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CHAPTER I

STATEMENT OF THE PROBLEM

Variables which might influence students’ school
achievement are many. Students”fchievement in Mathematics
(SAM) might be influenced by method of instruction,
ability, practices of socisalisation into the culture
according to sex, previous mathematics 'learning experience,
attitude towards mathematics, motivation towards learning
mathematics, and the home socio-econcmic status among
other factors. Yet successful mathematics learning and
teaching is presumed to play a key role towards better
understanding in learning the science and technology
necessary for national development. Theoretically, there
appears to be a need therefore, in Zambhia as elseuhere
in the develoning world, to improve the effectiveness of
mathematics teaching, learning and popularity of the
subiect in - schools. 0ften, developing countries
including Zambia, might face serious problems of foreign
exchange to import mathematics education, science and

technology necessary for national develooment.

Improved achievements of Zambian students in
mathematics, could help improve the studentsachieve-

ment in science, technical and other mathematics reloted



subjects. More students graduating with mathematics
and science from Zambia“s secondary schools could then
be expected to enter and graduate from institutions of
science and technology. This ocutput of highly skilled
manpower in science and technology could then become
available for developing a locally based and cheaper
technology more suited for solving oroblems of

development in Zambia.

The Problem of the Study

In Zambia, the planned education reforms now being
implemented, have called for mathematics, science and
technology to be given "more imcortance' in the curriculum.
The students are required to master and "show ability to
use mathematics concepts and processes" with increased
effectiveness.z lZambia wants improved performances of her
secondary schcol students in mathemstics and science to
enable more of the students to enrol in science and
technology courses in Zambia’s university and colleges.3
However, the Zambian government hes observed a generally
poor’' performance of Zambia“s secondary school students in
mathematics and feels concerned about the situation.a The
School of Engineering at the University of Zambia has

found itself being able, since 1969, to graduate only about



> A University

two percent of the engineers Zambia needs.
of Zambia study 6 found & high mathematics failure rate
among undergraduate students being prepared for secondary
school teaching. The study also found that "with few

exceptions the bchools of Natural Sciences ... and Education

retain students at around the 3rd level of excellence in.

mathematics in their 2nd and subsequent years".

Research studies related to the development of mathematics
cognitive skills among Zambian children, have identified
some of the problems experienced by the children as
including : mastery and use of number skills (Sharma and
Henderson, 1974); use of rudimentary quantitative strate-
gies learnt in mathematics (Kingsley, 1975); handling of
spatiel relations and geometric shapes (Okonji, 1972);
pictorial depth perception of three dimensional problems
(Serpell and Deregowski, 1972) among others.

The foregoing studies were conducted on primary school
level children. Literature did not appear to show any
Zambian studies on factors that might be affecting mathe-
matics achievement at the secondary school level. The
guestion of how the foregoing matheiatics learning problems
of the primary school children flow onto the secondary
level to affect SAM remained unanswered. Therefore, there
appeared to be a need to investigate factors that might be
affecting SAM in the secondary schools in Zambia. A
multivariate study design appeared more appropriate for

such an investigation since effects of many other variables



were expected to affect SAM,.

The main questions of the present study problem therefore
sought answers to: Are there any differential effects on
the mathematics achievement of Grade Eight Zambian
students accountable in terms of the students' sex, ability
and metnod used to instruct the students ? Are there method,
ability and sex two-way and/or three-way interaction effects
on SAM ? That is, what are the main and interaction effects
of method of instruction, ability and sex on SAM among high
and emong low ability students of either sex when taught by
heuristic and when taught by expository method of instruc-
tion ? A corollary question to the foregoing on covariates
was, what effects do the covariates students' previous mathe-
matics learning, motivation towards learning mathematics,
home socio-economic status and attitude toward mathematics
have on SAM ?

The questions appeared appropriate in a search for ways
of improving SAM in Zambie's schools. Improved gquentity
and quality of SAM in the schools could contritute more
success to the training of creative and productive scienti-
sts,»fechnicians and engineers for national development
aimed at improving the quality of life of &ll Zambians.

Purpose of the Study

The purpose of the study was to seek answers to the
questions raised under the above stated study problem.
Towards this end, seven null hypotheses and alternative

hypotheses were formulated to find out what were the main



and interaction effects of method, ability and sex on the

mathematics achievement of the study sample. That is, the

study sought to find out whether or not the mathematics
achievement (SAM) of the 1986 Grade Eight students just
enrolled - some to the Boys' and others to the Girls' study
secondary schools - was differentially affected by :

(1) heuristic versus expository method of instruction;

(i1) high versus low ability of students as measured by
the stuoents' aggregate scores on the Zambig hational
Grade Seven Composite Selection examination;

(iii) . .= sex of student;

(iv) interactionsof method versus ability, method versus
sex, abllity versus sex, ability versus method versus
sexX.

A corollary found necessary to include to the foregoing
purpose, was to control and assess the effects - on SAM
and on main factor relations with SAM - of covariates:
previous mathematics learning; motivation toward learning
mathematicsy home socio-economic status; and attitude
toward mathematics. below, follows a framework within which

the study was conceived.

Conceptual Framework

To guide the search for answers to guestions raised above
under the study problem, the following theoretical framework
was conceived. The framework incorporated assumptions made
on the basis of common sense and findings of cther Zambian
studies. BExcerpts from Piaget's theory of cognitive develo-
pment and some concepts hypothesised by Hudson (1960) and
Witkin (1967) were used to impose a theoretical structure

as briefly referred to below.



Incorporated from Pisget's theory (Copeland, 1974) is
the conception of how the bteginnings of "logico-
mathematicsl knowledge" 2nd mathematical abstraction occur
during the child's play experience in the home environment.
Piaget expected fuller mathemetical abstraction to be
manifest by the phase of Formsl Operations. Piaget
predicted that the phese of Formel Operations should occur
from between eleven and fifteenyears of age. Among Zambisan
children however, Nkwangs (1982) found thet a2 Piagetian
phase might appesr later than in Pleget's Geneva resulte.
The sample subjects of the present study, at the estimate
age of 15 years on the average7, were assumed to have
atteined Piaget's phase of Formal Uperstions.

Attainment of the age of Formal Cperetions however, is
not & sufficient condition for the full development of
basic logico-mathematical structures, which in Piaget's
theory should give rise to logico-mesthematical knowledge
and mathematical sbstraction. Successful development of this
knowledge end abstractions elsc depends on the child's
experience gesined during pleying with toys, gemes end so on
in the home environment. This experience, in Piaget's theoxry
includes (&) physicsl experience geined from physical
actions on objects in the environment. (b) Logicel methe-
maticel experience which is gesined as an internalisation of
cognitive abstraction from the experience in physical

actions. Pilasget saw the latter ss '"the beginning of

mathematicael abstraction™ (Copelend, 1974: 32).



Piaget  illustrated the foregoing as follows. Physical
action might involve arranging and re-arranging marbles
into different formations. The child might at the same
time be counting these marbles in a mental action. The
counting might be done repeatedly in different directions
in each formation., The child then finally arrives. at an
abstraction that the number of marbles remains the same
irrespective of the order, formation or direction of
counting. This logical mathematical abstraction is then
internatised and becomes available for use in related new
situations. The latter need not have been preceeded by any
physical experience of their own. In a related context,
Piaget thought that "interchage of thought™ ( probably
as between mother and child) as well as "cooperation with
others"™ are alse important factors in the individual's
cognitive development, assumptions

The foregoing theoretical ) will now be applied
to the Zambian situation — on which the present study is
focussed — to gain a guiding conceptual perspective fox
the present study. The kinds of toys, games , parental
stimulation and interchage of thought with their children
and so on, all appeared relevent and important im the
development of cognitive processes as postulated by Piaget
in the above exposition. Parental awareness of their
children*s mental needs for the kind of skills and basic
knowledge school mathematics will require appeared crucial

in the home preparation of children for schoal. However

studies by Galdberg (1970) and Munro (1968) on Zambian



children in suburbs of Lusaka, found that the development.
of cognitive skills was inadequately attended to by the
parents. Appropriate toys, games, pictorial and writing
materials for children were often lacking. This was in

homes of lower socio-economic status. Munro also found

that the boys appeared more free than girls to engage in

a variety of local outdoor gemes, and other activities.
Differentials of this kind in childrens early experie-
nces, might also show up in sex related differences in
school mathematics performances. Social prescriptions of
sex roles, expectations and other socialisation practices
of this kind in the culture could also be material in this
regard.

Also apparently relevant to the child's opportunity for
Piaget's physical and mental actions towards the develop-
ment of logicd-mathematicsl structures , are some tradi-
tional child rearing practices. In Zambia, as mostly
elsewhere in Africa, rearing practices often include the
use of a cloth sling to confine the potentially active
and curious child to a comfortable lazy state of inaction
on the mother's back. Galdberg (1970), in & study of

Lusaka infants, thought that the cloth sling served as a

baby cot, pleypen, buggy and feeder. One possible merit

of modern baby cots, playing pens and so on, is the
freedom a child enjoys in them to explore and experiment
with the appropriately selected, often colourful toys

placed in . them. One assumption of the present study



is that long periods of & child's life spent in a cloth
sling could hamper the adeguate development of the Piagetian
logico-methemsatical structures required for good performance
in future school mathematics.

The home culture appears to deserve a place in the concep-
tual framework of the present study. Hudson (1960) hypothe-
sised that culture might be categorised as visual and non-
visual. To the extent that traditional Zambian cultures, as
others in Africa, appeasred to have lacked a precisely deve-
loped traditional system of symbols of communication in
writing, pictures, numeration and so on, the present study
therefore assumed the traditional form of such culture to
have been visually less developed. Children growing in a
visually less developed cultural atmosphere at home, might
experience deprivation of &an adeguate opportunity to develop
some mathematical skills such as those related to number and
pictorial depth perception. This could result from limited
experience possible with number and picture in a culturally
less visual home environment. Serpell and Deregowski (1972)
found that Zembian children in a Lusaka suburb experienced
problems with pictorial depth perception of three
dimensional drawings.

The influence of a visually less developed home cultural
experience on a child's development of cognitive skills,
might also increase the chances for more of Witkin's (1967)
less articulate, less analytic 'Field-dependent' cognitive

style stereotypes amongst students. The development of
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Field-dependent and Field-independent cognitive styles,
in Witkin's view, could also be influenced by the
manner parents handle the '"child's expression of impulse™
as well as by the ecology of the home environment
(Witkin, 1967:235). In the Zambian cultural context therefo:
as elsewhere in Africa, child rearing practices - including
the dimension of permissive versus rigid conservative
upbringing according to tradition - might be material. A
Field-dependent cognitive style might be expected to
hamper a student's ability to be articulate and analytic
in computing or solving mathematics problems. Children
growing in a less permissive cultural setting, might be
less used to asking questions but more probably inclined
to do as told. If this assuption were velid, children of
the kind, could be expected to be more open to rote
learning. Thus such children might be happier with exposi-
tory kind of instruction than with heuristic instruction.
Assuming the validity of the foregoing theoretical
postulates (Piaget in Copeland, 1974 ; Hudson, 1960; and
Witkin, 1967) and study obserwation and assumptions
referred to above, the following general hypotheses are
now put forward for the present study., The general
hypotheses will subsequently be broken down in part into
null hypotheses and alternatives more specific for
testing in the present study.

Genersl Hypotheses

The main hypotheses of the present study are now given
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below in general form. A brief statement of the rationale
for each is also given.

1. Not withstanding early childhood deprivation of optimum
opportunity to develep Pilaget's Logico-mathematical
structures, an appropriately designed Heuristic
Instruction Method (HIM) will enable even the affected
children score higher on mathematics achievement tests
than control groups taught by an Expository Method of
Instruction (EMI). The prediction will hold irrespective
of sex and level of ability. The rationale foxr the
hypothesis is that HIM will enable the students correct
some of the adverse effects of lost opportunity in early
life to explore and experiment with some mathematics
concepts on their own to develop Piaget's necessary
logico-mathematical structures. HIM by its nature is a
method where students explore to discover abstractions
on their own.

2. Students taught by HIM will show more positive corre—
lation between attitude and achievement than students
taught by EMI. This should be expected since concepis
learnt throwgh HIM should become more rooted in an
understanding of meanings. The result should be to ena-
ble these students to formulate more definite attitudes
towards mathematics. EMI on the other hand is too open
to chances of rote k,gﬁging. Rote should leave learner's
preferences of like } slike and beliefs about
mathematics (Rosenmberg 1967) diffused and more inclined
to be random. This situation should be reflected in a
weak correlation between attitude and achievement.

3, Students taught by HIM will show motivation levels whick
are more correlated with SAM than students taught by EM]
This should be expected since HIM by its very nature
should stimxlate students —by its builtin reinforcement
characteristic of discavery — towards extending their
horizons of knowledge further compared to students
taught by the passive prone EMI.

4. Female students, on the whole, should perfom relatively
poorer in mathematics and hold relatively less favour-—
able attitudes toward the subject than male students.
%his should be expected to hold irrespective of method
of instruction used or level of ability. The hypothe-—
gised reasons are that:

(i) Male students in Zambia as elsewhere in Africa,
probably tend to enjoy more outdoor freedom to explore
and experiment with objects in the environment than
female students. In this way, male students in early
life gain a better chance to experiences which enable
them develop more successfully FPiaget's logico~-
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mathematical structures necessary for school
mathematics.

(ii) Socisl attitudes might tend to categorise mathematics
for science and technologically related careers as
being in the domain of men than women. Correspondingl,
women become unexpected nor encouraged to think of
venturing into this domain. This is correspondingly
expected to affect women mathematics performance and
attitudes.

4. Students from homes of higher socio-~economic status
should, on the whole, achieve better in mathematics
than students from lower home socio-economic status.
The expectation is based on the assumptionsthat:

(i) Students from higher home socio-economic status
are more likely to have had educated parents than
students from lower home socio-economic status, Such
parents should be more aware of tneir childrens menta
needs for school. Educated parents therefore would
probably help their children to develop at least some
of the appropriate logico-mathematical structures
through guidance and purchase of appropriately select
toys, games and so on. (ii) In early life students
from higher socio-economic status homes, more probabl;
escaped much of the docile life of being confined in
cloth sling. Children from these homes were probably
brought up more in modern baby cots, buggies and so ol
(iii) These children were also more probably brought
up in more visual cultural home environment with fair
supplies of number picture and other related material
providing them with opportunity to develop some of
Piaget's logico-mathematical structures necessary fo
success in the kind of mathematics taught in school.

Below, aspects of the foregoing general hupotheses were
reduced into specific null hypotheses and alternatives for
statistical testing. Preference was to retain even the
untested in the present thesis for some other future
testing towards, perhaps, building a more all embracing

hypothesis. Two-tailed tests were used in the present stud;

LR A G Ty A e L e 2 f e

e e
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Specific Hypotheses

The seven null hypotheses (ho) and their alternatives

(h1) respectively formulated on the gquestions of the presen

study problem are presented below. The same hypotheses will

each be tested by two-tailed tests st the p=0.05 level of

statistical significance.

ho One

h1 One

h1 Two

h_  Three
Three
h_  Pour
h1 Four
h_ Five
h1 Five
h Six

h1 S5ix

: There is no difference in SAM when students are

taught by either a heuristic or an expository
method of instruction.

There is a difference in SAM when students are
taught by & heuristic method and when taught by
an expository method of instruction.

: There is no relationship between SAN and student

LX)

levels of ability.

There is a reletionship between SAM and the
students' levels of ability.

There is no relstionship between SAM and sex
of the student.

There is a relationship between SANM and the sex
of the student.

There is no sex versus method of instruction
interaction effect on SAM.

There is a sex versus method of instruction
interaction effect on SAM.

There is no ability versus method of instructior
interaction effect on SAIL

There is an ability versus method of instructior
interaction effect on SAl.

: There is no ability versus sex interaction

effect on SAll.

There is an ability versus sex interaction
effect on SAl.
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ho Seven : There is no ebility versus gex versus method
of instruction interaction effect on SAM.

h1 Seven : There is an ebility versus sex versus method
of instruction interaction effect on SAM.

Consequences of the Hypotheses

The consequences of the hypotheses indicated below, are
limited only to the extent of the two-tailed testing at ti
present studny:0.0S level of statistical significance.

The outcome of testing ho One, that SAM is not related
to method of instruction, could either be an acceptance oz
a rejection of the hypothesis, If ho One, that is SAM
was not related to method of instruction, were accepted,
then the conclusion might be ﬁhat the two methods of
instruction had no differenﬁéi] effect on SAM. Wallis (1¢
finding’that empirical evidence did not appear to support
consistent set of hypothesis regarding the relative effice
of student discovery and teacher dominated instruction)
could then be supported. Also im that event, a possibilit]
might exist thet other factors were ¢t play. One such fact
might be an intersction effect between method of instruct:
and some other main study factor(s). Further investigatior
might then be necessary.

If ho One were rejected, then either the heuristic methc
might be more effective than the expository method or vice

the method meth
versa. IfﬂheuristicAappeared more effective than exposito:
then one suggestion might be that the element of learner

activity and involvement inherent in heuristic instructior

might sccount for such observed differential performarice.
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Learner involvement probably also aroused posit
emotional feelings concerning what was being learnt. Feel
such a;h%fe night enhance motivation toward learning, acq
gsition of meanings and a more positive attitude toward
mathematics materials being taught. Consequently, bette
mastering in mathematics learning might be achieved. Lear
experience of the kind might more approximate 'meaningful
verbal learning' postulated by Ausubel (1968). VWhether
heuristic or expository method were found more effective,
more effective method could then be recommended for mathe
metics instruction in Zambiafs schools. However, more inv
igations might still be necessary on the recommended methc
The result of Pesting ho Two that SAM is not related to
students' ability, might either be an acceptance or a rej
tion of the hypothesis. Accepting ho Two that students’'
ability had no significant differential effect on SAlM, mi
be at variance with Cohen (1976) finding that ability is
"capacity to learn" and achieve well also supported by
Vernon (1977:3). The finding might need further investigati
If ho Two were réjected, then the alternative hypothesis
hq Two that SAM was related to ability would stand. Then
special measures might need to be found to improve SAM for
students with less ability. Such measures might include
streaming of classes according to ability. Under streaming
the less able students could receive specialised attention
toward improving their mathematics achievement. The latte

attention might include use of special instrmational metho
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and aids, If there is a positive relationship between SAM
and ability, mathematics teaching could be intensified for
high ability students to raise further the level of science
and technology graduates needed for national development
aimed at improving the quality of life of Zambians. A
rejection of ho Two could also mean that ability - as measu~-
red in the present study by aggregate scores in the Zambia
Netional Grade Seven Composite Selection Examination - might
then be a predictor of SAM among Zambia's Junior Secondary
school students. A rejection will zlso mean that either the
high ability students achieve more than the lower ability
students or vice verséo In the event of the vice versa,
further investigations might become imperative.

The testing of ho Three could result in an aggfptance or a
rejection. Acceptance of h  Three that SAM is/related to sex,
could lend support to Zambia's policy of offering mathematics
on the school curriculum without discrimination on grounds
of sex. Conseguently then, to that extent, men and women
have equal opportunity to train for careers in science and
technology. A rejection of hO Three could mean that either
the male students achieve better in mathematics than the
female students under equivelent conditions or vice verssa.
Stereotype careers according to sex might then become a more
accepted phenomenon. Mathematics, science and technology
might then be seen as being more in the domain of the sex
doing better in mathematics. To that extent, the source of

expert manpower for Zambia's development could become
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limited accordingly. In either case of acceptance or
rejection of ho Three, the implications could be important
for curriculum development, methods of instruction, education
policy and so on.

The result of testing ho FPour, that methqd of instruction
does not interact with sex to affect SAM, could either be
an acceptance or a rejection. Accepting ho Four might not
exclude the existence of main effects of method and of sex
on SAM. If hO FPour is accepted, then the effects of instru-
ction method on either sex would be in the same direction.
That is, the effect of heuristic method in relation to the
effect of expository method on SAM scores would be similar
for males as for female students. Thus, if heuristic yielded
higher scores for male students, so would it yield higher
gscores for female students and vice versa. If ho Four is
rejected, the interaction effect on SAM due to method of
instruction end sex must then be positive for one sex and
negative for the other sex. Thus either the male students
responded better to heuristic than expository while the
female students respond btetter to expository than heuristic
or vice versa. Rejection mignt be indicative of a need for
further studies to determine the more exact nature of the
interaction effect. The latter could then help in the choice
of a more appropriaté mathematics method of instruction for
either sex.

The result of testing h.O Five that there is no ability

versus method of instruction interaction effect on SAM
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could either be an acceptance or a rejection. An acceptance
could still mean that one or the other or bvoth ogizlin
effects of method and of ability exist. An acceptance
would also mean that the effect of method of instruction
on SAM has the same direction for both high and for low
ability level groups. That is, if the heuristic method
raises the achievement of high ability stud%ﬂﬁs compared
to the expository method, then the heuriéli;:g;ould
similarly raise the achievement of lower ability students
and vice versa.

nejection of ho Five, that is, if there was no method
versus ability interaction effect found on SAM, there
might still be main effects of one or both of the factors of
ability and method. Rejection might also mean thét the
interaction effect of method of instruction might be positive
for one ability level group and negstive for the other
abllity level group or vice versa. If the result is a
rejection and the high ability responded more satisfacto-
rily to the heuristic than to the expository method or vice
versa, then the low ability might respond less satisfacto-
rily to the heuristie® then to the expository method or vice
versa. Either outcome would be important to consider in
choosing an appropriate method of instruction for either
high or for low ability students, But in the event of a
rejection further investigation might be necessary.

The result of testing ho Six that there is no ability

versus sex interaction effect on SAM, could either be an
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acceptance or a rejection. In either event, there might
still be main effects on SAM of one or both of the factors of
ability and sex. If ho Six is accepted, then it could
mean that the effect on SAM of ability on either sex is in
the same direction. That is, if the male students of high
ability scored better than male students of low ability
unéer equivalent conditions, then female students of high
ability should also score better than female students of
low ability under equivalent conditions or vice versa.
Rejection of hO 5ix mesns accepting that there is en
ability versus sex interaction effect on SAM. However, there
might still be main effects on SAM due to one or the other
or both factorsngility and sex. The interaction effect
of sex and ability might be such thagthe interaction is
positive for one sbility level group and negative for the
other ability group, or vice versa. That is, if msle
students of high 2bility scored more than male students of
low ability under equivalent conditions, then female
students of high ability might score less than femele
students of low sbility under the same equivalent conditions
or vice versa. The latter might need further inv%tigation
to determine the more exact nature of the interaction
effect and possible ways of correcting the situation,
Testing ho Seven might result in an acceptence or
rejection. If acceptance, then it could mean that the
method of instruction, sex and ability had no interaction

effects on SAM. That is, the three-way interaction effect
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on SAM due to method, ability end sex could be equally
positive or equally negative. Inspite of en acceptance or
a rejection of ho Seven, there might still be main effects
of each of the factors on SAM. If testing of ho Seven
resulted in @ rejection, that is acceptance that there is
an ebility versus sex versus method of instruction inter-
action effect on SAMN, Various possibilities might then
arise. Situations where the interaction is most effective
might require further study.

Assumptions of the Study

Assumptions which further guided the study include :

(1) Attitude, motivetion and home socio-economic status
can be messured. by scoring responses of subjects to
statementsin a questionnaire by use of a rating scale.

(ii) Such measures can be validly made by scales along a
linear continumn of favourable to unfsvourable or high
to low on the principle of a Likert type scale!

(iii) lieasures resulting from such scales can be treated
as interval data.

(iv) Students'achievement in mathematics might also ke
influenced by other variables - not included in the
present study design.

(v) Such other variables might include those pertaining
to home, community, school, learner, teacher anad
subject matter characteristics.

(vi) There might be main and interaction effects smong the
study and the other variables influencing SAM.

(vii) Covariates were assumed to have a linear relationship
with SAM (Nie et al., 1975:9)

Significance and Importance of the Study

Zambia believes that for her development to improve the

quality of life of Zambien people, science and technology
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must be the ®ingle most important™ in the 1985 to 1995
decade.9 The importance of mathematics as the key to science
and technology therefore, cannot be over emphasised.
MicParland, after a review of a study by a Commonwealth group
on technology in Africa, concluded that "school education
should be aimed at developing the skills most in need:
science and mathematics".1o
Understandably therefore, the Party end its Government in
Zambia, are investing a large portion of the nationh
resources in the teaching of methematics and science. The
hope is that this investment could yield results useful to
"meaningful development". In doing so, Zambie states that
some of the perennial problems of development could be
effectively solved. froblems of the kind are said to include
those related to adequate food production, development of
the mining industry and weter supplies, health, housing and
others. Solutions, in Zambia's belief, could come by if
Zzambia produced enough of Zambis's own scientists of high
quslity and creetive ability, to be able to adapt existing
science and technology to solving development problems
experienced under Zambian conditions.11 Successful teaching
of mathematics therefore might provide Zambia with another
powerful instrument for raising, in the ultimate, the
gquality of life of all Zambian people through development.
On the other hand, the Zambian Government has observed

that students' achievement in mathematics at the secondary

school level is "generally poor".12 The poor mastery of
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some mathemstics concepts by soime of these students, has
also been said to be affecting the students' performances
in the nstural sciences.13 One Zambisn study "clearly esta—
blished a correlation" between achievement in mathematics

subjects
and achievement in other netursl sciencesﬁamong first year

students at the University of Zambia.

Achievement of students inm:mathematics could be influenced
by methods of instruction, ability, sex, previous mathematics
learning, motivation toward learning masthematics, home
socio—economic status, attitude towards mathematics and
pre-school child preparation for school among other factors.
However, literature showed a2 scarcity of Zambian studies on
the foregoing and related variables concerning mathematics.
Yet from Zambian schools must come Zambia's future mathe-
maticians, scientists and engineers. Failure to give
adequate attention to studies on students' mathematics learn—
ing problems could be a serious omission. The present study
is designed to contribute towards closing this gap. The out-—
come of the study, might be useful towards finding ways of
improving SAM in Zambia.

Improved performances of Zsmbian students in mathematics
could help the students master sciences as well, Students’
successegfmathematics could motivate students toward careers
in science and technology for the development of Zambia and
the improvement of the quality of life of Zambians. The out=-
come of the present study might also stimulate more studies

one
similar to this . on Zambian students' learning problems
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Findings accumulated from - such studies could be
valuable source material for teacher trainers, teachers, text
book writers, curriculum policy makers and curriculum
developers. Standards of education in Zambia might thus be
improved to the good of all Zambians.

Limitations of the Study

The present study was limited to the relationships among
the variables investigated. Except for the Factorial
Experiment component of the study design, the study was not
confined to a discovery of causal relationships only. Varia-—
bles not covered in the study such as students' stages of
mental deveIOpment as suggested by Piaget (1972), self
concept and anxiety about mathematics limiteérztudy
conclusions.

Probably better still, the period of instruction of the
study could have been longer than the five weeks taken. A
longer period might have enabled the students to become more
acclimatised to the respective instruction methods used.
The resulting sample subgroups’SAll mean scores might then
have become confidently acceptable as reflection of the
effects of instruction methods used. However, fixed schedu-
les of the school;irthe term and other factérs beyond
control tended tp limit the possible instruction period.

Perhaps the study could have been also stronger if the
subjects could have been sampled from Zambia's entire
intake population of the 1986 Grade Eight students. The
high versus low ability gap between the study sample sub-

groups could then have been made wider." The quality of%tudy

UNIVERSITY OF ZAMBIA LIBRARY
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results might have then been better. Limitations in this
regard, as in the number of variables that could be
included was largely due to constrainte on time end
resources available.

Definition of Terms

Operational definitions formulated for some of the terms
used in the study are given below.
Ability The aggregate scores of the students in tre six
equally weighted papers taken at the 1985 Zambia National
Grade Seven Composite Selection Examination were used as
measures of ability. National selection of Zambian
students into the 1986 Grade Eight classes was done on the
basis of these aggregate scores. The scores represented
composite scores of the gtudents in tests of achievement
and intellectual ability. The tests covered content. in
English, mathematics, science, social science, verbal and
non-verbal reasoning_ability. Thus the aggregate scores
used as measures of ability in the present study did not
strictly represent Intelligence Quotient values.
Achievement  Students' Achievement in Mathematics (SAM),
for the purpose of the study, was measured by the students’®
gcores on a standardised mathematics posttest designed: to
measure cognitive learning outcome resulting from the
gtudy instruction methods.
Attitude The operational definition of attitude for the
study was based on the conceptual definition proposed by
Katz (Dawes,6 1972 3 16). Attitude toward mathematics
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therefore was taken as the student's predisposition - as
judged from scale responses — to evaluate mathematics
along a continuum of very favourable to very unfavourable
according to some core feeling of liking or disliking
mathematics on the basis of belief elements concerning
methematics. Operationally, a student's response to a
questionnaire statement was scored on a five point Likert.
type15'continuum,fromxvery favourable (supportive) apinion
to methematics ( § point) to very unfavourable (non—
supportive) opinion to mathematics (one point). The total
of points scored by each student on all the questionnaire
attitude statements was taken as the student's attitude
score toward mathematics.

Motivation Conceptually, motivation was viewed as an
attracting force toward some human actions inspired by
memtal representations of desired goals. Operationally
following upon this conceptual view, a students motivation
was teken as the level of the student's desire to learn
mathematics. The intensity of this desire, was measured

by the student's total score on all statements of a
motivation scale specially constructed in the gtudy for
the purpose. A student's response to each statement was
scored on a five point'Likert type continuum of preference
supportive of being very desirous of learning mathematics
(five points) to being very undesirous of learning
mathematics (one point). Thus the total points scored by

each students on all the questionnaire motivation state-
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ments was taken as the student's motivation score toward
learning mathematics.

Heuristic Method of Instruction Heuristic. Instruetion

Method (HIM) in the present study, was one in which the
students were expected to interact with the subject matter
of instruction. Attempts were made to motivate and allow
students chance to discover on their own under the teacher's
guidance meanings, relationships, methods of solution,
generalisations and conclusions concerning lesson material
presented.The students in each case were initially presen~
ted with a brief background with a minimum of details
necessary and then asked to find answers and solutions as
guided by the teachers questions.

Expository Method of Instruction Expository Method of

Instruction (EMI) was one in which learning materials

were presented to the students in detail. The teachen-then
posed questions and problems based on the detailed present-
ation and thgnpromptly proceeded with the task qf
answering or solving them for the students without giving
the students much chance to do so. The students were
expected to passively listen and 'learn' the subject matter
taught.

Soéio-Economic Status of the Student's Home The Socio-

Economic Status (SES) of a students home was considered
as high or low according to the aggregate scored by the
student au anSES instrument specially constructed in the

study for the purpose. The instrument scored a student's
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home SES on the basis of the student's responses to
statements formulated on the indicatorss educational
qualification, occupation and renk in the jok of each of
the parents or a guardian; educational quelifications,
occupation and ranks inﬁhe jobs of the most successful.
brother and of the most successful sister; occupation of
the husband of the most successful sister — for extended
family considerations; :parental provision of mathematics
related playing environment during the semple student's
pre-school . . ; and current parental help, when in

difficulty, with mathematics homework.
Organisation of the Study

The study report was organised in such a way that
Chapter I presented the statement of the problem. The
statement comprised a theoretical framework, the problem,.
purpose of the study, a conceptual framework, general and
specific hypotheses, consequences of the hypotheses,
assumptions, significance and importance of the study,
limitations and definitions.

Chapter II reviewed literature related to the :
development of mathematics teaching in Zambia since
independence; dependent and independent vaniablés and
covariates of the study; and other studies thought pqgi-
nent to the present investigation. Foreign literature was
reviewed only where Zambian literature was in short supply.
The methods followed in the study were outlined in Chapter
III. These included descriptions of population, study
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sample, sampling procedure, instruments, data collection,
control of variables and data analysis. In Chapter IV, the
results were presented and discussed. Finally, Chapter V
oresented the summary, conclusions and recommendations of
the study. The bibliography and appendices were included
at the end of Chapter V.
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CHAPTER II

REVIEW OF SELECTED LITER&TURE

Related literature was reviewed within the theoretical
framework of the study. The review was summarised as below
under various subheadings. The subheadings covered the
review of literature related to : the dependent and the
independent varisbles of the present study; covariates
controlled in the study; problems of English language
medium of instruction and teacher training in Zambia's
primary schools; and studies related to the effects, on
school performasnce, associated with cultural practices.

Development of Masthematics Teaching in Zambia

At Zambia's independence in 1964, mathematics was at

least not a popular subject among external candidates for
the Overseas General Certificate of Education Ordinary
and Advance levels.1 The reasons, probably varied from
uﬁfavourable attitudes towards mathematics acquired from
society, such as beliefs that the subject was difficult,

to the students' own experiences with the abstract nature
of some mathematics concepts taught in school. Childhood
experiences of the students in the home and community
might also have failed to help them develop the kinds of
basic cognitive structures school mathematics was to
require later. Perhaps to the present day, mathematics
has not yet become that much more pdpular except that it

is a compulsory subject in the school curriculum. In 1964,
of the 890 bursary awards for diploma, university and other

specialised courses offered in Zambia's institutions and

- 30 -
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abroad, only one student was recorded as specialiming
in mathematics.2

Thereupon, the Ministry of Education of the newly born
Republic of Zambia, moved to change the situgtion as the

following measures indicate. The 1964 Annual Report of the

Ministry of Education, noted that measures were taken. to
prepare teachers to "teach children in a logical manner
the fundamental ideas and skillsHEEdEdin a modern technor
logical society". Towards this end, modern mathematics
curriculum materials — such as texts on "Basic Concept
Mathematics" emanating from the "Enteble Mathematics
Workshop" of 1963 - were adopted for teacher training
programmes. The}Annual Report further noted that a Lusaka
Institute of Mathematics Teachers was founded in the same
Independence year. Heads of seventeen primary schools and
some of their assistant teachers were members of the
Institute. The institute offered inservice training based
on a self-help philosophy in teacher education. Courses
such as "Teaching the Meaning of Mathematics" and™Mathe-
matics in the Total School Programme" which included field
tours were mounted.

In the seme year 1964, ten experimental classes invol-
ving 400 pupils in "Entebbe Mathematics" programmes for
Grade One were also set up. A Mathematics Newsletter
covering developments in mathematics education in Zambia

as well as a bulletin on problems of teaching and learning

mathematics were also plenned to keep mathematics teachers
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up to date with "modern trends in school mathematics".3
Programmes of this kind appeared to have continued since.
The objective was to promote effective teaching and
learning of mathematics. lMathematics was also made a
compulsory subject in the primery and secondary school

curricula. Consequently, the Annual Report of the Ministry

of Education for 1980 showed that mathematics had the
largest number of scripts for marking in the Cambridge
Ordinary Level School Certificate examination when compared
to scripts of entries in any of the other subjects of the
examination, However since mathematics was compulsory in

the curriculum, the dominance of mathematics entries for

the Ordinary Level examination did not mean that mathematics
had become more popular nor that the students were doing
well in the subject.

Waddimba (1982) studied a Zambian primary school mathe—
matics teachers' inservice course held in 1980. The study
found the number of participants, the duration of the
course and the course programme inadequete for the magnitude
of needs Zambia had for upgrading primary school mathematics
teachers. Waddimba also noted that the mathematics course
for Zambia's primary schools introduced in 1971 did not
appear by 1979 to have received adequate follow up studies
to help develop the course.

4 investigated the mathe-~

One University of Zambia study
matics performance of students in the various schools of

the university. The study found a "3rd level of excellence
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in mathematics™ among students including (B.A. with
Educstion and B.Sc with Education) students being prepared
in the 8chool of Education to teach science and mathematics
in Zambia's secondary schools. Yet the same study noted
that another earlier study by Ngwengwe in the School of
Natural Sciences had "clearly established a correlation
between" University of Zambia students' performances in
mathematics an? in the natural sciences. If undergraduates
being ;z@p:rrﬂhf teach mathematics and science in Zambia's
secondary schools, had serious problems with the mastery
of mathematics as might be suggested from the above, a
serious multiplier effect could develop - if not
intercepted — a tradition of poor performances in
mathematics and science among Zambian students would result.
The findings by Waddimba (1982) and the University

studies referred to above suggest an urgent need for more
to be done to improve the mathematics teaching and
learning among Zambian students. Intensified research
needs to investigate and provide insights on the mathematics
learning problems of Zambian students. ‘Ways of helping the
students overcome the problems could then be devised. The
mathematics learning problem showing at the university
level in Zambia, might well have origins at the primary
and secondary school levels of maethematics teaching and
learning.

The present study was designed to investigate factors

that might affect the mathematics achievement of Grade




34

Eight students in two Zambian secondary schools in Lusaka.
The design enabled a study of the effects of method of
instruction, ability and sex on the mathematics achieve-—
ment of the students.

Students' Achievement

Students' schievement in school subjects might be
influenced by : stage of mental development (Piaget, 1972;
Gagne, 1965; Bruner, 1964); childhood experience in the
home cultural environment (Witkin, 1967; Berry, 1966;
Dawson, 1967); childhood experience gained from physical
and mental actions during play in the home environment
(Piaget in Copeland,1974); method of instruction (Ausubel,
1968); ability (Cohen, 1976); sttitude and sex (Clemente,
1982); motivation (lc Clellend, 19671; Ausubel, 1968;
Klausmeier and Goodwin, 1966); self-concept (Roth, 1953;
Combs, 1965; Cohen, 1976); anxiety (Banghart, 1959;
Ferguson, 1982); and other factors. Review of literature
on some of these factors and related concepts, under
corresponding headings followed the present review of
students' achievement.

Levels of students' achievement are generally used as
a measure of the effectiveness of learning. Effective
learning, end hence students' achievement, might be
hampered by a variety of factors. Brigge and Hunt (1962:
376) described efficiency of learning as "establishing
situations" for maximum changes of insight. The latter

is probably another tmportant criterion of successful
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learning expected to manifest in high achievement levels.

Factors hampering lesrning might include learner, teacher,
home, community, school and subject matter related
variables amongst others. Maslow (1954) observed that
pathological conditions such as boredom (as is possible from
a poor lesson presentation), depression and deterioration
of intellectual life were produce&in intelligent people
when their environment and occuﬁétional tasks appeared to
them unintelligent. Ausubel (1968) insisted that learning
materials must be made meaningful to be effectively learnt.
School curricula and unintelligently presented learning
school programmes and materisls, deficient in conveyed
meanings, might consequently hamper students' achievement.

nusén (1967) reported on a study of . SAM . in
some of the developed western countries. The study found
that achievement scores tended to be higher at the junior
levels of secondary school when "discovery approach" was
used instead of "rote methods'". Probably therefore learners
become more drawn into thought about meanings of concepts
being taught in & heuristic lesson than in an expository
lesson,

Rote learning is also a significant factor which might
hamper retention, recall and transfer of learning results
to new situations. Again the expository more than the
heuristic method of instruction could be more open to rote.
Klausmeier and Goodwin (1966:487), reported that one study

found "more than seventy percent" of whaet is learnt by rote
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forgotten by .a learner by the end of the first day.
Sigmund Freud (Strachey, 1962:47-50) put the view that
we forget because we want to forget. In this view, ego
threatening experience which might probably include
compulsory learning of what we fail to understand, thereby
threatening to prove us stupid, might soon be suppressed
and forgotten. Hopefully, the learning of some materials
of a compulsory school does not often induce anunconscious
operation of a tendency to suppress and forget. In Zambia
mathematics is compulsory in the primary and secondary
school curricula. A tendency to suppress and forget might
then affect Zambian siudents' achievement in mathematics,
Similarly) students“motivation to learn might be reduced
if the subject msterials taught do not appear

to the learner to be of any practical value. lathematics

learning materials have also been described as often not
clearly showing much practical value to learnerso5

Servais (1970:203) described mathematics as an abstract
subject. In Zambia, Nkwanga (1983) found that"mathematical
understanding" and "competence" appeared to be lacking in
the early primery school (Nkwanga, 1983:49).

In another context of factors that might affect students'
achievement in mathematics, Bain (1982) investigated the
relationship between low achievement in reading and
performance in arithmetic skills among sixthﬂgrade pupils
in the United States of America. The low achieving

readers were found generally to show significantly low
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arithmetic skills' mastery than high achievers in reading.
The language medium of instruction might have been a factor
influencing the result. Pressumably English was s first
language for Bain's subjects. In Zambia English is a second
language but officially prescribed as the medium of instru-
ction at +the primary and secondary levels of school. Thus
mathematics is also taught through the medium of English

in Zambian schools. Consequently therefore, the effects of
language found by Besin might be more serious among Zambian
students learning mathematics through the medium of English,

Ausubel (1968:521-523) described language as 'a necessaxy
condition for ... acquisition™ of complex concepts. Ausubel
concluded that without "language the development and
transmission of shared meanings ... would be impossible'™,
Interaction between persons in this view, is also dependent
on language communication. Thus mastery of the language
used @s medium of instruction in the classroom im important
for both the teacher and the learner in facilitating a
sharing of meanings. Where meanings are successfully shared
achievement should improve.

The learner also needs to be ready for the kind of
learning envisaged. Cne useful criterion of readiness could
be the stage attained in the hierachy of phases of
mental development postulated by Piaget (1972).. In Piaget's
theory in general, developmental tasks, including learning,
appropriate for one phase must have been reasonably mastered
before the tasks of the next phase can be successfully

accomplished.,
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Computation and Problem Solving

In a study of mathematics variables related to
computational estimation, LKubenstein (1982) found that
some United States of fmerica (USA) students experienced
division computations as hardest followed by multiplication,
subtraction and addition, in that order. The students also
found decimal number computations to be harder than those
of whole numbers. Kasanda (1985) also studied computational
problems in mathematics among eigth grade students in
Winscosin USA. In one finding, Kasanda noted that the
students appeared to make "about twice as many errors" in
the division than in the multiplication of decimal fractions.
Kasanda attributed the ceuse of most of the errors to
deficient previous learning of decimal fractions.

Another study (Garafalo, 1982) on students!' arithmetic
peeformance (USA), found a computational versus problem
solving dichotomy. The dichotomy also showed itself in
(a) low correlation between computation and problem solving
test scores. (b) In the tests, computation and problem
solving were loesded on different factors. In that study
however, it was acknowledged thet the dichotomy could not
be unequivocal since "several studies" were said to have
shown an overlap between the two. It was also recognised
that aspects of arithmetic could load together for a
variety of reasons such as relaste to content, format and

other underlying factors.
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Computations sppear to be more skill or%pted. basic
nsthemstical skill operations are mastered through
practice eand then applied to problem solving gituations.
Concepts involved in the problems appear to guilde the
choice of computational skills that are more appropriate.
Wovak (1970) asserted that modern learning theoryindicates
that concept learning should be given more focus of
attention. The recommnended instructional sequence in this
view is one of observation, application of known concepts
to what is observed, intepretation, inter-relation to
larger concepts and then solution of the problem - the latter
pressumably also through the application of computational
skills already acquired. Apparently therefore, a link
exists among computation and concept learning and the
problem solving as an objective.

buncan (1959:425) thought that problem solving was &
"fairly high" process om the dimension of discovery. After
a review of related literature, Duncan observed that
problem solving appeared to refer to a diverse class of
performances. Problem solving in this class differed only
in degree from other classes of learning and performance.
The difference might be in the extent to which the location
and integgration of previous learning responses is demanded.
with a re-organisation of experience related to the problem.
However, a problem solver needs to see the problem to be

existing to be able to respond fruitfully to it. Thus some

sppreciation of the problew éaaé'gfoz//}a’ dnowledge Fo colcepls
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involved snd familiarity with relevant problem solving
stretegies are some of the pre-requisite for problem
solving.

In the view of Duncan (1959), performance in problem
solving varies according to relationships involved among
the elements of the problem, level of problem difficulty,
aids given toward solution, certain characteristics of the
problem solver such as "sex, age and reasoning ability".
One might add that the problem solver also needs to fully
understand the meanings of the contents of the problem.

The present study design controlled as one of the
covariates previous mathematics learning. The measure was
en attempt to take into account, among other variables,
deficiences in previous mathematics learning such as those
suggested by Kasanda (1985) referred to earlier above.
Heuristic method of instruction in the present study, was
designed to give less aids toward solving problems.
Expository method of instruction on the other hand, attem-
pted to give all possitble aids necessary.

Instruction

Biggs (Howson, 1973) observed that mathematics was
generally an abstract subject. Servais (1970:203) described
mathematics as a "science of abstraction'. In Biggs' view

the teaching of mathematics therefore needs to be in forms

that progressively become more abstract. The forms suggested

by Biggs include picture graphs, word tables leading onto

algebra relations.
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willis (1961) noted from a review of literzture, that
empirical evidence did not appear to support a consistent
set of hypotheses regarding the relative efficacy of
student discovery and teacher dominated instruction methods.
Apparently therefore, the choice of either method of
instruction should be determined by prevalling circum-
stances in a given situation, Philip (1973) concluded
that there wss enough evidence to suggest that discovery
method of instruction should be increasingly used in
teaching mathematics in non-western societies of the
developing world, which Zambia is.

D8rner (1978) argued that the school to-day, being consis-
tently required to update what it teaches so as to meet new
demands, should generally teach problem solving skills. The
skills could then enable the students handle new forms of
tasks and problems in post school situations. DBrner
thought a more acceptable modern model of cognitive struc-
ture consisted of : an epistemic structure serving as a
semantic network store of what has been learnt; a centre
for heuristic strategies which come into action when the
epistemic structure fails to provide guidance to behavi%r
in the face of a novel problem. The components of the
heuristic structure, in the view, include comparing,
abstracting, analysing, ordering and SO On.

Perhaps D8rner's comporents of the heuristic structure
have common elements with Piaget's (Copeland, 1974) logico-

mathematical structures such as classificatory, abstracting
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and others. It might also be suggested that expository
instruction probably receptively feeds content more into
the epistemic structure. A good heuristic method of
instruction on the other hand, should be better able to
develop actively the contents of both the epistemic
structure and the heuristic strategies centre.

D8rner further suggested that the cognative structure
then, went into. action in the face of a task or problem.
Tasks in this view, mainly demanded reproductive thinking
which utilised existing learnt programmes. Problems on the
other hand, were seen by D8rner as challenges wuich
demand productive thinking in which something new must be
created. Perhaps heuristic mathematics instruction, more
than expository instruction might develop in learners the
kind of productive thinking referred to by D8rner.
Hiusén et al. (1967 :298,Volume II) in a study of mathematics
achievement in developed western countries, found discowvery
approach compared to "rote methods" to yield better
mathematics achievement at the lower secondary school level.

The structure of the mathematics subject area selected
for the present study consisted of introductory materials
to the Algebra of Bets and to Euclidean Geometry of Solid
Shapes. The rationale for the choice {s discussed under
Chapter III below. Appendix VI  shows the lessg%fagich
guided the study instruction. All study instruction was
done by the researcher in person. Highlights of some of
the researcher's experience during lessons are

referred to in Chapter IV-discussions$.



43

The present study, investigated the relative efficacy of
heuristic and expository methods of instruction. The
Factorial design of the study Educational Experiment, also
enabled an investigation of the mein effects, two-way and
three-way interaction effects of method of instruction,
ebility and sex factors on students’ achievement in

mathematics,
Ability
Psychologists differ on the nature and meaning of
intelligence. Vernon(1971:3) found that intelligence has
been  variously defined in terms which include:
"collection of facukties ... ability to profit from
experience ... capacity for abstract thinking ...
capacity to learn ... adjustment to the environment"
ammngst other definitions. However, these varying
definitions do not appear to conflict with the school
concept of intelligence as being general ability to learn
and achieve well.
Wurphy (1935:382) noted that some experimental evidence
supported intelligence ss learning ability. Terman quoted by
Spearman (1970:22) also noted that men is intelligent to
the extent that he 1is able to think abstractly. Abstract
thinking in msthematics includes ability to form concepts,
master computation processes and solve problems,
Spearman pioneered the use of factor analysis to deter-
mine the nature off;nzelligence. The result was a
-nat

'Two Fsctor' theory ASpearman put forward. The theory

postulated that intellectual activity had a general factor
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'g' of common ability (Spearman, 1970). There were in
addition to the 'g!' factor, according to Spearman, 's'
factors each of which related to particular intellectual
ectivities. Consequently, in each cognitive ectivity there
wes & 'g' end an 's' factor(s). Thurstone (1938), in a
rove eway from the 'g' fasctor theory, put forwerd e

"Group Factor" theory. Thurstone held that there are
independent primery mental abilities which menifest
themselves in a factor snalysis only as group factors. These
were found in the tests of Thurstone's study to include
space, number, verbal comprehension, word fluency, rote
memory, induction snd deduction. Some of these factors
received confirmetion in subsequent factorial studies
(Vernon, 1950 : 20-24). It is however still difficult to
conclude from literature that the Group .Factor Theory
superceded the 'g' factor theory. Recognition of the
possibilities of both theories suffices for the purpose

of the present study of giving perspective to arithmetical-
mathematical sbility.

Vernon (1950:41-43) came to the view that most factorial
studies did not show much differentistion in group factors
relating to mathematics. One conclusion Vernondrew was
that there must probsbly be very few pupils with ™special
flsirs" or special 's' abilities in special study aress
of mathemstics such as algebra, geometry and others. What
might be suspect to the contrary, Vernon thought, might

perhaps be sccounted for in terms of the ways these
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different sectione of mathematics sre taught. If the

latter view were valid, then the student's methemetics
achievement measured in one section of mathematics meterial,
might be taken as fairly representative of the student's
mathematics achievement capability in general. |

Vernon (1950:39-40) further noted that classification
of mathematics attsinment readily . tended to show
linguistic end mathematical-scientific ability components.
Vernon cautioned however that there wes a 'good deal" of
overlap between verbal eand numerical abilities. Though
tests of mechanical arithmetic and methematics given army
recruits showed different 'g' factor saturations,

Vernon (1950:41) observed that these tests had high
correlations between themselves thereby making it difficult
to deny the existence of & broad arithmetic-mathematics
group factor. Consequently, Vernon expressed doubt that
Arithmetic, Algebra and Geometry yielded separate factors
even though Vernon noted that this had been suggested
elsewhere.

Differences exist between individual learners. A learner
might elso show differences in performance from one school
subject to another. Nunnally (1964) illustrated this
phenomenon by stating that a learner's bad performance in
one field does not predict similar performance in other
fields., Individual differences might be accounted for in
terms which include: inherited capacity for intelligent

behavié&; amount of knowledge and experience already
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acquired; and the learner's total personality circumstances.
Knowledge, experience and personality are also
influenced by koth lesrning and the environment.

Guildford (1954) used a model to show intelligence as com-
posed of specific factors. Spearmen (1970) and Thurstone
(1938) from factor analysis studies lent. support to the
multiple factor view of intelligence. Learners' individual
differences therefore probebly also have a besis in the
multiple factor view of intellectual abilities.

Wwillis (1961) from literature review, found support for
the view that teaching methods relate or interact with
students' intellectual ability. Novak (1958) compared
& conventional and a project method of teaching a botany
course to college students. The study also found an
interaction effect between ability and method of instruction.

The present study used introductory mathematics materials
to the Algebra of Sets and to Euclidean Geometry of Solid
Shapes to evaluate mathematics achievement of the study
sample students. The Factorial Experiment design of the
present study also enabled two-way and three-way inter-
action effects of method of instruction, ability and sex
on students' achievement in mathematics to be studied.

Sex and Achievement

susubel (1968:241-243) reviewed literature related to
intellectusl ability and sex differences. Ausubel noted
that most individual tests of general intelligence were

constructed to eliminate differences attributable to seX,
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However, the review found that boys and girls differed

in opposite directions when tests are weighted on vocabu-—
lary. verbal fluency, memory, spatial and numerical
abilities. llale students, in Ausubel's literature review,
were found to be "indisputably" showing a higher incidence
of intellectual eminence. However, Ausubel thought that
differential conditions related to cultural expectations,
motivation and opportunity could be material in the
observation.

Klausmeier end Goodwin (1966) observed that interest in
arithmetic and methematics drops off generally in girls
with sge toward high school. Boys performance on the other
hand, wes found to drop in languege and art during the
corresponding ages while there were rises in the sclences.
It might be of interest to determine whether or not
socislisation practices, expectations of society; manifest in
svailing of opportunity . according to sexX,have

any influence ‘on students’achievement in
r‘nathem‘atics. B

The Klausmeier and Goodwin study referred to above, also
found girls to be more affected by day dreaming during
adolescence in their learning than boys. Vernon (1950:67),
in a brief review of studies on spatial factors in school
subjects, commented that "one point on which all workers

agree is that girls ... are poorer than boys" in spatial

(k) tests.
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In s more recently reported study of sex differences
andmathematics achievement, lleece et al. (1982) foﬁnd
"consistent evidence"™ for sex related differences in
mathemafios achievement. The differences were specifically
found more apparent in tests of mathematical computation
and spatiasl skills at the eleventh and twelfth grades in
the United States of America. tlowever, no firm conclusion
could be made on biological factors being largely
responsible. Instead, socilelisers were found to be treating
boys and girls differently in a variety of ways. This
factor appeared material in observed differences in
achievement linked with sex. Other influencial factors
found eppeared to include : social expectations according
to sex roles; self concept of ability; viewing methematics
and mathematics related occupations as being in the domain
of men; social beliefs end value systems.

In Africa, Abiri (1966) in a study of attitudes of
Ligerian students toward school subjects, found that girls
appeared to consider the utilitarian value of education
more than interest compared to boys. School and school
work in the finding appeared to have been evaluated more
in terms of personal rewards to be gaiﬁed in the future.
One possible suggestion from Abiri's findings might be
that, where society adversely discriminates against women
in mathematics related expectations and job opportunities,
female students in schools might not achieve so well in

mathematics.
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The present study investigated the effects of sex,
ebility and method of instruction in a Factorial Experi-
ment design. The study tested null hypotheses on the main
and on the interaction effects of sex, ability and
instruction method on students' achievement in mathematics.
Wotivation toward learning mathematics and attitude toward
methematics were asmong covariates measured for control
in the study.

Curriculum and Achievement

4 more broad and sppropriste conception of curriculum
for purposes of this paragraph, might be the one contri-
vuted by Peatherstone (1959:91). In the conception,
curriculum consists of all the experiences which & school
cffers to the leerner for the purpose of echieving certain
pre-determined goals. Curriculum in the perception,
includes objectives and planned programmues of instruction
and evalustion. Tyler (1949) recommended that okjectives
should always guide curriculum formulstion, implementation
snd evaluation. In formulating instructional obkjectives,
Tyler slso recommended consideration of learners needs
and the kind of changes needed in the behavior pattern
of the lesrner. Piaget's theory (Copeland , 1974 ) imports
s need to consider learner resdiness for the kind of
curriculum materials planned for instruction. Learners in
this theory grow through phases of readiness to carry out
specified mental operations toward mastery of specified

tgsks and concepts. In the theory,; learners in the



chronological age range of elewen to fifteen years, are
expected to be able to form formal concepts and show
competence in esbstract thinking end reasoning by hypothesis.
Selection of curriculum meterials correspondingly needs

to take cognizance of the mentel developmental ages of

the learners. Concepts to be taught must be appropriately
matched to the pupil's mental age.

Novak (1970) writing primarily on the learning of biology,
thought instructional progremmes need always to delineate
concepts to be taught and then make deliberate effort to
select those instructional materials that provide optimum
opportunity for meaningful learning by the students. The
assumption then might be that meaningful lesrning is more
likely to lead onto improved students' achievement.

Ausubel (1968) made a significant contribution on the
concept of meaningful lesrning. In the contribution,
mesningful lesrning was seen as occuqing when new inform-—
ation is presented so as to link up with relevant concepts
alreedy existing in the cognitive structure (previous
learning). The existing concepts thus become modified into
new concepts. Thus in a complementary view, Novak (1970)
thought the degree of meaningfulness of what the student
leerns might very from student to student depending on the
adequacy of the relevent concepts previously learnt. Rote
lesrning in this view (Ausubel, 1968; Novak, 1970) might

be expected when the link up between the new and the old

concepts is not well completed.
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Rote learning on the other hand might be seen as one
end of a continuum — meaningful learning to rote learning.
Thus rote learning might be seen as occuéﬁng in diminishing
degrees along the continuum towards meaningful learning
depending on the strength of the link between new concepts
and previously learnt concepts as suggested by Ausubel
(1968).

Novak (1970) suggested that with respect to instructional
programmes in Biology, & principal deficiency common to
instructional programmes is failure to delineate concepts
to be taught and then to select appropriate instructional
methods that provide the students with an optimum
opportunity to learn the concepts meaningfully. In this
view curriculum programmes should put emphzsis on teaching
well selected concepts

The present study designed a limited curriculum progra-
nme for use in testing the study hypotheses. The progra-
mme included: introductory materials - to the Algebra
of Sets and to the Euclidean Geometry of Solid Shapes;
heuristic and expository methods of instruction; and
relevant speciaslly constructed eveluation instruments wee us
Deliberate effort was made throughout the study instruction
and evaluation of outcomes to follow objectives specially
formulated for the purpose in the study (Appendix VI).
Previous mathematics learning of the students was evalusted

by a pre-test so that subsequent attempts to 'link' new

concepts taught in the study to concepts already existing
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inAstudent's cognitive structure might be faciliteted.
Study lesson design (Appendix . VI) was more on the
basis of concepts,progressively from simpler to more
complex ones The foregoing measures and others were
aimed at structuring the curriculum to be more mesningful
and to maximise students' achievement.

Attitude Studies

Attitude definitions differ (Dawes, 1972:1-17).
Newcomb (1966) saw previous experience as an important
element in sheping attitude to subsequent situations. Thus
students' previous experience in learning mathematics might
influence the student's later attitudes toward mathematics.
Bieri (1967) came to the view that asttitude expression
involves evaluation and frequently reflects the same degree
of experienced intensity in both feeling and belief about
the attitude object,

In the iffective-Cognitive theory, Rosenberg (1967)
postulated that one's ettitude was intimately related to
one's perception of potentialities (beliefs) on the extent
to which the attitude obtject might contribute towardgthe
attainment or non-attainment of one's desired goals. Thus
the degree of affect towsrdsthe attitude object (mathematics
in the present case) should correlate with the intensity
of the belief.

Attitude can be measured (Dawes, 1972). However,
4llport (1967) cautioned that individuals might nave many

contradictory attitudes towerd sn object. Such attitudes
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might even chenge when influencing factors change.
Consequently, Allport suggested that attitude scales should
be regarded as giving the "roughest approximations' of
attitudes.

Learners pick up value systems and attitudes from the
home experience (Lindgren, 1972), peers, society and school
(Peil, 1973). Therefore students' experiences in these
social institutions probably also influence the formation
of attitude toward mathematics., The Reinforcement Theory
contends that attitude changes could also be achieved
through reinforced learning (Insko, 1967:12-63). Students'
successes in the learning of mathematics therefore could
promote & favourable attitude toward mathematics.

If the majority of experiences in the Zambian homes,
schools and society project mathematics positively or
negatively to the children, then the consequences are likely
to be correspondingly positive or negative on

the l'earning of
students' attitudes sand motivation towards mathematics.

ey Ann
Attitude in the present study wasVliiEdés having cognitive
and affective components as suggested in Katz's definition
(Dewes, 1972:16). The feelings associsted with attitude,
in this view, constitute the affective while the beliefs
form pamt of the cognitive component. The present study
controlled attitude toward mathematics and motivation

toward leesrning mathemastics as covariates.

Motivation

Lindgren (1972:21) suggested that motives provide force
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and direction to behavior. A learning motive therefore
appears to be the driving force behind or rather the
pulling forge toward the act of learning. Learning
activities which do not provide opportunity for '"immediate
self achievement™ were noted by Lindgren (1972:205) as
likely to have an adverse effect on achievement.

MmcClelland (1961) identified three main categories of
needs which motivate students. These were the need to :
(i) achieve. This could bring the joy of being competent
and excelling oneself in relation to others. (ii) Gain
power of ability to influence others and have control of
situations in which this power might be utilised. (iii)
Affiliate, belong and be accepted by valued znd desired
social groups. Consequently, effective learning situations
could be organised so as to bring into play these needs of-
achievement, power and affiliation.

Various factors influence and determine the students'
motivation states. One categorisation of these factors
might be into "intrinsic" and "extrinsic". The former
includes thirst for a particular knowledge. Ausubel (1968 :
365) described this thirst as "the most important kind of
motivation in classroom learning". It is probably difficult
to generslise on what might or might not motivate learners
in e given situetion. Thompson and Humicutt (quoted in
Klausmeier and Goodwin, 1966) found thet the use of "good"
as a motivating preise raised the learning performance
ot dintroverted children while lowering thet of extraverts

and vice versa when "poor'" wes used.
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Vaslow (1970) on motivation theory, proposed that man
should always be seen as degiring something. That these
desires are more usually in the nsature of mesns to ends
then ends in themselves. Consequently, a study of motivetion
could be seen ss a study of ultimate goals, desires and
needs. In this view, fundsmental goals and needs might be
seen as constituting motivational 1life. The individual
becomes motivated toward s particular desire as an integral
whole and not just zs pact of himself. Maslaw thought the
Gesires themselves emerge in & hiersrchy of prepotency
such that the emergence of one desire as dominant follows
setisfaction or dissatisfaction with other previously
prepotent desires. liaslow (1970:27) however cautions over
too much reliance on results of animsl experiments in
formulating motivational theories. The basis of the caution
includes concern over the natural differences between
animzls and man which sre slso menifest in the phenomenon
of motivation,

Schiool achievement might satisfy the learners needs for:
(i) acquiring certain kinds of knowledge and solving
certain kinds of problems; (ii) ego-enhencement; (iii)
gffiliate to or gein spproval of super-ordinate person(s)
(Ausubel, 1968). Thus motivaetion is one of the importent
prerequisites for improved achievement. Encoursgement
and incentives rather then punishment might better

improve learners' motivation toward improved achievement.
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Socilo-Economic Status and iAchievement

From birth, the human beby reveals a curiosity to explore
the self and the surroundings giving mezning to the
encounters experienced. Holt (1974) suggested that the
child first encountered space as informally arranged. The
cnild's imaginations then rise as the child gives own
mesnings and makes own arrangements of objects encountered.
Out of the objects and the environment, the child crestes
imaginary sceneries of action in play. These imaginary
experiences according to Holt, become rezl things for the
child to talk, to think snd to argue about with others.
Ixperience of the kind, introduces the child to some
fundsmental thinking processesg in logic and msthematics,
The processes then dewelop into Piaget's (Copeland, 1974)
kind of logico-mathemetical structures. The latter structures
are necessary for good achievement in later school
methematics learning. liomes need to provide the chsllenging
environment which propels the child into experiences of
the foregoing kind. Well-to-do homes on the higher
soclo~economic level in society, might have more epprecia-
tion of this need and have the means to provide the child
with such stimulating experiences more than the poorer
homes on the lower socio-economic strate of society.

Perron (1980) thought that mathematics like language
wnich is natural, also represents a way in which man
communicates with his environment. Ferron noted that

children naturslly experience motivation to explore



mathemstical concepts of number, space and shape relation-
ships in the surrounding environment. Through
explorations, . the child learns much of these
relationships on it's own. Ferron however thought that the
provision of anoappropriately challenging environment was
determined to a large extent by the socio—economic status
of the home as well as that of the community in general.
In developing countries such as Zambia, limitations in
svailable econocmic resources could limit, in many families,
the provision of adequate and appropriste toys, games and
the necessary stimulations in the home environment.
Keapambwe (1980) studied the relationship between home
background and scholerstic achievement among Zambian Junior
Secondary school students. The socio-economic variables
Kspambwe studied included parental education, occupation
and income. The study found significant differences between
the scores of the high and of the low achievers. Kapembwe
accounted for the difference in terms of the socio-economic
status of the home of thne ctudents. Unfortunately, litera—
reviewed
ture,did not appear to have direct studies of the
effects of the socio-economic status of the students'
homes on secondary school mathematics achievement in Zambia.
Cne foreign reported stady of the relationship between
socio-economic status of the students' homes and students'
schievement in mathematics was done by HusBn et al. (1967).
3econdary school students of twelve developed countries

were involved. The study found that the performance of the
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gtudents "on the mathemetics tests was consistently
related to father's and mother's education and father's
occupation' (lLus&n et al., 1967:301). The study report
commented thet school echievement in methematics "is well
known" to relate to student' socio-economic background.

On primary school level problem solving in arithmetic,
Bujan-Delgado (1982) found that primsry school children
from higher socio-economic status homes scored significa-
ntly higher than those from lower socio-economic status
homes in Costa Rica. Does socio-economic status of tine
homes of Zambian secondary school students influernce

their achievement in mathematics ? If the socio-—
economic status of the student's home proved to have adverse
effects on school achievement, the school might then be
required to play a compensatory role to the less fortunate
pupils. The school might then have to try and provide the
experience which the home fsziled to provide thus resulting
in the adverse effect. The present study, controlled as a
covariate the effects of the student's home socio—economic
stetus on student's schievement in mathematics.

Primary Schaol Teacher Problems

Students' achievement in mathematics might also be influ-
enced by & number of factors relsting to teacher characte—
ristics. Teacher mastery and effective presentestion of
lesson material ere some of the factors. Teacher training

might improve teacher performance in the foregoing aspects.
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Gagne (1975) , in a primary school teacher training
inspector's report for Zambia's National Education Reform
exercise, commented as follows. In 1973, twenty one
percent of the primary school teachers had no professional
training. The academic qualifications of sixty four percent
were either Grade Six or Grade Seven. Thirty four percent
had only passed Grade Eight or Nine. Thus very few had
Grade twelve or its equivalent.

Gagne observed that thirty five percent of the 1973
teachers in service had probably been trained before
zambia's independence in 1964. In pre-independence Zambie,
Gagne noted that,admission qualification into primary school
teacher training was only Grade Seven. Professional training
thereafter, if found, took the form ofione year crush course.
Gagne commented that the course was terminal, pre-service
and"strictly traditional in both outlook and orgenisatiom®.
The comment further described the training as having
consisted in "intgsive drilling" and "traeditional" methods.

However, Gagne acknowledged that the quality of the
teacher training improved when the minimum admission
qualification requirement into the primary school Teacher
Training Colleges was raised fo Form III (Grade Ten) after
Zambia's independence. Gagne still complained that the
colleges "had little impact on development of learning
in the primary school"™. The colleges, were

more of "servants rather than teachers in curriculum

development". The actual training in the colleges was said
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to be still "based on traditional rituals, untested
escumptions and dubious criteria" (Gagne, 1975:8-9).

The colleges were said, not even to appeear ready to
"conceive of & course outside the traditional formular".
The professional experience of most college staff as well
2s the qualifications of this staff were said to appear
wanting.

The effects of a defective teacher training prograsmme
might continue showing for many yeers later through a
multiplier effect adverse to good teaching and successful
student learning. Intervention of correciive measures
becomes necessary. The situstion reported by Gegne as
obtaining in 1975, if validly described, might have not
significantly chenged by 1979. In that year, most of the
present study sample students probably entered Grede One.
Waddimba (1982) found Zambia's inservice tescher training
reimedial messures for the primary school level still
inedequate.

English ledium of Instruction

Vernon (1950:39-40), after 2 review of factorial studies,
noted that the classification of mathemetics ettainment
readily showed linguistic and mathemstical-scientific ability
components., In Zesnbis, Chishiuba (1980) found that there
was a divergence of Zambien putlic opinion in 1969 when
English became widely prescribed as medium of primary school
instruction. Chishimbs thought English was not even a second

langusge for the primary pupils. Shans (1980:15) study of
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circumstances which led to the choice of English as a
primary school medium of instruction, concluded that the
choice was "apparently more for political and administra-
tive reasons rather than for educational consideration".
Chikalanga (1983:3) reviewed various studies

and
concluded that the studies appeared to agree that the
Zambia Primary Course English component had "failed to
deliver the goods". Chikalanga found the standard of English
among primary school pupils to be apparently low for varied
reasons, which included faulty teaching methods. Chishimba
(1980) had also observed that pupil proficiency in English
among Zambian primary school pupils appeared declining.
According to the observation, the teaching profession had
also recogndsed that "the pupils who énter Form I (Grade
Eight) are deficient in writing skills and handling English
gtructure in connected discourse". The decline in pupil
competence in English was algo identified as being in
"gpeaking and wrifingvskills".

Lawrence and Sarvan (1983), in a limited study of English
usage in Zambia, suggested that Zambian primary school
pupils probably evelved an "interlanguage" of their own
on being first taught English. The suggestion described
an interlanguage as a transitional form of language which
in the case of Zambian primary school pupils, might be

ngimilar in many respects" to English "but also similar
to the "first language" of the Zambian pupil. Lawrence
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and Sarvan tentatively concluded that there eppeared to. be
en overall scceptance of some form of "mon-standard" English
among Zembian speakers. Chishimba (1980:44) had also found
that most Zambian primary school teachers were "imperfect
speakers of English"™ , wunable on their own to "oring ebout
a generation of better English speakers than themselves'". If
the foregoing observations on the English language medium
problem in Zambian primary schools were valid, pupils in the
schools could 2lso be experiencing mathematics achievement
problems related to the English medium of instruction.
Zambian studies on the - relstionship between
fnglish lanquage medium of instruction and students' schieve-
ment in mathematics,. : might
have been useful to the present study, but were scarce in
the literature.

Culture Associated Studies.

Witkin (1967) hypothesised that cognitive styles might
te categorised along = continuum of Field-dependent (FD)
to Field-independent (FI). Cognitive style in this view,
wes seen as "the characteristie self consistent mode of
cognitive functioning found pervasively throughout the
individusl". The kind of style acquired by the individual,
in this view, is determined by socialisation practices in
the culture in which the child was reared. Variations in
the socialisation practices sccording to sex, might
therefore be expected to show in differing cognitive

styles between males and females., The FI individual,
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according to Witkin's hypothesis, is articulate in his/her
perception and thinking as when dealing with symbols
representing concepts in language and mathematics. The
individual readily imposes structure on unstructured fields
and perceives items &as discrete from organised ground
when the field has been structured. The FD on the other
hand is global in perception and finds difficulty in
imposing structure or differentiate items even when the
field has been structured. Berry (1966) and Dawson (1967)
found evidence of support for Witkin's hypothesis even
among Africans. »

FI cognitive style, in Witkin's view, is more likely to
develop from cultural socialisation in which parents
encourage the childreg towards separation, autonomous
functioning and so on. The manner in which parents impart
value systems for internalisation including the way they
deal with the child's expression of impulse were also seen
a8 providing evidence nf Litkin's assertions.

One inference from the foregoing could be that FI students
should achieve better in school mathematics than FD students
all else being equal.The inference might be expected if
learning of the largely abstract mathematics concepts and
solving related problems, were assumed easier to a cognitiwve
style more articulate in perception and re-structuring of
component parts than to one less articulate.

Ferron (1980) observed that children show a natural

inclination to explore number, space and shape relations.
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However, he observed that in the third worldﬁsuitably
appropriate challenging environment to stimulate such
explorations is often lacking. Such an environment which
might develop abilities related to mathematics might
jnclude appropriate toys, games and parental guidanée of
children during play. Goldberg (1970) in a study of infant
care and stimulation in homes in the Matero suburb of
Lusaka}Zambia, found "little intentional developmental
stimulation or concern for intellectual ... development™
of children in the homes and the surrounding community.Gold-
berg found that the homes had 1little indoor space for the
children to play in. Infants were found to be "almost
constantly with a care taker™ and frequently carried on
the back iéicloth sling. The sling was found to serve a®

a tot, playpen, buggy and feeder" for the first year of
age.

Infant rearing practices of this kind might be expected
to contribute toward the development of Witkin's FD
cognitive styles. Goldberg further noted that very few
mothers appeared to follow feeding time schedules. Perhaps
such irregularity might deprive the child of an opportunity
to develop, at the early age, aspects of the concept of
time. In another observation, Goldberg thought no "mother
bought toys with an eye to developing" intellectual skills.
Only four out of twenty five infants studied were found
with toys of any kind. The toys found were largely dolls,
balls, toy dishes and cars. The infants were found to play
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generally with sand, tins, crockery, water, sticks, stones,
bottle tops, boxes and pieces of cloth. There was little
"messy" play allowed. Verbal learning in which the child-
ren repeated names of objects was also lacking. The study,
by Goldberg, observed that the generally low education of
the mothers was probably partly responsible for the short-—
comings of this infant environment. The sets of toys and
games which occupied the children in Goldberg's study were
probably not the best for the mental preparation of those
children for the kind of school mathematics they were to
learn.

Perhaps the kind of play things that stimulate children
into actions which develop logico-mathematical abstractions
such ss numeration, classification, ordering, transitivity
and so on need to have specially relevant and appealing
features. Perhaps the child needs to find the objects,
necessary to induce physical and mental actions in fair
quantities in the environment to induce say, counting.
Challenging varieties of assortments of the objects, in a
variety of colours might be necessary for classification
and so on. A mere ramiom existance of a doll or a ball or
of dull irregular objects in a collection such as of stone,
stick and other junk as toys and for games, might not.
adequately offer the necessary attraction and stimulation
to have the objects counted, classified, compared and so
on in physical and mental actions toward acquiring some

logico-mathematical abstractions and structures. Parental
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awareness of these mental needs as well as having the
financial capacity to buy the objects selectively , or
skills to make the objects attractively, so that the
infants are adequately provided with the play objects
could be crucial factors in later mathematics learning.

Munro (1968) in another study of children in a Lusaka
suburb also made similar observations as Goldberg (1970).
Munro found that the boys were allowed more freedom than
girls to engage in a variety of games and activities away
from the home. The girls appeared in the study to be more
subjected to routine chores in the home. Munro thought
such routine chores unlikely to prepare the children
adequately in skills future school learning was to require.
Cultural differentiation of the above kind could handicap
girls in future school mathematics learning.

Munro also found that "objects specially designed for
the exercise of developing skills"™ and pictoriel stimula-
tion were lacking. The provision of toys, pictorial books
and writing materials for the children also appeared
largely lacking., Munro attributed this to possible paren-
tal attitudes and lgvels of education besides limited
financial resources. He also thought that cultural
practices of keeping the child ever close to the mother
at the expense of more task oriented and independent
child activities, denied the children adequate exposure
to learning skills and values which the school will require.

The parents also did not appear to intervene much to guide
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their children in dereeloping the skills necessary for
gchool, Instead, the parents appeared to stress conformity
with no empha<is on skill stimulation. Circumstances of
the kind appear similar to those Witkin (1967) thought
might develop FD cognitive styles.

Wober (1975) reviewed psychology studies in Africa. Wwoker
observed that "perspective built into" the drawing of an
object such as size or space between objects to show
distance "can lead to misidentification" in persons who
grom in some African cultures.Wober felt. that this could
result from African cultures being "non-visual™. Africans
affected could thus miss being trained in int%}reting such
builtin perspectives common to western cultures. Mathematics
taught in Zambian schools probably assumes training in such
intspretations. Wober described non-visual cultures as
those which used more conversation, story telling, perfor-
ming arts and so on rether than writing and pictures for
interaction and storage of information (Wober, 1975:108).

Dawson (1967:115) noted that "a number of writers™
reporting on studies of "African spatial - perception

processes " have commented that some Africans appeared to
experience difficulty in their "perception of spatial
relations". Included in these tests however was perceiving
complex shapes and nBlock Designs" forming subsets of
western oriented Wechsler Tests.There was also a test on
pictorial perseption . On the latter test result, Dawson

noted that a suggestion had even been made that Africans
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who had not been to school appeared to be "two-dimensional".

In a study of Zambian primary school children, Okonji
(1972) found that these children had problems in handling
spatial relations. Serpell and Derogowsky (1972) also
found that only a quarter of their Zambian Grade Seven
student sample appeared to have adequately mastered the
convention of three dimensional representation. The
conclusion was based on the result of a post test after
using class books, pictorial materials and films to teach
pictorial depth perception.

Some Zambian studies also investigated the competence
of primary school children in number work. Sharma and
Henderson (1974) found that grade three pupils in Zambia
had not mastered number skills and consequently experie-
nced difficulty in keeping pace with the mathematics
course. The study found that the children often failed to
adapt addition and multiplication skills to simple
problems expressed in a different form. Kingsley (J375)

s tudied how Zambian pupils developed strategies for doing
intellectual work. The pupils were from "relatively older™
established homes of civil servants. The ages ranged from
seven to ten years. The study found that these pupils
tended not to use rudimentary quantitative strategies,
they learnt earlier, when faced with. related problems.

In one instance, the pupils were required to say how many
blocks there were in a structure which visibly had less

than ten of these blocks. Kingsleylthought the pupils could
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have just quickly counted the blocks, but most did not
though free to do so.

Morewgi?ect Zambian studies on the effects of Witkin's
hypothesised7Fieid;de§éndence~versus_Field—independence
on instruction and achievement might have been useful to
the present study, However, literature did not appear to
have pelated research. .. Similarly, an investigation on
how a change from Field—dependence to Field—independence
might be effected might be necessary if Witkin's hypothesis
were valid.

Summary of Literature Heview

The present study literature review focussed mainly on
Zambian studies. Foreign studies were reviewed only to
supplement Zsmbian studies or fill gaps where no Zambian
studies were found in the literature.

The growth of mathemstics teaching in Zambla since
independence in 1964, zppeared to have been challenging.
The challenge was taken up by the Zambia ¥inistry of
Educetion with determination to succeed., However, about
two decedes later there was apparently still much more
to be done. Students’ achievement in mathemstics at the
primary, secondary and university levels of Zambian
education appeared still unsstisfactory. Probably the
upgrading of primary school teschers of mathematics and
English are among needed imperatives towards improved

students' schievement in mathematics. Perhaps the use of
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English as medium of instruction in some early Zambian

primary school grades needs further study as some studies

reviewed appeared to raise concerns over the practice.
Students achievement in mathematics in the literature

revieuwed, appeared-dependent on a number of variables.

The variables anpeared to include: learner and teacher

characteristics and behaviourss curriculum organisation

and presentation to learners; student’s home characteristics;

and mathematics related experience the student might have

gained from home and from previous mathematics learning.
Notes

1. Republic of Zambia, Ministry of Education,
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CHAPTER IIT

METHOD

The study design deliberately attempted to keep the
theoretical fremework and the hypotheses of the study in
congruence with the methods used. The chapter on method
discussed populstion, semple, instruments, instruction,

control of varisbles and data analysis.

The study populstion consisted of the entire 1986 Grade
Bight student intake of nabulonga Secondary School for Boys
and Kabulonga Secondary School for Girls, Lusaka)Zambia.
Kabulonga boys and Kebulonga Girls Secondary schools are
unisexual schools under the same centralised government
school system in Zambia. The two schools are situated on
adjacent plots in the same community srea. In physical
structures, the two schools appeared to be equivalently
built. Both schools, appeared to enjoy equal social
prestige from a common pre-independence history of Zambisa,
of having been special schools for the priviledged children
of the colonisers. Fresently however, the schools' intake
of students, estimated to total sbout 1000 in grade eight
for the two schools in 1986,1 is from all sociel strata of
yambia. This has become possible under Zambia's education
policy of free and equal education for all. Students'
performance in mathematics at the Ordinary Level (Grade
Twelve) examinations however, was thought to be better
in the Boys' than in the Girls' School.2 However, the

factors of common history, prestige, environment and others

- 71 -
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were considered in the present study,necessary in
reducing between-schools variance.

The study population referred to above, was preferred
because a new intake of Grade Eight stucents appeared to

be appropriately a new set of tabula rasa initiatees into

the Yambia Secondary School kiethematics Course. The
population was chosen because of having been recently
graded in ability by the Zambia Hational Grade Seven
Composite Selection Examination. This examination is
probably tne best standsrdised test measure for estimating

ability in Zambia at that level of schooling. The students'

3

estimate average age of fifteen years” appeared to place

the students at Piaget's phase of Formal Operations. This
enabled the study to use this Piagetian frame of reference
in the study's conceptual framework.

Pisget's theory (Piaget, 1969), postulated the following
pheses in a chiid's mental development:

(i) Sensory-motor phase covering the period from
birth to sabout two years of chronological age.
During the sensory-motor phese, innate reflex
actions instead of thought processes dominate.

(ii) Pre—operations' phase is expected from about
two to four years of age. Classification of
concrete objects by a single feature is one
important chesracteristic of the phase.

However, from four to seven years of age
intuitive thinking snould appear along with
indications of the beginnings of conservation.

(iii) The phase of concrete operations is expected
from about seven to eleven years of age.
Reversibility and conservation should then
be achieved during this phase.
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(iv) The final phese of formel operations should begin
to chow from about eleven to fifteen years of age.
The zdolescent should then begin to show z2bility to
think in the abstract, resson by aypothesis and
understend symbolic relations.

In the Pisgetian model of intellectual development,
sssuming chronological age strictly delineates phases, the
present study students ghould be at the phase of TFormel
Operetions. The expectation is on the assumption that
formel operations commence from between eleven and
fifteen years of sge. Lowever Lkwanga (1982), found that
e Piezgetien phase might tend to appear later emong Zsmbian
primary school children then in Piaget's Geneve results.
Tmenda (1980:15) after a review of releted literature,
concluded that "e good number of Zesmbilan secondary school
ctudents ss others elsewhere, might" be functioning at »
lower level of intellectual development than Plaget's
level of Formel Uperations.

Perhaps, where the environment of the home and the
conmunity failed to stimulate 2 child's full development
through Piaget's phases, the school ought to step in to
correct the situation. Otherwise, egual opportunity for
211 children in school might be difficult to realise.
~Semple

The study semple was congtituted by stratified sempling
of students from the intake list of each of the two study
schools. Two study classses were then formed for each sex
by rendom c¢ssignment of the students from the list obtained

by stratified ssmpling. The two resulting study classes
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for each sex, were then randomly designated, one as an
experimental class snd the other ag s control clase.
ilore detesils of the procedure followed to asccomplish the
foregoing sampling now follow.

The entire 1986 Grade Eight intske list of each study
school wag used for the sampling. In the Boys' School to
start with, the forty topmest students in aggregate scores
in the Zambia lNational Grade Seven Composite Selection
Examinastion on the intake list were designated "high
sbility" boys. The forty bottom-most in zggregate scores
on the same intake list were designated "low ebility" boys.
The forty high =sbility boys were then randomly scssigned
to form the first halves of the two plenned toys' study
classes. Similarly, the forty low =bility boys were then
rendomly assigned to provide the second helves of the two
toys' study classes being formed. Thus two boys' study
clasces of forty students each hsd been formed. Each of the
two clasces had an equal number of high ability ena of low
ebility boys. The two boys' study classes were then ran-
Gomly designsted, by tossing s coin, one as en experi-
mental class end the other es a control clsss. In the
study, the experimentel classes were taught by heuristic
instruction wnile the control classses were tsught by
expository instruction. (See Table 1 for score ranges).

Exactly the ssme procedure es for the formstion of the

boys'! experimental snd control classes, was followed in

Forming & girls’' experimentsl snd s control cless From
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the 1986 Girls' School intake list. Thus four study
classes of forty students each had been formed. Two of

the classes were in the Ekoys' School and the other two
were in the Girls' School. Thus each school had an
experimental and a control class. BHach of the four classes
had twenty high ability plus twenty low ability students.

On the 17th February 1986, when the selected new Grade
Eight students of the two study schools reported for first
lessons, some of the expected study sample subjects did
not turn up. Unexpected new students filled up the
vacances. Slight changes of this kind kept on affecting
the size and composition of the four study classes
throughout the five weeks study period of instruction at
the schools. Thus the number of students in some study
classes had changed slightly by the end of the five weeks.
The following measures were then followed to make the
sample category subgroup numbers in each study class the
seme again. This equality of category subgroup student
nunbers was imperative for the Factorial Experiment
of the study design to remain orthogonal.

The unexpected new students were allowed to stay in the
study classes. However, data collected from such students
was not used in the study. Random reductions, using the
table of random numbers, were used to even up the category
subgroup student numbers in each study class. Participa-
ting semple subjects in each study class were now conse-

guently reduced to 24. This was the highest possible
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number in the circumstances. Twelve of the students in
each class were of high ability while the other twelve
were of low ability. All twenty four students in each
of the study classes belonged to the original randomly
assigned students to the class.

Table 1 provides more descriptive data of some
study ssmple students' subgroup characteristics. The
sample subgroups ability (Grade Seven Aggregate mean
scores)were also compared on the table. Comparisons made
were between corresponding ability levels of the sex
categories end also between the two study category levels

of ability in each sex group. .
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In the table, the dispersion of the scores eppeared
larger for the high abllity female subgroups than for the
high ability male subgroups. The dispersion of the low
ability subgroup scores of elther sex did not appear to
differ much. The table showed that a female student had
the highest ability (Grade Seven iggregate score)of 795
in the study sample and that another female student had
the lowest score of 655 in the sample. In the original
combined male and female score list of ability, there were
two female scores (795 and 789) which topped the list. OUn
the other hand, the ability score of every female low
sbility sample students was lower then the sbility score
of every msle low ability sample student. The lstter was
expected since the Grade Eight selection cut—off points
for male and for female students differ in the Zambian
education system. The differences are discussed under the
next subheeding. Lowever considering the sunmary result
in Table 1, ' the ability scores of
the mele students were sandwiched between female ebility
scores.

Wever-the-less, the foregoing result summarised wn Tsble
1 ,does show thet the Grede Seven Aggregste score ranges
used to categorise both the male and - female
semple students into high and into low ability subgroups
varied. The t-ratio summary date in the last column of
Table 1 indicated some of the margins of the veriation.

r
The intgpret&tion later, of the main study result
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therefore had to teske recognisance of this observation.
Table 1 t-ratio comparisons of ability (Grade Seven
hggregate score value means of the study male and female
sample subgroups categorised ss of high and as of low
ability elso revealed the following. The ebility mean
scores of the high and of the low ability male subgroups
were significently higher than the ability meen scores of
thie high and of the low ability female subgroups
respectively.

Ability Measure for the Present Study.

Ability for the purpose of the present study, wes
messured by the aggregate scores of the sample students in
the Zambia HNational Grade beven Composite belection
fxsmination. The examination serves for , certification of
primary school lesvers and for selection from the Greade
Seven completers a limited number for filling the few
available Grade Eight places in the Zsmbian schools.
snnually less than twenty percent usually become cselected.
Selection is based on the aggregste score of a candidate
in six equally weighted test papers of the Grade oeven
studies, mathematics, science, verbal reasoning and non-
verbal reasoning. OGelection cut-off points vary on the
hggregate Scores' list sccording to the number of Grade
Eight places evailable, sex, education region of Zambila

and whether the school is a day or a boarding school.4
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Sharma (1974) in a study of the Grade Seven Composite
Selection Examination, noted that the predictive power
of most of the six papers was poor. Sharma commented that
there “seems to be a dissonance" between primary and
secondary stages of education in Zambis even in the same
subjects. The mathematics marks of @ sample of the 1972
Grade Seven examination candidates, were found to
correlate only 0.460 with later merks in Grade Nine in a
specielly devised criterion exsmination in mathematics.
Sharms concluded that & student's performarice in the Grade
Wine level mathemastics could not be confidently predicted
from the Grade Seven Composite Oxamination student's
performance in methemstics. Of the Grade Seven slX papers,
Sharma found the verbal reasoning test paper "to be the
best single predictor, then ell the six papers taken
together" (Sharma, 1974:18)}.

In sn earlier reported study, iing (1973) had found
non-verbal reasoning test to be the more "useful esnd valid
predictor" of secondary school students' ﬁerformance in
technicsl courses than other Grade sSeven Lxamination
papers. sharme (1974) had also found that candidates'
performance in certain Grade Seven test papers, including
mathematics, was "e function of brute recell and low level
application”™ of winat was learnt.

The present study focussed on the mathematics achieve-

ment of students beginning the Zambia Junior Lecondary

Scrool methemstics course. Students' performsnce st the




81

Grade veven Lxamination mainly becsme relevant in
helping define ability - one of the main independent
variables of the present study.

Design

The study was designed to investigate the main and the
interaction effects of independent variesbles (non-metric
factors) method of instruction, sbility and sex, on the
dependent (criterion) varisble Students' Achievement in
wathematics (bhui). The effects on Sik - also regarded as
important - of the metric covaristes : previous mathematics
lesrning; motivetion towsrd learning mathematics; attitude
towerd methematics; and home socio-economic status were
controlled.

Therefore, the design used wes essentially 2 2 x 2 x 2
Orthogonal Factorial Bxperiment incorporating control of
the effects on SANM of the four covariastes listed above.
bince the study main focus wes on the effects of the
non-metric factors and control of the covaristes, the
design might be regarded as an Analysis of Coveriance (liie
et al., 1975:399). The design also used a fixed eiffect
or linear hypotnesis model in so fer as all the factors
were considered as fixed. This was convenient since the
Fisher-retios output of the Anslysis of Variance (ANOVA)
of the subprogram used also assumed & fixed effect model

(Nie et al., 1975:399). The main features of the present
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design therefore, included experimental versus control
groups, rendomised subjects snd pretest versusposttest
measures.

The experimentael subgroups were taught by heuristic
method of instruction while the control subgroups were
teught by an expository method of instruction. Randomisa-
tion of subjects commenced with e stratified selection
followed by rendom zsgsignment of the selected subjects to
constitute two study classes for students of each sex. The
two classes of raendomly sssigned subjects of each sex were
in turn rendomly designeted as experimental znd control
classes. Pretest scores provided measures of coveariate
'previous mathemetics learning' while posttest scores
provided measures of the criterion variabtle SAl. Rendom
essignment rether than rendom sampling wes used in the
foregoing so as to ensure that category subgroup students
of the study sample were evenly distributed over all the
study instruction clesses. Thus equzl cell deta anslysis
freguencies, making the factoriel design orthogonal, were
more assured.

Reelisation of the orthogonal charecter of the design,
enabled the totel variance to be regerded as distributed
sccording to the 'sum of squares' equation :

Sstotel variance=;SSbetween'fbsinteractioni-stithin
Therefore, since in the factoriel design of the present

study each cross clascification among the study factors

hsos the same number of cases, all factor effects were
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regarded as orthogonel. The implication was that the
effect of each factor was considered independent of the
effects of other factors. Intersction effects were also
taken ss orthogonal (independent) of the effects of the
mein fsctors (Lie et =21., 1975:398-433).

The dimgrem below shows the application of trestments on
the various subgroups of the Fsctorial Experiment design

of the present study.
FIGURE 1

Heuristic Expository
|
! | | 1
Boys Gi¥ls Boys G%rls
T —
tigh high tigh aigh
ability ability ability sbility
Low Low Low Low
ebility ability ability ability

DIAGRAM ILLUSTRATING TREATMENT APPLICATION OF LTUDY DESIGHN

The factorial desigﬁ used, encbled the three
independent variaebles method of instruction, ability and
sex, to te juxtsposed for purpose of studying the
variables' main snd interaction effects on the dependent
variable Students' ichievement in liathematics (SAN).
idvantsges of the design also include the following.

(i) Being able to plan, menipulate, control and aneslyse
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the simultaneous operation and interaction of these many
varisbles at the same time.

(ii) Precision of the factorial eznalysis over one-way
analysis of variance.

(iii) Being able to hypothesise and test interaction
effects of independent and dependent variables (Kerlinger,
1973: 242-269). The design is probably unigue in being
able to provide a combination of advanteges of this kind.

The present study design 2s a functional relation, could

be viewed in the following way. I1f SAl depended on a set
of : teacher characteristics and behavio}s (t); mathematics
meterials taught (m); and student characteristics end
behsviors (s); then if other possible covaristes were
controlled, the mathematical model of the present study
based on Henderson's (1963) function model for & teaching
experiment T™(x, y, 2z), could be written

SaM = F(t, m, s) as a general function.

Then SAk = f(t, s) as & particular function model of

the present study, where:

'm' the mathematics material taught was the same for
211 sample groups. In the present study these
msterials were introductory to the Algebra of Sets
and to BEuclidean Geometry of Solid Shapes.

't' the teacher characteristics znd some behaviors
were kept the same by having only the remearcher
give the study instruction in person. Except that
only the instruction method behavior was varied

from heuristic to expository.

15! the learner charscteristics were varied from high
to low ability and from male to female,
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SAk the criterion measure of student behavi&} under

the effects of %' and 's' while 'm' is kept constant was
the present study dependent varisble. Covariates previous
mathematics learning, motivation towards lesrning methe-
mstics, attitude towards msthemetics and student's home
socio~-economic status were selected for priority control
ss most important among many others., Stratified random
assignment of sample subjects to study sample subgroups
was sssumed would take care of any other learner charact-
eristics otherwise not teken care of in the study design.

Types of Data

the following déta weve collected.
(i) Pretest mathematics achievement scores for all study
sample students. The pretest scores were assumed to Le
interval data and were used as measures of the metric
covariate 'previous msthematics iearning'.
(ii) Posttest mathematics schievement metric scores for
21l study sample students. The postlest scores were assumed
to be interval dasta and were used as measures of the
dependent variable Students' Acinievement in Methematics
(sal). The posttest measured the cognitive outcome of the
study instruction methods. The scores were used to test
all the study null hypotheses end their alternatives.
(iii) 4 specially constructed study Attitude Scale was
used to obtain attitude scores for all sample students.
The scores were assumed to be intervel data and used for

the control of covariste 'ettitude toward mathematics'.
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(iv) 4 specislly constructed study motivation scale was
used to obtein motivation score for all sample students.
The scores were assumed to be interval data and used for
the control of covariate 'motivation toward learning
me thematics'.
(v) 4 specially constructed study'home socio-economic
stetus' scale was used to obtazin students' home socio-
economic status scores for all sample students. The scores
were assumed to ke interval data and used for the control
of covariste 'student's home socio-economic ststus'.
(vi) Non-metric +two level norminal data for esch of the
independent varisbles method of instruction (heuri-
stic versus expository), ebility (high versus low), and
sex (mele versus female).

Instruments

Mive instruments were specially designed, constructed,
pilot tested and administered to collect the - data
listed sbove. The instruments respectively measured :
previous mathematics learning; students schievement in
mathematics (SAl); motivation toward learning mathematics;
attitude toward methematics; and student's home socio-
economic status.

Deliberate effort wss made, in developing each of the
instruments, to use zppropriate procedures =imed =t
attaining saticsfactory levels of validity of the
instruments. The measures included (i) developing the

instruments in pre-study actual teaching situations.
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for the purpose, the researcher took up temporery normel
methematics teaching in 2 local secondary school.

(ii) Conducting pilot studies in which the 'test of inter-
nel consistency' was used es the criterion for selecting
scale items for use in the main study . Scale items sele-
cted this way were those of the motivation, attitude and
soclo-economic status scales. In the use of the internal
consistency test for selecting items the procedure was as
follows. The total score (Xt) of the top scoring 27 percent
of the pilot sample subjects per item on each scale was
compared with the total score (Xb) of the bottom scoring

27 percent on the same item. Items with values of Xt - Xb
above a chosen limit were selected. The limit was set such
that a reasonable number (about 20) of items could be sele-
cted for each scale. Kerlinger (1973:451-452) found that

"reliability is the internal consistency of a test: the

test items are homogeneous", waich implies the test 1s
accurate and valid to that extent. (Limits on pages 91-101).
(iii) Teking into account some correletion and/or relia-
bility coefficient. values calculated for each scale to
indicate validity of the ccale.

The stendard set for pilot study reliability and/or
correlstion coefficients indicating acceptable validity
wes r=0.70 . A reliability coefficient of 0.70 or
higher "would mean that the test was accuretely measuring
some characteristic of the people taxing it" (Lruning

and Kintz, 1968 : 191). 1In a somewhat related context,
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Kerlinger (1973:451-452) argued that the square of the
coefficient of reliability could be seen as a measure
of the percentage of total variance which is "“true
variance"™. Thus the higher the value of the reliability
coefficient, the higher would be this percentage. Thus
r = 0.70 represented approximately 50 percent of true
variance in the foregoing view. Considering that : the
present study scales were newly constructed and in need
of further development and rechecking beyond the one
check of the pilqt test; students were probably not. so
fluent in the language (English) medium in which the
scales were written; and other factors, the coefficient
value of 0.70 appeared fairly reasonable to set as a

s tandard in the circumstances.

Item selection for the preteggtgﬁg for the posttest
scales was aided by a computer . of the Statistical
Package for Social Sciences (SPSS) sub-program Pearson
Correlation (Nie et al., 1975:276-300). For each of the
two instruments, the subjects'vscores on each item were
correlated with the subjects total scores on the
instrument. The computer output consisted of a square
matrix of Pearson correlation coefficients for the
gelection for each instrument. The objectives of this
kind of item selection were (i) to select itemswhich
correlated most with the total scores on the instrument.
(1i) Reduce the number of items further by selecting

representative items from the correlated subgroups

of items.
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The present researcher, when drafting the study
instruments, took up temporary normal mathematics teaching
st Leopards Hill Secondary School (LHSS) Lusaka. One
objective was to gaein ideas from interaction with LHSS
staff and students on matters related to mathematics
teaching and learning. Experience gained at LHSS helped the
initial development of content for the present study
instruments in readiness for pilot testing.

Lowever LESS, unlike the study government schools offe-
ring education free to zambian students mainly, was a
private school charging school fees and also catering for
a fair number of non-Zambian students. LHSS students
therefore largely came from wealthier homes some of which
were non-Zembian homes. Differehces of the kind between
LHSS and the study government schools were not desirable
for developing an instrument more appropriate for use in
the study government schools. iHowever later study pilot
tests of the draft instruments conducted in eppropriate
government schools might have corrected the situation.

Pilot testing conducted 1ater used two Grede Eight
clesses, one girls and enother boys', at atero Girls' and
Matero Boys' Secongary schools respectively. Both schools
we=ne in Luseks. The pilot tests were conducted from 14
October 1985 to 25 October 1985.

The two pilot secondsry schools were selected because,
like the study schools Kabulonga boys' Secondary and

Lsbulonga Girls' Seconcary schools, the two pilot schools
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were: unisexual; feirly large in enrolments; and both in
Lusaka under the same kinistry of Education management
conditions. The community surrounding the pilot schools
appeared fairly homogeneous in terms of socio-economic
status. In a similar wey, the community around the main
study schools also eppeared homogeneous. iHowever, the pilot
schools were probably situsted in a community of lower
socio-economic status compared to the community of the main
study schools. Never-the-less governmgnt schools in Zambia,
such as the two pilot and the two main study schools, draw
their intake of students from the same Zambian communities
irrespective of socio-economic status. This Lbecame

possible because the provision of free education in Zambtia's
Government Schools, largely removed school fees which could
have been a social class baerrier into schools charging high
fees. The pilot testing of the present study instruments at
the 1Iiztero scheools rather than et the Kabulonga schools

was therefore on the whole immaterial thnough convenient

for the study at the time.

In the paragraphs which now follow, eech of the instru-
ments will be briefly presented together with any additio-
nal messures, to the esrlier generally stated, teken to
enhance the validity of the instrument being presented.

The instruments sre presented in the order posttest,

pretest, motivation, sttitude #nd socio-economic status.
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Posttest Scale The posttest instrument (Appendix I)

collected meesures of the study criterion variable

Students' Achievement in Wathematics (SAl). The instrument
was designed to test : knowledge, understanding, abstraction
and skills; application and generslisation of the knowledge,
understanding, abstractions end skills to new situetions
involving computetions end problem solving using number and
symbol; and evaeluations by meking Judgemwents such as true

or false, equal or unequsl, lerger or smaller and so on, to
mathematics statements presented. The posttest content
meterials were drewn from introductory materials to the
Algebrs of Sets end ta the Huclidean Geometry of Solid
Shepes. The instrument wass zimed at testing cutcomes of
teaching differing semple subgroups by heuristic and by
expository methods of instruction. The posttest items varied
from multiple choige objective type guestions to computa-
tions snd protlewms for solution. The answer scripts wére
scored on an ordinary point merking system normelly used

in school achievement tests.

Face and content validy were given attention as suggested
by Gronlund (1981) for achievement tests. Determinstion of
(i) subject matter topics covered snd (ii) responses the
students were intended to make to the test guestions on
these topics were specifically indentified. The two were
then compared to the domain of achievement to be evaluated.
The comparison wés done 1in an attempt to check on relative

emphasis given in the instrument to content asress in
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relation to instructional objectives.

The selected pilot test items were all reduced into
simple component units. The units were given new serial
numbers. The correlation of odd numberrd item scores and
even numbered item scores gave a “split-half” reliability
coefficient of 0.83 indicating the level of the internal
consistency of the posttest instrument. That is ,
indicating that the test items were to this extent homo-

geneous (Kerlinger, 1973:451-452).

Pretest Scale The pretest instrument (fppendix I1) was

designed to be equivalent in all respects to the posttest
instrument just described above. The pretest was

intended to measure the previous mathematics attainment

5? the sample subjects in the mathematics subject matter

on which study instruction was to be given. The rationale
for the pretest included the fact that the sample subjects
came from different schocls expected to have taught them
something on the introductory topics to the Algebra of

Sets and to Euclidean Geometry of Solid Shapes. Some of
these topics are included in the Zambia Primary School
fiathematics Course. The sample subjects were expected to
have covered this course in the primary school.
However, considering variations in teaching coverage which
the sample subjects might have experienced, previous mathe~
matics learning was thought an important covariate to messure
and control. Following the same procedure as in the posttest

above the reliability coefficient found was 0.79 for
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the pretest. Taus the claim to velidity of the pretest
wes also besed on the split-half reliability coefficient
ae 2 measure of internal consistency.

The pretest cuestions veried from multiple choice objec-
tive type questions to computations and probiems for
solution. The scoring was the same as for the posttest
described earlier above.

lotivation Scale In planning and constructing the

motivetion scale (Appendix III), construct and concurrent
criterion relsted validity were given the msin attention.
This followed upon recommendstion in this regard made by

Gronlund (1981). ©Psychologicel constructs and behaviors

that might be predicted from theory of motivetion releated
to methemetics learning were identified.

The researcher had then taken up temporary normal
teaching of methemetics at Leopards HIll Secondary School
(LHSS)‘Lusaka. The purpose of the temporary teaching
included geining ideas for the construction of the
present draft instruments in readiness for later
pilot testing of the instruments. Qbservations on the
sbove identified and predicted behaviors were mede et
IESS on eech student of two Grade Eight classes the

researcher tzught there.

(13

The behaviors observed pertained to each student's
voluntary completion of mucompleted classwork during a
student's free time; hending in of homework given on time;

doing extra exercises at home not suggested by the teacher;
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doing extra exercises at nome suggested by the teacher

&8s being optional; keeping & good classwork mathewatics
record; doing correctiongfkork done incorrectly ss

marked by the tescher; regularity of attendance of mathe—
metics lessons; end punctuel readiness at the beginning

of each mathematics lesson. wmsach behavior observation
regult per student was scored by the researcher on a three
point scale weekly. The totals of the weekly behavior
scores over & period of six weeks were ranked. Concurrently
during this period draft items for the motivation scale

to be pilot tested were being constructed.

In the construction of the motivstion scale for the
pilot tests, deliterate effort was made to conceal the
fece velidity of the scale (Gronlund, 1981). The rstionale
was to agvoid influencing the subjects' responses to the
scale itemsby revealing that the students' motivation was
being messured. These items were then pilot tested at
the study two liatero secondary schools as indicated
earlier. The objectives of the pilot study were (i) to
validate the draft motivation scale thmxough an item analysis
using the test of internal consistency. (ii) Test the
appropriateness of the material content and clarity of
language used in the test items. (iii) Check if the Likert-
type numerical scoring of the motivation scele was
eppropriately assigned to the options.

Internal consistency test was used on the pilot items'
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scores of the motivation scele as follows. If the total
score (Xt) per item of the top scoring 27 percent sample
subjects (n=69), exceeded the total score (X%) of the
bottom scoring 27 percent on the same item by 12 or more
( (Xt - Xb);B 12) the item wes selected. The limit of
12 wes chosen such thet z reesonable number (sbout 20) of
the best items could be selected. Appendix III presents
the motivetion scale thus created. OCne claim to validity
of this motivation sczsle therefore, was that items were
selected on the besis of the result of sn internal
consistency test. The selected items had sn Xt value
exceeding the X, velue by 12 or more ((Xt - Xb)_;;12 ) .
The items were thus 2ssumed to be more differentiating
and probsbly therefore closer to esch other in messuring
the.same dimension of motivetion. The less differentiating
items with (XJC - Xb)'<:12 were sssumed to meesure diffe-
rent dimemsions of motivation znd therefore discarded.
The second cleim to velidity of the motivation scale
arose from the follocwing. The pilot tested motivation
scale wes administered, before the main study begsn, to
the original Leopamds :Hill Secondary School students
taught earlier by the resesrcher when the motivetion
scale waes being assembled. The resulting scores were
ranked. Their rank order wes then correlated with the
rank order of the 'behevior scores' of the same students
referred to on pages 93 to 94 =bove. The calculsted

Spearman Rank Correletion found was 0.76 from the formula
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/) _ 1 -6 23)2 Where D=difference between ranks.
N(N2 - 1) X = number of subjects == 33

The value 0.76, following Bruning and Kintz (1968:191),
was accepted es reasonable evidence of concurrent crite-—
rion releted validity of the study motivation scale.

The motivation scele items were statementsmodelled on the
Likert-type five point scoring scale. In scoring, each item
statement wes coded plus () or minus (-). statements coded
plus were those whose endorsement indicated favour toward
learning mathematics. Statements coded minus were those
whose endorsement indiceted disfavour towsrd lezarning
mathematics. Table 2 below shows the Likert-type five
point numerical scele 5, 4, 3, 2, 1 used =8 = scoring

guide on the plus and on the minus motivetion scale items.
TABLE 2

MUkoSRICAL oCORING GUIDE

STRONGLY | AGREE |UNDECIDED | DISAGREE| STRONGLY

AGREE VISAGREE
rLUS ITskS 5 4 3 2 1
wihUS ITaNS 1 2 3 4 >

Attitude Scale Deliberate effort was made to concesl the

fece validity of the attitude instrument (Lippendix IV).

This was intended to reduce any related possible influence
tnat might result if the subjects became aware of whst the
ingtrument was attempting to measure. True attitudes mignt

then not show. Following Gronlund (1981), construct and



content validity were given priority attention. Attempts
were made to relate item content to gselected constructs
in attitude psychology regarded in the present. study as
being central. The constructs were those of beliefs and
feelings of like and dislike related to : mathematics as
a process; difficulty in learning mathematics; utility
place of mathematics; and others.

While teaching at Leopards Hill Secondary school, the
researcher took the opportunity to learn from views of
g tudents and teachers about mathematics during informal
discussions deliberately provoked for the purpose. Idesas
gained together with observations made in the interactions
helped in the shaping of the draft content of the attitude
gcale which was then being prepared for pilot study. The
pilot testing of the scale took place later at Matero
Girls'and Matero Boys' secondary schools

The objectives of the pilot testing were (1) to validate
the draft attitude scale through an item analysis using
the test of internal congistency. (ii) Test the appropri-
ateness of the material content and clarity of language
used in the test items. (iii) Checlt the Likert-type
numerical scoring of the attitude scale to find out if
it was appropriately assigned to the options.

The test of internal consistency briefly introduced
earlier on page 87, ~ was applied to the pilot test
gcores of the attitude scale as follows. If the total

score Xt per item of the top scoring 27 percent of the
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sample subjects (n=69) exceeded the total score X of
the bottom scoring 27 percent,on the same item, by 19
or more ((X; = X) 2N 19) the item was selected. The
1imit of 19 was set up S0 as to enable the
selection of a reasonable number ( about 20) of the best
test items. Appendix IV presents the study Attitude

Scale thus created.

The main claim to validity of the attitude scale
therefore was in the use of the criterion of internal
congistency in the gselection of items. The selected items
with X, exceeding X, by 19 or more ((Xt - Xb) > 19) were
assumed to be more differentiating and therefore more
probably closer to each other in measuring the same
attitude dimension, The less differentiating items with
(X, —-Xb) < 19 were assumed, probably to measure diffe~
rent dimensions of attitude and were therefore discarded.

Attitude scale items were all of the five point
Likert-type. Their coding into plus and minus and the
method of scoring were as described on page 96
with respect to the scoring of the motivation scale.

Home Socio=-Economic Status (SES§ Scale In constructing

the SES scale, assumptions were that the main indicators
of a student's home gsocio-economic status,. in accordance
with the conceptual fremework guiding the present study,
were: educational qualifications, occupation and rank—~in-—
the-job of each of the parents or a guardian; educational

qualifications, occupation and rank-in-the-job of the
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most successful brother and of the most successful
sister; occupation of the husband of the most successful
sister. The latter was in recognition of the adolescent
status of siblings in an extended family set up;5 parental
provision of mathematics related environment during the
sample students' pre-school life; and current parental
help when a student is in difficulty with mathematics
homework.6iThe construction of the home SES scale items
for pilot testing were based on the foregoing indicators.
The selection of the indicators also benefitted from
informel discussions with some Zambian parents, teachers
and students of varied socio-economic positions in life.
Parents' income was deliberately omitted because of
experience gained in an earlier similax study?v From the
foregoing discussions, it became apparent that
revealing incomes might not be popular with most of the
parent respondents to the scale items. Also changes in
the value of money, during the fifteen years over which
data was sought, was thought might probably render
income data less meaningful and difficult to int%ﬁrete.
Pilot testing of the items took place after the initial
assembling of the scale described above, at Matero Girls
and Matero Boys Secondary schools as indicated earlier,
The items of the student's home socio-economic status
scale Appendix V , were mainly a mixture of open ended
statements for completion and Likert-type multiple

option choice on a continuum. The former were scored on
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a point marking system in the same way s described for
scoring the achievement posttest scale items. The Likert—
type multiple option choiee items were scored in the same
way described for scoring the motivation scale on page 96
above,

The objectives of the pilot test were (i) to validete the
draft SES scale through an item snalysis using the test of
internal congistency. (ii) Test appropriateness of the
meterisl content and clarity of language used in the test
items. The test of internal consistency briefly introduced
on page &7 above was then spplied to the pilot test scores
of the SES scele as follows. If the total score Xt per
item of the top scoring 27 percent exceeded the totsl score
Xb of the bottom scoring 27 percent, on the same item, by
17 or more, (Xt - Xb);?17’ the item was selected. The limit
17 wes chosen so as to enable selection of a reasonsble
number (about 12) of tue best test items, but not too many
to bore the psrent respondents to the guestionnaire., The
Student's nome SES sceale, Appendix V, was thus created.

The main clgim to validity of the S35 scesle was
therefore in the use of the critericn of internal
consistency in the selection of items. The selected items,
which had X, exceeding X, by 17 or more, (Xt - Xb) 217 ,
were tius assumed to be more differentisting and
probably therefore closer to each other in measuring

the same SZS dimension. The less differentisting items
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with Xt -'Xb < 17 were assumed, probably to measure
different dimensions of the student's home socio-economic
status and were therefore cdiscarded.

Instruction

Under this heading, the general objectives of the
study instruction are briefly given. Then the general
content and source of the selected lesson meterial is
discussed. A rstionale for the choige of this lesson
materigl for the purpose of schieving tre general
objectives of the instruction is discussed next. The
heuristic versus expository methods of instruction used
in lesson presentations were then distinguished znd a
summzry table of lesson titles and time durations of
instruction given. The actuzl lesson guide outlines are
in Appendix VI.

General Objectives of the Study Instruction. The general

objectives of the study instruction were as follows.
At the end of the instruction an evalustion test wss to
demonstrate that each student :

1.0 Knows basic terminology, definitions, notations,
facts and relaetions concerned with the lesson
meterials taught.

2.0 Understands basics of logico-mathematical
structures involving number, symbol and figure
such as : class inclusion used in classifying
objects; seristion as in oruerlng okbjects;
transitivity as in, if A>3 , 3 =>C then
A=>=C 1og1cal classification basic to some
concepts in logic 2nd mathemetics tplnxlng,
topological besic structure also useful in
differentiating between auclidean Geometric GShapes.
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3.0 Demonstrate skills to :
3.1 do operstions on number and symbol;

3.2 1identify, distinguish between or classify
sets of objects;

3.3 ebstract and generalise on tne foregoing
knowledge, understandings and ckills;

4.0 Apply the foregoing knowledge, understandings, skills,
egbstractions and generalisations to new situstions
involving number, symbols, figure diagrammes, sets
oand Huclidean Geometric Shapes which require:

4,1 computations;
4.2 solving problems through,

4.2.17 identifying the msterial elements of
the problem (applicstion)

4.2.2 selecting end using eppropriate skills
and generszlisations (applicetion);

4.2.3 conscious knowledge of the parts of the
problem and necessery forms of thinking
involved (znalytic);

4.2.4 original creative thinking (synthetic)

5.0 Bveluste by making judgewents such as bigger or
smaller, correct or wrong.

Content and Source of lLesson llaterial. The study

lesson msteriasl c.nsisted of excerpts from subject

metter introducing (i) the Algebra of set. The materials
included description of a set, membership of & set,
subset, intersection of sets, universal set, complement
set and Venn dicgrams representing and illustrating

csome of the foregoing concepts and other related concepts

not listed above.
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(ii) Euclidean Geometry of Solid Shapes. The geometry
included e study of the external cherscteristics and
classificetion of the shapes. Concepts studied under the
Algebra of sets were then =zpplied to the study of the
Euclidean Geometric Shapes.

The main students' text book used for the source of

the lesson meterials was SMG, liodern kethematics for

$Schools, Book 1. Tondon : Blackie and Zons 1971. The text

beek was preferred because it is widely used
for the Grade Eight methematics course in Zambla. Copies
of the book were also aveilable in the study schools.

kationale for Cnoice of Study Lesson Wisterial. The

present study conceptual framework, incorporated
cssumptions mede on the basis of common sense and other
study observations concerning Zambila. Piaget's
contribution (bopeland, 1974) on how chiidren first
acquire 1ogioo-mathematical knowledge was then used to
impose structure on the forementioned sssumptions end
observations in formulsting the conceptual framework.
Thus FPiaget's findings beceme important for the present
study.

Tisget found the development of the number concept to
be part of the child's growth. Reports on viaget's
experiments (Copeland, 1974; Isaac, 1963) suggest that
the number notion evolves gradually in stages closely
releted to the development of ideas of serisl order,
the logic end methematics of class relations and

e lememtary concepts of space.
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Number in the foregoing context, is seen as "a property
of a set of objects" (Copeland, 1974:55). Experience with
sets in this view, could help the child's thinking to
develop some basic logico-mathematical concepts. These
might include concepts of : constancy of number , that
is, & number of objects in a set is independent. of how
the objects are arranged; logical mathematical relation
of class inclusion, that is , if A includes B, and B
includes C, then A includes C ; Yogico-mathemgtical
relation of transitivity necessary for ordering or
hierachical classification, that is, if A is greater than
B, and B is greater ¥han C, then A is greater than C ;
multiple classification powerfully expressed by the
Venn diagrams of intersecting sets; and so on.

The logic of class inclusion and hierachical classifi-
cation in the above view, were also seen as examples
of experience necessary to develop the child's capacity
to abstract and generalise (Copeland, 1974). The idea of
relation also helps to provide some other basic ideas in
both methematics and logic. Venn diagrams are seen as
convenient and powerful tools for expressing relatioms.

The basic concepts in mathematics and logic discussed
abbve, appeared to be some of the kind of foundations
the Zambia Primary School Mathematics course attempts to
teach. The present study population consisted of fmesh
primary school graduates to: be initiated into: the

higher level of secondary school mathematics. The
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to build on. Thus the selection of lesson materisl from
the domein of these basic logico—mathematical concepts,
for the xind of population celected, was thought
eppropriste for the study.

Leuristic versus kxpository Lesson Presentations. The

sctual plans of lessons taught are presented 1in Appendix
VI. The same lesson outline, content and sequence of pre-
centation of materiasls wes followed in Expository and
Leuristic lesson presentations except as follows.
(a) Lxpository lesson presentation had, at ell the stages
of lesson development (i) » liberal teacher input of
information giving eway answers. (ii) Questions not marked
with an srteristic (*) in the lesson plans were posed but
promptly snswered by the teacher without giving the
studentis much chance to discover aunswers 0l their own.
(iii) EBvery effort wes made to conduct the lessons
according to the operational definition of expository
instruction of the study in Chapter I.

(b) In the neuristic presentation on the other hand,
(i).the teacher very speringly supplied information

even  that ’ containing clues. (ii) The students

were gilven as much chance and time, as was possible, in
an encouragement for the students to discover the answers
or solutions with the minimum of the teschers help.
(iii) Questions marked with an asterick were reserved

for the heuristic/method of instruction. Every effort
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was made to conduct the lessons according to the
operational definition of heuristic instruction given in
Chaepter I. Table 3 below showed a summary of the titles
of lessons taught and the time allocated to the teaching

of each lesson.
TABLE 3

SUMMARY OF LESSON TITLES AND TIME ALLOCATIONS

LESSON TITLE Ne. OF DURATION
CODE PERIODS (minutes)
11 Description of set 2 80
1.2 Membership of a set 2 80
1.3 |[Subset 2 80
1.4 Universal set 1 40
1.5 Venn diagrams as picturesof
sets 2 80
1.6 |Revision exercises on sets 1 40
2.1 Survey of solid geometric shapes 2 80
2.2 Cube and cuboid 2 80
TOTALS FOR TEACHING 14 560

Table 4 below showed school periods spent on administra-

tion of study instruments and other formalities.
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TABLE 4

SUMMARY OF SCHOOL PERIODS SPENT ON
- ADMINISTRATION OF INSTRUMENTS

TYPE No. of PERIOQODS

Pretest on mathematics échievement
Posttest on mathematics achievement

Attitude and Motivation scales

MNP NN

Home socio=—economic gtatus scale

Total number of periods 8

Data Collection

Data for the content of the draft instruments in readiness
for pilot studies, was finalised during the researcherb
normal mathematics teaching at Leopards Hill Secondary
school., This was between June 1985 and September 1985.
Pilot studies were then conducted at Matero Girls and
Matero Boys Secondary schools from 14 October 1985 to

29 October 1985. The main study lesson instructions

and main data collection commenced from 17 February 1986
continuing to 21 March 1986,

During the normal mathematics teaching of the Grade
Eight classes at Leopards Hill Secondary School (ILHSS),
informal discussions were deliberately provoked with
students and teachers to gain ideas on what students and
teachers thought of mathematics. The ideas helped the

shaping of item content of the various draft pilot
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instruments. During the same pre-pilot. period at LHSS,
observations were made and scored on student behaviors
thought indicative of motivetion towards learning
mathematics. These behavior scores were later used for a
‘criterion related validation test' of the motivation
scale.

Pilot Dgta Collection. Pilot trials of the

instruments were administered by the researcher in person
to one female grade eight class of Matero Girls Secondary
school and to one male grade eight class of Matero Boys
Secondary school, both in Lusaka. In the administration
of the instruments, there were no other announcements
made regarding the content of any of the instruments
beside what appeared on the top paragraph of each
instrument. The pretest was administered first followed
a week later by the posttest. Thus the pretest was not
preceeded by.any fresh learning of the study materials
while the posttest followed the 'learning' pilot students
might have had from answering the pretest.

On. Friday 17 October 1985, both pilot classes were
given the student's home Socio-Economic Status (SES)
pilot scale. The students were first asked to read
through the scale carefully so as to seek
clarification on any part that might not be clear. The
students were then told that they were accordingly to
explain to their parents anything in the scale that

might not be clear. The students were further asked to



109

take the SES pilot scale home and see to it that the
parents completed the scale questionnaire in readiness

to be brought back the following'Monday. Those success~
fully carrying out this task were promised their own
questionnaire to complete. This referred to the Motivation
and the Attitude scesles. Ninty two percent of the SES
pilot scales were returned completed on Monday . The
procedure of Friday to Monday completion of the SES

scale was consequently adopted for use in the main study.

The motivation and the attitude scales were presented
to the subjects in one questionnaire. The first half of
the questionnaire consisted of the motivation scale while
the rest measured attitude. Thus the students' responses
to both motivation and attitude pilot scales were collected
in one sitting. A total of 69 students took part after
discarding all questionnaires not fully completed. At the
end of the administration of the joint motivation - attitude
questionnaire, the students were asked to indicate any
difficulties encountered in completing the questionnaire.
Points raised were considered in the final shaping of the
scales for the main study.

The completed pilot study questionnaires, were serially
numbered on collection for future identification as no
names appeared on them. The coding and scoring of the
scales was as described earlier for each scale under the

heading instruments on page 86.
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The main : data were collected, using the pilot
tested instruments, from the - two grade eight female
clesses at Laoulonge Secondary School for Girls and from
the two grade eight male classes at Kebulongs
Secondary Scihicol for Boys. The collection of mein data
took place from 17 February 1986 to 21 lierch 1986
during the period in which the four study classes elso
received the study instruction in mathematics.

The pretest wes administered before any of the study
lessons were given. The posttest on the other hand, was
administered one dey after the last study lesson was
given in eech class. The motivation and ettitade scales
were administered after the posttest. The student's home
socio-economic status scale was administered one week
before the end of the study lessons.

The response scripts for each of the five
instruments were serially numbered for identificstion ss
the scripts were being received from the respondents in
e:ch case., scripts from the same respondent subject were
given the same serisl number. The coding and scoring of

the responses for each scale wss es described respectively

for each scale under instruments subieading above.

Control of Vsriables

Deliterate effort wes made to control expected
veriable effects, not being studied, as follows smong

other meessures.
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(i) Rendom assignment of subjects to the experimental
and to the control subgroups. Randomisation of
this kind was intended to randomly distribute veriance
due to imdividual differences among the sample
subjects. An assumption could thus be made that the
sample subjects had been equalised to allow study
variables show their effects more clearly.

(ii) Covariate control was incorporated into the study
design so as to be able to adjust for the covariate
effects on the criterion variable.

(iii) The researcher taught all lessons and
administered all instruments in person in an

attempt to control related variables.,

(iv) All five instruments for data collection were
. described
first validated through pilot studies as A under

instruments on page 86.

(v:)) Between schools variance was controlled by reprodu-

cing the experiment in each of the study schools(Karlinger,
1973:368). Thus each school had its own stratified.
selection followed by a random assignment of subjects

to study classes and then a random determination of the
experimental and control classes. The two study schools
selected, being centrally controlléd by the same Ministry
of Education, probably shared much in common in matters
such as school policy, curriculum, resources,administra-
tive structures, procedures in school organisation'and other

factors The choice of the two schools was partly
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influenced by factors inclusive of the foregoing
similarities. Similarities of the kind were expected to
reduce between~-schbols variance
(vi) The length of the study instruction period was
limited to five weeks as a measure to reduce the creeping
in of the effects of some other extraneous factors.
Such factors included: a possible gradual failure to

- mantain strict standardisation of the difference
between heuristic and expository instruction by the same
instructor over a long period; variation experienced in
the size and composition of students in the study
classes resulting from some students leaving and new
ones being admitted by the schools to fill the vacant
places; interference on the study program legitimately
arising out of the normal scheduled operations of the
term's programs O%he schools. The latter included activi-
ties such as related to sporting events and end of term
tests.
(vii) Data collected from students who were not randomly
assigned to the original study classes was not included,
in the analysis{\
(viii) A register of attendance was strictly kept for

each lesson,so that data from students who were present

" -
~

for all lessons uyas used in the analysis.
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Deta Lnelysis.

The Statistical Package for Social Sciences (spPss)
computer subprogram Three-way Analysis of Variance (ANOQOVA)
and Covariance wuss used to analyse themfégta. The sub-
program fitted the analysis since the ;tudy design was
multivariate consisting of a 2 x 2 x 2 Orthogonal
Factorial Experiment with control over four selected
covariates. The subprogram was also appropriate for the
study design data intended to be simulteneously analysed
to test the main and the interaction effects of the

independent variables. The three-way ANOVA with
covariance computer subprogram also fitted the analysis
of the non-metric nominal data of the three
independent variables (factors) together with the meiric
assumed interval data of the dependent variable, and of
the four covariates controlled. The computer output of
the subprogrem was able to test all seven null
hypotheses and their alternatives.

Two-tailed tests of significance at the 0.05 level
were used to determine the acceptance or rejection of
each of the gseven null hypotheses. Additional
data snalysis was done using a desk calculator to
search for more meaning to some aspects of the result.
of the main data analysis. Tahle 5 below showed the
scheme of analysis used for testing the study hypotheses,



TABLE 5

SUMMARY OF DATA ANALYSIS SCHEME

USED FOR HYPOTHESES TESTING .

SAM scores

HYPOTHESIS |DATA USED MAIN STATISTICAL |OTHER SUPPORTIVE
TEST USED. TESTS USED
Null Instruction |F-ratio on ANOVA | t - test on
hypothesis |method cate—|effects of method| category
One gories: on SAM means
heuristic/
expository
on SAM sconeé
Null Ability cate- F-ratio on ANOVA| t - test on
hypothesis ories: high| effects of category
Two low on ability on SAM means.
SAM scores
Null Sex cate~ F-ratio on ANOVA| t - test on
hypothesis |gories male/| effects of category
Three female on sex on SAM means
SAM scores
Null Method and F-ratio on ANOVA
hypothesis | Sex cate- interaction
Four gories on effect of method
SAM scores and sex on SAM
Null Method and F-ratio on. ANOVA
hypothesis | Ability cate- interaction effects
Five gories on of method and
SAM scores ability on SAM
Null Ability and F-ratio on ANOVA
hypothesis |Sex cate— interaction
Six gories on effects of ability
SAM scores _and sex on SAM
Null Method, F-ratio on !
hypothesis |ability and ANOVA interaction v
Seven Sex cate— effects of method,
gories on ability and sex

on SAM
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supportive tests for Null Hypotheses One to Three are
indicated in the last column. However, no supportive tests
were used for Hypotheses Four to Seven. The latter null
hypotheses tested interaction effects. Interaction effects
appeared more complex in nature than the single factor

main effects tested in Null Hypotheses One to Three.
Consequently, supportive tests on the interaction effects
were not carried out in order to limit the extent of the

analysis of the data.
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Analysis of scores., Under this subheading, details of

the SPSS subprogramme's data inputs and corresponding
outputs are outlined. Scores of the Students'
achlevement in ligthemzstics (S4ix) mezsuring post
treatment schievement, were used es input into the
SP3S5 computer subprogram Three-way ANOVA with Covarisnce
to test the seven null hypotheses =nd their
ealternstives. Case frequencies in the cells were kept
equal by random reductions where it became necessary,
50 &s to hsve an orthogonel factorial snslysis. The
orthogonal element in the znzlysis wes intended to make
‘the celculstions of the various component outputs as

T
well as the int?pretation of the results less involved
(Nie et =l., 1975:398-405).

The SPsS subprogrem ANOVA with Covariance (Nie et al.,
1975:398-433) was celected becszuse the program appeared
more appropriate to the precent study objective of investi-
gating causal effects on S4ill of the study independent
verisbles. Thue the subprogram appeared suited to the
etudy of the non-metric factors (independent variables)
instruction method, ability snd sex. At the seme time
the subprogram sppeared able to satisfy the need to
control et least the more expected metric covaristes of
previous mathemstics learning, attitude toward mathemetics,
motivetion snd student's home socio-economic status.

The metric covsristes were incorporasted into the study

design in en attempt to reduce any extraneous
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variation in students' achievement in mathematics they
might cause. Hopefully = thereby, improving precision
in measurement. The effects of the non-metric independent
variables however rémained the primary focus of the study.
Consequently Option 8 which controls the order of the
analysis of the variables was used as provided by the
SPSS ANOVA subprogram. This option ensured that the
assessment between types of effects was in the order of
firstly the non-metric factors, adjustment for these
non-metric factors, then covari}es followed by interaction
effects (Nie et al., 1975:415). Factors under this option
8 also became automatically adjusted for all other factors.
Covariates in turn became adjusted for all other covariates
and factors. The interaction effects were adjusted for
covariates, factors and all other interaction effects of
the same and lower orders. Thus the effects within each
type became adjusted for the effects of all the prior
types (Nie et al., 1975:414)

Under the same subprogrem, ANOVA options 9 and 10 and
their default determined the approach to the assessment
of effects. Default was adopted for the present study
s0 as to obtain a Classical Experimental Approach. In
this approach, each factor was adjusted for the other
factors. Covariates were also adjusted for other
covariates.

Subprogram ANOVA with Covariate Statistic 1 wes evoked
for the present study computer data gnalysis. Statistic 7
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resulted in a Multiple Classification Analysis (MCA)
output table presented in Chapter IV .. as Table 7.
The MCA table was additional to main ANOVA summary
output table of the subprogram. The MCA taeble was
necessary to provide a further displky of results beyond
the mere statistics for tests of significance provided
by ANOVA. Nie et al. (1975:409) further noted that the
MCA table data was particularly useful where attribute
variables, such as.sex and ability in the
present study, were involved.

The MCA table gave date which included: category means
expressed as deviations from the grand mean; uﬁadjusted
category effects for each factor; category effects
adjusted for other factors; category effects which had
been adjusted for all factors and covariates; and #gta,
Beta, and Multiple Regression (R) values.

Tpe adjusted values in the MCA table enabled the present
investigator to assess the magnitude of the remaining
category effects)factor by factor as other factors or
covariates effects were being partialled out. Values of
Eta squared indicated the proportion of variance explained
by the combined categories of each non-metric {independ:nt
variable) factor. The Beta values associated with the
category effects for each factor on the MCA output
table represented partial correlation ratios. These
ratio values might then be seen as standardised partial

regression coefficients. The Multiple R values, in the
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MCA table represented multiple correlation between the
dependent variable SAM and all factors (independent
variables), covariates (previous mathematics learning,
motivation, attitude and SES) and factor by factor
interaction terms.

R% for the column of the MCA table in which adjust—
ments were made for independent variables (instruction
method, ability and sex) represented the proportion of
variation in the . dependent variable SAM explained
by the additive effects of the independent variables.
R® of the column in which adjustment had been made for
independent variables and the covariates, indicated the
variation in the dependent variesble explained by the
additive effects of all factors and covariates.

The foregoing inferences from the MCA table were
however limited by the levels of interaction effects
between the factors. The use of equal frequencies in
the cells of the present design (orthogonal character)

keep
was also intended toﬂtnese interaction levels low.

Notes

1. Estimate made on the basis of student enrolment in
Grade Eight classes of the two schools in 1985, Data
for the estimates was from interviews with the Heads
of the mathematics departments of the two study schools.

2. Opinion also expressed in the Note 1 interviews.

3. Estimate made on the basis that Grade One admission
is open to seven year alds officially. These should
therefore turn fifteen years or nearly when in
the eigth grade.
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Republic of Zambia, Education Reform Speciagl
Investigation Report: &xaminations, fZvaluatilion and
Guidance. (Lusaka: 1975).

The idea of including the inmediste menmbers of the
extended family in evelusting a gtucent's home
goclo-economic status in en African situetion arose in
e discussion the researcher had with Or P.P.w. Acholas
of the Educationesl isesearch +ureau, University of
Zzambia, Lusaxa in 1985.

The assumption here is that perents in homes of higher
soclo=~economic stetus were more likely to have concern
and the capacity to give such help. One basis for the
aggumption is that education in Zambkia, @s elsewhere
in developing countries, tends to be animportant
lacdder to hnigher socilo-eceonomic status.

.. Njobe "Effects of the Agriculturel Science
Curriculum, the school environment and the student's
home socio-economic status on attitudes toward
careers in Agricultural rrocduction". Unpublished
lieBd vsissertation, University of Zambia)Lusak§)1983.



CLAPTER IV

RESULTS AND DISCUS:ION

The findings of the study eccording to the hypotheses
and methodology were summsrised snd discussed =s presented
below. Tables 6 and 7 presented summary resulte of the
main stuly dete anslysis. Table 6 sunmerised the result
of & three-way Analysis of Veriance (ANOVA) end an
enalysis of Covarisnce. Table 7 presented z Multiple
Jlassification Anelysis (iiCi) table showing the pattern

of effects summerised in Teble 6. Tatle 8 prezented

O]

cross-tetulation of factor category subgroup Stucents'
iehieverent in Lethemetics (54lM) mesn scores sccording
to method of incotruction, 2bility end sex. Tebles 9, 10,
and 11 prezeuvted sumnary results of additionzl dats

en

lyeis coimnrising t-test comparisons of SAL meen

v

4]

ccores of study subgroups.

SR T T A
ZESULTS

Adesults of izin Deta inslysis. Tatle 6 telow zhows

[

a sumiary result of mein date anelysis used to test

null hypotheses Cne to Seven =nd their alternatives.
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THREE-WAY ANALYSIS OF VARIANCE AND
ANALYSIS OF COVARIANCE SUMMARY DATA N=

TABLE 6

122

96

SAM : STUDENTS* POSTTEST ACHIEVEMENT IN MATHEMATICS
BY METH : METHOD OF INSTRUCTION
ABIL : ABILITY LEVELS OF STUDENTS
SEX : SEX OF STUDENT
WITH PRET : STUDENTS* PRETEST ACHIEVEMENT IN MATHEMATICS
SES : SOCIO-ECONOMIC STATUS OF STUDENT'S HOME
ATT : ATTITUDE OF STUDENT TOWARD MATHEMATICS
MOT : MOTIVATION OF STUDENT TOWARD LEARNING
MATHEMATICS
HYPOTHESIS| SOURCE OF|SUM OF df| MEAN. r - SIGNI-
VARIATION| SQUARES SQUARE FICANCE
Main | P
Effects 2006,208| 3 | 668,736 6.555 0,001
Hb One METH. 112.667| 1 | 112.667 1.104 0.297
Ho Two ABIL 1820.042] 1 | 1820.042{17.840 0.001i
Ho Three SEX 73.5001 ¥ T73.500| 0.720 0.999
Cavari-
PRET 3004.470| 1 |3004.470(29.450 | 0.0UL1
SES 7.708} 1 7.708| 0,076 0.999
ATT 193.087| 1 193.087| 1.893 0.169
MOT 438,525 | 1 438,525 4.298 0.039
2-WayInt-
eractions | 566.846| 3 188.949| 1.852 0.142
Hb Four METH/SEX 456.74 1 456.T41| 4.477 0.035
Ho Five METH/ABIL 86.004 | 1 86.004| 0.843 0.999
Ho Six ABIL/SEX 26,056 1 26,056 0.255 0.999
3¥Way Int+
eraction 8.284| 1 8.284| 0.081 0.999
H_  Seven METH/ABIL/
o SEX 8.284| 1 8.284| 0.081 | 0.999
Explained
Vagiance 6904.871111 627.716] 6.153 0.001
Residual
Variance |8569.754|84 ‘102-021
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Teble 6 ebove showed the sumrery recsult of snslysis of

4

datz for testin null hypotheses (ho) Cne to seven

g J
eénd zlternstives (hi)’ e findings below were decduced
from the recult.

~ull hypothesis Une (hc Cne). cumery deta for
b, One showed P(1, 94)=1.104 rnot significent st the
level of »p=0.0% . Consequzantly, kL Cae that there is no
difference in SAW wnen stusents =re taught by either a
heuristic or =u excository wethod of instruction was

accepted. Alternstive hypothesis h, Jne tha? there vas a3

o

difference in OAK wnen students wsre taught by hneuristic

wethod snd when taught by an expository wethod of lustru-

ction wes rejected. Un the whole therefore, the students
showed no overall si nificeant difference in SALK wien

Seught by heuristic snd when taught by an expcsitory
method of instruction,
“ull hypothesis Two (‘-:13 Two ). Summary data for

h, Two ehowed (1, 94) = 17.54 , sgignificsut at p=0.001

i'ull hypothesis Two that there is no relsticnehip between

o L7

54 end students' levels of ability wes conceguently

92
]

rejected. Tue alternative hypothesis (h1 Two) thet there
is & relstionship between students' achievement in
rathematics and their . levels éf ebility w=sse
accepted. Thus on the whole, students' achievenent in

ad releted to students' ability.

ull hypothesis Three (ho Three). Sumnery data

for ho ane& chowed #(1, 94) = 0.720 not significant et
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=0.05 . Therefore,ho Three that there is no relationship
between SAill eand sex of the student ves sccepted. Alter—
native hypothesis hy Three thet toers 1s 2 reletionship
Letween SAM =nd the zeX of the student wes rej] ccted. Thus
the study sample students, taken sg & whole, showed no
oversll si.onificant difference in nethemstics cchieverent
on eccount of tne sex difference.

{ull hypothesis Four (h_ Four). Sumd ary cate

o
for h  sour cnowed (1, 94) = 4.477 significant et p=0.05

ull hypothesis ho Wour thet there 1s no £eX versus method
of instruction interzction effect on Sall wes therefore
rejected. Alternative hypothesis by Tour thet there is &

sex Versus retnod of instruction interaction effec

t on
gall wes cccepted instead. Apperently +nwzprefore, tonere was

q

on tne whole, an effect on ctudents’ schievenent in methe-

(

metics cue to an intersction between nethod of instruction

snd th ex verisble.

[¢)]
w

A
m
<t
Q

wull hypothesis Five (ho rive).

summery corresponding to by pive showed (71, 94) 0.843
not significsnt et p=C.05 . ull hypothesis ho Mive tunet
there is no ebillty vercus rethod of inetruction inter-
sction effect on SAn wag consequently nccepted. Alter-
nstive hypotheeils g wive thet there ig ai skility versus

N AT

nethod of instruction intersction sfTect on AN was

rejected. ability snd inst truction

(O]

thod, on the whole, showsd 10 intersction effect on

students’ cchievement in mathemsticso
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wull hypothesis Six (ho Six). ouminery data for
b, wix showed F(1, 94)=0.255 not significant at p=-0.05 .
Thus ho six thet there ie no egbility versus sex interaction
effect on SAM wes therefore esccepted. Alternstive hypothesis
h1 wix that tiere is en sbility versus sex intersction
effect on SAW was rejected. Therefore, on the whole, the
study found no intersction efiect on students' achievement
in methematics between sex snd ability.

Wull hypothesis Seven (ho Seven). Sumiiary data
for h  GSeven showed F(1, 94)=0.081 not significant at

VEIrSUE SEX

p=C.05 . Consequently, ho seven that there is no sbility .
versus method of instruction interaction effect on SAN wes
accepted. Alternative hypothesis h1 oeven thet thnere is an
ebility versus sex versus method of instruction interaction
effect on SAM was rejected. On the whole therefore, the
gstudy found no significant oversll effect on students'
achievement in mathemetics due to intersction among sex,
ability and instruction method.

Teble 6 data on the pretest covariste showed an (1, 94) =

~

£9.450 gignificent at p=0.001 . Frobably therefore the

te' previous nathematics learning, messured by the
pretest hed s significant effect on guksecuent SAM. 'The
Cate for the covariete nmotivation (Tsble 6), had (1, 94)=
4.298 significant et p=0.039 . Thue the students' motiva-
tion towards learning methemstics elso appezred to hesve a
gignificent eifect on SANM. The covariste (Teble 6) on

soclo-economic status of students' Lomes and on

stucdente' =2ttitude torard lesrning msthemetics snowed

L)
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no significant effect of either covariate on students'
achievement in mathematics. Probably therefore, attitude
toward mathematics and the students' home socio-economic
status had no significant effects on students' achieve-
ment in mathematics.

The data in Table 6. , showed the interaction between
method and sex to have had F(1, 94)=4.477 significant
at p=0.035 . Thus the interaction between method and sex
appeared statistically significant in the result of the
present study. Probably therefore, the effects of method
of instruction on students' achievement in msthematics
were not uniform across the male and female categories.
That is, method of instruction appeared to influence
students' achievement in mathematics in such a way that
boys were influenced differently‘fram girls.

Table 6 data however, showed that the interaction
effects between method and ability and between ability
and sex were not statistically significant. Consequently
on the whole, neither the effects of method appeared to
vary from one ability category to another, nor did the
ability effects vary according to sex. The three-way
interaction among method of instruction; ability and
sex was, on the whole, also not statistically significant
according to the data in Table 6.

The Multiple Classification Analysis Tabke 7 below
provided a further data analysis display showing the
pattern of the ,ANOVA‘effects‘summarised in
Table 6,



TABLE 7

MULTIPLE CLASSIFICATION ANALYSIS
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SAM ¢ STUDENTS' POSTEST ACHIEVEMENT IN MATHEMATICS
BY METH : METHOD OF INSTRUCTION
ABIL : ABILITY LEVELS OF STUDENTS
SEX ¢ SEX OF STUDENT
WITH PRET : STUDENTS' PRETEST ACHIEVEMENT IN MATHEMATICS
SES ¢ SOCIO-ECONOMIC STATUS OF STUDENT'S HOME
ATT ¢ ATTITUDE OF STUDENT TOWARD MATHEMATICS
MOT ¢ MOTIVATION OF STUDENT TOWARD LEARNING
MATHEMATICS
GRAND MEAN 40,19
ADJUSTED |ADJUSTED FOR |ADJUSTED FOR
INDEPENDENT INDEPENDENT
VARIABLES VARIABLES AND
COVARIATES
VARIABLE [CATEGORY| N |DEVIA-{ ETA |DEVIA~ |BETA |DEVIA-— | BETA
TION TION TION
ETHOD
1.EXPOSITORY 48| 1.08 | 1.08 1.87
2.HEURISTIC [48|-1.08 -1.08 -1.87
0.09 0.09 0.15
ABIL
1. LOWER 48| -4, 35 -4.35 -2.07
2. HIGHER  |48| 4.35 4.35 2.07
: 0.34 0.34 0.16
SEX
2. MALE 48| 0.88 0.88 1.95
0.07 0.07 0.15
MULTIPLE R SQUARED 0.130 0.409
MULTIPLE R 0.360 0.640




128

The summary results shown in Table 7 above were
presented as below. The grand mean score for S8tudents'
Achievement in Mathematics (SAM) was shown as 40,19 .
The first and second columns of the table showed that,
for each of the two sample subgroups of each of the
three study factors, 48 subjects participated. Thus the
study factorial design achieved the criterion of having
equal cell frequencies. The study factorial design
therefore qualified as orthogonal. Equal cell frequené?s
in the design meant. that each cross classification among
all three factors had the same number of cases. All
factor effects shown in Table 7 were therefore
regarded as orthogonal. Consequently the effect of each
factor was considered as being independent of the effects
of the other factors. The interaction effects were also
taken as being orthogonal, that is , independent of the
effects of the main factors (Nie et al., 1975:398-433).

The effects of each factor in Table 7, were thus taken:
as expressed by the sum of the squared differences of the
corresponding factor categorgy means from the grand
mean (40.19) of SAM scores. Generally therefore, the
assumptions were that the greater the category mean
differences in a factor, the greater the sum of the
squared differences for that factor.

Column three showed SAM mean scores, for each factor
before adjustments, as deviations from the grand mean.

These values indicated the magnitude of the effects
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ot

on SAll, due to the corresponding factor. Thus the

effect appeared es being that of s2bility. Lext wes the

L

effect of method of instruction and lestly that of sex.
The devistions from the gzrand mesn showed that the SAll
mean scores corresponding to each of the three main study

actors were ss follows. The SAM mean score for ssuple

(=3

6]

tudents taught by expository method wes sbove the grand

siple mean, while the SAW meen score for sasmple students

(9]

~tsugat by beuristic method wss below the grand ssmple
mesn. Thus the result of the expoelitory instruction

enneared to centribute more than the result of heuristic

inetruction toward the raising of the oversll mean
mathemetics achievement (grsnd meen) of the erntire
ssmple. The 3AL7 meen score for the mele sample students

®
Qs

gran

o

wes elkove the sampl mean, while the SALl mesn score
for female s=mple students wee below the sample grand
necn. Thus the mesn scores for the mele sample students

b

sopesred, on the whole, to be aigher than the mean score

of the female samnle students. The SAN mesn score for

the nigh ebility ssuple students was above the grand

mean of the sawple, while the 3SAl mean score for the low
2bility sample students wee below the grand mesn score.

If 'scility' wesnt ebility to achieve well (Vernon, 1971),

this
then A study result el=o provides that support.

The =ize of the deviations from the grsnd mean

ustments were meade

i

changed for the method factor wihen &g

for the other two study factors sud for the coveristes.
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On the sex factor, the deviations were more than doubled
when further adjustment for coveriates, after adjusting
for other factors was done. On the other hasnd, deviations
from the grand mean for the ability factor remained
unchanged after adjustment for other factors, but was
halved when covariates were also adjusted for.

Column four showed the eta values for each of the factors.
Ets is a commam correlation coefficient measuring the
strength of association of each factor with the criterion
varieble SAM., Ability appeared to correlate distinctively
higher with SAM than dld the other two factors. This
suggested that SAM scores could be predicted more
accurately from student ability scores than method of
instruction used or sex of the student.

Eta squared for each factor provided a measure of the
estimate of the proportion of variance in SAM explained
by the combined category effects of the factow., The eta
squared for the ability factor was (0.34)% and was
statistically significant since the ability effects were
shown significant in Table 6 ANOVA summary result. Thus
the proportion of variance in SAM explained by ability
was (0.34)%, “or 0.1156 equivalent to about
11.6 percent. The percentages for method and sex
similarly calculated came out much smaller, thzt is,

as 0.81 and 0.49 respectively.
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CJongidering en orthogonel fectorisl deszign, the equation

for snelyeis of veriasnce is *

= SS L.
;,UT- k} _[\ +\)&"‘,."‘,':L.tb,ln (1)
where : Son=totsl sum of scusres; L& .= sum of
i * £
gsqueres for gll mein factors and for intersction
Fa " - 3 ~ . g 3 -
effects; 58 Spithin = Sum of squeres representing error
effects gnd other effects not accounted for. Iy cefinition:
- 2 SS,
its squarea"{l - A (2)
SS
T
end thus from eqgustion (1)
2 SS,m = S8
N = oer within . (3)
SSq
SE Ls
- 1 - within
- S5
T
The following three observetions sre mede from equation 3.
2
1 — 3 Qg 1o | S Fe o 3 ] i
(i) 11 = 1 if 88, 4,4, 15 zero while ot the same time

[¢)

there is verisbility (S5 A) between fector cetegory efieccts.

(ii)1]2== O if there is no difference between fector
cetegory effects. Thet is, QS _.O. The lsztter could
imply thet = factor without aifferences 1n category effects,
hed no effect on the criterion varisble.

spplying the foregoing to Teble 7 therefore, the eta
velue of 0.34 for ebility suggested the exi&tgnoe of =
stetistically significent oversll difference between ZAN
mesn ccores of students of high =nd gtudents of low ebility.
Overall c=tegory difference of means of ALl scores for
students taught by heuristic end students taugnt by exposi-
tory instruction were however not significant (Eta::0.09).

Lirdilery, overall cetegory mean 5440 difference of male and



of female students was not significant (rta=0.07).

The significance and non-significance of these eta values
is indicated by the ANOVA significance tests data on
corresponding factors in Table 6.

The three factor effects of the present study are
orthogonal to each other. Consequently, the algebraic
sum of the squares of corresponding regression coefficients
(eta or beta values) for the three factors give the
proportion of variation in SAM jointly expleined by the
factors. However the same value of the proportion in the
present study, is also given by Multiple R  squared (Rz)
discussed in this study later, .

Columns five and six, display data on the three study
factors after the effects of each factor had been
adjmsted for the effects of the other two factors. A
beta coefficient is aesociated with the category effects
indicated by deviations from the gramd mean for each
factor. Beta coefficients represent partial correlations
between the criterion variable (SAM) and the respective
factors. Beta and eta coefficients might be distinguished
from each other as follows. An eta coefficient is
equivalent to a simple beta of a bivariate linear
regression of a criterion variable on a corresponding
factor. In an orthogonal factorial design of the present
kind, beta values are associasted with sets of adjusted
category effects. Beta values may be viewed as

standardised partial regression coefficients.



X1 , 12 sné X, reprecent the independent verisbles
-~
(fectors) wothod, abdiity =nd sex . 4Lodse thne
¥, intercept which is the velue of Y, whern
3'{1_ X=mirq = O
2 3

L - = I T B 3 IR S P | o 1, 1. -
(hat is, the predicted cotimete ccore w.en the three

fectors A, XZ and 4, contritute zcero cffzct to to

~

.._
(6]

T

.3 score. & zero elfect could wmeen the sumnm of

iy e . ] N T I 1 s Y L Y N o e 3 o~y
cqgueres & isted with toe regression ecqustion line were

vero. Gorsecuently, the predicted =core would Le the mesn,

AT

Tuet ie, the _rond wesn of tihe study sample SAWN scores

O

s
o
-

€

then from scustion 4 wve biave
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tuen

.

Uiet is, B, could bz des ribed =g the expactle d crienge 1n

i1 (5AM score) when unit chenge in Aq is effected while

are kept coustent, 51 therefore indicetes the

\»)

[l

rference that might be expected on SAM scores (Y) between
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which is negative.

Thus the partialling out of the effects of covariates
appeared to decrease the expected difference in criterion
variable (SAM) scores (Y) between two groups which
differed by one unit: on each of the three factors X1 ’
(method), X, (ability) and XB (sex). That is, in the
present study, the taking out of the effects of the
covariates previous mathematics learning, socio-economic
status of student's home, attitude toward mathematics
and motivation towards learning mathematics appeared to
have an overall effect of decreasing the joint effect
of method of instruction, ability and sex on students
achievement in mathematics.

The bottom of Table 7 recorded values of’

‘multiple R * and 'multiple R squared'. Multiple R
represented the multiple-correlation coefficient between
the criterion variable SAM and the three study factors
taken jointly. The R value gave indication of the degree
to which the three factors taken together jointly
predicted SAM scores. R = 0.360 at the bottom of column
gix showed that the combination of method, ability and
sex appeared more correlated with SAM than either
method or ability or sex taken alone - as judged from
the eta values in column six.

The multiple R value increased from 0.360 in column
gix to 0.640 in column eight where the effects of the

covariates had been taken out. The increase suggested
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that the multiple correlation between the study criterion
variable and the independent variables (factors)
apparemtly increased as the effects of the covariates
were partialled out. frobably therefore, SAM scores could
be more accurately predicted from the combination of the
predictors method, ability and sex than from anyone of
these predictors taken singly. The power of prediction
of SAM scores from the combination of method, ability
and sex appeared therefore to increase when the effects
of previous mathematics learning, students' home socio~—
economic status, attitude toward mathematics and
motivation toward learning mathematics are taken out.
Since the study factorial design is orthogonal, the
multiple R squared value of 0.130 at the bottom of
column six, indicated the corresponding proportion of
variance in SAM explained by the additive effects of
method, ability and sex after adjusting the effects of
each factor for the effects of the other two factors.
Similarly multiple R squared value of 0.409 at the
bottom of column eight,represented the proportion of
variance explained after adjustments for factors and
covariates. Thus the explained variance appeared to
increase from 13 percent (0.130) in column si& to> about
41 percent (0.409) in column eight after adjusting for
covariates. Apparently therefore the taking out of the

effects of covariates tended to raise the proportion

of explained variance from 13 to about 41 percent.
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on the other hand, showed the lowest meang scores of
all subgroups of either sex, instructed by either method,
Thus female subgroup mean scores appeared sandwiched
between the mean scores of the high ability male sub-
grouwps and the mean scores of the low ability male
subgroups. The female subgroups, smong themselves, showed
that the higher ability subgroups, under either method of
instruction, scored higher than the lower ability
subgroups of both sexes under corresponding methods of
instruction.

Table 9 below presented a summary result of subgroup
t - test comparisons of the effects of the students®
ability on Students' Achievement in lMathematics (SAM)

mean scores.
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Table 9 above zuggested the following observations.
(i) The SAM mean score of the study sample high ability
male students (n =24) takeh together was significantly
higher than the sample SAM mean score of the low ability
male students (n =24) of the study sample taken together
(t =4.,78 , df = 46 significant at p-0.001). Thus taken
as a whole, irrespective of method of instruction, high
ability male students scored, on the whole,, significantly
higher than low ability mele students. That is, on the
whole, the ability factor appeéred to influence SAM score
gignificantly among the male students.

(ii) The SAM mean score of the study sample high ability
female students (n=24) taken together did not differ
gignificantly from the SAM mean score of the study
sample low ability female students (n =24) taken together.
Apparently therefore, taken as a whole, irrespective of
method of instruction, high ability female students
taken together did not, on the whole, significantly
score differently from female students of low
ability taken together. That is, there was no observed
significant effect on SAM attributable to the ability
factor among the female students taken as a whole. Thus
the ability factor did not appear to have had a signifi-
cant influence on SAM among the female students of the
study saemple. Probably therefore, the ability factor
had its greatest and significant effect on SAM among

the male than among the female students.



(iii) Significant differences, in subgroup means,
attributable to differences in ability between : the
male subgroups of high and of low ability taught by
heuristic method of instruction (t=3.97 , af = 22
significent at p=0.01) ; the male subgroups of high and
of low ability taught by expository method of instruction
(t =2.696 , df = 22 significent at p=0.05). That is,
high ability male students scored significantly higher
than the low ability male students whether taught by
heuristic or taught by expository method of instruction.
(iv) No significant differences, in subgroup SAM mean
scores attributable to difference in ability, were
apparent between: the female subgroups of high and of
low ebility taught by heuristic method of instruction;
the female subgroups of high and of low ability taught
by expository method of instruction. That is , high
ability female students did not appear to score differe-
ntly from low ability female students whether taught
by heuristic or taught by expository method of instruction.
Table 10 below summarised the resultsof additional
data analysis consisting of subgroups t - test
comparisons of the effects of sex on sample students'

achievement in mathematics (SAM) mean scores.
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Table 10 above, showed the following:
(i) A significant difference, in subgroup SAM mean
scores, -attributable to difference in sex, between high.
ability male subgroup and high ability female subgroup
taught by heuristic method of instruction (t =2.28 ,
df = 22 significant at p=0.05) . Thus high ability male
students scored significantly higher than high ability
female students when botﬁi%gught by the heuristic method
of instruction.
(ii) No significant differences, in subgroup SAM mean
scores, attributable to sex differences between : high
ability male subgroup and high ability female subgroup
taught by expository method of instruction; low ability
male subgroup and low ability female subgroup taught by
expository method of instruction. Thus neither the high
nor the low ability male suligroups appeared to score
differently from the corresponding high and the low
ability female subgroups under expository instruction.
Probably therefore, male and the female subgroups of
matched ability levels did not score differently when
taught by the expository method of instruction. But
under heuristic instruction, the high ability male sub-
group appeared to score better than the high ability
female subgroup.
(iii) ©No significant SAM mean differences were found
between score of : male high ability students (n =24)
and female high ability students (n=24) taken overalil:

irrespective of method of instruction; male low ability
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students (n =24) and female low ability students (n=24)
taken overall irrespective of method of instruction. Thus
on the overall, irrespective of the method of instruction,
no significant differences appeared between corresponding
SAM mean scores of the high and of the low, male and the
female student subgroups respectively. Thus the sex
factor showed no overall significant effect on students’
achievement in mathematics (SAM). This t-test result
confirmed the main study data analysis finding in this
regard.

Table 11 below summarised the result of additional
dafa snalysis comprising subgroups +-test comparisons
of the effects of the study methods of instruction on

Students' Achievement in Mathematics (SAM) mean scores.
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Table 11 above showed no significant differences, in
subgroup SAM mean scores attributabke to difference in
method of instruction, between : the high ability male
subgroups taught by heuristic and by expository method
of instruction; the female high ability subgroups taught
by heuristic and by expository methods of instruction;
the low ability male subgroups taught by heuristic
and by expository methods of instructionj; and the low
ability female subgroups taught by heuristic and by
exnository method of instruction. Thus method of
instruction did not appear to have any statistically
significant differential effect on students of either
level of ability in either sex.

DISCUSSION

Introduction The results presented above were analysed

as follows. The analysis was prefaced by a summary
recount of the main findings of the study. The main
findings on the ability, sex and method of instruction
factors were analysed next.Then followed the analysis

of the main factor interactions with special focus on the
stetistically significant method and sex interaction.
Covariate effects of previous mathematics learning
measured by a pretest, students’ motivation towads
learning mathematics and other covariates were then
analysed. £An effort was made in all the analyses

to relate the findings to the literature reviewed. Genera-

lisations, conclusions, recommendations and suggestions



were made for further study. :
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answering questions; and so on when compared to low
ability students. Advantages identified above might then
enable high ability students to achieve better than low
ability students. The finding is more in accord with the
common sense expectation that high ability students
should achieve better than low ability students. The
finding supports the definition, implicit in the
observation by Vernon (1971), of ability as capacity to
achieve well.

Table 17 below showed the result of additional data
analysis consisting of a Spearman Rank (rder comparison
(Cohen, 1976) of the SAM and the ability (Grade Seven
Aggregate mean scores) of the study eight basic

subgroups.
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TABLE 12

SPEARMAN RANK-ORDER CORRELATION BETWEEN SAM
AND ABILITY MEAN SCORES OF SAMPLE SUBGROUPS

SUBGROUP ABILITY [|RANK— SUBGROUP|] SAM [TRANK

DESCRIPTION MEAN ORDER n MEAN |ORDER
SCORE SCORE

Male high

ability taught 752.58 2 12 49.83 1

by heuristic

Male high 756.58 1 12 45.75 2

"~ " tability

taught by

expository

Female high

ability taught 729.25 3 12 44,92 3

by expository

Female low
ability taught | 656.75 7 12 39.25 4
by expository

Female high 7
ability taught | 729.08 4 12 37.67 5
by heuristic

Female low
ability taught | 656.17 8 12 35.42 7
by heuristic

Male low '
ability taught | 672.83 5.5 12 35.17 8
by expository

Male low ability ’ ‘
taught by 672.83 5¢5 12 35.5 6
heuristic

Spearman Rank—order Correlation coefficient from

2
N(N%-1)
Using t-test (Cohen 1976) for significance

t = rhf/m_hﬁ 2 where N =8 . The t=2.469

2 gignificant at

1 = rho p= 0,05
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Table 12 above showed the rank-orders of the SAM and
the ability mean scores of the study basic subgroups.
The subgroups are basic in that, they were
combined four at a time in various ways to. constitute
the main study factor categories reported upon in the
ANOVA summary _ in Table 6.

The last two columns of Table 12, showed that for all
the subgroups considered together,the high ability male
subgroups ranked highest. The low ability male subgroups
ranked lowest. The female subgroups ranked in between.
In a way therefore, the ranks of the male and of the
female subgroups SAM means scores mingled.

Though high . ability male subgroup mean scores
ranked higher than the corresponding high ability female
subgroups SAM mean scores, every female subgroup SAM
mean score appeared higher than every low ability male
subgroup SAM mean score. That is, not only did every
high ability female subgroup appear to score higher than
every low ability male subgroup irrespective of method
of instruction, but low ability female subgroups
appeared to score higher than every low ability male
subgroup irrespective of method of instruction. However,
the differences among the foregoing -subgroup means
were not always statistically significant as reported
earlier in Table 9.

The means of the aggregate scores (ability) Table 12

of the subgroups at the Zambia National Grade Seven.
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Composite Setection examination were included in Table 12
for comparison. The Grade Seven selection scores were
used in the present study as ‘'ability'® scores for cate-:-
gorising the sample subjects. Columns 2 and 3 in
Table 12 showed respectively the Grade Seven selection
mean scores and their rank order. The Spearman rank—
correlation coefficient between the rank orders
(Table 12) of the SAM and the ability mean scores was
0.71, df=6 . The significance of this value was tested
using t-test t = ry—&l— whers 3

1 - (rho)2
N is the number of means ranked; and rho is the

Pearson Rank-order correlation coefficient. The value
of t obtained was 2.469 df=6 significant at p=0.05 .
However since N was less than 10, chi%?Znificance test
might have had limitetions (Bruning and Kintz,

1968:156-159). Never-the-less, there was probably a
significant correlation between the subgroups' ability
categorising mean scores and the study SAM mean scores
of the same subgroups. That is, students categorised as
high ability tended to have higher mean scores than
students categorised as low ability. Again this finding
confirms the main study finding in Table 6 that ability
had & significant effect on SAM.

From the eta values (Table 7) ability also appeared
to correlate distinctly higher with SAM compared to the

method and the sex factors. This suggested that SAM




might be predicted more accurately from the students'
ability scores than from method of instruction used or
from the sex of the student. If however the influence

of covariates - on the regression effects represented

by the ete and beta: values in Table 7 - were also
considered, the effects of ability on SAM appeared, on the
whole, to have been re-inforced by the effects of the
covariates. Perhaps the more dominant effects of such
covariates were due to previous mathemstics learning

and motivation towards learning mathematics. This might

be the case since the latter two covariates had gignifi-
cant effects on SAM (Table 6). Consequemtly, SiM appeared
to regress less on ability in the absence of the covariate
effects.

In general therefore, the results seem to suggest that
ability as measured by the present Zambia National Grade
Seven Composite Belection examination might be a
significant predictor of‘students' performance in the
Junior secondary school mathematics. The predictive
power of the ability factor however, appeared enhanced
by the students' previous mathematics learning and
students' motivation towards learning methemstics. This
generalisation, if valid, might then be supportive of
earlier findings by Ming (1975) and Sharma (1974).

Ming (1975) found the non-verbal reasoning test at the
Grade Seven Composite examinatiom to be a"useful and

valid predictor"” of students performance in secondary
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However, unlike the iing (1975) and the Sharms (1974)
? S
studies, the present study was not focussed on correlstions

orede seven performsnces in part

btetween secondary and g
component pepers of the composite exemination. The present
¢tudy only found that, on the whole, ability measured by

t sggresate perforwance et the 1985 Grede Seven Coiposite

D

1

velection exowination was & significant factor in the

-

students' achievenent in wmetnematics on beginning the Zouwkis

~ h]
3

Grasde Dight methematics course.

I »n azdditionsl date rnslysis, a couwparison of the ner-

formances of the high versus low ability basic subgroups of
the study sample in esch sex showed thet,the msle studente'
high ability subgroups (Teble 8) had the highest SAM mean
scores compared to all other subgroups. This cltservation

I

right be pertly explasined in terms of the results tn Teble 1

age 65 showing that, the mean Pbility(@rade Seven Azgresate

e}
(

goor;)of the meale high ability subgroup was siignificently

subgroups. But also notable, Tewsle students cate-
sorised cs low ability snd having significantly lower
sbtility (Grade Seven Apgre;ate  mean scorg)thﬁn the corres-
ponding low =bility msle subgroup (t =50,06, Jf =46

ignificant at p=0.001) had - a higher SAM meen score

N

then the msle low sbility suksroup, even though the diffe-
rence weg not statistically significant.
Further investigetion of the finding might Ye Becessary.

Cne poseibility wmight be that the observation also probably
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suggested that ability was not the sole determining
factor of SAM. The effects of other factors could also
probably be at play. The present study, in this regard,
did find statistically significant effects on SalM
accountable for by: an interaction between method of
instruction and sex; covariate previous mathematics
learning; and covariate motivation towards learning
mathematics.

Additional data analysis result of t-test comparisons
of SAM mean scores of the study basic subgroups on the
ability factor, were summarised in Table 9 on page 124 .

. The result showed that, on the whole, high ability
male students scored significantly higher than low ability
male students when taught by the heuristiw and when taught
by the expository method of instruction. However, though
high ability female students also scored higher, on the
whole, than low ability femasle students when taught by
the heuristic and when taught by the expository method
of instruction, the differences in the female subgroup
SAM means under either method of instruction were not
statistically significant. Probably therefore, the ability
factor, on the whole, had a more significant effect on
SAM among the male than among the female students.

The findings on ability measured by aggregate scores
in the Zambia National Grade Seven Composite Selection
examination might be generalised as follows., Ability had

a significant effect on students' junior secondary school
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of covariates which include previous mathematics
learning and students’ motivation towards learning
mathematics. In the absence of the effects of the
covariates, GAM appeared to regress less on abilitye.
Probably, ability also did not significantly interact
uith either method of instruction or sex of the student
or both to produce an effect on students’ achievement
in mathematics.

Comparisons of performance of the present study
sample basic subgroups also suggested that high ability
male students achieved better in mathematics than : the
low ability male; high ability female; and the louw
ability female subgroups. This finding anpeared to be the
case whether these.subgroups vere taught by the
heuristic or by the expository method (Table 9).
However, considering the performance of female subgroups
from an additicnal analysis of data, high ability
female students achieved better than low ability
male subgroups whether taught by the heuristic or the
expository method. 3ut low ability female subgroups
achieved better than louw ability male subgroups
irrespective of whether taught by heuristic or by the
expository method. However, the differences in the
means compared were not statistically significant. Further

study on the relative achievement of the low ability
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female and low ability male students appeared
necessary.

The foregoing findings from additional data analysis
of subgroup SAM mean score comparisons, are interesting.
Cne point of interest was in the contrast of the two
following observations. Une observation was that
high ability males scored better in mathematics than
high ability females. This was understendable since
the high ability males had higher ability {(Grade Seven
fggregate scores) than the high ability females.

The second contrasting observetion was that low
ability females scored better in mathematics than low
ability males. Yet, these low ability female students
had significantly lower ability (Grade Seven Agaregate
scores) than low ability males. Consequently, one
possible suggestion might be that though the overall
ability effect on SAM was statistically significant,
at the level of subgroups performances however, other
variables$ showed more significant effects. Some of
these variables may include a method versus sex
interaction found in the present study to heve a
significant effect on students’ achievement in
mathematics. Covariates which also appeared to
influence the regression of students’ achievement on

ability, included previous mathematics learning and
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motivation towards learning mathematics.

Thus ability measured by the Zambia National Grade
Seven Examination, probably predicts students”
performange in the Junior Secondary School mathematics.
This predictive power appeared to be reinforced by
the effects of covariates including previous mathzwalics
learning and the covariate students” motivation
towards learning mathematics. Thus, while on the whole,
ability had a significant effect on students”
achievement in mathematics, the effect was probably
also influencedby other variables. VYariables with
such influence, included probably previous mathematics
learning at appropriate levels. Learning of this
kind, could take place during play in the home
environment and in early formal school. During such
learning, basic logico-mathematicel structures necessary
for good mathematics achievement in latter school could
be developed.

Sex Factor

Cverall Effect. The present study
found no overall statistically significant effect
of the sex factor in Students’ &chievement in
Mathematics (SAM). Zambia’s practice of offering

mathematics in the school curriculum without discrimination
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on grounds of sex, thus appeared supported.

Studies reviewed (fusubel, 1968; Klausmeir and
Goodwin, 19663 Meece et al., 1982; and others) apreared
to have focussed more on relative performance of
male and of female students in different sections of
mathematics. Houever, Vernon (1950), after reviewing
factorial studies related to mathematics, concluded
that only very few students might have "special fleirs"”
in special study sections of mathematics such as
algebra, geometry and others. Vernon thought any suspect
flairs might be accounted for by the way these
different sections of mathematics are taught. The
present study, only focussed on the overall effect of
sex on students’ achievement in mathematics. The
mathematics course content tsught included introductory
concepts to the Algebra of Sets and Euclidean Geometry
of Solid Shapes.

Grace Seven Selection. Annual
selection from grade seven completers in Government
Grade Eight classes in Zambia is on the basis of
candidates’ ajgregate scores in the Zambia National
Grade Seven Compcsite Selection Examination. Selection
cut=off points vary according to : the number of
avallable frade Eight school places country-wide; the

nrovince of Zambia for which the selection is made;
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Jhether the school for which selection 1s made is
a day or a boarding school; the sex of the student
being selected. Selection is biased on the sex factor
towards accepting a lower aggregate cut-off score
point for girls. The bias is thought necessary so as
to redress Zambia’s inherited pre-independence legacy
of less educational opportunity for women (Educational
Reform Reports, 1975).

In recent years, due to shortage of school places
in Zambia, over eighty percent of candidates for
Gracde Fight classes have not been selected (Njobe, 1983:25).
Consequently, the selection exercise tended to be a sensi-
tive issue. Cut-off points vary from year to year
according to their fore-listed determinants. Cut-off
points are thus not easy to guote as they vary and data
on them proved not easy to come by.

Cne disadvantage of varied cut-off selection points
might be to bring into the selection process a
subjective element. Differing cut-off points enable
students with less scores to gain Grade Eight places
at the expense of students who had scored higher in the
selection examination. However, on the other hand there is
much to be said for varying the cut-off points to enable
disadvantaged groups in the Zambia population of CGrade
Seven completers to be redressed.

The schools used for the present sthy, Kabulonga

Secondary School for Boys and Kabulonga Secondary School



for Girls, provided compearable numbers of Grade Eight

school pleces for students of each sex. Both schools are

Day schools situated in the same capital city of Zawmbis.
Thus the main difference in the selection, into the Grade
Eight classes of the two aiabtulonga schools which provided
tne population for the present study, was in the ddfferent
Grade weven aggregate cut-off score points used in selecting
the male and in selecting the female students.

Consequent upon the use of different cut-off score points
as indicated atove, further data snalysis result (Table 1)
on page 65 atove, showed that the sample male students had,
on the whole, a higher abtility (Grade seven Aggregate mean
score)than the semple female students taken as a whole.
Therefore, that the study found no significant differential
effect of the sex factor on SAN, might well be credit to
the female students' performance since, on the whole, their
ability (Grade Seven Aggregate mean score)was lower than
that of the male students (Table 12). The following discu-
ssion on subgroup performances according to sex, might shed
more light on the foregoing suggestion of credit to female
students,

Subgroup Achievements According to Sex. Additional
data analysis (Teble 10) of the SAll mean scores of all the
high 2bility male (n=24) and =211 the high ability female
(n=24) students of the study sample, irrespective of method
of instruction, showed that the SA4li mean score (47.79) of

the high sbility male students was higher than the 354k
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mean score (41.295) of the high ability female students.
Un a t-test however, the difference between the two means
wes not statisticelly significant (t =1.49, df =46, not
significant st p=0.05).

further data analysis comprising t-test comparisons
(Table 10) which tock into account differences in the method
of instruction used, reveeled the following. Under heuristic
instruction, the resulting SAM mean score (49.83) of the
high ability male students (n =12) wsas significently higher
than the corresponding Sill mean score (37.67) of the high
ebility female students (n=12) where t=2.28, df=22, was
significant at p=0.05 , Under the expository method of
instruction however, the resulting 52l mean score (45.75)
of high ability male students (n=12) and the corresponding
5AW mean score (44.92) of the femszle high atility students
(n=12) appeared to hardly differ from each other.

These findings seem to sugzest thst, on the whole, the

=

high ability male students achieved better than the high
ability female students. The heuristic method of instru-—
ction appeared to account more for this otservetion thaen
the expository method did. heuristic instruction has been
favoured over expository instruction in some studies (D8rner
1978; ohilip » 197335 Husén , 1967; and others).
Fowever, the result of additionasl deta enslysis summarised
in Table 1, suszested a need for caution in accepting the
present study conclusion that high ability meles achieved

tetter than high ability females. Table 1 results showed
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that the sbility (Grasde Seven Aggregste mean score)of the
high ability male subgroup was significantly higher than
the 2bility mean score of the high ability female subgroup
(t=4.639, df =46, significent a2t p=0.001). *he result of
additienal data analysis of SAM mean scores of low ability
subgroups (Table 8) also did not apoear to support a
suggestion thet, on the sex factor per se , the male
students were better achievers than female students in
mathematics.

Ldditional d=ts analysis based on t-test comparisons of
54 mean scores of all the low stility male (n =24) and all
the low ability female (n=24) students of the study sample,
irrespective of subgroup methods of instruction used
(T'skle 10), is reported upon below. The SAN mean score
(37.33) of the low ability female subgroup (n=24) wes
higher than the SAN mean score (34.33) of the low ability
male subgroup (n=24). However the difference btetween the
two means wes not statistically significant. Further study
of the obtservation appeared necessary.

Thus, the male low gbility subgroup appeared to score
less than the female low ability subgroup in methemstics
even though the difference of the two means was not statis-
ticelly significant. The foregoing finding was observed
despite the result of additional data enalysis summarised
in Table 1. The result in Tsble 1 showed that male low
ability subgroup had e significantly higher 2bility (Grade

Seven Aggregatef mean score)than the female low ability



subgroup (t =50.06, df =46, significant a7t p=0.001).

Tats the Silf mean scecres of mesle sasmple subjects, did
not eppear "indisputably higher" than those of femsle
subjects as Ausukel (1968:242) sugjested. However, subjects
referred to in Ausubel's review of studies wviere from
different cultural settings from thet of the present study
cample. vWever-the-less, Ausutel's further suggestion that
differential conditions of cultural expectations, motivation
and opportunity might account for observed sex related
differente in schievement, probsbly holds also for the
present study finding on methemstics achievement and the sex
factor.

Sex relsted discriminstory socielisetion practices in the
culture, might give rise to sex related differences in SAN.
This might be through influence of the prsctices on attitude
toward mathematics, related motivation and ecquisition of
basic logico-msthematics structures during the child's
early life in the home environment. On the latter, differe—
ntials in access according to sex, to relevant play experi-
ence might be important. Previous wmsthenatics learning,
attitude snd motivation were controlled in the present study.

On the foregoing =nd on other accouats, the sex factor
might have emerged non-significent. The latter result might
tnen indicate that with socislisation related variables
controlled, male and female students might achieve equally.

females

However, if ‘continue to experience adverse discrimi-
A

nation in expectations, opportunity, cultural socislisation
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practices and so on,msles might continue as a conseguence
thereof, to appear better achievers than girls in school
and perhaps elewhere.

Earlier, the present discussion reported that the ability
factor was found to have an overall statistically signi-
ficant effect on students achievement in mathematics. The
effects of sex and method of instruction had not been
taken into account in that overall finding on ability.
The high ability students were found to achieve better
than the low ability students. However, further data
analysis taking into account the sex factor appeared to
suggest that a sample subgroup with e low ability (Grade
Seven Aggregate mean scord might score higher than a
sample subgroup with a higher ability mean score when the
sex and the ability factors were taken into account
gsimulteneously. Frobably the ability factor
did not fully account for the differences observed in
students' achievement in mathematics. Effects of other
factors were probably also at play. The discussion of the
result of further data analysis which followed, perhaps
helped towards more understanding of the factors affecting
students' achievement in mathematics. The analysis took
into account the effects of the methods of instruction

for
used the low ability sample subgroups of either sex.

F
The results of the further analysis of SAM scores
which took into account. differences in methods of

instruction used for low. ability subgroups of either
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sex were summarised in Table 10. The summerised result
was then discussed as follows.

The low abilgigigibgroup (n =12) had a higher SAM
mean score (35.42) than the SAM mean score (33.50) of the
low ability male subgroup when both subgroups were taught
by the heuristic method of instruction. However, the
difference between the two means (Table 10) was not
statistically significant. Similarly, the low ability
female subgroup (n =12) had again a higher SAM mean score
(39.25) than the SAN mean score (35.17) of the low ability
male subgroup when both subgroups were taught by the
expository method of instruction. Again however, the
difference between the two means (Table 10) was not
statistically significant. Thus, irrespective of method
of instruction, low ability female students appeared to
achieve better in mathematics than low ability male
gstudents. Under either method of instruction however,
the SAM mean score differences were not statistically
significant.

The result of the additional data analysis summarised
in Table 1 earlier, was again perhaps, also necessary
to be borne in mind when intgbreting the foregoing
observations. Teble 1 summary . showed that the
ability (Grade Seven Aggregate mean score)of the low
ability male subgroup was
gignificantly higher than the agbility mean score of the

low ability female subgroup,
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On the basis of the-comparisons presented above, the
achievement in mathematics according to sex of the
present study sample subgroups, at the high and at the
low levels of ability, it might be concluded as
follows. Uhenthe sex factor was taken into account, ability
factor effects, earlier found with overall statistical
significance, were unable to account fully for the
differences observed in students subgroup achievements in
mathematics.

Althowgh male subgroups — with significantly higher
ability (Grade Seven Aggregate mean sconeq)-—appeared
to achieve better in mathematics under the heuristic and
under the expository methods of instruction, the situation
appeared reversed among low ability male and female
subgroups. Among the latter, low ability female subgroups
appeared to achieve better than low ability male subgroups.
However, the differences in the SAM mean scores were not
statistically significant. Worthy of note however was that:
the low ability female subgroups scored higher than the
corresponding"low ability" male subgroups under either
method of instruction used in the study. The observation
appeared, notwithstanding another present study finding
from additional data analysis that, the low ability male
subgroups had significantly higher ability (Grade Seven
Aggregate mesan score}than the female subgroups.

The effects of ability, sex and scme references to

method of instruction, so far discussed, were only based



on pert of the study dete snelysed. Thus firm generali-
sations and conclusions on oversll were not yet possible
until the effects of instruction methods, mein factor
interactions end coveriates were also discussed. Probably
the following findings at least could be
tentatively stated as slready apparent.

Ability as meaesured by the Zawbis setionsl Grade Seven
vonposite Selection Bxemination has asn overasll significant
effect on the matinematice schievement of students entering
secondery school in Zembia. High ability mele students
tend to respond better then female high ability students
tc heuristic method of instruction during these students'
early experiences with secondary school mathemstics. IT
sccisliscation nractices according to sex in Zambien society,
£s elsewhere in Africa, tended to expeet women to be wore
dependent on men thaen on themselves in finding solutions
tc dsily life problems, then boys might lesrn to ke bett
responsive than girls to heuristic (discovery) situstions.
Thus boys' mathematics schievement might remein higher then
thet of girls under heuristic instruction. The tendency
might be more so if boys, asﬂin this case , have an sbility
(Grade seven Aggregnste mean score ) edge over the girls

Otherwise, femsle students of high ability, appeared to
schieve equally well as mele students of high ability when
both groups sre tsught by expository method of instruction.
remsle students of low sbility however, might tend to

schieve =s much as, if not better, than corresponding low
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ability male students, if the mean abilities of the
two sex groups were well matched.

In conclusion therefore, the present study found no
firm evidence of an overall cor subgroup difference
in mathematics achievement of the mzle and of the female
students of matched (eguel) ability. The finding probably
holds whether the two sex groups were taught by the
heuristic or were taught by the expository method of
instruction. Probzbly therefore, the sex factor has no
overall significant effect on the mathematics achievement
of Zambian students beginning a secondary school course
in mathematics. Houever, the male students might initially
anpear to respond better than the female students to
mathematics teaching when the heuristic method of
instruction is used. Whether such a difference would
persist throughout the teaching of the secondery school
mathematics course, might need further investigation.
The male and the female subgrouns when matched in
ability, probably do not score significantly different
when taught by the expository method. But high ability
males mioht tend to score better than high ability
females when taught.by heuristic method of instruction.

“iethod Factor

Introduction. The effects of the methods

of instruction on 8Students” Achievement in Mathematics
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(sAM) were discussed as presented below. A brief outline
of the setting in which the investigation of methods
of instruction took place preface the discussion. The
findings on the main effects of the method factor was
discussed next and related to the literature reviewed.
The findings of additional data analysis comparing the
effects of the two methods of instruction on : the high
ability male subgoups; the high ability female subgroups;
the low ebility male subgroups; and the low ability female
subgroups was then discussed. £11 the findings on the
effects of the method of instruction were then discussed
with reference to findings of studies relsted to
oroblems of primary school mathematics learning and
teaching in Zambia. Tentative generalisations, conclusions
and recommendations punctuated the discussionse.

The investigation into the effects of methods of
instruction commenced immediately the sample students
vere admitted into Grade EZight in the two study schools.
Thus the mathematics study lessons taught, also served
to introduce the students to Zambia’s Junior Secondary
School Mathematics course. In each of the two unisexual
study schools, an experimental and a control class had
been randomly constituted. The resulting four study
classes were all taught the by the rescarcher in person .

The purpose was to control teacher related variables.
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The experiemental classes were taught by the study
heuristic method while the control classes were taught

by the expository method of instruction. The instruction
material consisted of introductory coneepts to the
Algebra of Sets and to the Euclidean Geometry of solid
shapes. Each class had fifteen contact hours for instruc-
tion and administrztion of instruments.. The hours were
spread over five consecutive wesks. That is, each class
had on the average five periods of forty minutes each

per week.

Main Effects of Instruction Method. The result
of data analysis summarised in Table 6
showed that the main effects of the method factor had
P{¥, 94) = 1.104 not significant at the p=0.05 level
selected for the present study. The finding concurred
with ; Wallis (1961) that there appeared to
be no consistent set of hypotheses regarding the relative
efficacy of student discovery and teacher dominated methods
of instruction. Perhaps one reason, from the experience
of the present study, could be the ever possible
interference of the main and interaction effects of other
variables in a classroom study. One of the variables
could be interaction of type of method of instruction
and pupil characteristics.

Hugh Philip (1973) in another study, suggested that
the discovery method of instruction be prescribed for

teaching mathematics in developing countries. Zambia
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is o developing country. However, the precent findings

r to support such 2 recomrendstion without gueli-

"

do not appes

A

ficstion, ag now follows,

unly the sample, twerty five percent, high sbility mele
students appeared to score better (Table 8) under heuristic
(siiscovery) method than undexr the gxpoeltory method. However
verhaps, whatever little might be learnt through discovery,
and therefore prokaltly with more understanding, might heve
nore chance of belng epplied to solve problems of developament
by school leavers comnared to much of whet might be learnt by
rote under exnository instruction. The present study sssumed
thet the seventy five percent of the sample subjects, scoring
less under discovery (heuristic) than under expository, might
have been more hampered by a shortfall in previous experience
~with heuristic methemstics learning. The study hsd found
previous mathematics learning to be a significant factor in
lster students' schievement in methematics., Also, low sbility
might interect with other student cherescteristics and/or
cless dynamics. The result might then be higher achievement
under expository than under heuristic for some in the seventy
five percent.

Previous experience with heuristic learning could be geined
informelly during childhood in the home environment and
formally in early school. Perhesps therefore, an early
orientation of children — during the early home sociali-
sation and early formal school - towards hsbits of discovery

such as solving problems by discovery, eppears to Le &
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necessary préfrequisite to a general prescription of the
use of the discovery method as suggested by Hugh. Perhaps
only thereafter could there be reasonable hope for more
productive mathematics learning from heuristic instruct-—
ion compared to expository instruction.

On the balance therefore, considering the present study
findings on the main effects of the method factor and the
result of additional data anslysis of subgroup achievements
according to ability and sex, students starting the
junior secondary school mathematics course in Zambia
appeared to respond better to the expository than to the
heuristic method of instruction (Table 8). Perhaps the
effects on Zambian pupils of pre-school experience at
home and in primary school mathematics learning were
material., Where the pre-school socialisation experience
and primary school teaching accustom pupils to discovery
learning, Hugh Philip's recommendation of a use of
discovery method at the secondary school might produce the
desired result. In selecting either a heuristic or an
expository method of instruction, teachers in Zambia,
might need to take into account the previous instruction
method experience of their pupils. Any introduction of
a method of instruction less familiar ta the pupils
might then need to be made gradual.

Discussed below are the finding of additional data
analysis of the effects of the method factor on SAM mean

scores of sample subgroups. The purpose was to search for



further insights on the effects of the study methods
of instruction on Students' Achievement in Mathematics
(SAM).
Instruction liethods amd Subgroup Achievements. The
result of additional data analysis, based on t-test compari-
sons of the effects of the methods of instrﬁction.was
gummarised in Table 11 on page 130. The result was
then discussed as follows. |

The SAM mean score (41.67) of the subgroup of male
students (n =24) taught by heuristic method was slightly
higher than the SAM mean score (40.46) of the subgroup of
male students taught by the expository method of instract-
ion (n=24). However the difference between the means was
not statistically significant (Teble 11). Thus on the
whole, method of instruction did not appear to show a
gsignificant differential effect on the mathematics
achievement of male students in this study.

Similarly, the SAM mean score (49.83) of the subgroup
of male students of high ability (n =12) taught by

heuristic method was not significantly higher (statistieally)
than the SAM mean score (45.75) of the corresponding high
ability male subgroup (n =12) taught by the expository
method of instruction. On the other hand, the low ability
male subgroup (n=12) taught by heuristic method had a
slightly lower SAli mean score (33.5) than the SANM mean

score (35.17) of the corresponding low ability male

subgroup (n =12) taught by expository method of instruction.
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Again the difference between the two means was not
statistically significant. .

Thus the high ability male subgroup scored slighily
better under heuristic than under exposibory instruction.
The low ability male subgroup on the other hand, scored
slightly better under expository than undér heuristic
instruction. The scores of the male high ability subgroup
(n =12) taught by heuristic method, appeared to account
for the apparent overall observation that the subgroup
of male students (n=24) taught by heuristic method scored
slightly better than the subgroup of students (n=24)
taught by expository method of instruction.

Table 11, also showed that the SAM mean score: (36.54)
of the female students subgroup (n=24) taught by heuristic
method was lower thamn the SAM mean score (42.08) of the
corresponding subgroup of female students (n=24) taught
by the expository method. The difference between the means
however, was not statistically significant (Table 11).
Similarly, the SAM mean score (37.67) of the high ability
female subgroup (n=12) taught by heuristic method was
lower than the SAM mean score (44.92) of the corresponding
high ability female subgroup (n =12) taught by expository
method. Again the difference between the means was not
statistically significant (Table 11). The low ability female
subgroup (n=12) taught by heuristic method also had a
lower SAM mean score (35.42) than the SAM mean score

(39.25) of the corresponding low ability female subgroup
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(n=12) taught by expository method. The difference of the
means wes egoin not statistically significent. Thus equiva-
lent high sbility femsle subgroups ss well as esquivalent low
ability female subgroups sppeared to respond less favoursbly
in Sakl when taught by heuristic than when taught by exposi-
tory method. aowever, the differences between corresponding
SAL mean scores were not statistically significant.

further close compsrative exemination of the posttest and

pretest scores of tﬁe»subgroup of low ability

femole students (n=12) taught by heuristic method, the
following observeticn was made, Five out of the twedve
students hed a lower mathematics mean score (30.2) in the
posttest than their methematics mesn score (40.2) in the
pretest. tiowever the difference was not significent (t=1.229,
if=4, not significant at p=z0.05). The foregoing lower posttest
then pretest ccores, were found only awong the low abllity
femzle students taught by heuristic method. Ferhaps low
obility fewsle students ian this case,experienced something
retarding under heuristic instruction. Lesson presentetion
requires more time under neuristic then under expogitory
instruction. Yhe eocusl time alloceted in the present study
might have adversely sffected subgroups taught ty heuristic
method in speed of subject material coversge. Low ability
students might have suffered most, »5All scores were probably
correspondingly affected.

Thus both methods showed no statisticelly significant

difference on SAl : either on considering the overall of the



182

entire sample (Table 6); or among the male or among the
female sample subgroups; or among the high ability or
among the low ability subgroups in either sex category
(Table 11). On face value, this foregoing finding
appearec¢ to suggest that the two methods of instruction
used in the study had no significant difference on
subgroups of subjects. In that event, the two methods

of instruction would be expected to have no differen-
tial main or interaction effects on SAM mean scores of
equivalent subgroups.

However, the foregoing observed effects of the methods
of instruction were probably not so simple since the
present study also found a statistically significant
method-sex interaction. That is, the effects of the
heuristic and the effects of the expository methods of
instruction appeared to influence students' achievement
in mathemstics in such a way that the male students were
influenced slightly differently from the female students.
The following discussion of additional data analysis
appeared to suggest that the effects of the methods differed.

Though the SAM mean score differences referred to earlier
did not appear statistically significant, the magnitude of
the differences varied. The differences (Table 8) appeared
slightly larger among female supgroups' SAM mean scores
than among male subgroups' SAM mean scores. In all three
cases of comparison of pairs of female subgroups (Table 11)

discussed, the SAM mean scores resulting from heuristic



instruction (tsble 11) were lower then the correspondalng o AM
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an scoree resulting from expository instruction. However,
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ng the ceses of comperison of psirs of msle subgroups
(Table 11) digcussed, in two of the three csses the heuristi
instruction epneared to yield higher subgroup u.il mesn score
than the sxpository method of instruction.

Taus students appeared to respond better in nmethemstics
schievement to heuristic then to expository instruction
emong the nigh ability wmeles. Lowever, among the low ability
male students the reverse appesred to be the casse. That is

the students appesred to respond tetter in metnemstics

™

echievesent to expository thsn to heuristic instruction.
female students of high end of low =2bility szpesred to
respond better to the expository then to the heuristic methoc
Ifhus ell fewrle subgroups (n=48) snc the low sbility msle
subgroup (n=24) =achieved better uander expository thén under
heuristic instruction. lLiowever, some students in the zrcoup
wilght prefer 2 cowmbination of both heuristic snd expository.
Thus eporoximstely sevznty five percent (n=72) of the
study sawple subjects (W =96, probably did better under
expoplitory then under heuristic ianstruction. The rescons

52}

might include the following: The subjects might have been
mere accustomed to expository kinds of instruction in their
former primary schools; The idea of the students being
required to "diccover" easwers on their own might have been

unusual to the students both in their experience st home

end in le=rning st the primery school level snd perhaps



also in the community culturel socislisetion experience. The

-

students mostly might have been used to 'doing as told' in
community

the home end i with sdults normally providing asnswers
to problems the children encountered. (n =attending school,
the tendency might still be to expect or prefer the tezscher,
ss parent substitute, to continue providing snswers during
legssons. Yet, students' sﬁccess in discovery learning might

slgo depend on creative thought snd self cornfidence in

veing able to di

n

cover. Perhzps not wany students eegily
cormand such confidence in mathemstics wiere heuristic
sroblen solving was not common in earlier experience.
Since the expository method appeared, on the whole, more
effective than the heuristic method, 1t might be suggested
theraefore that the two study methods of instruction did
nave some differential effects no matter how limited. The
effects of the other variebles and variable interactions
ircluding the method-sex intersction effect, might have
confounded differences tetween subgroup SAM mesn £COTYes
the
compared on , basis involving the effects of the sex and
the method factors. The confounding might partly explain
the high incidence of non-significant t-ratio comperisons
of sex snd method subgroup SAk mesn sScCOres.
revieved . .
Literature/gid not show any direct Zambian studies on
the effects of method, sex and ability on secondery
school students' achievement in mathematics. IHowever,

7embian studies on the: Wational Grade Seven Composite

Selection ixaminetion (iling, 1975; Sharma, 1974 ); primsry
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school English medium of instruction (Chishimba, 1979;
Chishimba, 1980; Shana, 1980; Chikalanga, 1983;

Lawrence and Servan, 1983; and others); quality of primary
school teacher training in Zambia (Uagne, 19753

Chishimba, 1980; Waddimba, 1982); appeared relevant to
the present study search for insights into the problem

of mathematics achievement among Zembiesn secondary school
students. The forementioned studies were thus dicussed

as presented below.

The studies by Ming (1975) and Sharma (1974) were more
related to Zambia's Wational Grade Seven Composite
Selection examination. Ming (1975) found the non-verbal
reasoning test, of the six tests of the composite
examination, to be a more "useful and valid predictor'™ of
students' later performance in secondary school technical
courses. However, one other question apparently unanswered
by the study was, what was wrong with the verbal tests ?
Did the students perhaps, experience a language problem
with the verbal tests ? If so, could such a problem
result in reduced predictive value of the tests ?

Sharma (1974) on the other hand, found a weak correla—
tion (r= 0.460) between the scores of sample of candidates
from the 1972. National Grade Seven Composite Selection
examination and the sample's later scores in Grade Nine
tested by a specially devised criterion examination in
mathematics. Sharma also did not appear to have directly

sddressed the problem of English language used as a
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medium of instruction in the primary school.

Perhaps, the discord in Sharma's expected high correlation,
like the problem of a weak or lacking predictive power
in verbal tests found in Ming's study, were partly due
to the problem experienced by the students in learning
through the English medium of instruction in the primary
school. Vernon (1950:39-40) found that on factor analysis,
mathematics atteinment showed a linguistic component.
Primary school children in Zambia have been said to find
difficulty with the prescribed English medium of instruction
(Chishimba, 1980; Chikalanga,1983}. Lawrence and Sarvan.
(1983) concluded that Zambian primary school pupils, faced
with the problem of atteining fluency in standard English,
probably evolved and functioned on an "“inter-language".
The inter-language was described as being probably
inbetween the standard English and the pupils' home
languages. Students more fluent in some inter-lamguage
or non—standafd form of English, might experience concept—

ualisation problems when taught in standard English. Clasa

participaticm requiring the learners also to'discover'
answers during lessons might also consequently prove
difficult.

The learner speaking non-standard English might find
difficulty in appreciating the full meanings of some
concepts in mathematics presented by text-books, teachers
and examined in tests through the medium of standard

English., On begiﬂﬁng the secondary school mathematics
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course, the communication problem might persist during
mathematics instruction given by the college and university
trained secondary school teachers, The latter teachers,
most probably would speak standard English fluently

during lesson presentations.

The effects of teaching mathematics through a language
medium in which the learner is not fluent, might even be
more retarding to the student because of the presence in
mathematics, of a relatively large component of abstract
concepts. The learner might feel confronted with strange
concepts presented in a semi-intelligible language. The
subject material presented might then tend to appear
isolated from meanings it should convey. Sizeable sections
of the material learnt this way might remain as unsub-—
sumed entities in the cognitive structure (Ausubel 1968).
liathematics learning of the kind could therefore be
described as rofe learning. Probably pupils resort to rote
learning as a way out of & predicament such as when the
ego might feel threatened by an inability to follow what
is being said in a lesson presentation. There could then
be a real fear of being seen as stupid on account of
failure to comprehend the teachers lesson presentation
or questions asked.

The expository method of instruction, in which the
learners are passive receipients of knowledge,might then

be less embarrassing and probably ellicit better learning



{probably rote) response than the heuristic method of
instruction, The present study found the female‘students
of high and of low ability as well as male students of
low ability - seventy five percent of all the sample
students - apparently responding better in mathematics
achievement to the expository than to the heuristic method
of instruction. Expository instruction is perhaps more
open to rote learning than heuristic. instruction.

Gagne (1975) found the quality of Zambia's primary school
teacher training very unsatisfactory. #dathemetics teaching
could thus also have been affected. Waddimba (1982) found
that the output of Zambia's primary school teacher training
colleges prior to 1972, fell far short of what was required.

If the above observations on problems of English
language medium of instruction, unsatisfactory quality of
primary school teacher training and the prior 1972
insufficient teacher colleges' output, were valid, one
suggestion might be the following. Many of the inadequately
trained teachers might have also had a poor mastery of
mathematics themselves. At Zambia's independence in 1964,
mathematics was not among the most popular school subjecfsm
Most of the Zambian primary school teachers with training
problems about that time might probably have not been
quite at ease with mathematics. Consequently the effecti-
veness of mathematics teaching might have been limited
accordingly.

Teachers with a,  limited understanding of the subject
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matter might tend to retard the student's own effective
learning of what is taught. In mathematics, such a poor
teacher might feel not quite confident to answer éll
questions from the pupils on the subject matter taught.
The teacher might then tend to restrict students' quest—
ions from straying into areas of mathematics the teacher
fears. A student's fuller understanding of mathematics
concepts taught becomes limited accordingly.

Defective tesching of the foregoing kind might be
expected to be more inclined to be expository than heuristic.
Thus most students of the present study sample were
probably mostly taught their primary school mathematics
course by expository than by heuristic instruction. Probably
then, the present study period of instruction of five weeks
was not long enough for allowing the reactions of the
study sample subgroups to stabilise adequately to the
respective methods of instruction. The reactions of the
sample students to either of the study methods of instruct-
ion probably varied according to the method of instruction
each student was accustomed to in the primary school. Some
students might have preferred the old familiar primary
school method of instruction which ever, while others
might have preferred the novel method of instruction which
ever., Where the students' foundation in mathematics was
weak however, the expository instruction might have been
more appealing.

If students in Zambia were generally poor in mathematics

as suggested2 then the students might initially be expected



to respond more favourakly to the expository mefhad than
to the heuristic method. The tendency might be enhanced
if the heuristic method was not commonly used in the
primary school.

The present study revealed that all the female sample
student subgroups and the low ability male sample students
- constituting together seventy five percent of the total
sample students - had higher SAM mean scores (Table 8)
when taught by expository than when taught by heuristic
method. The sample subgroup SAM mean score differences
(Table 11) were however not statistically significant.
Perhaps, if the kind of student subgroup stabilisation to
instruction methods suggested earlier had been achieved,
as through longer study instruction periods, the fore-
mentioned mean differences might have become wider. A
repeat study with a longer period of instruction might
therefore be useful.

Perhaps the following observation, aiready reported
earlier in this discussion in more detail,,might be related
to the suggested student initial reaction to change of
method of instruction. In that report, five out of twelve
students constituting the low ability female subgroup
taught by heuristic method, were found to score lower at
the posttest than at the pretest. LHowever the difference
tetween the pretest and the posttest mean scores of the
five students was not significant (t=1.229, df = 4,

not significant at p=0.05). Never-the-less, the students'
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reaction to heuristic instruction could have been at
play. Further investigation on the phenomenon might be
necessary.

The present study experience with instructing through
heuristic method, often revealed student difficulty in
freely tendering "discovered™ answers in class. Considering
the Gestalt hypothesis, the implicit suggestion is that
& learner to be able to discover, might need the capacity
to transform a pattern of concepts and means—ends
relationships into a discovered solution to fhe given
problem. Thus there should be a reasonable infrastructure
of knowledge, skills and language proficiency in the
learners cognitive structure to enable the discovery to
take place. A student deficient in language fluency and
with gaps in already acquired basic logico-
mathematical structures and concepts, might well tend to
reduce the student's capacity to cope with heuristic
instruction. Consequently a teacher's intended heuristiec
instructional approach might come under pressure towards
degenerating into an expository instruction.. This might
happen as the teacher becomes pressurised to intervene
more often than desirable for a heuristic. instruction.
Interventions of the kind might taeke the férm of giving’
too many clues in an effewrt to rescue fhe lesson from
grinding to a halt. The present researcher had
often occassions, consciously to resist pressures of the
foregoing kind during some of the heuristic instruction

lessons.
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If teaching in Zambia®s primary schools failed to
lay a strong mathematics foundation, students advancing
to secondary and higher levels of education might
experience difficulty with heuristic instruction. Primary
school failure to teach effectively, might result from
problems such as pupil difficulty with English
language medium of instruction and inadequate teacher
training. Students’ inability to cope with discovery
(heuristic) kind of learning, might limit the students’
indepth mastery of some concepts and skills in mathematics.
School leavers might then still feel less confident to
aprly the mathematics knowledge acquired to life situations
requiring related discoveries.

Firm generalisations and conclusions on the effects
of method of instruction on students”achievement in
mathematics need to await the following discussion on the
effects of factor interactions and covaristes. The first
discussion below is on the method=-sex interaction found

in the present study to be statistically significant.



Main PFactor Interactions

this study
The interactions of the main factors of = were discussed
~ A

as follows. The method-sex interaction effect on students'
achievement in mathematics was discussed first. summary
results of additional data analysis of observations on
method effects among sample subgroups were discussed next.
Tentative generalisations, recommendations and conclusions
on the method-sex interaction findings were then made.
Other main factor interactions, found statistically
non-significant were noted at the end.
Method-sex Interaction. The summary data
of Table 1, showed a method-sex interaction effect on
Students' Achievement in Mathematics (SAM) significant at
p=0.035, F(1, 94) = 4.477 .Thus the effects of methods
of instruction on the mathematics achievement of the male
and of the female students were not uniform. The method
of instruction appeared to influence students' achieve-
ment in mathematics in such & way that the male students
were influenced differently from the female students.
Egrlier, in the discussion on the effects of the method
factor on SAM, the findings noted (Table 11) included
the following. The SAM mean score (41.67) of the subgroup
of mele students (n=24) taught by heuristic method was
slightly higher than the SAM mean score (40.46) of the
subgroup of male students (n=24) taught by expository
method., The difference between the means was however, not

statistically significant (Table 11). Thus on the whole,
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inspite of the non-significant difference, there seemed
to be a suggestion that the mathematics achievement of
male students was better under heuristic than under
expository instruction.

On the other hand (Table 11), the SAM mean score (36.54)
of the subgroup of female students (n =24) taught by
heuristic method was lower than the SAM mean score (42.08)
of the subgroup of female students (n=24) taught by
expository method. Thus on the whole, the mathematics
achievement of the female students appeared better, though
statistically the difference was non-significant, under
expository than under heuristic instruction.

Thus on the whole, heuristic instruction appeared to
vyield & slightly higher SAM mean score among the male
students than expository instruction. On the other hand,
on the whole, heuristic instruction appeared to yield a
élightly_;gﬂgg SANM mean score among the female students
than the expository instruction. Thus the effects of
method of instruction on the mathematics achievement of
the male and of the female students appeared slightly
different. Heuristic instruction might have made male
students achieve better than expository instruction
while heuristic instruction, on the other hand, might
have made female students achieve less than expository
instruction., To investigate the same observation further,
additional analygmis of data of sample ability subgroups

was made.
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From the result of the further asnalysis (Table 11),
the following also became apparent. The high ability
male subgroup achieved slightly better under heuristic
than under expository instruction. On the other hand, the
high ability female subgroup achieved slightly less under
heuristic than under expository instruction. However, the
differences between the means in either case were not
statistically significant.

Among low ability male amd low ability female subgroups
however, the method of instruction did not appear to show
a differential influence on SAM. Both low ability male
and low ability female subgroups appeared to achieve
slightly better under expository than under heuristic
instruction (Table 8). Probably therefore, the entire
capacity to discover became equally limited for both the
male and the femsle students of low ability.

Ausubel (1968:241-243) in a brief review of literature
related to sex differences and intellectual performance,
concluded that differences in variability of performance
of males and of females “when found are mostly marked
at the extreme of the distribution®. Thus the present
study variation in mathematics achievement - probably
due to a method versus sex interaction effect - found
apparently only among the high ability student subgroups,
was perhaps not inconsistent with Ausubel's foregoing
observation.

Differences in mathematics achievement that might be
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accounted for in terms of physiological differences
assobiated with sex are difficult to imagine. However the
influence of differing social prescriptions of expectations,
availed opportunity, sex roles and practices of sociali-
sation into the culture according to sex, might explain
some sex related differential effects of methods of

school instruction on SAMN.

Ausubel (1968:242) in the above mentioned review of
literature on sex differences and performance, suggested
thet "differentiel conditions of cultural expectation...
and opportunity cannot be ignored". Witkin (1967)
suggested that socialisstion practices in the culture
in which a child grows, might determine the kind of
cognitive style the child acquires. The two main styles
suggested, in this view, were the ones in which the ’
individual might become either:imore articulate in
perception and thinking (Field-independent) — probably
more appropriate for effective response to heuristic
than to expository instruction; or more global in
perception (Field-dependent) and thus often finding
difficulty to impose structure or differentiate items. A
field-dependent style might then be more common with
learners that tend to be happier with expository than
with heuristic instruction.

Witkin suggested that field-independent cognitive style
might result more from a cultural socialisation in which

perents encourage the child towards separation, autonomous
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functioning and so on. Perhaps the way the parent also
allowed free expression of impulse and opinion might be
important in the development of the Field-independent kind
of cognitive style. Field-independent students might corres-
pondingly find opportunity for fuller expression in a heuri-
stic than in the more passive learner oriented expository
instruction.

Female students might be expected to respond more favourably
than male students to the more passive expository instructicn
where the following social practices exist. (i) [fore
permissiveness is shown to boys than tc girls in allcwing
more frees choice\of, and expression of impulse, opinion and
action. (ii) Boys are expectec more than girls to be jnvolved,
away from the more rigid parental control, in outdoor
activities. Such activities might include those often observed
in Lusaka as apparently providing opportunity for initiative
and discoveries. The Lusaka indenendent play activities of
poys often include the making of wire toy cars, bicycles
and kites. The girls, on the other hand, appear to be often
expected to be confined to the home under parental
control. Thus girls might tend to appear subdued and
consequently respond best to the expository than heuristic
instruction. This could be expected since heuristic demands
independent expression and creative discovery of answers.
Mmunro (1968), in a study of Zambian children in a suburb of
Lusaka, found that the male children appeared more free than
female children to engage in a variety of locel outdoor

names and other activities.
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Thus differential practices, opportunity and expectations
according to sex role prescriptions, dufing the cultursal
socialisation process might inadvertently be enabling
male students to develop the more field-independent kind
of cognitive style than female students -~ if Witkin (1967)
postulate were valid. Consequently the males might appear
to respond more successfully than females to heuristic
instruction. liathematics learning, demanding mastery of
a sizeable component of abstract concepts, might be learnt
more effectively through heuristic than expository
instruction. Cognitive learning style acquired by the child
during growth, might then be important.,

Probaebly therefore, a method-sex interaction effect of
the kind found in the present study might be expected if
the suggested differences in socialisation practices and
their suggested possible effects were valid. Similarly ,
cultures which maintained wide differences according to
sex in socialisation practices, opportunity, role
expectations and so on, should expect to observe differe-
nces in the mathematics achievement of the male end of
the female students. Women in many cultures, tend to
suffer, though to varying degrees, discrimination of one
kind or the other in the fore mentioned aspects of social
life. Thus it might be no wonder that Ausubel (1968:241-243),
from literature review found that male students
"indisputably" appeared to show a higher "incidence of

intellectual eminence"™ compared to female students.
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yithout prejudice to the foregoing discussion on
the method-sex interaction, a caution on some
possible conseguences of significant main factor
interaction needs to be sounded. A statistically
sionificant interacticn effect might tend to limit
generalisations and conclusions that might be draun
from the observed singular effects of the interacting
factors (Nie et al., 1975 : 402). Perhaps, in the
present study much of the inconclusive (statistically
non-significant) differences of the subgroup SAM
mean scores corresponding to the main effects of the
method and of the sex factors, might well have been
partly due to the ctatistically significant method-sex
interaction effects.

The result of data analysis summarised in Table 6
showed that the interaction effects between method
an¢ ability, ability and sex were not statistically
significant. Similarly, the three-way interaction among
method, ability &and sex was not statistically significant.
Thus ability - of the three main study factors - did
not appear to interact with any of the other two
factors.

covariate Effects

The present study design incorporated for control

covariates previous mathematics learning, socio-economic
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status of the student’s home, attitude towards
mathematics and motivation towvards learning mathematics.
The study findings on the covariztes Wwere discussed as
follows. The effects of previous mathematics learning
were discussed first. A discussion on the effects of
motivation then followed. Next references were made

to the statistically non-significant covariates home
socio~-economic status and attitude towards learning
mathematics. Tentative generalicsations, conclusions

and recomrendations rounded up the discussions.

Frevious #athematics Learning. The study

(Teble 6) found a highly significant effect of previous

mathematics learning on 5aM, F(1, 94) = 4.298, significant

at p = C.001 . Thus, what the students learnt earlier
in mathematics at the obrimery school and probably also
at the ore-school levels anoeared a sicnificant
Factor influencing the mathematics achievement of the
stugents on “ntering secondary school. Included in such
previous learning might be the effects of influence of
curriculum goels, cbjectives, content, syllabus coverage,
availability of resources and other factors. ffethods of
instruction used by the tezchers might also he important.
Previous mathematics learning might also include acqui-
sition of some basics of logic and mathematice (logico-

mathematical) structures, as postulated by Fiaget in
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(Copeland, 1974). The acquisition of basic logico-
mathematical structures becomes necessary for more success—
ful conceptualisation in future school mathematics learning.
Development of cognitive structures of the kind, might take
place during play and action at home, community, pre-school
and during formal mathematics learning in the primary
school and further.

Perhaps therefore, improving mathematics achievement
among Zambian school children needs amomg other things,
increased provision of appropriste play environment for
children in the home, community and pre-school. The kind
of toys and guided play activities provided in the enviro-—
ment will need to be appropriate for developing the kinds
of logico-mathematical structures future schoéol mathematics
will need., Effective formal primary school mathematics
teaching could then build on this home, community and
pre-school mathematics experience of the child. Thereby,

a strong formal foundation for improved mathematics
achievement at the secondary school level and further
could be laid.

However, Goldkerg (1970) in a study of infant care and
stimulation in homes in the Matero submrb of Lusaka)
found "little intentional developmental stimulation or
concern for intellectual ... development'™ of children in
the homes and surrounding community. There might be need

therefore to give special attention and study of child

rearing practices, relevant to future mathematics learning,
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among Zambians. Insights derived from such studies, might
indicate ways by which mathematics achievement among
Zambian school children might be improved. Improved
mathematics achievement of Zambian students might slso
contribute toward improving the students' achievement in
science and technical subjects. National development could
thereby ultimately benefit.

Motivaetion. | The present study (Table 6)
found covariate motivation effect significant on students®
achievement in mathematics, F(1, 94) = 4.298, significant
at p=0.039 . Lindgren (1972:21) described motive as a
"pulling force™ towards the act of learning in the present
context. Maslow (1970) suggested that man should always

be seen as desiring something. That is, there is always
room for motives in man. mMcClelland ( 1961) suggested
that students motives to learn mostly originate from needs
for achievement, power and affiliation.

Probably therefore, efforts to raise mathemgtics
achievement of students in Zambia should include studies
to discover the kinds of methematics related needs which
might "pull"™ the students towards more effective learning
of mathematics. Effective mathematics learning situations
could then be organised in such a way as to bring together
into play as many of the basic needs and drives, such as
suggested by McClelland and others.

Other Study Covariates. The present study

found the effects of the other two study covariates,
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students' home socio—economic status and students' sttitude
towerds nathematics, non-significasnt at p=0.05 (Table 1).
Ihe ¥ retios were respectively, F(1, 94)= 0.076 =nd

(1, 94)=1.393 , Thus the student's home socio-sconomic

P

status end the student's sttitude towards mathematics d4id

10t epresr to have 2 differential influence on studente

—
o

zehlevenent in wathemetics,

NN
v

Jdiley (1871) in one study concluded that socisl stpsti-o
flcation in esub-Sahare wes less structured in coloniael
times because of kinghin ties, acarcity of technolosicsl

resources To procuce surplus, lznd tenurs colicies and

T & new form of

G

D
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w

“he foreigr educstion cowed the see

In pre-colonial cocities, traditicnsl rulers often formed

+

the highest strats of scciety. & new politicel elite emerged

155les for independznce to form e lesdership

strata of cociety often displacing the traditionsl rulers
fron the epex of sociel strotificstion. Then institutions
of higher educetion modelled on the coloniser's syztem of
ecucation slso ceme into Leing with importent influence on
nost independence stretification of the new societies. In
Zzmbia, Leniki (19829% “ound thet the University of “Yawbia
ves sble to dnitiste students frow fairly humble homes into
soclal cless. Thus = new kind

ber positiorn in the strate of
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cocliety wae beling produced from the University of Zambis
2né other uigher educetionsz] institutions of learning.

Kaniki (1982) had slgo observed that sacondary schoal
boerding institutions were centreg in which & new
coclal cless wss nurbtured. Students,
tecame groomed Tor life clhirnces and st
gtudents' uneducated cowpetriots., Thus craduetes from the
institutions, went into the world of work with gnecial
espilrations and expecteotions of Jjobe and income levels and
vles of life thnought to be sppropriste rewards for the
level of education received., Tie rewards were sceled in
value, status and érestige on the tssis of the level of
gecucation sttained. At Zsmbia's independence, ss more =nd
more occupations were svellable at higher levels of respo-
neibility snd status, higher and bigher quslificstions and
incoimmes teceme sttached to these occupetions. Thus, there
ceme in = spiralled renking about the 2xis of educaticnsl
guslification.

szmbian society tuerefore, wssg now belng structured into
& western kind of social strata largely determined by one'
weelth. The most educsated tending to rise more qguickly to
the epex of the pyramid. However, Hoppers (1980) found that
the ecucational quelificstion by itself zracduslly became

necessary but not slweys sufficient. An occupation with

en income status and prestige hesd to ke acquired after
eing to school in s growing scarcity of expected jobs., In

b
t

he field of work, daniki (1982) found that educated



mbians sleo tended to zain preferentisl access to, znd

ats
contrcl of pubklic weslth ever without ownership. Perhaps

pereststel and ovher companies might

provide an exaimple of the latter,
pe

{owever, 1t might te sugzested thet post indgmdenoe Torms

of sociel strata smong Zambilans ere still in & state of
foristion. Soclio-economic status, from the foregoing brief
review, wight still attach more to the individusls holding
the pogitions in society rather thasn to entire Tamily
mewmbers including cunildren, =ze in some western socileties.
dectors poiunted out by viley (1971), aizht tend to hold

.

Lack the process of quick forusiion of clearly demsrcated
social strets s known in aighly irductrielised western
soclieties, ixtenced femily practices, one still observes
in Zsubien communal life, probebly evidence +the kind of
problems Zenbtien society might experiernce towerds attaining
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study might be the following. The students' sttitudes
towards mathematics might be determined Ly the extent to

which the students saw mesthemstics as likely to help or

thwart their- ' chances of galning school leaving
certificates and entering cereers of their choige.

wowever, in the Zembien prinery sand seconuery school
curriculs, mathematics is = compulsory subject. rrobably
therefore, the students might have s limited choice of =zn
egititude towards mathematic ‘he compulsion might itself
te a strong factor in determining the ottitude. Concecuent]
a siznificent differential effect of attitude on the
students' achievement in mathemstics mizht then, be difficu
to observe. Thet the subject is compulsory could heve
irnfluenced the students' responses to items on +the

attitude scele. Hurtrner studies of students! attituce

ju)

towards methematics appear nececss

& ry'
sotes

1. Hepublic of Zewbie: winiestry of & “ucetion,
snnual Keport 1964 (Government Printer: Lus saka page 31)

2. oundey Times of Zambia. 22, 7. 84. Report of an
interview with the iinister of Hdigher wsducation.




CHAPTER V

SUMMARY, CCONCLUSICNS, RECOMMENDATIONS
AND SUGRESTIONS FOR FURTHER RESFEARCH

This final chapter contains the summary of the major
findings of the study, conclusions, recommendations and
suggestions for further research arising from the Findiﬁgs
of the study. The contents of the three subheadings of the
chapter were compiled and presented as belouw.

SURMARY

Sroblem The study attempted to answuer the following
questions. Are there any differential effects on the
mathematics achievement of Grade Fight Zambian stucents
accountable in terms of the students’ sex, ability and
method used to instruct the students ? Are there method,
ability and sex two-way and/or three-way interaction effects
on SAM ? That is, what are the main and interaction effects
of method of instruction, ability and sex on SAM among high
and among low ability students of either sex when taught by
heuristic and when taught by expository method of instru-
ction ? A corollary question to the foregoing on covariates
was, what effects do the covariates students”’ previous mathe-
matics learning, motivation towards learning mathematics,
home socio-economic status and attitude towards mathematics
have on S5AM 7

Thus the purpose of the study was to seek answers to
the foregoing guestions. The problem and gquestions
stated above were tackled under a theorectical framework

which include assumbtions that: students’- achievement

207
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in mathematics was influenced by the main and the
interaction effects of the factors ability, method of
instruction and sex; priority covariates to these
factors for control were students’ previous mathematics
learning, motivation towards learning mazthematics,

home socio-economic status and attitude towards
mathemsties. Seven null hypotheses and their

respective alternatives were formulated and tested

o
!

on the main and on the interaction effects of ability,
method and sex.
“ethod. The study pooulation was the
1986 Grade fight student intake into Kabulonoa Secondary
School for Boys and Kabulonga Secondary School for
Girls, Lusaka, Zambia. The Grade Fight intake into
each of the schools was about five hundred students. The
study camnle (N=96) was drawn by stratified samnling.
The sample subjects were then randomly assigned
to constitute one experimental and one control
class in each of the two unisexual study schools.

Five instruments were specially constructed to collect
measures of the criterion variable Students’ Achievement in

/
{

N

Mathematics (SAM) and of the covariates students’ previous
mathematics learning, motivation towards learning
mathematics, ettitude towards mathematics and

home socio-economic status.
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“be conputer output included g sultiple Clasgif
=helysis table showing the pettern of effects of the wmoin
factors =nd the coveristes,

icn
-

ificant, Yhie findinse nresented below wzre

gl onifizznt on two teiled tests at p=C.05 level.

/= - » . L 7. s YV Lo .
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[
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(A
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stutents!' fchievenent in mathenstics

students' levels of =bility vas supported by

P T e L oUS Lathermata e Toae e o i
(lll) <Ovailrlste rrevicus wathemetice hﬁefﬂlaé. Lioay

’

netieretice lesrring hes n effect on S, vwEs

cupperted by (1, 94)=29.450 si.nificant ot £=0.001 lavel,
(iv) <Joveriste wotivation towards lesruing ietlezm=tics.,

Thet covariste rotivation towsrds lesynirs
an eiTect on LAM, wes supported by (1, 24)=4.29°8

gionificent 2t p=0.039 lavel,
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nvon=-significant. The firdings precssnted below
were not signifcant on two tailed tests et the » 0.05 level
(1) Jull h
in Sall when students sre teught by either =
ty an expository wethod of inctruction,
(ii) wll bypothesis (hO) Three, thet there is & relstion-
ahip between A and the cex of fthe astudent.

(iii) ull hypothesis (ho) Mve, tha®t there is =n sbility
verasus method of instruction effect on 544,

(iv) Lull hypothesis (h_) Zix, %tuat there is sn ohility
J i 5 2 J

tion &

versus sex inters

O

(v) wll nypothesis (ho) seven, thst there 1s 2an =zbility
versus szx veraus rnethod of dnstruction intersction efiect
O S

(vi) Covariste =ttitude toward msthemstics. [iat students'

9]

attitude toward matheratics heso an effect on S2V,

(vidi) <Covariste student's hoae sccioeeconomic astetus. That
student's hows soclo-economic stetug hes =zn effect on 5,0
thus ctudeuts' achlevewent in mathematics wag “ound, on
the whole, fto be sipnificently influsnced by: ebility ss
reasured by a_sresste scores in the Jenbis westionsl Crede
veven vowposite Selection xemination; method versus sex
interaction; coveriste previauws matheratics lasrning; ead

covaeriate motivetion towsrds lesrninz nethemstics.
On the other hsud, the =tudy found that ctudents!

acileverent in wmathematics (LAl) vwas not si.nificantly

the: mein fsctor effects of wethod of
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ieurictic then under cxnository instruction,
nile bhish ebility feumele students achieved tetter under
<pository then under beuriestic instruction. Oth-rwise, 1t}
wele and the fewasle students of lower shility eschizved
tetter under exvository than under heuristic instruction.

wovever, differences in the foregoing obeservations were nol

2t the p=C.,05 level.

CONCLUSIONS

-

finding which rejected .iull hypothesis Two that there is

no reletionship betwesen Students' Achievement in wathema-

£31) and studzants' levels of ebility implies thet the

slternative suhstantive hypothesis (hq) Two stands. That ics



the etudy concluded that there is & relationship tetveen
SAl and gtuderntd levels of ability, Otrer luplications of

rejection of Iyll bhypothesis Two include the follcwing0

o

40ility 2s measured Ly the students! aggre

)

ete scores in

@

the Zambia sstions] Grede Seven Composite welection

Lxemination, i predictor of students' achilevement in

a

[0)]

Lathematices in the Zambia Junior secondary School netheme-~
tics course. Students! Achievement inp wethemetice (54i1),
regresses more on ability (Eta==0.34) then on either sex

[

Cr on method of instruction, Thus ability more then either

to be )
iwethod or SeX, &pneared a better bredictor of
AR

the strensth of the regression of SAL on ability wes 21s0
found to depend on the Coveriste effectg of Previous
metoemstics learning 2nd or studentg! motivation towsrds
leerning rngthematics,

tull hypotheagis (ho) four. Inplications of the
T'inding which rejected ~ull hynothesisg (ho) Sour that there
18 no cex versus method of instruction effect on ikl indi-
cate that slternative substantive nypothesis (h1) Hour
hat is, the gtudy concluded that there igs o sex

versus method of instruction intersction effect on SA,

ttuer inliestione include the following,

‘rom sdéitional dats malysis, the method of instru-
ction influenced saj in sﬁch & way thet the male students
echleved tetter under heuristic then under expository
instruction in the high ebility group. Un the other hand,

female students of high ebility scliieved tetter under
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exoogitory then under heuristic instruction.

Perhape the influence - not presently studied - of sex
dlscriminatory socialisstion practices, socisl expectations
grd evaeilebility of opportunity in s culture contributed
tovierds the irethod versus sex intersction effect fourd in
the present study. 4 further study of the phenomeucn
study found no evidence

to su

£8 gt th f Fact per se had & gignificant
differentisl influence on students' =chieveuwsrnt in

natiematics.

smong the low «bility mele end the low 2bility femsle
students, the bouristic and the expository methods of

instruction ¢id not show the intersction effect Letween sex

}..J

end method of instruction. Zoth the low ebility wale and

tihie low-ebility femele students eppesred to zchiesve tetier

vnder expository then under aeuristic instruction. Irobs bly

tie capacity tc cepe with the discovery demends of the

T

ceuristic leerring becomes ecuplly raduced end limited in

sbtudents of either sex din the lower sbility renge. lerhans
J

tnese students then fsvoured the psseive end receptive

learning provicded by expository inctruction.

Lecepted 2ull A
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e

petneses. “ull hypothesis (ho) Lrie, The

implication of the firdingz eccepting tull hyuothesi

n

~
- D‘

g

ig
Gne/thet there is no difference in 5.4 vhen students sre
teught by either = heuristic or en expogitory methed of
ingtruction. ucwever, in itue presence of =z method of
irstruction vérsus cex Interection effect, the msin effects
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of method of instruction, on the overell, mizht have been
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APPENDIX I

POST-T=ST STUDENTS' ACHIEVEMENT IN MATHEMATICS

Imtrument SAM Post-test. Time 80 minute

Instructions

.. Reed these instructions carefully.
2. Do NOT write anything on this question paper.

3+ There are TWO parts in this paper. Answer ALL
questions in both parts.

4. For each question in Part I five options for an
answer are given for you to choose ONE. Only one
of the five options is correct. Jiork out on the rough wo
paper provided which one of the five options is the BES
correct answer. Then on your ANSWER sheet tick ( / )
the letter with this answer.

Exauple: 6 800 - 4 200 =
A. 2 500 B. 3 500 C. 2 400 D. 2 600 E. 11 000

The correct answer is 2 600, which is D. You would show
this answer by ticking letter D on your answer sheet
like this :

A B C D E

5. In Part II, work out answers on the answer sheets
provided. lLough work should bte shown on the side of
the answer sheet. Show all your working neatly.

6. Ensure that your name and class are written on all your
answer sheets.

PART I

1. In the following sets, the set of odd numbers is :
a {1, 2, 3} B fo, 1, 3} o {2}
. {1, 3} E {o, 1, 2, 3}



5e

The set containing the smellest number and the largest
number from 35, 53, 39, 51, 33 is :

i {39, 33} B. §33, 53, 39} c¢. {51, 53} »b. {39, 35, 3:
5 {{35: 57, 33}{ bod t

The set of whole numbers less than 4 is :

s {1, 2,3} . fo, 1, 3, 4} cfo, 1, 2, 3}
p. {1, 2,3, 4} "E {2 3}

Wnich of the following sets are equal *?

(i) {a, b, c} (ii){c, b, b, a} (iii) a, a, b}
(iv) {b, c, c}

Ao (i) and (ii) Be (i) and (iii) Ce (iii) and
(iv) D. (iv) and (i) E Yone of these.

If E is g universal set. P and Q are two sets such

that n(PVQ)' = 0 ;3 n(P') = 15; n(g')=5 and
N(PVQ) = 30 then n(Pf) Q) =

A. O B. 15 C. 20 D. 30 E. 10

In this Venn diagram
the shaded area represents P £
A. @ B. (PUQ:! é
¢. (@' ©D. PU Q 4
E. P)Q , |
Given that P..--_(1, 3} Qe= £1, 2, 3.7 R:-{j, 2y, 3, 6}
Which of the following statements is correct ?

A. PeQzR  B.e QePeh Co. Re=QesP D.-
Pe= Rem Q E. lone of these.,
1,

Kar{ -1, 0, 2} L={o, 1, 2} u={-2, -1, o}

N {-1, 0} Which of the following is true ?
4. LNk = xkUn B. Uy = 1Nx

c. kUv=x() u D. iy u = M )N

8. tUy = x ) w

A survey of 1300 homes in Lusaka gave the _results
expressed by the_following sets : e { 850 families
owned a car each. N={1150 families owned a television
each.y Then n(Nf) li') =

A. 450 B. 400 C. 50 D. 1150 E. 350
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PART II

M. List, the following sets :
(a) {Numbers which divide into 24 }

(b) {Squares of the first six whole numbers J‘

1 .Describe these sets :
(a) {January, June, July]’

(b) {President, Prime minister and cabinet ministers,
Central committee members in Zambia. }

12. Describe the following set in words :
{O’ 19 2) 3, 4’ 5’ oo.}

B . Group the following diagrams into three sets : P, Q, R.

A =T D

14, Sr-—-{}, 6, 9, 12} Form new sets as follows :
(a) Set C by dividing each member of S by 3

(b) Set D by adding elements of S TWO at a time in
ALL possible ways.

15. List the set of total scores possible when two dice
are thrown together.

16, If E={1, 2y 3, 4, 5, 6, T, 8} A-_-_{Z., 4, 6, 8}
and B={1, 2, 3, 4, 5}  Complete:
(8)  ANB =m-=a(b) B'=...(c) (AUB)I'=.a) (a")' =

17. Let A and B be two sets.
(a) Is there gnother set Y with elements such that
IBL)Y' - B
(b) 1Is there another set X with elements such that
BNX =

18. 1t 4 =11, 2, 3, 4} B={2, 3, 4, 5, 6,} and
C =={2, 4}- which of the following are TRUE ?
B & A; B& C; Ce=B; CEA; @SB
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19. Are the following statements True or False ?
(a) If AccB  and BgEC then A $C
(b) BQ{set of keal numbers}
(c) Zf{set of prime numbers}

20, If A ={1, 2, 3, 4, 5} , B=p, 6, 9, ... 99} and
cz{5, 10, 15, ... }Tugsoebopy and complete the
following by inserting the symbol for 'element of'
or 'not element of' in the spaces indicated by dotted
lines.

(a) 5 ... B (b) 15 ... C (¢) 300 ... C
(d) Which element of A also belongs to C ?

21. Which of the following are 'empty sets' 7 .

(a) { 0dd numbers which are divisible by 2 }
(b) {Even numbers which are divisible by 5}

22. Wrdte down any pairs of equal sets from the following:
{2, 6}; {4, 2, 6 } ; {vowels in the English alphabet} ;
Xy ¥s 2 3 ?_u, i, o, a,e}

"OOV ([

The above figures shows a set S of shapes with straight
and curved sides. Use the capital letter on the shapes
to list the members of the following sets.

(a) The subset of S whose members have more than five
straight aides.

(b) The subset of the mebers of S with exactly twa
curve sides.

(¢c) The subset of members of S with eight straight sides.

24. Say whether each of the following is true or false :
(1) {a, b, c}c&a, b, c} (ii){} — {a, b, c}
25. S-_-.{}, 4, 5, 6, T, 8}, T---{S, Ty 9, 113- . List

the following subsets of S5 3
(a) Its members are divisible by 3

(b) Its members are members of S which are 3 less than
members of T.

26, List all the gsubsets of each of the following :

(a){p, q} (b) {p, qs r,‘s}
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27. braw sketches of a cuboid, a cylinder, a cone and
a sphere.

28. 1f A=={cuboids, cylinders, cones, spheres}

List the following subsets of A :

(a) The set of solids which have no corners.

(b) The set of solids which have at least one flat
surface.

29, Which of the following are True ?

(@) 2e=f1, 2,3 ®» z2e={1, 2, 3} @) 2 ¢ {2}

30. State a possible universal set for each of the
following :

(a) .fcopper, silver, gold}- (b) {}, 5, 7}
(e) { cylinder, sphere}

31, Illustrate each of the following by a Venn diagram:
E::{g, b, ¢c, d, e, f} ; F=Js, b, ¢, d G=4c, d, %}

32, From the Venn diagram
on the right, list
the mebers of the
following sets :

(a) Set B .
(b) set of elements that do not belong to A.

33. IFrom the diagram on the %
right list members of *
the following sets: oy
(a) set D oW
(b) set of elements that

belong to either C or D

34. 1In the figure on the right Ji

E =fpupils selected_ from :

a senior class.j
H:%Pupils who like History} .
G =pupils who like Geography} :
Each letter represents a pupil. (a) How many pupils
like Geography ? (b) How many pupils like History but
not Geography ? (c¢) liow many pupils like neither
History nor Geography ?

35, hich of the Venn disgrams below illustrate the pairs
of sets following the diagrams ? E is the set of
whole numbers.

P

OOl
|| J AN S—
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(a) A%%ven numbers} , B =4odd numbers}

(b) D:ﬁmaltiple of 2} Po= {multiples of 4}'

36, If D:={brime numbers, less than 12} Fz{%ven numbers
less than 12 W= § whole numbers}- ist
(i) Dbf)w (ii) olJr

37. If E={letters of the alphabet}, Q= {b, C, d} )

(1) Q1w (i1) PR
38. I E={i, 2, 3, 4, 5, 6} B={1, 3, 4, 54 c= {5}
(a) List the sets (i) Bn o (ii) EnB

(b) Show these interactions in separate Venn diagrams
The use of shading er colouring will help.

39. Cepy the diagram on the right E ;
and shade the region that 4].
represents the intersection
of A and E

40, Of 25 girls, 18 like pop music, 13 like classical
music and 10 like both,

(a) Illustrate these facts in a Venn diagram.
(b) How many girls like neither pop nor classical
music ?

41, If there are 10 members in set A, 7 members in set B
and 4 members in the set A b, How many members
of A are KOT members of B ?

42, Which of the shapes below have:
(a) only curved edges.
(b) flat and curved surfaces in the same shape ?

oL

B




43.

44.

45.

46,

47.

48,

49.

50.
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A wall is made of bricks 20 cm long, 10 cm broad
and 6 cm high.

(a) Sketch the brick and mark in its dimensions.
(b) State the length and breadth of each of the other
faces

The figure an the right shows a cuboid with all its
corners named. Edges which point in the same directian
are shown by parallel lines. B

Name : (i) three lines parsllel

to BC.

(ii) three lines parallel
to AE.

(iii) another set of four
parallel lines.

(iv) Why are BF, EF, and
FG shown dotted ?

- >

If E {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} , and
a={2, 3, 4,5, 6} , B={3,56,7,58 9],
C f4, 5, 6, 9, 10} ) are subsets of E.

(a) List the sets Bf]cC and A B)cC

(b) Illustrate by a Venn diagram.

Which elements nsmed in the list are not members fof
the set described ?

The set of odd numbers from O through to 10.

{3, 6,7, 11,0}

Given E={1, 2, 3, .u. } and 1‘«1_—:{_1, 3, 5, Ty 9y ous
Write down W' '

1 5={1,2 3, 4,5, 6,7, 8}, r={2,5,7, 8},

e={1, 8} List (1) POQ i) U
(111) @' N
Given E:{a, e, i, 0, u} P:{a, i_ List
(i) »p' (ii) PN
In the figure on the right, A . F
tiow many
(1) faces are there ? B E
(ii) faces are triangular ?
(iii) sets of parallel (0]

edges ?

(iv) angles are formed by the lines meetings at E
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51, The figure below is a large cuboid divided into
smaller cuboids. How many of these smaller cuboids
are there ?

-

L /S S
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SCORING SCHEME FOR PQOST-TEST STUDENTS' ACHIEVENMENT
IN MATHEMATICS
(Points in brackets )

. D 4. A 7. A
2. B 5. B 8. D
3. ¢ 6. E 9. E

( 4 point each) (
10, a) {24, 12, 4, 3, 8, 6, 2, 1} (2)

v) §70, 1, 4, 9,716, 253 (2)

11 a) Nemes of months in a year begining with J (2)
b)  Members of the Zambian government (2)

2 a) Set of whole numbers (1)
b) P :{d,c} Q;g, a} R = {b} ( 1 each)

13. a) set ¢ ={1, 2, 3, 4 (1)
b) Set D :{{9. 12, 15,}18, 21} (2)

“ o {2,3,4,5 617,89, 11,12}  (3)

15. a)  af)B= {2, 4} (1)

®) gz {6, 7, 8} (1) 4
)AU ¥ {7}} (2) SICSLS A

8 }
6. a) Yes Y =B (1) b) Yes X = B (1)

7. Cc=B (1) ¢C €4 (1) ¢ = B (1)
18, a) True (1) b) True (1) c) False (1)

19. a) ¢ (1) b) € (1) c¢) ¢ (1) da) 5 (1)
20. a) Empty set (1) b) not empty set (1)

21.. {Vowels of the English Alphabet}:{u, e, i, o, a} (2)
(if an equal pair is given -1 point)

Il v {2 @ ae

23. i) T (1) ii) T (1)
4. a) {3,6F 1 wf4 e 8} (1)

25 a) ) 0,1, Lpd () ,{a} (1, {p o} (1)
b) 8, {py Qa5 1, 8} {075 {a}:irt:isd; {p, o3
{ps v};fps s} {asrls [qg ‘%’si{;,{s} {;}{pi a5 1}}3
{ps Ty ék e, v, s} 5 (8) must at least name
two fofr a mark.

22
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27, a)cylinder, sphereq} cyliders, cuboid cones
point for each set)

28, (a) True (b) True (¢c) True (1 point esch)

29.(8)precious minerals (1) (b) 2 £ prime numbersé;7
(¢c) solids with curve faces.
30. & F G
a c e (3)
f fb

3. 5={3,4, 5,6, 7} (@ (&) a'={5 6, 7} (2
32. Set D= {s, %, u, v} (2) (b) (CUD)_&),I‘, a:5:tu

33. (@) 7 (1) (®) 3 (1) (e) 3 (1)
34, (a) Q@ (1) (b) s (0 (1)

35. (i) D W (1){2 3, 5, 7, 11} (1)
(ii) DU F_{z 3, 4, 5, 6, 7, 8, 10, 11}

36, () 1) fa} 1w fa, e, £} (1)
7. @ 1 Bfle={s} m 1) 1,3, 4,5} )

(b) 1) B
) 1) | 1,3, \6|
4, 5,
2\
38. B (% (1)
39. (a) (b) 4 (1)
40. (a) n(A) not members of

B =6 (2)

@l sy @ @ {e s} @
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42. (a) r_—_——_z;zyﬁ(1) k) 10x6 (1), 20 x 6 (1)

Y

43, i) AD, G, EH, (1) 4ii) BF, CG, H DH (1)
iii) Ab, DC, HG, ER, (1)
iv) Not visible from front. D)

4. &) BNC = {5, 6, 9} (2) b

(3)
b)
ansNnc={s 6}@
45, ‘{O, 6, 11} (2) (-1 for missing elelmen¥)
46, ' = [ 2,4,6, ...} 2) ®={2,5 7, 8}

47. 1) PAQ'={2, 5, 7, 8}(1) ii) Q'UP={2,4,3,5,6,7,8} (2)
iii) @ N\ P'={3,4,6% (2)

48, i) P' = %;e, 0, u:} (2) ii) @ (1)

49, i) 5 (1) ii) 2 (1) iii) 4 (1)
50. 12 (1)

(Total points
150 R
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APPENDIX I1

PRETEST s STUDENTS' ACHIEVEMENT IN MATHEWATICS

Instrument SAM Pretest. Time 80 minutes,

Instructions

1. Read these instruction carefully.
2. Do NOT write anything on this qguestion paper.

3. There are TWO parts in this psaper. Answer ALL
questions in both parts.

4. For each question in Part I, five options for an
answer are given for you to choose ONE. Only one
of the five options is correct. Work out,on the
rough work paper provided,which one of the five options
is the BEST correct answer. Then on your ABSWER sheet
tick ( ) the letter with this answer.

Exawple: 6 800 - 4 200 =

A. 2 500 B. 3 500 C. 2 400 D. 2 600 E. 11 000

The correct answer is 2 600, which idis D. You would show
this answer by ticking letter D on your answer sheet
like this :

A B o] ﬁ/ E.
5. In Part II, work out the answers on the answer sheets

provided. nough work should be shown on the side of
answer sheet. Show all your working/neatly.

6. Ensure that your name and class are written on all your
answer sheets.,

1, which one of the following is a set of prime numbers
less than five ?

afo,1, 2,3, 4, 5}B {0, 1,2 3,43 c. {1,2 3}

D. {2, 4} E {2, 3}



2.

3.

2737

wWhich one of the following is a set of whole numbers
greater than 10 but less than 15 ?

ac {11, 12, 13, 14, 15, {10, 11, 12, 13, 14 }

c. {11, 12, 13, 14 Y D.{10, 11, 12, 13, 14, 15_}

E. {11, 13}

which of the following sets are equal ? 1. {4, 5 6}
2. {5,6, 7} 3. {6, 4,5}

4+ 1 and 3 B. 18nd 2 C. 1 and 2 and 3 D. 3 and 2
E. None of them .

Which of the following statement is true ?

s sefs, 7,3} B ¢, 1.2} cfe téfs e d}

D. Q¢ {2, 3} E. DNone of these.

Given that x;—_{-z, o} Y= {o, 2} Then %x(1Y =
a{-2, 0, 0, 2} B f-2, 0, 2} c. fo} & {-2, 2}
Given that Pjgﬁd{é}are sets and n(P)=8 , n(g) =5
n(POQ) = 3 . Then n(PV Q) =

A. 3 BE. 8 C. 10 p. 13  E. 16
1t E= {2, 3, 4, & 7, 8, 10, 11, 12, 17, 21}
P = {2, 4, 6’ 7) 8’ 12’ 21}
Q ={2, 3, 10, 11, 17}
s = { 4,6,1,8, 12 21 %
. : R={3, 10, 11, 17} Then P* =
A. P B. ¢ C. R D. S E. E

Given that P.—-.-.[multiples of 2,‘} / Q={multip1es of 4}
R={multiples of 3 } . Then a set which contains
all the elements of the above sets is 3

A. QUR B. PUR c¢. PURANQ D. PARUQ)
E. PNRNQ

A survey of 1300 homes in Lusaka gave the results
expressed in the following sets.

M ={Set of 850 families owning a car each}
:’{Set of 1150 families owning a television each}
Families owning both s car and a television set were

800 « mnen n(uUN) equals : A 1300 B. 1150
C. 1200 D. 1250 E. 2000



10.

11.

12,

13.

14.

17

18,

19.

N
(N
w

PART I1

List the following sets :
(a) numbers obtained by doubling 5, 7, 10, 14 .
(b) last five letters of the English Alphabet.

Desgribe these sets in words :
(8) {O’ 2, 4, 6'9 8, 10} 44) . ;
() {423, 432, 203, 234, 342, 324} () {0, 3, 6, 9, 12

Group the following diagrams into three sets P, Q and R.

=AvEo

S={3,6,9,12} Form new sets as follows :
(a) Set P by multiplying each member of S by 2.
(b) Set Q by adding 1 to each member of S.

List the set of total score possible when numbers on
pairs of cards drawn a pair at a time from five cards
numbered 1, 2, 3, 4, 5 are added.

If..E={1,2,3,4,5,6,7,8} and A_-_{Z, 4, 6, 8}
B::{a, 2y 3, 4, 5}— Copy and complete

(a) AUB = -. (b) A' =.. (c) (ANB)'=(d) (B')'=

Let A and B be two sets. &ire there other sets
X and Y with elements such that : (Wvie Yes or No)

(8) AYX = A ) A UY = &

2 a={1, 2, 3, 4} , B={2, 3, 4, 5, 6} c={2, 4§
Which of the following are true ? (a) A&SB
(b) ce=B | (¢) C=a (@) Ce=i (e) Be=C

ire the following statements true or false ?
(a) If Ae=B and bBeC . Then A&C

(L) 9 is an element of a set of odd numbers.
(c) 4 qg{édd numbers}-

If A:-EI, 2, 3’ 4, 5} ] B:{B’ 6‘, 9’ cee 99})
c={5, 10, 15, ... } Copy and complete the

following by inserting or in the spaces
of the dots.

(a) 5 eoo A (B) 15 ... B  (c) 300 ... B

(d) which element of A also belongs to B ?



20,

23,

24,

25,

26,

27.

28.

79

Which of the following are empty sets ?

(a) Set of students in your class who are less
than six years old.

(b) Set of prime numbers between 13 and 17.

Write down pairs of equal sets from sets given below.

{2, 4, 6};{1:. v} {y, x}; {v 4,9, 6};f1. 3, 5, 7,

The figure shows a set S of shapes with straight and
curved sides. Use the capital letters on the shapes
to list the members of the following subsets of S

(a) The subset P of the members of S with exactly
four streight sides.
(b) The subset @ with only one curved side.

(¢c) The subset R with more than two curved sides.

AC)GAE

Say whether each of the following is True or False.
() {2, 3, s}e={e, 3}
(b) {x, y]- has four subsets.

s={3, 4,56 17,8} r={5 7,9, 11} List
the following subsets of 5.

(a) Subset P whose members are greater than 8.
(b) Subset § whose members are members of S and also
members of T.

List all the subsets of each of the following.

() {»} ) {p, @ r}

Draw sketches of s cuboid, a cylinder, a cone and
a sphere,

If A= {}uboids, cylinders, cones, sphereq}
List the following subsets of A.
(a) The set of solids which have six faces.

(b) The set of solids which have two curved surfaces.

Which of the following are true 7

@) 2 {1, 2,3} @ 2e={1, 2, 3} o {e}e={2}



29.

30.

31.

32.

33.
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State the possible universal set E for each of the

following.

(a) {carrot, cabbage,

(&) { cube, cuboid }

Illustrate each of the
E={1’ 2y 35 4, 5, 6}

From the figure below,
following sets:

(a) Set A

(b) Set of elements
that belong to
either A or B,

From the figure on the
right, list members
of the following sets.

(a) Set C

(b) The set of elements
that do not belong
to C and to D.

. rape

}7 (b) {Pen, pencil, pape{}

following by a Venn diagram

) P:_-_-_{1,. 2, 3} e={4, 5}

list the members of the

« W

right, E =}pupils
selected f¥om a
senior class}

H =/pupils who like
history.

In the figire on the

G=={pupils who like

geography }

Each letter represents

a pupil.

(a) How many pupils
like history ?

(b) How masny pupils
like both history

and geography ?

(c) How many pupils like geography but not history ?
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34,. VWhich of these Venn
diagrams on the right

illustrate the pairs
of sets given below,
where E is the set

of whole numbers ? 3 —

(a) A=feven numberq} N
(b) Pzfprime numbersJ

(b) S ={numbers
divisible by
2 and by 53

T =4 numbers
divisible by 10 %

BS.QTD =={prime numbew less than 12‘S
F =£even numbers less than 12}
VV::{yhole numbers.}- List D () F

36. E:{letters of the alphabet}/ P={a, b, ¢, 4, e, £}
e={b, c, a}, k=fd, e, £} s={f} . List the sets:
(1) P/ Q (ii) R S
3. s={1, 2,3, 4,5, 6}, 4=01, 2, 3, 4} ,5={3, 4, 5},
={5} (a) List the sets (i) AMB (ii) 4 (\cC

(b) Show these intersections in separate
dizgrams. The use of shading will help.

38. Copy the diagram on the right
and shade the region that
represents the intersection
of P and Q.

39. In a group of boys, 15 liked ice cregh, 20 liked
sweets, and 12 liked both.

(a) Illustrate these facts in a Venn diagram.
(b) How many boys are in the group ?

40, There are 20 girls in a certain class. 16 of them
study physics, 14 study chemistry and 12 study both

physics and chemistry.
(a) Draw a suitable Venn diagram. (b) Deduce the

number of girls in the class who study neither

physics nor chemistry.

41, 5={12 3,4, 5 6 7,8 9, 10}.4={2, 3, 4, 5, 6]
B:{j, 5, 6" 7,; 89 9})0:‘[4! (5! 6’ 9’ 703/81”6
subsets of E. List (1) Af)E (i1) ¢ (14 |
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42, Which of the shapes in the figure below have :
ia) only straight edges (b) both curved and
flat faces ?

PO

43, A wall is made of bricks 22 centimetre long, 11 cm
broad and 7 cm high.

(a) Sketch the brick and mark its sides..
(b) How many faces messure 22 cm by 11 cm ?

44, The figure on the right
shows a cuboid with all
its corners named.
Edges which point in the
gsame direction are shown
by perellel lines.

(g) which three lines sre
parallel to AB ?

(b) Which three lines are parallel to BC
(c) Neme another set of parallel lines.
(d) Why are AD, DC, and DS shown in dotted lines ?

-~

45, ihich elements named in the list are not members
of the set described.

The set of even numbers from O through to 10.
{8 5, 12, 3, 4}
46.. Given E={0, 1, 2, 3, 4, 5, +...} and
M.-_—{z}, 5, 6 +ees } rite down M’
1, 2, 3, 4, 5, 6, 7,8} end
2, 5, 7, 8}; o {1, 8} . 1ist
(i) P (ii) P'f)Q (iii) QU P
48, 1f E={1, 2, 3, 4, 5} and P={2, 4} List
(1) P (i1) PP

47 . Given B -
P



49,

50.

In the figure on the right

how many :
(i) corners are there ?
(ii) edges are there ?

(iii) faces bounded by
four sides each ?

(iv) angles are formed by
the lines meeting
at A ?

The figure on the right
is a large cuboid .
divided into smaller
cuboids. How many

of these smgller
cuboids are there ?
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SCORING SCHEME FOR PRE-TEST OF STUDENTS' ACHIEVEMENT

IN MATHENMATICS
(Points in brackets)

1. E 4. D Te C
2. C 5. C 8. B
3. A 6. C 9. C

(All 1 point each)
10, (a) {10, 14, 20, 28}(2) (®) {v, w, x, ¥, 2} (@)

11. (a) Set of whole numbers divisible by 2 (1)
(b) Set of numbers of three digits formed by using
2, 3, and 4 for each number. (2)
(¢) whole nu%bﬁrz divisible by 3 and not more than
12. 2 .

P = {three sides} (1) Q ::{five sides} (1)
R = {four sides} (1)

OR
P as triangles s, and d ; Q as pentagon or polygon e
R as quadrilaterals b and c.

13.  (a) p={6, 12, 18, 28} (2 &) q={4, 7, 194 134

12.

14, {23, 3, 4,5, 6, 7,8 9,10 (2

15, (a) aUB={1,2, 3,5, 6,8 4} 3
(b) a'=§1,3,5 7} (2)
) aNB= {1,356, 7,8} )

(@) (8  ={,2,3, 4,5} ()
16. (a) yes . if X ie contained in A (b) Yes if Y =A
(1) (1)
17. 'a' (1) 'b'and'c '(1)
18. (a) True (2) (b) True (1) (¢) True (1)
19. (@) € (1) ® € (1 @ £ M
(@) 3 (1)

20, (a) ¢ (1) (v) @ (1)

21. {X, y}::{y, x}- (1)
72 (2) Pl 5 B} (2 (P oxfBy Bf (20 () meffi2)




23.
24.
25.

26.
27.
28,
29.

30.

31,

32.
33.
34.
35.
36.
37.
38.
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(a) felse (10 (1) (b) True (1)
(@) P=g (1) (@ ¢={571}F )
@) ¢ (1, {&} M

@ 8 fp } o foa} {0
{p,q,{ } {r{q} { 1 ‘point per subset)

1 point for a reasonable, even free hanJ)draw1ng of each
(a) { cuboids} 11) (v) ¢ (1)
(a) True (b) True (c) True (1 point each)

(a) E is set of{human edible ve 1tab1es} (2)
(b) E is statlonary (1) c) E is{six plane
iaced Buc 1dean solid shape?}

(8) A={1 2 3 4)— (2) (b) 63 29 3: 4: 5’ 6: 7
| (3)

(@) ¢=fo, rsa} @ @ {x w3} @

(a) 6 (1) () 3 (1) () 4 (1)

(a) N (1) ()  Q (1)

DAF = (2} (1)

(1) 2Ne={r, c, a} « (11) Rf)s = {f} (1)
(1) AnB-—{3 4} (1) @) aNc = ¢ ()

" 39, (a) (2) 40. (a) (2)

< 7 .~ 7
lce cream Sweets]|s

3 12 8

1) 39. (b) 23 boys (1) 40. (b) 2 (1)



41.
42,
43.
44,

45,
46,
47.

48,
49.

50,

(1)
(&)
(a)

(a)
(b)

‘{5:
M

(1)

aNB= 0, 5,6} @ G ofla= {4, 5, 6} (2)
A and E (1) (b) B end D (1)
Sketching (1) , marking (1) (b) 4 (1)

DG, PQ, SR (2) (c) {ap, DS, CR, Bay (3)
Gk, PS, 4D (2)  (d) not visible (1)

3, 12} (2)

= {p, 1, 2, 3}- (2)
P=9,3,%6} (1) (i) P'fle= 1 (1)

(i11) QUe' = {1,72, 3, 4, 5, 6, 7} (2

(1)
(1)

(iv)

16

pr={1,3,5% (@ 1) NP'=¢ ()

6 (1) (i) 9 (1) (iii) 3 (1)
3 (1)

(1)
(Total points 150)

——-———— —————_— "



247

APPENDICES III AND IV
(in one instrument )

Instrument ligin Study: Mativation/Attitude Scales. Time:%hr.
Student's NO. ® 660 00000000

The purpose of this quaetionnaire is to find out more
about some of the problems that might be affecting students'
learning of mathemstics. We could them be able to suggest
ways of helping students overcome these problems. Towards
this end, the statements which follow seek your opinion
about some aspects of mathematics. There are no correct
nor wrong answers to these statements. Answers are likely
to differ according to how different students feel about
learning mathematics. The answers you make to the state-—-
ments will NOT be used as scores for your school report.
Infact your school will no even be told what answers you
gave. To be sure about this DO NOT write your name on
this questionnaire. Please therefore answer ALL the
statements without any fear. Answer as honestly as you
feel about each statement. If you do so, you will be
helping us very much.

At the end of each statement, there is space provided
for you to answer in one of the following weys:

Y.

If you strangly agree with the statement, tick twice .
If you agree with the statement but not strongly
tick once ..%

ey e

If you cannot decide, put & question mark

If you disagree with the statement, put a cross ..%.'
If you Strongly dissgree, put two crosses .%.%.
XX.

Example: Education is not useful to our country. .
(This shows that I strongly disagree with this stestement)

NOW START 1!
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(APPENDIX III)

1. Miathematics appears hard even with increased effort .....

2. I choose to admire students who top my class
in maths than try to top the class myself. cecene

*%, Spending more time on my maths homework might
bring me a better result,

4. I feel lazy when we are given maths homework. | ceves
¥5. I like solving mathematics quizes even if they
are not part of my school work. cos e
6. Mathematics problems which appear difficult just
frighten me off. ceees
7. I do not like trying mathematics sums which I may
get wrong. ceces.
8. I just hate mathematics competitions. ceces.
*9, lathematics periods at school cheer me up. secoe.
¥10. Even if my chances of success in solving maths
problems eppear small, I like trying my luck. oo
*11. I work hard on msthematics because I like it
even if I do not score very high in it. cecens
*¥12. My wish is more towards understanding maths
than just passing tests. cescne
*¥13. I enjoy doing mathematics homework. sesece

14, After Grade Twelve, I should not like to study
mathematics anymore. ceccene

*15, When I feel lazy to do some school work, I
prefer to do some mathematics.

® e o0 00

*16, When we have a maths test, I always hope to be
among the best.

17. If I can, I always wish to avoid maths
competitions.

o e o 000

*18, I work hard on maths to avoid failing.

*¥19, When I worry about fgiling my maths I do better

*20, Success in maths just brings me.pleasant
feelings and further determination to succeed .

L 2R BN B 2N J
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*21. If maths tests appear hard, one must not give
up. *® 00 00

®#22, The teacher should give us time to try
maths problems before showing us how to
solve them. ceence

23. When I get used to one method of doing maths
problems, I get ennoyed when made to change
to a new method. EEEEEY

(APYENDIX IV)

*24, Good mathemsaticians have the best chances
of success in life.

*® @ e 0 00

*25, To understand the present world well, one
‘ must know mathematics. cesece

*26, I should be happy to study mathemztics

further sfter Grade Twelve. cecese
27. We should stop teaching mathematics in our

schools. cecossse
29, liathematics is too difficult. cecses

*30, I should be happy to read about mathematics
in the future. ceecene

31. liost of what is taught in mathematics is
not useful, cecsen

*#32, lathematics is the most interesting subject
for me in school. ceeses

*33, Passing mathematics should be useful for
my future. seccoe

34, The mathemstics taught in school, does not
add much more to the mathematics I need
fOI’ my lifeO e o0 0 e @

*#35, The mathematics knowledge and skills I learn
. in school should be helpful to me when I
leave school. eses s

*36, Almost enyone who is serious can learn
mathematics. cecese

*37, Any person of average intelligence can learn
and understand s good deal of mathematics. cecses



*38.

*39.

40,

*41.

*42,

43.

*44,

45,
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Even difficult mathematics can be made simple
to a secondary school student.

Even complex mathematics can be made useful
to every normal secondary school student.

liost of the able people should be encouraged
to become mathematicians,

liethematics is of great importance to a
country's development.

It is important to know mmthematics in order
to get a good job.

Unless one intends to become a mathematician
or a scientist, the learming of advance
mathematics is not necessary.

In the near future, most jobs will require
@ knowledge of mathematics.

Most of the time, I just find that I can never

see the importance of what we learn in maths.

*® 00 00

® & 60 090

o 0000

® o e 0 00

® ® 0 0 00

& @ 0o 000

KOW PLEASE CHECK IF YOU HAVE ANSWERED ALL THE STATEMENTS.

THANK YOU VERY MUCH

1

( * marks items treated as positive or plus items referred

to in Table 2 page 96
indicated in this Table ).

e Scoring was therefore as



APPENDIX V

STUDENT'S HOME SOCIO-ECOLOMIC STATUS SCALE.
(maximum score points shown in brackets. )

Instrument : liain Study Socio=-economic Status Scale.

SS NOOQ ® 0 6 0 0 0 0

Dear Psrent / Guardian,

The purpose of this questionnaire is to collect
information to help find out more about factors which
might be affecting students' achievement in mathematics.
Knowledge of this kind might help towards finding ways of
improving students' performance in mathematics. Towards
this end, there is need to know more about the student's
self, home and parents. But we do not require to know
the names of the students nor those of their parents. This
should free you to respond to ALL the statements below,
freely and honestly with the assurance that the private
information you give us will not be made public property
under your name. The information you give us will be
handled with utmost confidence so as never possibly
to embérass you in any way what-so-ever., We earnestly
request you therefore, to respond truly and honestly as
you feel and know concerning the issues raised in the
statements below., Your true and honest answers will be
very valuable in helping us achieve our objective,

Part I is to be completed by the Father or Guardian who
brought up this student now entering Grade Eight.

Part II is to be completed by the mother or corresponding
guardian who brought up this student.

-Part III. To be completed by the student.
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Part I

To be oompleted by the Father or Guardian.

Write in the spaces provided or tick the option you choose.

1.
2.

4.

7.

What is your relation to this student 7 .scecevcecsceces

In your view, should girls be taught &s much (0

mathematics as boys ?

very much so / perhaps yes / not sure / a little /
not at all. (0)

Do you help your children at home when in difficulty
with their mathematics homework 7

Always / sometimes / Not sure / once in a while / Neve

(5) (4) (3) (2) (1)

Thinking of yourself back in the 1970s when your child
now in Grade 8 was still young, how often would you
say you used to buy this child toys to play with ?

Very often / often / not sure / once in & while / never

(5) (4) (3) (2) (1)

If you used to buy any toys for this child, would
you say these toys should have taught the child
anything related to mathematics such as drawing or
counting ?

Yes very much / perhaps yes / not sure / a little /
(5) (4) (3) (2)
not at all. (1)
liay we now ask you & few guestions about yourself

now and in the early 1970s when your child / ward
now in Gracde Eight was still very young.

Consider and add together, the duration of your
training in years in each of the educational (scademic,
vocational, technical and so on ) qualificetions you
now have. Thenn for how many years from primary

Grade One did you receive education ?

® & & & ¢ 9 00 years.
(Points awarded according to scheme: O — 4 years (1);,

5-9 (2); 10 -13 (3); 14 - 17 (4) ; above £5

what is your occupation ? .se.eesecesssessssssscsscoane

(frofessional (5) ; data processing, clerical (4) ;

small business, technicel skilled (3) ; labourer (2) ;

none (1) ) ’

&+——Hhet—position (renk) doyou-hold—in this—Feb-2

I R I N Y I T R R S S S S
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8. What rank (position) do you hold in this job ?

® 6 € 8 6 0 8 2 P O S N S OO P B P QE O N S SEE BN S Es O N e

(Top (3) middle (2) bottom (1)

)
9, Consider the socio-economic stratification of our
society in Zambia to day. If 'S5' represented the

topmost most well off and '1' the bottom most worst
off. Tick where you place yourself on th® scale :

5 / 4 / 3 / 2 / 1

richest poorest

10. What was your occupation in the early 1970s 7
Professional (5), clerical (4) technical skilled (3),
latourer (2) , none (1).

11. What position (rank) did you hold in the job ?

© 6 2 06 6 52 9 0 6 4 5 5 8 68 5 0 06 82 5 20 ¢ 0 ° 00T SO OOQCN st e N0e e

Top (3) middle (2) bottom (1)

12, Consider again the socio-economic levels of
stratification of our society in those early 1970s.
If 'S' represented the top most well off then and
*1' the bottom worst off. Tick where you place
yourself, in those days, on the scale :

5 / 4 / 3 / 2 / 1

Thank you very much.

- — . T S W G S WS T e A M G GED UMD -G G GRS ST S GE SN NS @ IS WS ST e WIS YR WS G SR T SR GE AT T GRP Y G G W SN G G4 W S G S VEe W

To Le completed by %he mother or mother guardian.

Write in the spaces provided or tick the option you
choose.

1. Do you think girls should be taught as much
mathematics as boys ?

Yes very much so / perhaps yes / not sure /
a little less / much less. (0)
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Do you feel the mathematics teught,other than arithmeti
in school is useful for pour child's future ?

very useful / useful ;/ not sure / little use / useles?.
C

Would you say, you normelly help your children with

their mathematics homework when they are in difficulty

Always / sometimes / not sure / not usually / never.

(5 (4) (3) (2) (1)

Tick any of the following items which you could say
your child, now in Grade Eight, had, at home before
starting Grade One.

Children's water pesints. Pictorial books. Baby cot.

VUrawing materisls. Pram rattles. ) Baby pran
Geometrical shapes. Word games. Playing
Counters. Swing.
Blockse. (4 for one Tricycle.
Number toyse. or moge)
Jig saw puzzle. t%?%?‘._..... (3 for or
et or more
(5 for one or Ball. ticked)
more ticked ) Doll. cesecnca
® © 8 0 5 0 6 5 00 0008 P> Toy Car. (1 poin‘t
for nor
ticked;
(2 for one
or more
ticked )

Give any not included in the list provided above

LA I B N I L A N K B L R I N I I B Y )

What is you relation to this student now in Grade 8 »?

Consider and add together the normal duration in
training years for each of the educational (academic,
vocational, technical and so on) qualifications you

have. fow many years - of education then ., did you
receive in gll starting from Grade One ?

(0-4,1 point),(5-9,2 points) ,(10-13,3points), ( 14-17,
4 points() (greater then 17 , 5 points).
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(frofessional / technical 5 points); (clerical/
administrative 4) ; (skilled worker 3 ) ;(Laboursr 2 ) ;
(none 1 point).

what is your position (rank) in your job ?

TFUT O 6000060000000 00006 0500000060 0¢0606 00600000088 0666060060060000000

(Top 3 points); (middle 2 ) ; (bottom 1 point).

Could you pleese now check if you have responded to
all the items .

Thank you very much .

LN I I I I 2 2 I B A RN INC I N I I NE I Y I B I B B N Y B B K N I B N N R S R N A N R AR N N N N R R 3

Part III
To be completed by the student.

What is your date of birth seeeeeeceeseeB5EX cevecoososo

(0) (0)

What are the educational qualifications of your most
successful elder sister (if any) ?

LR N I B B B K 2N 2R B B B B B BN BN R BN BN BN BN BN BN RN I RE BN RN Y I Y N R R B RN A A R A A A I I N -]

(none 1) ; (primary 2) ; (secondary 3) ; (tertiary 4)

v‘lhet is her ogc‘un—ation ® ® S 0 0 0 ¢ 0P OO LE P e SO N OO PO S O e O RS PS S
(professional/ ¥, J{clerical/administrative 4) ; (skilled
worker 3) ; (labourer 2 ) ; (labtourer (none 1)

what position (rank) does she hold in her job. ?

..0..........'0.'...'0...........'..0........‘.'.'....

(Top 3 points) ; middle 2) ; (bottom 1)..

what is her husband& occupation (if merried) ?

LA AR AR AR AR R AR A A 2 A B IE K I 2K BN IR NI I I I S S R P S S S S

(Professional 5); (clericel 4);(skilled worker 3);
(leabourer 2) ; (none 1). .

What are the educational qualifications of your most
successful elder brother ?if BNY) ? teeececcrccescvoane
(none 1); (primary 2); (junior secondary 3) ; (Secon-
dary 4); (tertiary 5)
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What is his occupation ?

.Cn-cl."0..000.0-.0-00.00..

(professional 5 ) ; (clerical 4 ) ; (skille

(unskilled worker 2 ) ; (none 1).

What position does he Hold in his job ?

00.0.“..0..0.'0'

(Top 3) ; (middle 2) . (bottom

1

256
ed worker 3)

® o 00 00

7).

Thank you very much.



