the estimated standard error of maasur ement
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(14} Under these circumstances even a

(1,932) for-a Z0-item Eesk.
high reliability coefficient of 0,80 (for the same 3D) tan reduce

the standard error by omnly 0,416 to 1,471, It may also be argued that
“"good tests may have larger probable errors of measurement than poor
tEﬂta“{ls} because there iz a greater variability (which is desirable)

in the scores.

Apart from the statistical evidence produced here, claims for test
reliability may also be made on the basis of the following considerations

(made in this study):

(i) the perfect marker reliability that was attained

due to the objectivity in scoring;

{ii) the elimination of administrative unreliability by
ensuring uniformity in testing conditions, e.g. all
candidates were given enough time to consider all

the icems;
{iii} the matching of items according to difficulty;

{iv}) the selectiom of items for the final test om the

basis of discrimination, difficulty and distractors.

6.1.3  Validity
While reliability which is indicative of the degree of internal

consigtency of a test is a prerequisite for validity, it is not a

sufficient condition.

Since the essential question of validity of a test iz how well it

measures whatever It sets out to measure, validity must dlways be seen
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in terms of the purpose for which the test is uud.“‘m In this

study the claims for validity rest upon

(i) the soundness and appropriateness of the procedures

for developing the test instrument, and

(i) the statistical evidence relating to the reliabiliry
cosfficient and the correlations between the test

scores and the "trus" eriterion scores.

The details of the procedures regarding the development of the test
instrument have already been presented in chapter three. There

ware two considerations which were directly concerned with the

validity of the test. Firstly, the test items were prepared, reviewed
and selected after trial only if they conformed strictly to the
specifications as set out in the content-objectives grid (see Fig. 1.1).
Secondly, the final selection of ltems was based on, inter alia, the
rating of the items (according te the objectives they were testing)

by eight judges. These and other considerations, based on appropriateness
of items in cerms of item analysis data, should be interpreted as

satisfactory attempts at ensuring the “immsssurable™ aspects of
validicy.

When providing statistical evidence for validity, the latter is
usually interpreted as “"sn estimate of the correlation between the
rav test scores and the "true' (that is, perfectly reliable) criterion
scores”. (17) In the present study the validity coefficients ranged
from 0,457 to 0,651 (p < 0,001). The relevant data are presented in

Table 5.4 in secciom 5.5.
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These values compare very favourably with those obtained for the
Group Test for Indian South Africans {CTISA). Whan the total scores
on CTISA were correlated with the examinations the resulting validity

(18}

coefficients ranged from 0,36 cte 0,60. Similarly, in @ Schools Council

Study, correlations between experimental mathematics tests and the GUE

and CSE exsminations ranged from 0,523 to n.ﬁﬂ.uﬂ

Therefore, the
validity coefficients obtained for the mathemstics test in this study

are considered to be acceptable.

Furthermore, in respact of the validity of parts of the test,
intercorrelations (as presented in Tables 5.10 and 35.11) of subscores
on the mathematics test were obtained. Firscly, the scores on each

of the sets of items testing Knowledge and Skills correlated
significantly sore highly with scores om items testing lower level
ocbjectives than with items testing higher level objectives (p < 0,001).
Secondly, the scores on sach of the sets of items testing Comprehension,
Selection-Application and Analysis-Synthesis correlated significantly

more highly with scores on ltems testing higher level objectives than

with items testing lower level objectives (p « 0,001).

These findings suggest that the firet 8 items on lower level
ohjectives weras teating Knowledge and Skills while the npext 12 items
on higher level ocbjectives were testing Comprehension, Selection-
Application and Analysis-Synthesis. Thus the two sets of items vere

testing two distinctly different compoments, or levels.

6.1.4 Item Analysis

Item analysis, which provides gquantitative information abour difficulty
and discriminating power of the test items, is usually carried out

afrer the trial test (as was done in this research) In order to aid In
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the selection of items for the final form of the test.

However, in this study, item analysis data has also been gathered

afear the administration of the final form of the test for fwo reasons:

{i}) to produce evidence concerning the quality of the

test, and

{ii) to provide data to aid in selection and modification
of items in the event of Euture research (based on

this test).

The relevant data are presenced in Tables 5.5, 5.6 and 5.7.

However, it must be pointed out that "statistical data are at best
merely a valuable guide in putting a test together and cannot take the
place of scholarship, ingenuity, and painstaking effort on the part

of the item wri:ar“.{an} Therefore, when judging the quality of a test,
several of the other factors and considerations (mentioned in chapter

3) in the development of the test items, must be taken into account.
Further, like all other statistical data concerning the test, icem
analysis depends on the characteristics of the sample of examinees

tested. (21)

6.1.4.1 Difficulty

The facilicy indices (as shown in Table 5.5), whiech indicate the
difficulty of the items, range from 17,1 to 64,7 with & mean of 38,72,
This data suggests that while the test as a whole was a little on the
difficult side it was not composed of only very difficult or very easy
items. If this had been the case then the relishility of the scores

would have been very lnw.tzz}
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While items of middle difficulty are desirable in achievement tests,
some of these low and high facility indices were unavoidable because
the test was Jesigned to test different types of abilities. For this

reasom, also, no actempt was made to select items on the basis of

middle difficulry.

These results which yielded a mean score of 37,05 and a mean difficulcy
of 38,72 substantiate the claim that "the mean score on a test is

determined completely by the mean diffuclty of the items composing 'it".':”']|

The data (as shown in Table 5.6) suggests that the icems testing lower
level objectives were mignificantly easier than those testing higher
level objectives (p < 0,001). BSince no sttempt was made in the
development and selection of ftems to regulate the difficulry values,
this finding would appesr to support the claim by Bloom st qi“’”

that "it is more common to find that individuals have low scores om

complex problems and high scores on the less complex problems than

the reverge”.

In general, the candidates' reaction to the test was favourable (as
presented in Table 5.12). The data shows that a significantly high

proportion of the candidates regarded the test as being "about right".

Bb.1.4.2 Digeriminatrion

The discrimination indices (as shown im Table 5.5) indicate the extent
to which the items differentiate between the top 27 per cent and the
bottom 27 per cent on the total score. These D values range from
0,12 to 0,65 with a mean of 0,40. All the items yislded positive D

values and 95 per cent of them yielded D values of 0,24 and higher.

Since each of the upper and lower 27 per cent criterion groups was
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fairly large (N = 208), the item analysis data presented here must be

regarded as being 1'1!1:1..53.':155.ll'r‘:z'r:":II

In view of the fact that, in this study, only items with D values

{26)

of 0,20 and higher were considered acceptable (as suggested by Davis,

and Macintosh and Hnrrinun{z?}

} the above data suggest that che test
items were fairly highly discriminating. The fact that the standard

deviation was large may also be attributed to the item discrimination.

The data presented in Table 5.8 suggests that the higher grade pupils

performed significantly better than the standard grade pupils

{p < 0,001). Since under the New System of Differentiated Education,
the higher grades contain better pupils than the standard grades, this

finding lends support to the discriminating power of the test.

While the test as & whole yielded a high mean discrimination index

of 0,40, the data presented in Table 5.7 suggests that the items testing
lower level objectives were significantly more discriminating than

those testing higher level ocbjectives (p < 0,001l). This finding may

be attributed to the difficulty levels of the two sets of items. Since
items of 50 per cent difficulty are maximally diuariminative.{zﬂj it

is expected that the lower level items (F = 51,68) would be more

digscriminating than the higher level items (F = 30,08).

6.1.5 General Conclusions

In general it may be copcluded that a reascpably reliable and valid
paper-and-pencil instrument was constructed to test a range of abilicies
or chjectives in mathematics (as defined by the test items) which go

beyond simple recall and manipulative skill.
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The discussions in the preceding sections also suggest that it is
possible to devise test items which test at least two taxonomic levels
of mathematical ability. A Schools Council !l.‘.ul!r{“} has reported

gimilar findings for mathematics while Il:inum has come to similar

conclusions for geography.

6.2 DISCUSSION OF FINDINGS FROM THE TEST SCORES AND

CONCLUSTONS

Since the test was designed to measure a range of abilicies in
mathematics as set out inm the suggested classification of objectives,
performance scores on this test must be indicative of the attainment

of these objectives.

In this section some of the major findings arising out of the
administration of the test instrument to the sample populatiom will
be discussed. The claims for validity of the conclusions resulting
from these findings sust rest largely upon the quality of the

evaluation instrument,the evidence for which has already been presented

and argued.

6.2.1 Performance accordiang to Levels of Objectives

It has already been shown (in sectiom 6.1.3) that the items testing
lower level objectives (less complex items) were predominantly testing
Enowledge and Skills while the items testing higher level objectives
(more complex items) were predominantly testing Comprehension,

Selection-Application and Amalysis-Synthesis.

In order to determine the extent to which the pupils in the sample

population attained the objectives in mathematics the following null
hypothesis was tested:
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that there was no difference betwean performance on
[tems testing lower level objectives and performance

on items testing higher level objectives.

The observed data as presented in Table 5.9 showed that the mean score
on the ltemn teating lower level cbjectives wvas sigmificantly higher
than the mean score onm the items testing higher level objectives

(p « 0,001). On the basis of this finding the null hypothesis wvas
rajected (p < 0,001). Scated otherwise, this means that the lower
loavel objectives in macthemacics were significantly easier rto actain
than the higher level objectives. This is in agreement with an earlier
finding that items testing lower level objectives were significantly
easier than those testing higher level objectives (p < 0,001}, which

pointed to the equivalent nature of item complexity and item difficulty.

These [indings tend to support the assumptlion regarding the hierarchical
structure of a taxonomic classification of objectives in at least two
levels. It has already been shown that several research studies
(reviewed under 2.2.4 in chapter two) also support this assumption in

respect of the Taxonomy.

It must also be pointed out that, in the absence of a classificarion
of clearly defined objectives for mathematics learning at the senior
secondary level, there probably has been a tendency for teachers and
examiners to emphasize the easily tangible and measurable lower level
objectives and to avold the less tangible higher level objectives.
Moreover, it has been claimed that the extent te which "objectives
near the evaluatory extremity (i.e, higher level objectives) are
practicable is clearly dependent on the level at which the teaching

takes pl.lcir".ﬁ“
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6.2,2 Performance A:nnrj‘lm to Class Crades

An analysis of the distribution of the sample population according to
class grades (as shown in Table 5.2) revealed that a large proportion
of the pample was receiving instruction in mathematics in mixed classes
with both higher and standard grade pupils. This led the present
researcher to investigate the exteat te which the pupils were attaining
the objectives in mathematics in terms of the class grades. For thia
purpose the performances of the various groups were compared (as shown

in Table 5.8).

As expected, a comparisom of the performances of the higher and
standard grades showed that the higher grades performed significantly

better than the standard grades (p <« 0,001).

In order to compare performances inm respect of class grades the

following pairs of groups were considered:

(i) H{HS) (higher grade pupils from mized higher and

standard grade classes)

and HO (higher grade pupils from only higher grade

classes);

(ii) S(Ws) (standard grade pupils from mixed higher and

standard grade classes)

and 50 (standard grade pupils from only standard

grade classes),

In accordance with the above comparisons the fol lowing null hypotheses

wore Losted:
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(i} that there is no difference in mean performance

between HO and H{HS) on the mathematics test;

(i1} that there is no difference in meéan periormance

between 50 and S(HS) on the mathematics test.

In terms of the observed data in Table 5.8, the first null hypothesis
wag rejected (p < 0,005). The HO group performed significantly better
than H{HS) group. This difference in performance may be attributed

to the sole difference resulting from the composition of the groups for
purposes of instructiom, 1.e. the HO group was taught in classes with
only higher grade pupils while the H(HS) group was caught in classes
with mixed higher and standard grades. Owing to the difficulties
involved in coping with instruction at two different levels for the

two ability groups, it would seem that teachers of the HS group, tended
to keep the instructiom at the level of the standard grades and failed

to differentiate between the two groups.

The second null hypothesis was, however, accepted (p > 0,05}, There
was no significant difference in performance between the 50 and S({HS)
groups. This finding is in agreement with the argument presented above.
Since instruction in the HS group seems to be aimed at the standard
grade level and that in the 50 group is obviously confined to the
standard grade level, it may be expected that there would be no

difference in performance between the 5(H5) and S0 groups.

On the basis of the above findings in respect of the population under
study, it is concluded that the performance of the higher grade pupils

taught mathematics in mixed higher and standard grade classes tends

to be adversely affected.
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CHAPTER SEVEN

8 RECOMMENDATIONS AND PROBLEMS FOR FUTURE RESEARCH

The present research study has given rise to several implications
for mathematics education in South Africa, and it has alsc revealed

certain problems for future research and investigation.

7l IMPLICATIONS AND HECOMMENDATIONS

7.1.1 Objectives

This research has clearly underlined the need for the stating of
objectives, and it has demonstrated especially the value of formulating
objectives in the development of mathematics tesc items. Mathematics
teachers should be encouraged ro study the implications of objectives
for mathematics education in general and achievement testing in

particular,

Telald Syllabuses

If mathematics examinations are to test "abilities of educational
value and not just a series of topics writtenm into & 53,rllal:|u5"."'jl:I

then syllabus constructors must first spell out worthwhile instructional
objectives (apart from the aims). The next logical step would then be
to include in the syllabus only that content material which lends

itself to the attaimment of the objectives. Since this has not always
been the case, pupils, teachers and examiners have been prome to
interpreting aspects of the syllabus in widely varying ways. Under
these circumstances it is reasonable to expect that the abilities

tested in the Ffinal examinations are not necessarily those developed

in the pupils.
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It is thus recommended that (until such time syllabus constructors
stipulate clearly defined objectives) the mathematics subject panels
of the departments of education use a scheme of objectives (e.g. che
one suggested in this study) to redraft the syllabuses in terms of
objectives. In this way each topic would be seen in terms of che
desirable behaviours it evokes. Such & two—dimensional {content-
process) treatment of the syllabus would be invaluable in devising
learning experiences and constructing test items., In addition, a
welghting scheme should form the basis for a correct balance of ilcems

in terms of content apd process in the examination.

7-1.3 Instructional Methods

The present research has revealed that there is a great need for
mathematics teachers to become aware of the higher level objectiwves
énd to devise learning experiences to develop in their pupils the

“thE

appropriate sbilities. In this regard H.ra.t.i:m.'n-l:nlLz:I suggests that
learning environment must give major emphasis to the more complex

objectives if significant growth is to take place in these objectives".

While the instructional objectives themselves suggest certain methods
of teaching, research needs to be done in order to provide “practical
assistance to the teacher by trying to find instructional methods

which most efficiently and effectively permit achievement of these

nhjac:ivea“.{3}

7.1.4 Examinations and Tests

Since examinations have such a powerful influence on teaching and
learning, it is essential to consider the kinds of thinking that tests
and examinations demand. It has already béen shown that examinations

can be improved by basing them on clearly spelt-out imstructicnal
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objectives, This will in turn place the teaching and learning of
mathematics on a sounder basis. With a content-process blueprint

in mathematics as a common source of reference for both teachers and
examiners it would be reasonable to expect that final examinations
will demand the kinds of abilities which the teachers have attempted

to develop in their pupils.

Objective tests, e.g., multiple choice-type items, can play an
increasingly important role in mathematics examinations in measuring
the various instructional objectives. An analysis of the candidaces’
reaction to the multiple cholce-type test items in this study (as
presented in Table 5.12) revealed that a significantly high proportion
of the pupils (60,34%) preferred a mixture of the ordinary kind and
the multiple choice-type test. Moreover, 29 per cent of the sample
population preferred the multiple choice-type test. 1t is thus
recommended chat future macthematics examinations should include a

greater percentage of multiple choice-type items.

Itemwriting is undoubtedly an exacting task, as has been shown by

this and other studies. It is an art which requires "an uncommon
combination of special abilities. It is mastered only through extensive
and critically supervised prﬂ:tice".{ﬁ} Further, it demands
"imagination and ingenuity in the invention of situations that reguire
exactly the desired knowledge and sbilities". ) 1 must be recognized
that not every mathematics teacher is endowed with such specialized
abilities. However, these teachers = and hence the pupils - stand to
benefit tremendously if opportunities are available whereby they can
share expertly writtenm items. In this respect it is recommended that
Lhe establishment of an item bank, on the same lines as suggested hy

Wood's reports of the NFER study,{ﬁl (1 should be giwven seriocus



lal

consideration. 1t has also been claimed that "with assistance available
to teachers for understanding how clearly stated objectives should
influence the classroom activities and evaluation practices, it may be
possible that the use of a bank of test items which represent the

range of defined cognitive behaviours will result in a greatly improved

u (B)

educational program in the future”.

An imcreasing understanding and use of tests based on imstructional
objectives will enable teachers to appraise more meaningfully the
levels of performance in terms of the different objectives. Om the
basis of such diagnostic information, "balanced emphasis can be laid
in the instructional programmes on those objectives that are more

u (9)

diffiuclt to achiewve'.

7.1.5 Differentiated Education

The New System of Differentiated Education has been designed "to ensure
that children receive the education that suits their skills, interests,
abilities and aptitudes".{lﬂj In the senior secondary phase this
system provides for extensive differentiation "by offering various
fields of study and in certain approved subjects (e.g. mathematics),
within the fields of study, at a higher as well as at a standard level.
This then Implies that the subjects which are taught at two levels will
alse be examined at two levels during and at the end of this phase".{ll}

The implication here is that for effective differentiation the two

levels should be taught separately.

In this study, however, it was found that 533,51 of the sample population
from the 14 high schools was taught mathematics in classes with mixed
higher and standard grade pupils. A comparison of the performances of

the various groups (as discussed in 6.2.2) led the researcher to conclude
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that the teaching of mathematics to mixed higher and standard grade
classes was detrimental to the performance of the higher grade pupils
who scored significantly lower than those taught in only higher grade

classes.

It is thus recommended that, for effective differentiation, mathematics

should be taught separately at the two different levels.

Another major problem is that of differentiating between the standard
and higher grade syllabuses for purposes of inmstruction and evaluation.
It is suggested that there should be a difference in emphasis according
to the levels of objectives as stipulated in a content-objectives
weighting scheme. For example, a particular topic may be more heavily
weighed under Knowledge and Skills for the standard grade than for the
higher grade, while the same topic under Analysis-Synthesis may be
given more emphasis in the higher grade than in the standard grade.

Fig. 7.1 is presented as an illustration.
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|
OBJECTIVERS
CONTENT A B c [ H E  TOTAL
Topic 1 10 20 30 o 10 100
HIGHER
CRADE Topic 11 15 25 30 25 s 100
Total 25 45 60 55 15 100
Topic 1 20 30 25 20 5 100
STARDAKD
CRADE Topic 11 25 15 25 13 2 100
Total &5 65 30 a3 7 200

FIGOEE 7.1 EXAMPLE OF CONTENT-OBJECTIVES WEIGHTING BSCHEME
SHOWING THE DIFFERENCES 1IN EMPHASIS. (A, B, ... E
REFER TO THE CATECORIES OF OBJECTIVES SUGGESTED

IN THIS STUDY).

It needs to be emphasized that it is not desirable to teach and examine
(on the standard grade syllabus) for lower level objectives to the
exclusion of all else. This is In keeping with the views expressed

in respect of the 0 and & levels in lﬂllnd.“” This study has alpo

demonstrated that it is possible to test for the entire range of

objectives.

7.2 SOME PROBLEMS FOR FUTURE RESEARCH

Certdin research problems have eserged from this study, which have

fallen outside its scope because of its limitations and assusptions.

The results of this study support enly in part the hierarchical
structure of a taxonomic classification of objectives, {.e. on two

Levels. A more detailed imvestigation will be necessary to suggest a
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hierarchical order among all the levels of objectives. This will entail
construction of an extended evaluation instrument with a greater numbar
of items at sach level and the validation of these items in terms of

the objectives they test. One of the major problems in this connection
is that the final judgement regarding the relevance between the item

and the objective it tests will depend almost entirely on expert opiniom.
This is wo becsuse "striccly empirical data on this aspect of validity

iz almost impossible ro nhuin“.“” One approach to the problem may

be that proposed by 'lhn-d:“‘}

a factor-analytic study of the item
responses, which would cluster items into groups possessing similar
characteristics. In this way the speculation about the behaviour which

each cluster is supposed to evoke will be placed on a sounder basis.

The test developed for this research may not necessarily be of any
prognostic value as its predictive validity scill needs to be determined.
For this purpose a follew-up study of the sample population would be

necaidary.

The present study has revealed a difference in the attainment of
objectives in mathematics between the two ability groups In standard
nine. The guestion arises vhether there are such differences between
the various standards or forms in the senior secondary phase. Research
must be designed to determine the extent to vhich the development of
the pupil’s mathematical ability from standard eight to standard ten
influences the attaloment of objectives. BSuch Findings will provide

useful feedback for future curriculum planning.

In this study, only the cognitive abilities in mathematics have been
considered. Krathwohl''®) has stressed the importance of affective

ohjectives by stating that "nearly all cognitive objectives have an
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affective component”. Ressarch needs to establish the extent to which
these objectives are appropriste for school mathematics and whether any

provision must be made for their testing.

In fine, it is hoped that this study will serve to stimulate further
research, Such resesrch can only lead to a better understanding of the
"'nl:_'.m::iuu“ approach and its role in examinations, curriculum

development and the learning process.
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APPENDIX A

A SUMMARY OF THE TAXONOMY OF EDUCATIONAL O8JECTIVES:
COGNITIVE DOMAIN. (BLOOM, B.5. (ed.), 1958)

Six major categories of cognitive behaviour are identified in the
Tazomomy: KEnovledge, Comprehension, Application, Analysis, Synthesis,
and Evaluatiom. The behaviours are assumed to be hierarchical and
cumulative. The first category is concerned with recall or recogamition
of knowledge, and the latter five are called the intellectusl skills
and abilities or the higher mental processes. All the major categories
except application are further broken downm into more explicit and
discrete behaviours. Through this breakdown, twenty-one separate
behavioral categories are defined in the cognitive domain of human
behaviour.

1.00 ENOWLEDGE

1.10 Knowledge of Specifics

1.11 FEnowledge of Terminology
1.12 Enowledge of Specific Facts

1.20 FKnowledge of Ways and Means of Dealing with
Specifics

1.21 FEnovledge of Conventiona

1.22  Enowledge of Trends and Sequences

1.23 KEnovledge of Classifications and Categories
1.24 Enowledge of Criteria

1.25 [Enovledge of Methodology

1,30 Enowledge of the Universals and Abstractions in a
Field

1.31 Enowledge of Principles and Generalizations
1.3 Knowledge of Theories and Structures

2.00 COMPREHERS10M

2.100 Tranalaction
2.20 Interpretation
2.0 Extrapolation

.00 APPLICATION

&.00  ANALYSIS

4.10 Analysis of Elements
4.20 Analysis of Relationships
.30  Analysis of Organizational Principles
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5.00

SYNTHES LS

3.10 Production of a Unique Communication
5.20 Production of a Plan or Proposed Set of Operations
5.30 Derivation of a Set of Abstract Relations

EVALUATION

6.10 Judgments in Terms of Internal Criteria
6.20 Judgments in Terms of External Criteria.
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APPENDIX B

COMMON BASIC SYLLABUS FOR MATHEMAITCS (STANDARD GRADE)
FOR THE SENIOR SECONDARY SCHOOL. (DEPARTMENT OF INDIAN
AFFAIRS, DIVISION OF EDUCATION, 1973)

1. GENERAL REMARKS

1,1 The syllabus content which is prescribed for Std, VIII,
is here taken as pre-knowledge to the syllabus for Gtds.
IX and X. This knowledge is again used either directly or
indirectly in the syllabus for the last two school years
and thus also in the Matriculation examination, but during
these years the emphasis will fall on the actual syllabua
for Seds. IX and X.

1.2 In tests and exsminations more stress should be laid on
insight and understanding than on mechanical repreduction
of formal knowledge.

1.3 Where applicable, the slide rule may be used.

2, GENERAL AlIMS

2.1 To acquaint the pupils with the part played by mathematics
in the modern world in which man is constantly required to
handle quantitative and spatial aspects of situations.

2,2 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.

2.3 To cultivate appreciation for the structure and the
continuous theme of each section of the syllabus as well as
for the underlying relation between certain sections.

2.4 To acquaint pupils with and train thes {n mathematical
methods of thought and work.

2.5 To give pupils a clear insight into, and a thorough
kaowledge and understanding of those basic mathematical
principles which will prepare and equip them for daily
life and further study,

3. HEMARKS

3.1 In all sections of the subject pupils must be guided to
tackle and solve each problem or theorem systematically by:

3.1.1 giving close attention to the data and what
is required;
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&.

b

1.1.2

3.1.3

3.1.4

3.1.5

taking sccount of all facts and theorems that
can poasibly serve as @ key to the solutiom,
irrespective of the section of mathematics in
which thay appear;

starting with the most obvious method and then
considering other possibilities;

comparing the different methods of solution and
making & choice;

giving close attention te necessary and sufficient
requiresenta with respect to formulation and
reasoning vhen writing down the solution.

3.2 Pupils must be trained in the correct use of notation and
terminology, the exact formulation of statements and the
making of valid deductions.

3.3 As a veriecty of solutions is possible for mosc problems,
pupils must be trained to consider each selution carefully
in order to make sure that thers is not a bettaer ona,

EXAMTEATION PAFERS AND ALLDCATION QF MARKS

4.1 Standard VIII - To be decided on by each department.

4.1 Standards IX and X (omitted im this Appendix).

SYLLABUS FOR STANDARD VIII

5.1 Algebra

3.1.1

5.1.2

Sets (Conmsolidation)

5.1.1.1 The set concept.

5.1.1,2 Elements of a set, the empty set, subsst,
universal set, complement of a set,
intersection and union of set, Cartesian
product ..

5.1.1.3 Venn diagrams and their applications as anm
aid to illustrate the solution of problems.

Number Concept

3.1.2.1 An outline of the structure of the system
of real numbers as developed from the
natural nusbers with emsphacsis on the
ircaticonal and real nusbers.
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3.1.3

5.1.4

3.1.3

3.1.6

5.1.7

3.1.2.2

5.1.2.1
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Relacions of order bervean numbers and
the relevant laws; operations with
numbers, rules for operatioms, closure in
respect of opsrationa.

The number line. One-to-ons correspondence
between points on the nusber line and real
numbers.

Products of the following types by inspection:

5.1.5%1
5-1-3-:
3.1.3.3

5.1.3.4

(s 2 b)etd)

i

bi(ex = d)
byd

(ax

L]

{ax

(ax + b)(ax = b)

Factors of polynomials of the following types:

5.1.4.1

5.1.4.2

5.1.4.3

5-1.4.4

ax Y bx ® ay 2 by

axl * py t ¢ and ax? * bxy ¥ ey?

i T

These types with the incluslon of a
comnon factor.

L.C.M. of polynomials by factorisation only.

Algebraic fractioms

5:.1.6.1
5.1.6.2

Simplification
Operations

Bolution Sets

3.1.7.1

SFIiTIE

Determining the solution sets of linear
equationg in one unknown with numerical
and literal coefficients.

Determining the solution sets of linear

inequalities in one unknewn with numerical
coefficients only.
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5.1.8

5.1.9

3. 1.10

5.1.11

Formulae

5.1.8.1

5.1.8.2

Relations

5.1.9.1

J.1.9.2
5.1.9.3

5.1.%.4%

3.1.9.3
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Changing the subject of a formula.
{Simple examples only).

Substitution in formulaa.

and functions

Relation. The mapping according to a
given rule of the elements of one set on
the elements of another set.

Sets of number pairs.
The function concept.

Representation of number pairs by points
in the Cartesian planes.

The function defined by y = mx + ¢ and
its graphical representation; intercept
and gradient.

Systems of linear equationms and inegualities

5.1.10.1

5.1.10.2

3.1.10.3

Logarithms

5.1.11.1

5.1.11.2

Algebraic solution of systems of linear
equations in two unknowns.

Graphical illustration of the solutiom
sets of systems of linear eguations in
two unknowns,

Graphical illustration of the solutiom

sets of systems of inequalities in two
unknowns .

Definition of a® for n an integer.
(a > o).

Use of logarithmic tables for:
5.1.11.2.1 Multiplication

5.1.11.2.2 Division

3.1:11.2.3 Raising to a power (fractional
indices excluded).



173

APPENDIX B (Continued)

5.2 Synthetic Geometry

(N.B. Although all theorems must be proved, formal proofs
of theorems in examipations must be limited, and only proofs
of theorems (but not of their converses) denoted by an
asterisk in the following list will be required. Howewver,
applications (including constructions), of any definitiom,
axiom or theorem im this list can be set).

5.2,1 If two lines intersect, the sum of any pair of
adjacent angles is equal to 1809, and conversely,
if the sum of two adjacent angles ia 1807, the outer
arms form a straight line. (Axiom).

5.2.2 When two lines intersect the vertically opposite
angles are equal. (Theorem).

5.2.3 Two lines are parallel if and only if an incersecting
transversal forms equal corresponding angles.
{(Definition).

5.2.4 1f a transversal intersects two lines, these two
lines are parallel if and only if alternate angles
are equal. (Theorem).

5.2.5 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 1800, (Theorem).

5.2.6 Lines which are parallel to the same line are
parallel to each other. (Theorem).

5.2,7 The exterior angle of & triangle is equal to the sum
of the interior opposite angles. (Theorem).

2.4.8 The sum of the angles of a triangle is 1807,
(Theorem) .

3.2.9 The concept of congruence.

5.2.10 If two sides and the included angle of ome triangle are
respectively equal to two sides and the included angle

of another triangle, the two triangles are congruent.
(Axiom).

3.2,11 If three sides of one triangle are respectively equal

to the three sides of another triangle, the triangles
are congruent., {(Axiom).

5.2.12 1f two angles and a side of one triangle are
respectively equal to two angles and the corresponding
side of another triangle, the two triangles are

congruent. (Theorem - without proof).
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*5.2:.13

5.2.14

3.2.15

“5.2.186

*5.2.17

“5.2.18

*s.2.19

35.1.20

5.2.21

5.2.22

*5.2.23

In an isosceles triangle the angles oppeoaite aqual
sides are equal and comversely, 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 che 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 and, converaely If the opposite angles or
sides of a quadrilateral are equal, the quadrilateral
is a parallelogram. (Theorem).

A diagonal of a parallelogram bisects the area of
the parallelogram. (Theorem).

A parallelogram and a rectangle on the same base
and between the sames parallels have equal areas,
{Theorem) with the following corollaries:

5.2.18.1 The area of a parallelogram = base x
height.

5.2.18.2 The area of a triangle = | base x
height.

5.2.18.3 The area of a trapezium = | (sum of the
lengths of the parallel sides) x (the

perpendicular distance between the parallel
sides).

The diagonals of a parallelogram bisect each other,

and conversely, if the disgonals of a guadrilateral
bisect each other, the quadrilateral is a parallelogras.
(Theorem).

If two opposite sides of a quadrilateral are egqual

and parallel, the quadrilateral is a parallelogras.
{Theorem).

The lengths of 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 rhosbus.
({Theorem) .

The lime segment jﬂlnlﬂl the mid-points of two
sides of a trisngle is parsllel to the third side, and

its lepgth is equal to half the length of the third
gide. (Theorem).
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5.2.24 The line drawn through the mid-point of one side
of a triangle, parallel to the other side,
bisects the third side. (Theorem).

5.2.25 If three or more parallel lines make equal intercepts
on a given transversal, they make equal intercepts
on any other transversal. (Theorem).

5.2.26 The theorem of Pythagoras and its converse,

5.2.27 Calculations in connection with lengths, areas and
volumes of right prisms on the following bases:
triangle and rectangle; of right pyramids on
rectangular bases, right cylinder and cone on circular
bases, and the sphere. Direct calculations with the
formulae concerned. Only simple numerical applications
where the data and the results are rational numbers.
(Deduction of formulae is not required).
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MATHEMATICS TEST BOOKLET

READ CAREFULLY:

i

F

4.

This is Aot an exsmination. It is 2 sarhesarics rest designed

to test vour knowledge, akill, enderaranding and ability to apply

in mathematics. The whole test can easily be completed within
B0 mins.

HOW TO ANSWER:
{a) The sctual writing down of the smswer is simple. Each
questlon is supplied with 3 probable answers marked

(A, (8), (€), (D), (E}. Oaly J¥E of them is correccr.

When you hawe catefully thought about the questiion select

the correct answer and put “ + * om your amswer sheet in the

tilevant block. Use & pamcil.

Lf you selecied (D) then your answver shest for the particular

guestion will look like thia:

Al 8|l c| o] E

‘ﬁj 1f f“ﬂhl-“rﬁﬂ aind erase and pl.l.l‘!l B 1 H I:D'l'!l.'lﬂl.‘l,
and clearly.

(e) If you are wncertain do not guess but leave & blank.
Cussning will be of no help.

(d}  You will be supplied with paper for rough work. Please
g0 wot tear any part of this booklet or write onm it

(e} Here iz o sxample done for your
In the squation _l_l"’“ - l!.“l , % is equal to.-

VI wm i w2 w2

AMSWUER SHEET 1 [Eg. | A |0 [c b |

Tou will also be required to say what you Ehought about this
test. Please be Irank as your answers will be of groat help.

Lf you are not sure af anything on this page please ask the
ceacher,
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TEST BEGINS HERE

{Continued)

L7

l. If a, b are Integers vhich one of the folloving is NOT true?
(A a+o - a
(B) bxo = oxb = o
(€Y o%*h - @
(D) g = & I
*(E} bio = o
2. Here are & pairs of triangles with equal sides and angles marked.
(a) (h) (e)
(d) (e) (£}
Which of che pairs are congruent?
(A) abed (8) abef (C) abde
"b) abdt (E} acdt6E
3. Which of the following relations are functions?
= {(1:0); (2:1); (3:2)) Q@ = [C1:2): (13335 (334))
= [(1;1); (2:1); (3;2)] T = ({l;1): (2:1); (2:2))
(A) P, § only *(B) P, R only [ P, T only
(D) K, @ only {(E} @Q, T only
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4. Which one of the following statements about a parallelogram
is NOT crue?l

A quadrilateral (s a parallelogram if and only il:

(A) cthe opposite sides are equal.

{(8) the opposite angles are equal.

(C) the diagonals bisect aach other.

(D) & pair of opposite sides is parallel and equal.
*(E) the diagonmals are agual.

5. Adding %  and ]—: ve get:-
A) = () 6m E= « b) (€) &m
b+ E L]
*{D) Jmb + Jme (E) 9w?
T e

6. Substictucing the values o = 3, b= =2, ¢ = 1
in the expression:
abd - ¢

2+ 8
ot -

(A =22 (B) +1} {(c) =19 (D) +15 (E} +2&

a-=mh

F 1[:-—;— chen
(A a = = - g2 8) ¢ = Ja~-6-x2

(€Y a = eZeep (B} a=+clp = b (E) o? = =

8.  Consider the following expressions:
{a) o +bmn + 9nl
(b ml = §p
(e) =of - sn - gad
(d)  2un + fnd

(m * In) is & common Factor for only o of the expressions.
Which two are they?

(A) &, ¢ (8) a,d (C) b, (D} b, d (EY . d
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Q. The scatement:

"For any twe comaecutive whole wanbors ther product
minug the smaller nwmbor (8 egqual to the gyuarc of tic
amal ler mumbep, ¥

can be expressed mathematically, if p is a whole number, as:

(A) plp+1)=(p+1) = (p+ )¢

(8) plp+1)=-p = (p+1)2

(€} plp+1)=(p+1) = p2

(D) (p-1p+ 1) - (p-1) = {p - 1)2
"(E) plp-1)-(p-1) = (p-1)2

1. The solution ser for [:r.[:r—!il } n {z|2ex>2] where r ¢ (real numbers)
may be illustrated on the number line as:

{A) <= -llr :i =
(H) < -li 5 o
-
(c) < o i =
1 3
(o) < 3 >
(E) :E——-ni ¢ >

Il.  The area of a rectangle is 6 and its perimeter is 10, One of Che

following equations may be used to find the sides of this tectangle.

(A) 22+ 8x+8 = 0
(8] xf - 0x+» @& = 0
ey s -GE¥i = @
(P} ¢+ M- = g
() x4 -~ fr e 5 =
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12 1f 1 = [lintegers}, N = (natural numbers],
g = (raticnal numbers!, 8 = (real mumbers| and
Mo = |(whole nusbers] then ooe of the following subset
relations has the correct order.

*(A) NChoClcgQgcCh
(B) NCHeCICRCQ
(C) NElcNcQck
(M) NEIch ckcq
(B} NECHoCQEICR

13. In the figure AX = XY = Y&
and %] |TE. Which one of

the following is NOT trus’

B
1
(A} AZ = IC *(B) YM = g‘ﬂ:
(€) YW = [YC (D} xz = |y¢

(E) M is the mid point of IN.

15. X
/ \ /\

Comparing the arsas of these two triangles.

(A) APQR has the smaller area
(B) 4XYZ has the smaller aresa
(4 area of APQR = area AXKYZ
(D) area APQR = | area AXYZ
(E) no conclugion can be made

15. & The length of the diagnonal of
Jo square Ls Lb cm. The area ol the
square in square centimetres is

(A} & (8) 8 (€} 16 (D) o4  (E) 128
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it & survey in Durban, |00 housewives were guestloned about Ehe

Lk,
ue of tea, coffes and mila., (¢ was found that 5% use tea,
I8 use mllo, & wse all three, 13 wie tea and coffoe, 1% wee tea and
mile ond 14 wse coffee and milo. How many use coffce oniy!
(A} &8  (B) 32 c 9 tmy 2 (E} &0
i
7. A 5 ft8 - "
e 'P——-“'
E 1ca G K
tn the Cigure, W] T. M = 6cm 56 » I emand B¢ = @.
MK of the followiog conclusions is MOT true. Which is ir?:-
fa) area ECH = | area ¥Fou
(b} area CHE = | aresa EFHK
(e} area FIM = grea ENK
(d} area ¥OI = aresa EFR
{el aren BIK = -.}.l.nu ECHF
W s "(m 4 € @ (e ey«
"
18,
‘l'
ul

In the figury, ABCD ls & rectangle. Eauh wide is uxtended its
oun length so that A = B8, BC = CC', €D = DD*, HA = AA".
If the area of ABCD is 2 then the area of A'R'C'D* [s:-

(&) & (% & € & "oy 10 ey 1
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19. Study the following number sentences and discover A pactern:
1+ 2 o 1 x 3
1+ 2+ = 3 um&
2
1 # 2+ 3+ & = 4. x5
~—5
I # 2% 3+ &+ 5 = 5 xb
=5
Now, using this pattern the sum of all the vhole numbers between
16 snd 30 (including both 16 and 30) can be written &as:
18 30 31 s x U7
* a3 (Jn x31 _ 15x ) - ( x _ z )
L 16 29 x 30 16 = |7
i (:9 x 30 _ 15 5 ) ) ( x __%__,)
29 = )1 15 = 17
{E) S i 5
20.

In the Ii.-u:-l.ilm is a parallelogram and DOMN is a rhombus. Unly
3 of the following steps (given here without reasons) are necessary

to form the proof that ABMN is a parallelogram:

{a) ﬁ”iﬁ and AB = NM
(b) AB||OC and AR = DC
(¢) DC|[WH and D - WM
(d) Wb||9E and AD = NC

xaod

The J stepn placed in the correct logical erder for the prool are:

(A) dea *(8) bea (C) bpac

(D) bad (E) abe

TEST ENDS HERE.
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MATHEMATICS : OQUESTIONNAIRE AND ANSWER SHEET

CONFIDENTIAL

(A)

(8)

12}

Details to be filled in by pupils
PLACE = /™ IN THE BLOCK THAT APPLIES TO You
!i Fu'l .“: FEEFSFERAR ETFREFeFISaREE @ E RS @ e EEE R EEEE R EFEEE
surname first name
2. Age last birthday: ............ ¥7s.
3. Sex: male female | 'i
4§, Grade: higher grade standard grade
5. You are in a mathematics class with:
only higher orade pupils .....ccviivrvanes
only standard grade pupils ..ooovevmuranes
mixed higher and standard grade pupils ... . |
'ﬁ. .Fl.tul"iﬂl:ﬂ-ﬂ'ﬂtim: FEEFARER IR AR R R
Mother's Dccupation: ......cevvevvevss wrens
[
Details to be filled in by mathematics teacher
1. Pupils admission number: .......cceues
2. Overall assessment of pupil's mathematical
ability based on classroom performance, test, 3
EXANITLION L. ..cicsrcasressnrsabasenas
3. Results of end of yr. S5td. B examination in
mathematics S‘Std. 9 examination in the case 1
u‘F -”“.ti“ aadEsdAEEREAdERFRTFREREREREan
4. Score on GTISA: Non verbal r_‘1

Verbal

Full Scale {combined)
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(e}

ANSWER SHEET

|?g, SEEES
1| e e} of & I AR
3| Al o]l o]l o] E I TR
S| Al ST CLO]E = LRI
7 A B C B E & A i C
q 3 B C i E 1o A B ¥
i [ B (" 0 E 12 & ] E
13 A B C 1} E 14 A B =
s als|leloleE AT
17 & B C 1] E ia A B c
wlalelclo]e w |l ala]c

Ta be filled in by pupils AFTER the test.

PLACE ™ " IN THE RELEVANT  BLOCK

1. Oid you think the test A% A whole was

too  hard D
too esasy [:]
abaut right D £

2. If you were taking a mathematics examination and you
wanted your knowledge of mathematics to be tested as
fairly and thoroughly as possible would you prefer

this kind of test G

Ehe ardinary kind of test D

a mixture of both | | 2
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STATISTICAL METHODS

L.

2.

Standard Devistion and Standard Error of Mean.

2
1.1 Standard Deviaciom (SD) = "E%—
where d = deviation from the mean
= x - x {where x is the score and

—_ ix
% the mean = -'i'.l

and N = the susber of scorea (cases).

e

(Downie and Heath, 1970. p. 161)

1.2 Sctandard Error of Hean HIJ =

The stapdard error of mean yields a confidence interval
for the mean as follows:

x I (2,58 Sy {p < 0,01)
{Downie and Heath, 1970. pp. 164&=165)

Thie interval enables an unbiased estisation of the
population mean (m) from the sample mean (x),

e.g. givenx = 7,41 and SD = 3,29

(i.e. H.i =« 0,12 for N = 769) (See Section 5.3)

x :{2.55}5; = 7,41 I o0,M.

Thus, with repeated samples of the same size, the
pmb-giu::r that the pample mean will fall in the interval
7,41 = 0,31 is greater than 0,99 (i.e. p < 0,01)

Differences betwedn Moans

Since all samples in this study were considered to be large
(N » 160) the z-score was computed to test significance of the
difference between means (Downie and Heath, 1970. p. 178).
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The z-score is interpreted by the use of the normal pruhahil%:y
tables (Downie and Hesth, 1970. pp. 303-309). The z-score is
calculated differently for uncorrelated data and correlated data.

2.1 Differences between Means - Uncorrelated Data for Large
Sample {z-Test)

Firstly, the standard error of the difference between two
means, ¥, and ii is defined by the following formuila:

1 2

- || 8.2 .
o Vf-; ‘o

1 s = {SD}E
1 = g
-1 v M= 11

are the standard errors of the two sample means.
(Downie and Heath, 1970. p. 172).

Secondly, the z-score is given by

=

Iil - “2!

.-
x

(Downie and Heath, 1970. p. 172.).

From normal probability tables for z > 2,58 and z > 3,30
it is seen that p < 0,01 and p « 0,001 respectively.

g.g. The difference between mean scores of H and § on the
total test (see section 5.7.1) yielded z = 12,06 > 3,30.
This difference is significant for p <« 0,001l. Thus the oull
hypothesis that there is no difference between mean scores
of H and 5 is rejected at p < 0,001 level of significance.

2.2 Differences between Means - Correlated Dara for Large
Sample (z-Test)

When two sets of scores for the same sample are considered
the data are said to be correlated. 1In this case the
standard arror of the difference between the two means,

;i and E& is defined by:
s. =752 « 8% - 20r)(s= (5=
%% "1 e o T
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Vhere 5; and 5; are the standard errors of che means, and
1 |

r = coefficient of correlation for the two sets of
scores.

The r-score is then given by
5y ~F
§

%

|;| L EII

e 4 2x) (5= ) )
5= * B= = ) (5= (5=
V * . 1

(Downie and Heath, 1970. pp. 174=173).

2.1 Differences betwesn Means - Uncorrelated Data for Small
Sample (t-Test)

When the means of two sets of uacorrelated data for small
samples are compared the t-test is used. Firstly, the
standard error of the difference between the mf] and
X, is defined by:

“i " “f 1 1
- T (% * &
k| Il*!l-l | ¥ J
lﬂ'llndl = :1-:1. di -;l—'xi.lﬂ

“1 ¥ HI are the two sample sizes.

The t=score is then givem by

t = I;1 = "zi

o
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|;I - ﬂal
ral o ral
1 1 1
( .il * EI}
Ny ¢ By =2

for (M, * N, - 2) degrees of freedom.

1
(Downie and Heath, 1970. pp. 1B1-182).

3. Correlation Coefficients
3.1 Pearson Product-Moment Correlation Coefficient.

The machine formula for the Pearson product-moment
correlation coefficient is given by

Ixy - I:llf.x

[

where x, ¥y are pairs of scores and X = nusher of pairs.

(Downie and Heath, 1970. p. 93).

3.2 Reliability Coefficient

The rellability coefficient of a test Indicates the consistency
with which it yields its results. The following two methods
have besn used to obtain the reliability coefficlents in

this study:

(i) the splict-hall method;
{(ii) Eeder-kKichardson Formmla No. 20.

J.2.1 The Split-Half Method

This method is used to simulate the eflect of two
equivalent tests by dividing the given test into

halves, e.g. evenrnusbered items and odd-numbered
items (as was the case in this stwly). A Pearson
product-moment correlation is computed between the
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3.2.2

scores on the even-numbered items and the scores
on the odd-numbered items to vield the coefficient
of internal consistency. Since this coefficient
measures the reliability of a test which is half
as long as the actual test the correlation is
corrected by using the Spearman-Brown formuls,

it
o8

1 +F
oe

whara e reliability coefficient obtained by
correlating the scores on the odd-
numbered items with the scores onm the

even-nushered |tems.

(Downie and Heath, 1970. p. 244).

Kuder-Richardson Formula 20

The Kuder-Richardson formula Mo. 20, vhich also yields
s coafficient of internal consistency, is easily
applied to item analysis data.

This formula is defined as follows:

k
E pu

Y4
i kel # - sk

wa (s0)?

where r = rellabilicy of the total test,
k = nusber of items in the test,

(5D)" = the variance of the cest

P; = proportion of candidates vho correctly
responded to the i-th item, and

Gy = 1=

(Thorndike in : Lindquist, 1951. p. 587),
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3.3

3.2.3 The Standard Error of Measurement

The standard error of measurement provides an
indication of the accuracy of the test scores and
is estimated by the following formula:

e = SD V¥l =1

where B5Se = standard error of measurement
1]

standard deviation of the test

reliability of the test.

Se = 0.432 v k , where k = pumber of items on the
test, is also regarded as a good estimate of the
standard error of measurement,

{(Downie and Heath, 1970. pp. 247-248).

Validity Coefficient

The validity coefficient of a test indicates the extent to
which it measures what it sets out o measure. Measurements
of validity are essentially measurements of correlation
between the scores on the test and criterion scores in the
attribute which the test attempts to measure. Since criterion
scores are themselves often not reliable measures it is
neécessary to have two parallel, but not necessarily equivalent
sets of criterion scores. Given a4 get of scores x (whose
validity is to be estimated) and two sets of corresponding
criterion scores a and b, the validity coefficient or the
correlacion between the test and the “true" eriterion score

is defined by

g
r][‘a;]: Lﬂ L]

rﬂh

where P correlation berween the test and criteriom
store a,

£y @ correlation between the test and criterion
score b,

rah = gorrelation between the criterion score a
and eriterion score b.

(Cureton in : Lindquist, 1951. p. 680).
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3.4 Levels of Significance for Correlation Coefficients

The levels of significance for correlation coefficients are
obtained from a table of values, e.g. (Edwards, 1967,
Table VI, p. 426).

3.5 Significance of the Difference between two Correlation
Coefficients for Correlated Data

When determining the significance of the difference hetween
two r's (F17 and Fyq) where a variable 1 is correlated with

a variable 2 and a variable 1 iz also correlated with a
variable 3 and all measurements are made upon the same sample,
the relationship between the pairs of r's has to be takem into
account. In this case a t-Test is used as follows:

- 5y IR
(#1p = T4 ‘(W (14 1y,

Z 2 2
l/ 201 r12 rl3 r23 & 1r12 ::1_1 rzj}

which is interpreted by entering the t-table of probability
with N=3 degrees of freedom.

(Downie and Heath, 1970. p. 234).

Item Analvsis

ltem analysis provides quantitative information in respect of the
difficulty and discriminating power {(the extent to which an item
differentiates between the weaker and brighter candidates) of
each item. The Facility Index (F) and Discriminating Index (D)
are calculated for each item.

In order to compute the F and D values the scores are arranged
from the highest to the lowest. The upper 27 percent and the
lower 27 percent of the scores are used to make the two extreme
groups as large and different as possible (Ebel, 1965, p. 349).
For each item the number of correct responses from each of the
upper and lower groups is counted.

The Facility Index and Discrimination Index for each item are
given by the following formulae:

(R, + R)

P -
100 !

n
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3.

where F

Facilicy Index,
D = Discrimination Index,

Ku = number of correct respomses for upper group,

K o - number of correct responses for lower group, and
n = nusber oc candidates In each group.

{The above formulas have been adapted from the steps outlined by
Ebel, 1965. p. 7 and Husln, 1967. p. 101).

F
Chi Square (x)

The Chi square statistic is & test of significance vhich compares
obaerved frequencies (0) with expected frequencies (E).

The general formula for chi square is given by

.
2. pl8=8

where 0 observed frequency,

E = expected frequency, and
n = mnmmber of fregquencies.

The :2 is used to test the null hypothesis that the observed

frequencies do not differ from the expected Erequencies by chance.
The level of significance is read from probability tables for

{n = 1) degrees of freedom. (Downie and Heath, 1970. pp. 197-199)
apd p. 311).
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LETTER TO RATERS AND RATING SHEET

NIVERSITY OF DURBAN-WESTVILLE
Faculty of Education
Division of Mathemsrics Education

July 1974

Dear Collezague

1 am grateful to you for participating in this research programse and
for making time availabhle on your busy schedule.

As you will already know, the need for clearly defined objectives

in the teaching of mathematics cam hardly be over-emphasised, lt is
the purpose of this research to:

(i)

(Li)

(iii)

suggest a suitable classification of objectives for
use in the teaching of mathematics at the semior
secondary loval;

design a mathematics test to ascertain to what extent
our pupils are achieving such objectives;

make recommendations in respect of curriculum development
in secondary school mathematics with reference to
objectives, content, methodology and assessment.

1 vant to assure you that your participatiom in this programme will
contribute in some way to your own thoughts about mathesatics

education.

There are ) parts to this questiomnaire:

1

11

I

A nlntiﬂmimf of objectives is presented and each
is briefly sxplained and terms are clarified. You

need to study these as you will be required to judge
tost ictems on this basis.

The test items relating to school mathematics are
prasanted. The Rating Sheet provides = suggested
classification of test items accarding to Part I.
You need to say whether your agreement with each
classification (s Figh, Moderate or Low by ticking
on the Racing Sheet that is provided. If low, give
your own classificacion in terms of A, B, C, etc. of
Part 1. Please be [rank in your evaluation.

Personal details: name, qualification, experience,
etc, All details given by you will be treated scrictly
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confidential. You should also kindly treat the
guestionnaire and test items as confidential.

Since the pupils in the senior secondary classes will soon be taking
the test, your assesgment of the items will be invaluable in assisting
with the selection of the items.

Fleage Eeel free to put to me any thoughts or queries you may have.

I hope to continue this dialogue when the research is complete as
you will no doubt be interested in the findings.

Yours sincerely

VT =iy

M. MOODLEY
LECTURER : DIVISION OF MATHEMATICS EDUCATION

The classification is presented in chapter two section Z.4.1,
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5

USE TICK

ITEM  STATEMENT OF OBJECTIVES AND
CODE SUCGESTED CLASSIFICATION

HODERATE

IF LOW, GIVE OuWN
CLASSIFICATION -

USE A, B, C, ETC.

14

7B

23

21D

22E

ir

13G

3H

61

203

1TE

18L

Knowledge of property of 0 and

operations (A)
Skill in adding fraccioms (B)
Analysias of data and comstruction
of solution (B)
Apply Venn diagram and set

concepts to problem (D)
Analyse dats and evaluate

area relacionship (E)
Enowledge of conditions for
congruency of triangles (A)
Transfore verbal material to
symbolic form {C)
Enowledge of theorems on
parallelogram (A)
Skill in solving equations in

one unknown (8}

Apply theorem of Pythagoras and
formula for ares of a triangle (D)

Extrapolate a number pattern (c)

Apply theorem of Pythagoras and
formuls for area of square (D)
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AGREEMENT
USE TICE
g o
¢ i
=8 s
B&©
g
L=l
= e
3 b
5= i}
[ =] = -
= | 8 | B =38
ITEH STATEMENT OF OBJECTIVES AKD
CODE SUGGESTED CLASSIFICATION
194 Apply mid point theorem and its
COnVErse (D
15H Translate from symbolic form to
graphic form {(€)
20 Skill in substitution {(B)
14F Extrapolation of a number
pattern (c)
20 Enowledge of set concepts and
set notation (A}
BR Skill in changing subject of
formula {B)
125 Translate verbal comtent to
gymbolic form (C)
4T Enowledge of concepts of
relation and function [A)
100 Skill in factorising (B}
11v Trans late from graphic form to
symholic form {c)
L&W Interpret subset relations for
numbers (c)
24X Analyse data to establish area
relationship (E)
25Y Analyse pattern and construct
s0lution {E)
262 Construction and evaluation of a
proof based on parallelograms (E)
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COMPUTER PROGRAMME

BURNUUWHS B=5T0U0 FOKRTHAN CuMPILATIuN (MAHR AV],usUU)»
TEST fuED™O0N

LIMENSTUN XCA0)sNLOOD)pLCAD)#SXCA0)LSCB00)»LACBUD)-5(B00L15),
# UEH(A0)sMNCIO)aNKLES)oNUNLAU s LLLB00-,20)»RAG(30-30),H(B00,10.
o LACBUO Lo CA00) s LSCAUO0)»SABCI0+30)LCBO0D20]

THE CUUL USED 15 AS FOLLOwS!

I = SCOME ON NON VEWSAL TLST (GTISA)

B = SCOWE Um VEHBAL TEST (GTISA)

¥ = SCUKE On FULL SCALE TEST (GII%a)

I = TEACHEM,S ASSESSHMENT

Ll & SCURE uN S5TOs B EXAMINATIUS

12 = SCUME UN EVEN="HUMBEMEY [TEmS OF Wl (mMAIHS IEST)
13 = SCONE UN QODD=NUMBERED ITEMS OF WT

18 = TUTAL SCURE UN MT

12 = SCUHE UN KNOWLEUGE ITEMS ut =T

16 = SCURE UN SKILL ITRLMS UF wmT

17 ® SCUHL UN CUMPHEMENSIUN ITEwS OF w7

16 = SCUNE UN SELECTIUN=APPLICATION ITEmS UF wWT
Iy = SCUHE UN ANALYSIS=3YNIRESIS LTLNS UF #T

U ® SCUKE UN LOWER LEVeL ITEWS C15+ 16) DF MY
21 ® SCUKE UN MIGHEW LEVEL LTkws € 17 # 18 # 19 3 OF Ml
22 ® & FUR MALES

24 = |& FUR FEMALES

29 ® & FUN HIGHEW GHADES (m)

d2 & J& Fuk STANDAMU GHADES €5)

20 " 1& FUR ONLY HIGUWEMR GRAUES LHD)

27 = 1a Fud OWLY STANDAKD GUHADES (SU)

28 = 18 FOW MINbp MlunEr Awu STANDAHL GHAUES (M3}
2¥ ® &4 FUH HIGHEM GHMAUL MALES

3o ® 1& FOW WIGnEw GHAUEL FEMALES

3l = & FuW STARDARDU GHADE mALES

A& = 1& FOW STANDAWU GRAUE FEMALES

33 = 18 puUM WIGUMENR GHADL FRUM HS CHIHS))

J4 ® 1& FUN STANDARD GHAUE rRUM 45 (S5(HS))

Ja = g

Nhalgy

NET = 208

HE=}3

Ul &8 [sj,?

LIS L]

Du 10 [w],M

ISR LT

U 20 Ju)ashik

HEAULZoJ0) (LCT)almlaM)
PUNMATOLdp e 311521200 002211)
UU 35 (w1asd)

Ksl=1)

LL{Jem)m L)
LAdfs)mLi })

Le(J)mg (&)

La(J)ImLi5)
S5Ldras)mL(2001,0

DU &0 1m),8
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sy CALL CUNDLLET*TdasC el dantldatie200)
ou S0 I=1.3
StJeneldndldpl)eatdelinrd)
by Nige]dmnC ] deniin])
SCJrlulmi(tlal,0
CALL c_unu[Llfjji{.llllilutll.}lﬂﬁllli
P = Qay
PU =0.U
Pe = QU
P8 = gau
Plop = us0
Fli = 0«0
ou a0 [=T:le
FU ® Fp » LLZ2*[)el.0
&l PFL = PL » LI{Z2%] & 1)%]a0
FI = PO « PL
sldrl2) sPEs 00
5CJr13) sPUS 0L
StJsla)mples, U
IF(a(Jsla)ebQs040) JO=J
It(sCdrladsbdale0) J1=LL1)
CALL SUMiLa1as1TsPF1)
CALL SuMiL»182212F2)
CALL SUMCL#Z22:25:P))
CALL SUMILeZ62292Fa)
PasfT=(FlelisF i+Pa)
S50Js19)0P)#25.0
SlirialepPgeds,Q
SLJeiITI"P 3= 2%0
S{yriB)oPanS.0
SUUs19)mPSe28,0
SlJr20)(PLl*PZ)»100.,078,0
SlJr 210 FI*PAsPS)e100.0712:0
DU sph Iwjds3i
IFELC3)aNEL) GU T a01
00 IFfLEI)sEWal) Ph P +1,0
Gu To au2
AUy mi22)mpuiz2)=)
&02 BU agy Im1ss33
EFLLCa)eNE«L) GU TU aQa
a3 IF{Ltl)sEwsl) PE =PR #]1:0
U Iy aus
&la NLZapmui2al=y
als5 U s08 lI=1as3)
IFCLCS)aNE=L) GU TO w07
g IFCLCL)oEQel) PlOmPLO*140
Gu Tp sus
au’ NlZ2alenl2al=1
WU UU 410 I=lés33d
IPELUS)eNESZ) GU TOD a11)
aly IPELCI)sEWal) FLIZPI1*1:0
Gu Ty a2
sll Wl2T7 Jmnl 2701
alz FlZeFT=Fii=Fiu
Stje22)epPyes, 0
Flfa¥1=Fa
S(Jr23)%PT 05,0
SllePa)lepges, 0
FyaFT=Fa
SLJr2%) wE9 w45,0
SLJe28) P juey,0
Sl Je2T) =PL1e5,0
5LJr28) aP1Zeb,u
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& 8B ® @ B & 8§ 8 B8

[FCLCsu)anmbol) ni29)anl29)=1

IFCLCIu)snEe2) WESO)uNC S0 =1

ItiLC3%)anEel) NEIZImNC 320"

IFELCA% ) nEa2) NEIAYen( D))

HiJeldmb(Jdeln)

HiJr2dms{Jdall)

AP TEFLETTTRY B

HeJea)malJdad)

HEJrSdmb(Jdaid) )

CORTINUE

WeITECIs8%3) J1

FURMATC/A /7 2ule™dim™, 4]

S FFLLT LY ¥ 2

MFLILLTEEIFTY

wlgaimpn=npli2Zal=niart)

LAl dmmenld9)=nl 30)

Rlja)mpum=Nl32Z2)=n(3])

mRITECIs000) (n(])a]lm22+3a)

FURMATC//71022"NUe OF WALES=":]13//

lors"nu, OF FEMALES="2123//

Loks"™nus UF STUDENTS IN MIuMEM GHAUE="™» |37/
L10as"NuUs uF STUDENTS In STANUAKD GAAUE="#13//
1ok, "nu, OF STYpDENTS In mluHER GRAUL CLASS ONLY®™, |37/
I0R»™nwUs UF STUDENTS In STANpARY GHAUE CLASS OWLY®",13/7/
10xs"Nus OF STUDENTS In wIAED CLASS mlumERr ANU STANDARUS™»13//
oA, "wu, Uv STuUDENTS wn0 Fuyumd TEST EASYs™.]3//
10Xs™NU, OF STUDENTS ®Wn0 Fuunl TEST WAKu=®«]3s//
10Rs"nNUs OF STUDENTS wrl Fuumsy TEST AHUUT HIGHTe™s]3//
10a,"hU, Or STUDENTS wnl PREFER ThilS mlnu ub TESTe®™,1d//
10X, ™NUs UF STUDENTS WHD PHEFEN OnuINARY TrST=",13//
:nn:*nu- OF STUDENTS Wn0 FeERPES A wIZTURL UF YTHE Tw0 TYPES=",]
Judmiu g

DU 300 I=lar33

00 300 J=lamN

IFEs(Jela) 79:0.E@034=1)) GO 10 310

bu Tg s00

ddmd JedfJ

DU 311 Kels20

LELJ M dabLe JrK )

CUNT INUE

WHITE (3,023)

FURMAT (/777730 TE M A NALYSIS™

ARITE (3:8626)

FURMAT (/710N ™1" 12X " RH" s LOXa"HLY o AR "F 1", 15K,"01")

by Tgo l=is20

AREU .0

HL=0s0

DU BOD J=1sn2T

R = RH « LA(Jol)u]ls0

DU Bl0 J=15sMk

HL = RL » LACJsl) » 1.0

DEjen2Te2,0

FlalRH*HL)  UX1

UAZmyITe]l .0

DilesiRH=RL)fuxz

WRITECIT10) LoMMsRLFLsD1

FURMAT ( BE» 1320000130, 200200084)))
WHITEC3r108)

FURMATL 772

U 39 Julhin

CALL CUNDZELAlJ) L dCddoSAleStdrlalatatlonnil))
CALL COnD2(LatJI)al3(d)esARenCJdeladalaZemni(?))
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v

511

220
U0
510

51a

580
3430
513
111

=11 -]

120

&50

5595
510

CALL CUnDZOLat oL 3Cd)eSAdealdalal s 2rlrmnidd)
CALL COmpZULalalaItJ)eaA8sa(Jala)aZr2omnii))
CALL CUMD2ELSUI)oLaCd)aSASCdrladadnlsmnidl)
CALL COmDZLStJdaLatd)eshtratJalaladr2omninl)
Sl e29)minl

SCJr30)mSA2

SbJs310mbil

AR FILET L

50Jr331=5A5

SCJsda)msAn

CUnTINUE

AR TECA#a]) (MNCI)almlsd)
FURMATLT(LIOA«13))

WHITECSsSLY)
FURMATC////LBX"TEST s 16X, "HUMBLE")

00U 300 I=1s20

MuMBENey

Ou 520 J=|snN

MUMpEReNUMBER*LLLJs 1)

CUNT InueL

WHITECS+510) J+NUMBER
FURMATIZONe 12, 20Ka]3)

W] IECSen10)
FURMATLZZ/ 71BN SCURE™ » 152» "FREWUENCT™)
NUMC [ I=U.0

DU 530 I=)edl

K==}

00 580 J=lasnN

ST » SCJsla)/S.0

IFestupladeb@e20040) S5T=04U
IFCoTaEuakol qU) NUMCL)aNUMCL J#l

W TE CJ2513) Kanumil)
FURMAT( 200+ 12-20K4513)

wH]TE (3s8680)

FUNRATL A/ 77100 "SIGNIFICANCE UF DIFFEREWCE HETHLEN MEANS™)
AR ITELC e b08)

FURMAT (/777000 "CODE™» 12X "MEAN"» L IXN . "S0EV ", 18K, "SEM")
DU &10 Imfsi8

51 = g,0

wHaN])

IFElstT28) NMzHN([=28)

Dlmhpel o0

UU 120 J=]asNN

SConmgElasl)

IFCo(drl)eEwi200.0) SCOR=00

Slma]esCUK

ALY Jm5

IFCUDsLEs)oU)Y GU TO 810

KClimSii 0 )/LD

SUMmg, )

DU 8aSu Jelshn

SCOHEsSCJal)

IFCadJel)sEusDsu) GU TO &50
I"(a3Cus)l)sEw,200,0) SCORERD .U
DMmal ] )=sCUNE

SUM = UM * pHMeUM

CUNT INUL

BUEY = ZyrTOSDMsDD)Y

DME & SuiEv /SuRTCDD = 14)

UWEML ) =pME

WHITE C32599) 1» XCEDoSUEVAUEMEL)Y »5R01)
FURMAT CQURe T2 3012%0FT o300 lOnsF10,43)
CunTinut
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-1-34

afo
HA0

LY
=11

LTS

582

2080

WHEIECJatT)

FURMATL/Z/ LUXe™CUDE"» 1UR"CUDE ™ » JaX»"SEUEN" "2 1 322" L=50UnL™)
Uu oT0 I=rs33

OU aTd « = 1 = 1,34

SLp= = SURTLULMC])epEmC) + pEMCI)apEinid))
IF{SEUMsEQ«V.0) GO Tu @&TO

I o Apdtncl) = R{J))}/SEUNM

WHTIEC3emaQ) TedaSEUMed

FURMATC2C12X-12022013X2F 802}

WHITE (3.867)

FURMAT C//77730X»"C 0O K R E L A T 1 O wn % =)
ARTTE (a.860)

FURAAT (/700X "CDUE s 10K "CUDE P 16X s "RI™ e 2UN s "HL s 10X, "HI™ 0 lax
*"CONCULY™)

WhEDYmmi10)

NAL2)en(11)

LLAERL ISR

MA(S Junl20)

LLYS-BT E18-3

OU 580 A=l.5

Uy H80 IwTel)

RAY®( 4

RAX®0,0

RYY®Q.u

SANEQ U

Soa=Q,.0

DU 582 Jelenn

IF(SCJrl ) sEwa200,0) SCIrl)mU,0
I*iﬂiJlllnﬁﬂniﬂﬂ.ﬂi H{JeM)my,0
SAmH{Jsn)

SomafJsl)

IFCSCUrldaEuya0,0) SAmO4U

IFC HEJrK)ok@Qe0a0) SH=DLO
HAYERXT+SAeS 1

HEY®SHEX+54K

HYY®REY Y+ 50

SAAESAA*SARLA

SEE=SbH*Sue S

CONT InuL

NImAMInIONCL JeNR(K D))

DlmnSe] .0

IFCUD+ENQsU) GU TO S80
IF(sbuey) Ju2)

IFCRsEwat) Juip

IFCR bad) Jmly

LFCRsEUa2) Jml)

IP{RsEdsl) Jml(
HlisRXY=HXXeNYY/ 0D
RezsAA=na ke XX /0D
HisSHE=RYYeRYY /0D
IECR2.ENaQeUsDORuRISEN«040) 4D (O 580
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