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ABSTRaCT
SUCCESS AND FAILURE IN MATHEMATICS AMONG THE STANDARD 
SEVEN STUDENTS IN THE BAFOKENG REGION OF BOPHUTHATSWANA. 
KIELY, Joseph H; Ph.D. University of the Witwatersrand, 
1990.

This researcn investigates success and failure in mathe­
matics at the standard seven level in middle schools in 
the Bafokeng region. There is great concern expressed 
by parents, teachers and students about the high failure 
rate in this subject in the external examinations. 
Mathematics is >seen to be important for securing good 
jobs in the platinum mines which are situated on the 
Bafokeng tribal lands. j.n general, greater efforts by 
teachers and students have made little impar-w on the 
public examination results.
The present study undertakes ar xn-de th analysis of 
this problem in the anthropolog^/cal paradigm using the 
illuminatxve approach. Interviews and questionnaires 
are used for gathering data and triangulation techniques 
are used for verification and checking. Statistical 
correlation is applied to the variables but the study is 
not limited to numerical relationships between factors 
associated with scholastic success and failure. Two 
separate criteria of "success" are defined, namely the 
standard 7 mathematics mark and the performance of a ten 
per cent sample in each of five picture problems. The



population xs composed of one educational unit: the one 
high school in Phokeng, capital of the Bafokeng, and the 
three middle schools which make up the catchment area of 
this high school. The number of students involved is 
approximately three thousand.
Language and attitudes show strong positive correlations 
with both criteria of success. Other variables, like 
socio-economic status and degree of westernization are 
significantly related to the picture problem scores but 
not to the mathematics mark. Surprisingly, self-concept 
and embedded figures scores show no statistically sig­
nificant relationship with either of the two criteria of 
success.
In order to succeed in school mathematics a student must 
attain a high level of abstraction. This research does 
not suggest that the case is any different for Bafokeng 
students, buJj it attempts to explore the modes of 
perception, methods of concept formation and the 
development of appropriate schemata by which abstraction 
is achieved. Finally the Implications for teaching and 
learning of mathematics in school are discussed in the 
light of the findings of this research.
This is the first study of its type, as far as can be 
ascertained, for Bophuthatswana schools.
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CHAPTER 1

Background to the Research

1.1. Introduction
The topic being researched in the present study concerns 
an aspect of education among the Bafokeng of 
Bophuthatswana among whom there has been an expressed 
need for schooling since the middle of the last century. 
As long ago as the eighteen sixties the then chief Mok- 
gatle realised the importance of being able to read and 
write and he visited Lesotho to see at first hand young 
children learning these skills in special miasion 
schools (Coertze 1987 P.43). The Bafokeng tribal lands 
contain some of the richest mineral deposits in the 
world including sections of the platinum bearing 
Merinsky reef (Walraven 1981 P.29). Extensive mining 
development over the past quarter of a century hat 
helped to trainsforra the Bafokeng from a rural- 
agricultural people into a group who are conscious of 
the powerful forces for social change exerted by western 
technology.
The present study is situated in a period of change: 
the old ways are being challenged, the values and cus­
toms of the elders are being replaced by an imported 
culture propagated by newspapers, radio and telev.u 'on. 
People who could once walk leisurely thr-ough their own
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vii.’age to visit their friends are now forced to stand 
on the side of the road and wait while streams of cai-s 
rush by on their way to Sun City,- a mere 30 kilometres 
to the north west of Phokeng. Old men who spent their 
own youth running after go;;its or herding cattle must now 
find money to pay school fees and buy school uniforms 
for their grandchildren. Schools are now seen to be the 
gateway to a new material prosperity. The Bafokeng 
tribal authority has invested large amounts of money in 
providing school buildings and facilities for its 
children (Moletlegi 1985 P.12). However just as else­
where in developing countries (Thompson 1981 P.86-93) 
such investment has not yielded the hoped-for high 
returns. The obvious question being asked is Why? Why 
are so many children not able to get good jobs after 
completing many years of schooling? Why are so many 
students failing the school examinations? What is wrong 
with the schools and the teachers? Why are Bafokeng 
workers employed mostly as labourers or in low paid 
clerical jobs in their own mines? What xs required of 
someone to become a shift boss underground? How can a 
person become an engineer or a manager? One answer of­
ten heard in Phokeng and which is at least partly tx'ue 
goes like this; "One needs a good matric and this means 
good symbols in maths and science as opposed to passes 
in Afrikaans and Bible studies". This inevitably leads 
to the further question: Why are so few Bafokeng stu-
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dents doing maths and science in the high schooia and 
moreover why do so many of those who take maths fail so 
miserably?
In the 198B matric examination an estimated 17 COO 
Bophuthiiswana students wrote the examination. approx 
3000 of these did maths and only 600 passed, which is a 
mere 5% of those who entered for the examination. It is 
to address such questions that the present research has 
been undertaken. It set out to investigate the factors 
associated with success and failure in mathematics among 
the Bafokeng.
This research started by looking briefly at the history 
of the Bafokeng and tried to single out what charac­
terises them as a group of people. It was necessary to 
s'l udy the problems they have faced in the past and how 
they have coped with changes forced on them by close 
contact with other cultures such as the Matabele, the 
Voortrekkers, the Boers, the English speaking whites 
etc. The history of schooling in Phokeng is outlined 
and the problem areas which emerged down the years and 
how they were dealt with is given. Lastly this chapter 
has a broad description of how the investigation was 
carried out.
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X.2. Thti Bafokenq
1«2.1. Oricfins and early history of the Bafokenq 
The Bafokervg* make up just one tribal unit among the 
Batswana* who inhabit the Republic of Botswana* and the 
South African independent homeland of Bophuthatswana. 
Both countries are named as places occupied by the 
Batswana*. Apart from an artificial boundary the people 
in these countries are the same, claiming a common 
origin, speaking the same language called Setswana*, and 
having the same customs, traditions etc. (Mangope 1938
P.28). The geographical location is shown in Pig. 1,1. 
and Fig. 1.2.
Researchers have been unable to ascertain with any 
degree of certainty where the Tswana-speaking groups 
originated. Based on linguistic and cultural evidence 
there is no doubt the Tswana and Sotho groups are linked 
(Ruperti 1975 P.14). Schapera (1953 P.15) claims the
Tswana-Sotho tribes migrated from East Africa and en­
tered South Africa probably through the western portions 
of southern Rhodesia in three series of migrations.
* In the language spoken by the Tswana people prefixes 
are used with a common stem in the following manner:
ba = the people of; thus baTswana = the Tswana people, 
baFokeng the Fokeng people. It is customary to write 
Batswana and Bafokeng in English.
bo = the pi ice of; thus boTswana = the place or country 
of the Tswana. It is customary to write Botswana. 
se = the language of; thus seTswana = the language of 
the Tswana. It is customary to write Setswana.
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Fig. 1 .1 .
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The third and greatest migration brought the ancestors 
of the Tswana-Sotho groups who settled as a body in the 
south western portions of the modern Transvaal and then 
broke up rapidly into separate clusters. The people in 
one of these clusters identified themselves with the 
Kwena (crocodile) totem and this group later still sub­
divided into several tribes, one of which was the 
Bafokeng (ibid). Breutz (1953 P.56) agrees with the 
broad outline, but there is considerable disagreement 
about the dating of the events. Breutz (1953) bases his 
estimates on oral tradition among the Bafokeng and sug­
gests the Bafokeng entered the Transvaal in the 18th 
century. Coertze (1987) also worked on oral tradition 
and came up with a similar conclusion but dated it well 
before 1700 \ibid P.25). Ruperti (1975) quotes still 
other sources and states categorically: "Blacks spread 
to the rest of South Africa after the arrival of the 
Whites" (ibid P.13). Archaeological evidence studied by 
Mason over a period of thirty-five years indicates a 
different origin dating back to as early as 350 A.D. 
Mason has examined 47 sites in the southern and western 
Transvaal and has dated them from 350 A.D. to 1823 A.D. 
He claims these sites indicate the origin of the Sotho- 
Tswana people (Mason 1983 P.261). Other scholars such 
as Evers agree that the Iron age material dating from 
1200 A.D. is indeed ancestral Sotho-Tswana but don't 
agree that the fourth century remains can be identified
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with the present day Tswana groups (Evers 1983 P.262). 
Evers rejects the 4th century origin and claims the 
SoLho-Tswana arrived in South Africa about 1200 A.D. as 
an intrusive group overlying an earlier Iron age tradi­
tion (ibid).

Fig 1.2, Republic of Bophuthatswana

Where is Bophuthalswana?
Bophuthatswana comprises seven regions situated within the 
geographical area of South Africa. These regions were part of 
the original lands of the Batsv,/ana before the British 
Government annexed them into South Africa in the yeai s 
preceding and following the Boer War. The other part of the 
lands of the Batswana were constituted by the British 
Government into (he Bechuanaland Protectorate which was 
given its independence by Great Britain in 1966 as the 
Republic of Botswana.



The above discussion might seem irrelevant for the 
present research were it not for the political and 
economic importance attached to it by today's leaders. 
The South African Government claims equal rights to the 
land in the Transvaal basing their claims on the sup­
posedly simultaneous arrival of whites from the south 
and blacks from the north (Euperti 1975 P.13).
Black leaders such as Dr. Lucas Mangope, President of 
Bophuthatswana, reject such claims:

Contrary to the propaganda of the South African 
Government that the we came to this part of Southex'n 
Africa together, that they were travelling up from 
the south and we ware travelling down from the north; 
it is known that by the year 450 A.D. the Tswanas 
were already settled where they are today and where 
they have been displaced (Mangope 1988 P.23).

Edward Molotlegi, chief of the Bafokeng also supports 
the earlier date and he claims his tribe "have lived in 
what is known today as the Rustenburg area, from time 
immemorial" (Molotlegi 1982 P.2). It must be remembered 
that the disputed land contains rich mineral deposits 
including some of the roost easily accessible platinum 
bearing rooks in the world. Claims to ownership have 
led to friction hot only between white and black but 
also between the Bafokeng and the Bophuthatswana Govern­
ment CSemane Molotlegi 1989 P.35). There seem to be bwo 
aspects to this dispute. First, and most obvious is the 
disagreement as to how the profits from the Impala 
platinum mines should be shared, in one year royalties 
paid to the Bafokeng Tribal Authority amounted to R16,5
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million while taxation on mining revenues /leaped 
Bophuthatswana Government R92,5 million (Molotlegi 1985 
P.ll). The R--'̂ pkeng tribe believe they are entitled to 
a bigger sha ,, of the profits since they are the legal 
owtiers of the land. Second there is disagreement con­
cerning matters of government. The Bafokeng chief is 
the 10th in a long line of succession unbroken back to 
the 17th century (Coertze 1987 P.18). He is the tradi­
tional head of the tribe and rules with the assistance 
ak a group of elders called the Kgotla. In 1977 
Bophuthatswana was declared independent and the Bafokeng 
lands were incorporated into the new state headed by 
President Lucas Mangope. Mangope has dedicated himself 
to establishing a Tswana nation along modern democratic 
lines with a constitution, parliament, civil service, 
judiciary, police, array etc. such as exist in most west­
ern countries rn the < ’,hties. This has led,
inevitably, to conflict with the traditional rulers 
the chiefs - who don't wish to abandon the ways of their 
fathers. It can be seen that even at the highest 
political level conflicts exist between tradition and 
modernization and the strains of coming to terms with 
change have exerted terrible pressures on the people 
involved.
Returning again to the wider South African scene one 
direct outcome of the conflicts there is the black-white 
polarization and the doctrine of apartheid which has
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dominated the political and social lives of the people 
down to the present day. The school system top has been 
affected by apartheid and black children have been sub­
jected to "Bantu education" for more than thirty years 
(Christie 1985, P.225). This topic will be taken up
again in section 1.3. below.
There is general agreement that the Bafokeng tribe was 
well established by 1800 A.D.

Pig 1.3, Phokenq - Rustenburq district
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tains to the south and the Elands river to the north as 
shown in Pig. 1.3,
The tribal identity was established with its I'ne of 
chiefs, its toteift, its kgoro* and villages (Schapera 
1953 P.46), They had engaged in wars and cattle raids, 
and stories from that time speak of a general content­
ment and p osperity (Coertze 1987 P.25-34).
This period of peace was shattered in the early part of 
the 19th century by famine and invasion. The worst 
destruction and misery was caused by the Matabele regi­
ments who imder their leader Mzilikazi are reported to 
have wrought devastation avid destruction wherever they 
passed (Bulpin 1965 P.31-45). These years were dif­
ficult ones for all the Tswana tribes of the western 
Transvaal and some suffered extinctioiv at this time. 
Not so however for the Bafokeng, who managed to tread a 
wary path between the various parties and even managed 
to keep some form of diplomatic relations open with 
Mzilikazi since they had representatives at the feasting 
organised to celebrate the Matabele defeat of the 
Barolong (Plaatje 1930 P.53). Later even after 
Mzilikazi fled northwards after his defeat at the hands 
of Potgieter allied with the Bafokeng among others 
(Plaatje 1930 P.142), some special links were maintained 
between the Bafokeng and the Matat-.jle.
*Kqoro - The Tswana people lived in large villages 
divided into sections called Kgoro or "ward".
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In 1870 when civil wa- broke out among the aona of
M2ilikazi, now aettled in the aouthern portion of
Rhodesia, a contingent of Matabele fled southwards into
the Transvaal and found refuge in Phokeng (Coertze 1987
P.37)< Nkulumane, a son of Mzilikazi, turned up in
Phokeng about this time and married into the tribe. He
died in 1883 and his grave is marked as an important
historical monument in Phokeng to this day (ibid).
Prom the brief account given herrt it can be seen that
during the 19th century the Bafokeng developed a strong
image of themselves as a unique group. The foundations
were firmly laid for the emergence of a people whose
uniqueness is well described in the following words!

... my people consider themselves first baPokeng- 
baKwena, then Tswana, then African and, only then. 
Black (Molotlegi 1985 P.l).

1.2,2. Contact with western culture
Early in the eighteen hundreds first contacts were made 
with white hunters and traders. Missionaries such as 
Moffat of the London Mission Society passed through the 
Bafokeng area in 1829 (Coertze 1987 P.35). It was only 
in 1844 that formal contact was made between Chief Mok- 
gatle of the Bafokeng and Hendrick Potgieter one of the 
Voortrekker leaders (ibid P.39). The meeting was cor­
dial and both leaders showed mutual respect and this 
remained a feature of relations between the Bafokeng and 
the Boers who later settled in the area under the
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leadership oi; Paul Kruger (Molotlegi 1985 P.9). 
Bafokeng warriors joined the expedition led by Potgieter 
against the Matabela, inflicting heavy losses on them at 
Mosega in 1837 (Plaatje 1930 P.142). They also assisted 
the Boers in their fight against the British in the 
Anglo-Boer wars (Coertze 1987 P.40).
About 1866 Chief Mokgatle moved his principal village 
from Kana, a site north of Rustenburg, to Phokeng but 
there is evidence that there had been a flourishing 
settlement at Phokeng long before this (ibid P.39). At 
the same time the Hermannsburg Missionary Society was 
invited to set up a mission station in the new capital 
and they established themselves at Saron close to 
Mokgatle's own home. They laid out rectangular streets 
and plots for their own converts and that part of 
Phokeng is still today in stark contrast to the rest of 
the village where the lines are not straight and the 
development seems haphazard by comparison. Prom 1870 to 
1900 there was a gradual takeover of Bafokeng land and 
the setting up of white farms. As early as 1855 several 
Bafokeng wards had been handed over to the whites for 
their occupation (Molotlegi 1982 P.3)« Relations were 
friendly in spite of this and Chief Mokgatle and Paul 
Kruger were personal friends. A meeting between the 
white settlers and the Bafokeng was chaired by Kruger in 
Phokeng in 1883 and a large farm was carved out of the 
western section of the tribal land and became Kruger's
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own farm which he named Boekenhoutlontein (ibid).
Chief Mokqatle soon realised the dangerous predicament 
facing his people and that if the trends continued they 
would soon be without any territory of their own. On 
the advice of his v;hite friends he decided title deeds 
must be secured for their traditional lands. At that 
time blacks ware not entitled under the law to own land 
and the sales were organised through a third party 
usually the Reverend Penzhorn of the Lutheran mission at 
Saron. Money was needed for this project and regiments 
of 50 to 100 men were sent to Kimberley to work as 
labourers in the diamond mines. on their return they 
were levied ^  10 per head payable into the tribal 
treasury (Coertze 1987 P.40), Not all of them returned, 
some died on the way and others were killed as a result 
of accidents at the diggings or from disease. A monu­
ment to these young men at Kimberley carries the 
inscription:

Rest well men of the dew (baPokeng). In death there 
is life. In bondage freedom, i'he Council fire burns 
brightly on Direpotsane and our grandchildren will 
honour you (Molotlegi 1985 P.9).

The success of this scheme can be judged from t:he pur­
chase of Beerfontein farm which includes Phokeng, from 
Paul Kruger at a price of ^900. The cost was shared by 
the Lutheran mission
(1^220), and the Bafokeng paid out ^680 P.43).
From this incident can be seen how adaptable were the
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Bafokeng authorities. They readily saw the changes that 
were taking place and quickly learned how to earn and 
use money. They also learned the intricacies of the 
white judicial system and were soon using it> for their 
own purposes (ibid). The Hermannsburg Missionary 
Society was undoubtedly the most influential in bringing 
about cultural changes among the Bafokeng. The mis­
sionaries at Saron opposed polygamy, initiation schools, 
sorcery, rain ceremonies and ancestor worship for 
example. They also helped to introduce the idea of town 
planning, the erection of rectangular buildings and they 
helped the Bafokeng to understand the new money economy. 
For the purposes of the present research, however their 
most important contribution was undoubtedly the intro­
duction of western style education, which is dealt with 
in section 1,3. below.

1.2.3. Traditions and customs
There are two possible approaches to the study of the 
traditions and the customs of the Bafokeng. One pos­
sible approach is to view them as one among many tribes 
making up the Tswana people estimated to number up to 
3,5 million people (Mangope 1988 P.14).
There is an analysis rtf the Tswana national character 
available in the literature carried out by Kiely (1983 
P.127-133). This analysis was based on a method used by 
McClelland (1975) in his study of the Indian national
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character (P,126-130), Briefly the steps are;
a) listing facts about the group being studied which 

would be representative of their observed behaviour;
b) designing classes which must include all the basic 

categories of cultural life and assigning t’ facts 
to these classes;

c) scrutinising proverbs and folktales in order to ar­
rive at the group's own interpretation of these 
facts;

d) discussing with local people how they viewed the 
facts;

e) trying to discover the fewest possible themes or 
propositions that seem to account for the facts
(ibid P.127).

The application of this method is further developed in 
chapter 7 of the present research where the list of 
facts and the categories are given. The dominant theme
that emerged from the application of this research 
method to the Tswana people was the interdependence of 
people. This interdependence is important for the whole 
group of Tswana speaking people considered as one nation 
but is much more important at a local level between mem­
bers of the same tribe. For the Bafokeng, mutual depen­
dence has given rise to insistence on good human rela­
tions which, is presented as the most outstanding tribal 
characteristic (Kiely 1983 P.132).
A second approach is to undertake an historical analysis
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of the Bafokeng tribal history and try to identify what 
characterises them as a group. Much of the historical 
material has been outlined in the previous section and 
it will not be repeated here.
In reading the history of the tribe since 1800 one is 
struck by their adaptability to rapidly changing 
conditions; they survived the destruction and famine 
and wars of the Matabele reign; they survived bhe more 
subtle invasion of the white men. They were very for­
tunate that during this period they had as chief the 
very wise Mokgatle (1834-1891) to guide them through 
those years. He it was who led his people through the 
altered life style imposed by the new economic order and 
the new judicial system brought by the whites. Mokgatle 
too realised that future success for his people lay in 
schools and he set about introducing western education 
for his people (Molotlegi 1985 P.9), It was Chief Mok­
gatle who was responsible for bringing Christianity to 
the area when he invited the Lutheran missionaries to 
Phokeng. He gave them every support even when they op­
posed traditions and customs going back for generations. 
He himself became a Christian late in life and he was 
biiried from the Lutheran church in the Christian 
cemetry. Traditionally, land belonged to the chief as 
head of the tribe. The chief granted stands for houses 
and agriculture to his people as needed. Grazing was 
common for everybody although numbers were controlled.
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The Boers introduced a totally new system of land tenure 
based on a money economy and involving title deeds. The 
Bafokeng found themselves dispossessed overnight. 
However once they became aware of what was happening 
they set about procuring these new papers of ownership 
but they found a new obstacle in the money payment that 
was needed. Nothing daunted, the Kgotla organised young 
men to work in Kimberley and bring back money, as was 
described in section 1.2.2. above. By the time of Chief 
Mokgatle's death in 1891 five farms had been purchased 
xn this manner.
The legal system practised by the whites vias another 
innovation. Again the Bafokeng learned quickly how to 
use this system to their own advantage and soon they 
were making use of it to protect themselves. One early 
example quoted by the tribal story tellers concerns a 
certain white farmer named Brans Smit who was supposed 
to have struck Chief Mokgatle with a sjambok. The chief 
brought a case against Smit in the courts. Smit was 
found guilty and fined (Coertze 1987 P.40).
In more recent times the same adaptability has charac­
terised the Bafokeng. Platinum and the mysteries of 
chemical and eleotroytic extraction of minerals burst on 
them in the sixties. Not only did they cope with the 
changes which flooded in with the new technology but 
they were able to turn these to their advantage. When 
the Impala mining company applied for prospecting per-
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mission to the Bafokeng Kgotla they were surprised at 
the astuteness of these tribesmen. The Kgotla reminded 
the Company that they were granted the permission to 
prospect but they had no right to start mining
operations. When they finished the survey they must 
come again and report to the people what they were plan­
ning to do. Eventually a contract was made whereby the 
Impala company would pay 13% royalties to the tribe and 
R20 per morgen for surface development (Appendix A No. 
3> .
And in the eighties the Bafokeng tribe continues to
adapt to changes such as industrialisation, migrant
labour, modern banking,shopping complexes and so on.
Coertze gives the following interpretation of the scene:

The general effect of these westernizing influences 
has been so pronounced that one sometimes doubts 
whether the traditional culture has the capacity to 
absorb these extraneous elements without bexng a 
together overwhelmed and swept away by the shear as­
sertiveness of the example which is presented as 
desirable. However our own observation of the fac­
tual situation indicated that although westernization 
is certainly taking place, the traditional heritage 
re-asserts itself in the most unexpected situations. 
This suggests that the process is unlikely to result 
in cultural replacement; it seems more probable that 
a convergence or synthesis is in the process of 
developing (Coertze 1987 P.66).

It is in the context of adapting to new situations that
the need for mathematics is being felt. The needs are
being expressed most keenly in the area of personal and
family finance, shopping, budgeting, insurance etc. And
related to this is the matter of better jobs, meaning
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higher wages and easier conditions with less phys;ic;a.l 
hardship. Among the more educated people there is a 
clear realisation that mathematics is essential not only 
for surveying, engineering and ultimately maitageraent 
positions in the mines but also maths is a route to 
technikons, medical school, business and many more 
professions (Appendix A No. 4).
This section dealing with the origins and history, 
traditions and customs of the Bafokeng is based largely 
on research done by other workei-s. A brief summary of 
this research is given in the next section.

1,2.4. Previous research among the Bafokeng 
The Bafokeng tribe has attracted considerable interest 
among workers in various fields of knowledge. One of 
the reasons for this must be the survival of the tribe 
as an entity with many traditions and customs intact 
through 200 years of turbulent change right up to the 
present time.
Moffat and Livingstone wrote about tlieir travels through 
the Bafokeng lands in the 1820's. They described the 
devastation and famine which were rampant. Moffat is 
remembered in the area from having his name associated 
v/ith a very big tree pointed out as "Moffat'.s tree" near 
Phokeng. lie is reported to have counted many people 
living in that tree, presumably to escape cannibals and 
animal predators (Appendix A No. 2),
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The work of the Lutheran missionaries in Phokeng has 
been the subject of many pamphlets written in German. 
Some of these are in the possession of Martin Penzhorn, 
living outside Rustenburg. He is a direct descendant of 
the first Lutheran pastor to arrive in Phokerig. A more 
comprehensive account is contained in the three volumes 
published in Germany i>y Hacius (1907-1920) and used by 
Coertze (1987).
Schapera (1953) produced an ethnographic survey of the 
Tswana under the auspices of the International Africa 
Institute, London.
Breutz (1953) surveyed the tribes of the Rustenburg dis­
trict for the department of Native Affairs, Pretoria. 
His book contains a great amount of statistical materiaJ 
such as lists of schools and enrolment at the time of 
the survey. He devotes forty pages to the Bafokeng and 
gi'res an account of the tribal history as he recorded it 
from a group of old men called together for the purpose 
by the chief.
Coertze submitted his doctoral thesis in 1966 at the 
University of Pretoria and an English translation was 
published in 1987 v\fith the title Bafokeng Family LavJ and 
the Law of Succession. Most of this work is talcen up 
with court cases dealt with by the tribal Kgotla. While 
these cases give a very good insight into the working of 
the law they also enshrine values, traditions and cus­
toms of the tribe. Chapter 2 has a detailed history of
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the Bafokeng which uses all the known published sources 
as well as drawing on the memory of the elders of the 
tribe. Coertze makes only passing references to 
schools,
For over thirty years R. Mason (1983) has been studying 
the archaeology of the western Transvaal and has 
numerous publications and journal articles in which he 
presents his findings and his theories. As far as can 
be ascertained no site on Bafokeng land has been 
excavated. Novels such as Sol Plaatje's Mhudi (1930) 
and Peter Becker's Path of Blood (1962) give a vivid 
picture of life and times during the reign of Mzilikazi 
who sojourned in and around the Bafokeng area during the 
first half of the 19th century. R. Bulpin (1965) also 
refers to the same period but from the viewpoint of the 
voortekkers in his book Lost Trails of the Transvaal. 
The views of the present chief of the Bafokeng are set 
forth in a 1982 handout written by him personally, en­
titled A short note of the history of the Bafokeng. 
Another pamphlet which develops these notes of the chief 
came to the notice of this researcher in 1985 it is en­
titled simply The Bafokeng.
Kiely (1983) reports material gathered in interviews 
with several old men of the tribe in chapter 2 of an un­
published research report at the University of the 
Witwatersrand. This work also contains numerous first 
hand observations as well as a discussion of the value



44

system among the Bafokeng. Several other interviews 
have been recorded during the present investigation and 
the remarkably vivid accounts given by the old men are a 
joy to hear at first hand-
In so far as can be established education among the 
Bafokeng has been a negii- 'd topic and no previous re­
search in this field has been uncovered. There is a 
wealth of source material available and it is hop>ed that 
such a project will soon be undertaken.
The present research cannot do justice to the history of 
schooling among the Bafokeng nor was this the intention. 
Nonetheless for a proper understanding of the background 
to this research into mathematics a brief survey of the 
manner in which western type schools developed in the 
Bafokeng region is neccessary and this is given in the 
next section below.

1.3. Education among the Bafokeng
1.3.1 History ol the schools
Traditionally tribal history, customs and values were 
transmitted to the young men and women at the initiation 
schools (Bophuthattswana Education Report 1D78, P.5).
Each graduation group was organised xnto a regiment and 
membership of this regiment lasted all through life. 
The initiation school for the Bafokeng ^̂ âs situated at 
Kwaling near Maile. The last regimental name to be used 
was "Matsie" (locusts) but all the men of that regiment-
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are long since dead (Appendix A No. 3). It seems the 
strong opposition of the Lutheran missionaries succeeded 
in doing away with the initiation schools (Coertze 1987 
P44).
In deference to the missionaries Chief Mokgatle had 
decreed in _875 that no Christian was to b forced to 
attend the initiation school (ibid).
As mentioned earlier it was Chief Mokgatle who first 
realised the importance of western type schools for the 
advancement of his people and having heard of such 
schools operating in Lesotho he visited Moshoeshoe's 
kingdom to learn more about them. On his return from 
this visit Chief Mokgatle contacted the Hermannsburg 
Missionary Society immediately and the Rev. C. Penzhorn 
was sent post haste in 1866 to open a mission station in 
Phokeng (ibid p.43). As well as building a church the 
Rev. Pentzhorn started literacy classes for the purpose 
of catechetical instruction and Bible reading. These 
church schools were very popular and spread to other 
centres such as Kana and Luka (Appendix A No. 3). Thus 
the great work of bringing literacy to a whole gener­
ation of Bafokeng was begun. The language used was 
Setswana and scholars paid a shilling a month for school 
fees. The aim of these schools was to p epare children 
for confirmation but they were also taught to read and 
write and even do simple arithmetic. The nature of the 
confirmation schools remained unchanged until well into
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the present century as this extract from one interview 
recounts:

I was born on the 22nd October 1900. I grew up herd­
ing sheep and goats first and later I herded cattle 
for my father. I attended school from 1915 to 1917 
and that school was in the old village. It was a 
church school, an old Lutheran school. We had only 
Batswana teachers and my first teacher was Maria, My 
father paid the school fees for my brother Benjamin 
and myself but he couldn't allow us both to attend 
school at the same time. He needed one to look after 
the cattle. I did one week school and one week to 
look after the cattle. When I was in school my 
brother was with the cattle. In 1918 I made my con­
firmation and then I had to leave school (Appendix A 
No. 3).

The desire for schooling was very strong because the 
Bafokeng saw it as a gateway into the prosperity o'' the 
whites. They had seen what could be done by the new 
technology at Kimberley diamond mines and later in the 
Johannesburg gold mines; they had experienced at first 
hand the mighty havoc wrought by the guns of the 
Voortrekkers and soon rumours of mighty steam locomo­
tives pulling wagon after wagon in a long line on rail­
way tracks began to spread. The so called "mineral 
revolution” vjas well under way in the Transvaal (Denoon 
and Nyeko 1984 p.lOl) before the turn of the century.
The Lutheran confirmation schools were very closely tied 
to the Bible and the early missionaries in Phokeng, just 
as elsewhere in Africa, failed to understand the cult-ure 
and traditions of the people.

The result was tha,t only the formal mechanics of 
Wester education were accepted while the inner core 
or soui of the system, such as character development, 
socialization and ot>.er intangibles which create the 
ethos of Western culture, sj.mply could nob be



47

transplanted wholesale into a totally different 
society which possessed its own cherished culture 
{Bophuthatswana National Education Jieport 1978 P.6).

The Bafokeng were not satisfied with tlie limited range 
of subjects offered by the Lutheran schools. Tne move 
for a wider curriculum which would include arithmetic, 
geography and music, was spearheaded by Dedrick Pitsoe 
(Kiely 1983 P.18). Pitsoe had worked in the Kimberley 
mines before training as a teacher at Lovedale. His ef­
forts to introduce new subjects brought him into con­
flict v;ith the Rev E. Penshorn, manager of the Lutheran 
school in Phokeng. Supported by the Chief Molotlegi 
Mokgatle Pitsoe left his post at the church school and 
established a private fee paying school in his own house 
in Kgale section of the village (Appendix A No. 4). 
This school set a premium on English and arithmetic. 
There was also music on the programme and Dedrick Pitsoe 
even started a brass band which travelled as far as 
Johannesburg to give recitals (ibid). Malachv Mputle 
describes how he himself came to realise the importance 
of arithmetic for his own livelihood:

I went to work in Johannesburg in a butcher's shop. 
That was in 1920. You see they wanted people who 
could read for delivering the meat so you could know 
where to bring it I was with some friends pt Tur- 
fontain racecourse one Sunday and we saw someone 
selling bananas and oranges outside the gates. We 
started a discussion about how to make money by sell­
ing a pocket of oranges. I orldn't do it because I 
wasn't good at addition. My frj.end who liad gone to 
school in Lesotho told me:
"You can't malce a business if you can't calculate", 
I asked him: "What can X do?" He told me: "You 
must go to school man". 1 asked him: "Will I be able 
to count and add if I go to school?" He told me
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about a uiglib school in Booysens on the* other side of 
Johannesburg. That was a Sunday. On Monday I went 
out and bought a lamp for my bxcycle and 1 went to 
that school at 7.3P pm. I found a Xhosa mistress 
there and I told tver 1 had finished standard one at 
home and I wanted to do standard two. They tested me 
and put me back to standarl one again (Appendix A No. 
3)

Malaohy continued his schooling until he completed the 
Junior certificate in 1928, The lessons in counting and 
calculation have stood him in good stead throughout his 
life and even today aged 89 years he runs a project (in 
his own backyard) which consists of 600 laying hens and 
he sells 20 to 25 dozen eggs a day. Whether it was 
Dedrick Pitsoe's break v;.ith the church schools or a more 
enlightened management, the Church authorities estab­
lished more orthodox primary schools v;hich operated side 
by side with the confirmation schools for many years. 
Gradually the confirmation schools became phased out of 
the school day and became weekend and afternoon classes, 
but still taken very seriously. To this day several 
teachers in Phokeng give their c-ime on a voluntary basis 
to help prepare candidates for confirmation in the 
Lutheran church. Just a few years ago in 1984 the three 
eldest sons of the present chief together with a large 
group of other boys and girls were confirmed. The 
rejoicing, dancing and feasting made the occasion such 
that one was reminded of what the graduation from the 
initiation school must have been like in the old days. 
Pressures for change also came from the setting up of
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other Christian churches in Phokeng. One of these - the 
Pentecostal Holiness Church was established by the Rev 
Spooner (Breutz 1953 P.72), an American negro who came 
to the village in the nineteen twenties. As well as 
conducting services he built a school to serve the needs 
of his own converts and there was considerab’ rivalry 
between himself and the Rev E. Penzhorn (Appendix A No.
2) .

Schooling in Phokeng over the first half of this century 
followed more or less the same pattern as the develop­
ment of the so-called "mission schools" in the Union of 
South Africa. The growth was uneven and educated blacks 
posed a threat to the segregation policy of the new.ly 
elected Nationalist Government which came into power in 
1948 (Denoon and Nyeko 1984 P.197). In an effort to 
rationalise the situation the Eiaelen Commission was set 
up in ]949 and the Eiselen Report was duly submitted two 
years later (Rose and Tunmer 1975 p.244). The report 
was highly critical of all the church bodies involved in 
education?

School control by religious bodies has created a mul­
tiplicity of administrative units of very unequal 
size and efficiency and with widely different concep­
tions as to the aims and practices of education (ibid 
P.247) .

Elsewhere the report noted the conflict that contem­
porary African education produced between traditional 
tribal society and western European society which 
usually led to pupils despising tribal ouiture in favour
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of western culture (ibid P.248). This section of the 
report is shax'ply contradicted by the information 
provided by the old men interviewed during the course of 
the present research. No evidence was found in their 
stories that they had come to despise traditional tribal 
culture as a result of their attending mission schools 
run by the Lutheran church. However the Bophuthatswana 
Beport 1978 quoted earlier seems to support the Eiselen 
Report in this matter. This raises questions about the 
validity of published reports of this nature which some­
times rely on hearsay material. There is great need for 
grass roots research of the kind undertaken in the 
present study to clarify ouch issues. Any deeper inves­
tigation of the criticisms leveled at the mission 
schools by the Eiselen Commission is outside the scope 
of the present research. An interesting debate on the 
topic is given in Christie (1985, P.219 - 231). What is 
of interest here is what happened after the acceptance 
of the Eiselen Report. Legislation was prepared and two 
years later the Government passed Act No.47 of 1953; 
later on this act came to be known as the infamous 
"Bantu Education Act" (Rose and Tunmer 1975, P.258), In 
passing, it must be recorded that this act created the 
Bantu education system which was so violently rejected 
by fjouth African black school children during the Soweto 
riots of June 1976 (Denoon and Nyeko 1984 P.217). In 
Phokeng the Bantu education department took over the su-
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pervision of the Bafokeng tribal and church schools. At 
that time there were fourteen primary schools in the 
Bafokeng region (Breutz 1953 P.73).
In the forties a certain Mrs McGregor, as the local 
Transvaal education organiser for the Phokeng area, was 
instrumental in setting up a secondary school in the old 
house belonging to Chief Manotshe (Appendix A No. 5). A 
few years later funds were raised by the tribal Kgotla 
and a brand new building was erected in 1945 and named 
Bafokeng High School (Coertze 1987 P.S7). The cur­
riculum included several handicrafts (Breutz 1953 P73). 
The course spread over five years from standard 6 (Form 
I) to standard 10 (Form V) and students took the Junior 
Certificate examination after a minxmura of three years
i.e. at standard 8 (Eorra III).
The Senior Certificate examination could be written in 
standard 10 (Form V). Entry requirements for teacher 
training which had been Standard 6 Certificate were now 
raised and teachers were recruited from Standard 8 with 
the result that large numbers stopped attending at that 
level and only few continued to standard 10 and the 
Senior Certificate. The number rarely exceeded 20 stu­
dents entering matric in one year. It was only in 1983 
that the teacher training colleges in Bophuthatswana 
stopped enrolling students with Standard 8 Certificates. 
In 1962 the old premises were deemed by the Kgotla to be 
insufficient for increased enrolment and a new site was
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chosen two km away to the East. A new campus was estab­
lished and a building consisting of two blocks of 
classrooms, an administrative block and a fourth block 
containing special subject rooms was erected. This cam­
pus continues to serve Phokeng as the present Bafokeng 
High School. The old building was then used as a Junior 
Secondary school and renamed Matale Junior Secondary 
School (Appendix A No. 3). A sketch plan of Bafokeng 
High School is given in Fig 1.4.
The planning and construction of Bafokeng High School 
over 25 years ago illustrates the forv^ara thinking of 
the Kgotla at that time. Four specialised rooms were 
provided, namely, science laboratory, library, 
housecraft room and woodwork rootp. Two toilet blocks 
with flush toilets were built. The recreation area had 
an athletics track, a football ground, netball court, 
softball ground. Finally a large school vegetable gar­
den was fenced off for the teaching of agricultural 
science. The first principal of the newly built school 
v;as Mr Sifora who gave the scholars the motto "Wena 
fela" (= Be yourself).
Some ten years later another Junior Secondary school was 
built at Chaneng and named Mafenya Junior Secondary 
School. Still others were built at Luka, Kana and else­
where in the Bafokeng area. At independence in 1977 the 
Bophuthatswana Education Department took over control of 
all of these schools from the Bantu Education Department
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but little or no change was introduced into the school 
syllabus.

Fig 1.4. Sketch plan of Bafokeng High School

'9 if w5 i'o«
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All the schools in the Bafokeng region are classified as
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"conununity schools" which means the local community has 
built them and continues to maintain the buildings while 
the Dei^artment of Education pays the teachers' salaries 
and controls the syllabus and the teaching.
In the eighties the Bophuthatswana Department of Educa­
tion introduced a new school structure of Primary (std 1 
to std 4), Middle (std 5 to std 7) and High (std 8 to 
std 10) schools. As a result of this reorganisation 
Matale and Mafenya Junior Secondary schools became 
Middle Schools. Kgale Primary School was upgraded to 
Middle School status and was renamed Keledi Middle 
School. The revolt of black scholars in South Africa 
against Bantu education was sparked off in June 1976 in 
Soweto by a protest against the iroposirion of Afrikaans 
as a medium of instruction. The trouble spread rapidly 
throughout the country and Bafokeng High School was also 
caught up in the turmoil. Here it was not only the lan­
guage which became an issue but the fact that many 
teachers were unqualified and unable to handle matric 
subjects which provoked the students. The school was 
completely disrupted for about six weeks in 
September/October 1976. The school strike of 1976 is 
recalled by several of the present staff of Bafokeng 
High School as a

"bad bad time ... teachers were, chased through the 
bush by angry students ... one gentleman k.iew he was 
not able to run fast took shelter in a house ... he 
was dragged ou“,side and stoned until he was uncon- 
cious ... he spent, several months in hospital and 
never came back to teaching ... " (Appendix A No.l).
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The school only reopened for the end of year examina­
tions and naturally nearly all failed. Mr. Mantswe, the 
Principal, promised the students improved staffing for 
the following year. Due to the same riots in 3976 a 
private Roman Catholic high school near Pretoria was 
closed and three of the white staff from that school 
were available to work in Bafokeng High School as from 
February 1977. These three belonged to a group known as 
de Ba Salle Brothers. They undertook the teaching of 
maths, physical science, biology, history, geography and 
English in the matric classes and the school year passed 
without any serious disruption. The fact that three 
whites were working under a black Principal was found to 
be very strange by the local people (Appendix A No.l) 
because of the apartheid laws of the country wliich 
prohibited such an arrangement. It was permitted in 
this instance because Bophuthatswana was well on the way 
towards independence by that time. The enrolment during 
the next four years exploded and the number of students 
doing maths increased more than five fold as shown in 
Table 1,1.
Over the past tan years there has been a massive invest­
ment of funds by the Bafokeng tribal authority in educa­
tion and several new schools have been built. At 
present Phokeng still has only one high school viz 
Bafokeng High School and the intake comes almost ex-
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clusively from three middle schools: Keledi, Matale and 
Mafenya. Together these four schools make up a well 
defined educational unit and the present research con­
centrates on this group of schools in the investigation 
into mathematics teaching and learning among the 
Bafokeng people.

Table 1.1. Enrolment patterns in Bafokeng High School

YEAR NUMBER 
ENTERED 
FOR STD 10 
EXAM

NUMBER
WHO
OBTAINED 
M. CERT

NUMBER
WHO
OBTAINED 
S. CERT

NUMBER
WHO
ENTERED
MATHS

1977 42 9 21 8
1978 50 16 26 13
1979 118 29 72 29
1980 161 50 92 46

1,3.2. School problems
Just as elsewhere in Africa the schools in Phokeng may 
be regarded both as the product of society and as power­
ful instruments for development and bringing about so­
cial change (Thompson 1981 P.131). It can be seen from 
the short history of schools in Phokeng given in the 
previous section that there were pressures for change in
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the schools from various groups right down the years, 
for convenience in the present discussion only the 
groups of parents, scholars, teachers and management 
will be considered here.
In the last century it was failure of the initiation 
schools to meet the needs of the times that led Chief 
Mokgatle to invite the Lutheran mission to Phokeng. 
This spelled the death of the initiation schools. The 
need at that time was for reading and writing skills 
which vjere seen to be necessary for coping with changes 
brought about by the coming of the whites. The church 
schools served the people well vintil it was realised 
that reading the Bible and hymn singing was not tnough. 
Young men working in Kimberley and Johannesburg realised 
they needed to know about money and they demanded to be 
taught arithmetic. The management in the person of the 
Rev E. Penzhorn wished to maintain the character of the 
church schools which were aimed specifically at prepar­
ing youngsters for confirmation. The scholars too were 
hearing stories from far afield which made them also 
realise they needed a wider curriculum. Many of the 
parents had themselves worked as migrant labourers and 
had experienced at first hand the industrial revolution 
with its machines and organised labour which was rampant 
elsewhere in South Africa. As a resulc the school 
managers found themselves to be in conflict with the 
other groups and this resulted first in Dedrick P. oe's
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breakaway private school and second in the eventual set­
ting up of primary schools with a much broader range of 
subjects though still controlled by the Lutheran church. 
In the twenties eveji the church aims were frustrated to 
some extent when the Rev Spooner arrived from America 
preaching pentecostalism. He set up another primary 
school which was based on the tenets of his own vei'bion 
of Christianity and differed from the Lutheran one. It 
is well remembered by the old people that rivalry and 
even personal animosity existed between the two 
reverends (Appendix No. 2).
During this period the Bafokeng tribal Kgotla had also 
begun to build its own tribal primary schools in Phokeng 
and in other centres. The forties brought another 
crisis. The tribal Kgotlo realised the powerful in­
fluence of the schools and they used the Transvaal 
education officer Mrs McGregor to fight their case. 
This lady had a house just outside Rustenburg. She was 
well loved by the people and trusted by the Chief and 
the Kgotla (Appendix A No. 5). Mrs McGregor helped in 
the setting up of tribal primary schools all over the 
Bafokeng tribal territory and she was also instrumental 
in the establishment of a secondary school in Phokeng 
which later became Bafokeng High School.
The pressures continued to bo felt and demands from the 
scholars and their parents for an ever widening cur­
riculum were met as they arose. For example in 1945 the
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large house which had served as the secondary school was 
no longer big enough. A new building was erected on the 
site of the present Matale middle school to provide 
classrooms for the increased numbers and to provide 
training in home economics as demanded by the parents. 
In 1953 there was a demand for matheraatjcs by the stu­
dents in the secondary school and a certain Mr. Monari 
was recruited to teach mathematics. One of the scholars 
of those years recalls:

We all wanted to do maths but Mr. Monari refused. He 
only took a group in Form I who were able to follow 
maths and he brought them along up through the school 
with maths as one of their subjects (Appendix A No. 
4).

In 1963 a still larger building was required and a 
library, a physical science laboratory and a woodwork 
room further expanded the range of subjects available. 
The demand for more secondary school places was met by 
opening Matale junior secondary school in Phokeng in the 
sixties and building Mafenya junior secondary school in 
Chaneng in the seventies. With the proliferation of 
schools there now emerged a new problem. An ever widen­
ing rift developed between the scholars and their often 
illiterate parents or grandparents. As a result the 
scholars tended to become a very independent group and 
they were hard to control. They accepted school dis­
cipline only in so far as they felt it to be just. 
There have been serious clashes between the scholars and 
the teachers at Bafokeng High school. In 1976 the stu-
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dents rebelled as was described in the previous section. 
One of their grievances at that time was the number of 
unqualified teachers who were unable to teach matric 
subjects properly. That problem was solved in 1977 by 
the recruitment of three University graduate white 
teachers. Again in 1985 students rebelled and this time 
the major complaint was the excessive use of corporal 
punishment. No real solution has yet been found to this 
problem. One thing which was quite remarkable in both 
of these outbreaks was that no parents were involved in 
the negotiations (Appendix A No. 5).
In recent years there has been an ever increasing aware- 
ness among the students of th Importance of mathematics 
for obtaining better jobs and for the pusuit of further 
studies. In 1977 eight students did maths in the std 10 
examination and this number increased steadily as shown 
in Table 1.1. till there were over sixty students in the 
maths class in 1986. But as the number taking maths in­
creased so also did the number of those who failed to 
pass maths in the std 10 examination. The same is true 
for the standard 7 examination which usually produces 
twice as many failures in maths as passes. All the stu­
dents must take mathematics in the middle sc'hools and 
all must do mathematics in the standard 7 examination. 
Very few (approx 25%) take maths in the high school. 
Nowadays there is a move from parents and from the 
Department of Education to have all students do maths at
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least vip to std 6 level. The schools cannot cope with 
this demand firstly because there are not sufficient 
suitably qualified teachers, and secondly because the 
std 8 syllabus is geared for students who will need 
maths ,.L. University and there is no provision for the 
needs of students who want to do maths for other 
reasons. It seems that at this time one of the most 
serious sources of conflict in the schools is therefore 
mathematics teaching and learning. Parents want to know 
why their children are not allowed to do maths in the 
high schools. Teachers reply that a minimum of 40% pass 
in std 7 is essential but most of the students have not 
reached this standard and therefore won't be able to 
cope with the std 8 maths syllabus. Then parents want 
to know why their children fail in std 7 and no one 
seems able to answer that question. If a std 7 teac’̂er 
attempts a partial answer such as telling the parent 
that your child is not bright enough, the indignant 
parent will poi.it to another child who may have passed 
and claim that his own child is as bright as that one. 
Much confusion exists in the debate and there is a real 
need for research into success and failure xU mathe­
matics among students especially at the standard 7 
level. The present research was undertaken for this 
very purpose - to shed some light on the real situation 
and to attempt to broaden our understanding of the 
problem. In the next section there is a description of
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how the problem was tackled but firstly it is necessary 
to outline what precisely the problem is.

1.4. The Present Research
1.4.1. The problem outlined
There are two external examinations done in the secon­
dary schools in Bophuthatswana. At the end of middle 
school, students do the std 7 examination which is set 
and controlled by the Bophuthatswana Department of 
Education. At the end of high school, students do the 
std 10 matric examination which is controlled by the 
Joint Matriculation Board of South Africa. All the stu­
dents do maths in the std 7 examination but only those 
who chose it do maths in the std 10 examination. The 
pass rate in std 7 maths is very low. The national 
average for Bophuthatswana over the years '86 to '88 was 
35,0%, 35,3% and 30,8% respectively (Bophuthatswana Na­
tional Education Report 1989). But this does not give 
the full picture. In Bafokeng high school there are al­
most 300 pupils enrolled in std 8 classes. The symbols 
obtained by this group in the std 7 maths exam are sum­
marised in Table 1.2. The distribution of marks in 
Table 1.2. approximates closely to another set of 
figures for all the schools of the Tlhabane cir "it of 
education 1985 and given in Chapter 2 Table 2.2. It can 
be seen from Table 1.2. that 180 pupils scored less than 
40% in tne examination and only 35 pupils scored 40% or
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over.

Table 1.2. Stil 7 maths symbols c£ Bafokenq H.S. pupils

SYMBOL MARK % NUMBER PERCENTAGE

A 80 + 0 0
B 70 - 79 1 0,4
C 60 - 69 2 0,8
D 50 - 59 19 0,9
E 40 - 19 73 26,6
F 33 - 39 63 23,0
G 25 - 33 46 16,8
H 0 - 2 4 71 25,5

TOTAL 275 100%

In most schools in South Africa 40% is taken as a pass 
mark for a subject. It must be concluded that large 
numbers ov students are unable to reach the mathematics 
objectives set for them at sud 7.
Margaret Donaldson (1978) writes that the common sense 
explanation and one that is often heard in such « situa­
tion goes like this:

... She inevitable conclusion ...
is that either large numbers of students are ir­
redeemably stupid or that the teachers are not doj.ng 
their work (ibid P.15).
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7,n his Capacity as a maths teacher in Phokeng the 
present reseai-cher has attended several meetings where 
this problem of the difficulty in learning maths has 
been discussed. What follows is a summary of such meet­
ings held from 1984 to 1989 in the Tlhabane circuit. 
Invariably the debate about mathematics reduces itself 
to a discussion of the poor performance of the students 
in the maths examination at std 7 and std 10 level. The 
whole focus is on improving the pass rate. For example 
L.G. Holele, •Bophuthatsv;ana Minister of Education, in 
his 1987 budget speech noted the large increase in money 
voted for education over the previous five years. In 
1982 it was R66 million and in 1986 it had jumped to 
R186 million. He then referred to the larger number of 
failures in the standard 7 and standars 10 examinations 
and questioned whether the expansion • in funds was 
producing an equivalent expansion in quality education 
(Popagano 1987). The viewpoint of the department offi-- 
cials and school inspectors is that the std 10 teachers 
are not doing their work because so many std 10 pupils 
are failing maths. For example at one meeting the fol­
lowing figures were quoted: In 1988 approx 17000 stu­
dents entered the std 10 examinations in Bophuthatswc * - 
but only 3 000 (i.e. 18%) did maths. Of this number 
only 800 passed and moat of them had poor symbols. 
Hence approx 5% of the total std ,0 group passed maths*
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This is not acceptable to the department of education, 
and the reasons given include!
(i) Administrators in the University of Bophuthatswana 

(ONIBO) complain that they ca at recruit students 
with sufficiently high symbols in maths i.e, D (= 50 
- 59%) or better to enrol for the science courses.

(ii) In the Teacher Training Colleges there are very few 
students doing maths in the secondary teachers 
diploma classes. The figures given indicate a mere 
25 students for the five colleges in Bophuthatswana.

(iii) Proposals for setting up a medical university in 
Bophuthatswana are in jeopardy because sufficient 
students with adequate passes in mathematics are not 
available.

Not suprisingly the teachers have quite a different 
perception. Their view has been expressed at numerous 
teachers' meetings and in magazine articles; for example 
Behobye criticised the mass production of ill equiped 
pupils in Bophuthatswana who aquire knowledge through 
rote learning» He alleges that "inflexible curricula 
which overplay the importance of end of year 
examinations" is one of of the root causes of the 
problem (Lehobye 1987). The thinking of the high school 
maths teachers, a.s expressed at meetinos, runs like 
this;
(i) The products from '̂ve middle schools are very

poorly prepared in maths. Their symbols are very low
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and many of them have never done whole sections of 
the middle school syllabus such as graphs, geometry 
etc.

(ii) The blame for the poor matric maths results is al­
ways put on the heads of hi.jh school maths teachers 
who are accused of being lazy, not giving students 
sufficient work to do in school or at home, and not 
correcting the homework and nob motivating or en­
couraging the students etc. The high school maths 
teachers reject these allegations as not being true,

(iii) Thei'e is no consultation with the teachers about 
the syllabus content. It is constructed by people in 
authority and it is imposed on the schools. Then the 
teachers are blamed because the students are not able 
to learn the syllabus.

(iv) Maths is very difficult compared to other subjects 
and therefore proper guidance is needed to direct 
students into suitable subject choices. Those who 
are unable to achieve a pass in std 7 maths mustn't 
do maths in high school. The experience of one 
teacher highlights this issue:
In our school out of a hundred students who applied 
for admission in January only six had obtained symbol 
E or F in the std 7 maths. The principal said we 
couldn't have a class with only 6 students doing 
maths so another 36 students who had symbols and H 
in maths were bundled together to make a class of 42. 
1 am now trying to teach std 8 maths to thi ■ class 
and it is impossible.

(v) There is a huge gap between the maths attainment
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of the students entering std 8 and the overloaded
maths csontent they are expected to master in that
year. If the syllabus is reduced then this leads to
a further lowering of standards.

(vi) There is a preoccupation with examinations. One
teacher expressed this preoccupation thus:
It is an undeniable fact that to a great extent a 
successful teacher is associated with the performance 
of his or her students at the examinations ... thus 
passing examinations .»as become the principal aim of 
teaching (Assan 1986).
Most of the time at the meetings and courses is 
wasted talking about the number of failures in the 
maths examinations and little or no time is spent on 
how to improve maths teaching and learning...."We 
never talk about new methods of teaching different 
topics or about how we could increase the students' 
interest in mathematics."

As a group the middle school maths teachers tend to be 
less vocal about their own viewpoint. During courses 
most of the time is taken up with learning the std 7 
maths content. As a body they seam less sure of their 
maths than the high school teachers. Many of them say 
they have been forced to teach maths since no one else 
Was available in their schools. Others point out that 
they are really primary school teachers who nave been 
•ansformed into middle school teachers because their 

school was upgraded but they received no spocial train­
ing to prepare them for this new work. The few who do



68

reflect on the maths problem express a viewpoint some­
what as follows:
(i) English is the medium of instruction for maths in 

the middle schools but many of the children cannot 
speak, read or write English fluently enough to 
enable them to follow mabhs classes conducted in that 
language.

(ii) Many of the students are unable to do even simple 
arithmetic calculations, they don't know their tables 
and they cannot solve even simple word'problems.

(iii) There is a very wrong attitude towards maths in 
the middle schools. Most of the students think it is 
very difficult and they are afraid of maths.

(iv) Some of the students are staying with their 
grandparents while their parents are working in 
Johannesburg or elsewhere. They have little money 
and they can't buy books. So the schools have been 
providing text books for the past 3 years. Sometimes 
you may find a student who passes the whole day at 
school without eating any food. There is no 
electricity in the homes and it is not easy to study 
at night using only a candle for light.

The three groups referred to in this section have very 
different perceptions of the problem which they would 
all describe in terras of "the problem of maths in our 
Rchools". The school inspectors and department of 
education officials are concerned with manpower needs of
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the country; the high school teachers are occupied with 
the overloaded maths syllabus for whxch the std 7 work 
does not prepare the students properly; the middle 
school maths teachers appear to be more in tune with the 
socioeconomic and other difficuties of the children. It 
is clear however that there is a great deal of confusion 
and frustration on all sides and it is urgent that key 
issues in the debate need to be investigated by scien­
tific research. Some of the issues that emerge are:
a) What do people mean when they speak about "maths"?
b) What is the prevailing attitude to maths in the 

schools?
c) Is there a relationship between socioeconomic level 

and maths performance?
An accurate description of the school situation is es­
sential and in this connection there are a number of 
questions which must be posed including the following:
d) What actually happens during a maths lesson?
g ) How bad really is the maths attainment of the stu­

dents e.g. are there fundamental concepts of number 
and operations which a^e not properly understood?

f) Is the » 'dium of instruction a compoanding factor?
g) Are there cultural or other factors among the 

Bafokeng which make it difficult for the students to 
learn maths?

Only when this work has been done will it be possible to 
understand the real nature of the problem and hopefully
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begin to work on solving it.

1.4.2. Research requirements
From the outline given in the previous section, anyone 
undertaking to research the problem described there 
would need not only basic research skills but also cer­
tain personal and othê * qualities due to the delicate 
nature of much of the research. Among these qualities 
would be: personal experience of maths teaching in 
Phokeng; acceptance by teachers; rapport with students; 
fluency in Setswana; familiarity with customs and tradi­
tions of the Bafokeng; practice in the use of interview 
as a research instrument.
The present researcher has been working in Bafokeng high 
school since 1977 and is an experienced maths teacher. 
He has been working in a voluntary capacity in adult 
education classes and in upgrading courses for middle 
school maths teachers. He is known to most of the Prin­
cipals and many of the teachers in the schools of the 
Bafokeng region. He has a moderate fluency in Setswana. 
He has carried out previous research into factors relat­
ing to the drop-out problem in schools which involved 
interviews that often probed deeply into personal and 
family matters. He has a keen interest in the problem 
because of personal observation and discussion with the 
people involved. He is imbued with a Christian spirit 
which views all persons as entitled to equality and
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basic freedom and he believes in the essential goodwill 
of ail involved in the educational process.

1.4.3. How the research was carried out 
Once the broad outline of the problem had been iden­
tified as given in section 1.4.1. above then it was 
necessary to explore the literature ,nd out if there
were guidelines from previous research that would direct 
the present study. The works of Dewey, Piaget and Wit- 
kin were studied but it was more particularly the writ­
ings of people in the field of maths education such as 
Bruner, Dienes and Skemp that were found to be helpful. 
k whole area of research luco how children actually 
think and do maths has been opening up in recent years 
and much of this material has been reviewed by such 
authors as Lesh i Landau (1983) and Dickson et 
(1984). Culture and mathematics has been the subject of 
considerable interest due to the work of Gay and Cole 
(1967), Cole et al (1971) Bishop (1983) etc. and several 
reports on how this relates to black people in South 
Africa have been published by the Human Sciences Re­
search Council in Pretoria. Several maths projects both 
local and overseas were studied and the implications for 
the present research ware teased out. The literature 
survey is presented in Chapter 3. One of the most use­
ful things to emerge from this survey was e methodology 
which is variously described as "anthropological"
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(Nisbet 1980, P.6) "interpretive" (Cohen & Manion
1980,P.25) and "illuminative" (Hamilton 1976,P.39). In
brief this method involves firstly a broad survey of the
scene during which a great number of informal non-
structured interviews and discussions were held with
teachers, students and other interested parties in order
to determine what their own perception of the problem
might be. Nisbet suggests:

The descriptions used by different participants to 
explain their experience provide an exploratory 
tool; and thus theory is grounded in the every day 
life of the people who are being studied. Illumina­
tive evaluation uncovers the nature of what has hap­
pened (Nisbet 1980, P.6).

At this stage copious notes ocre made by the researcher 
during meetings, seminars, inservice courses as well as 
interviews and discussions. National education reports 
and other official documents were consulted and school 
exam schedules were examined. Resulting from these 
first steps a research design was constructed and a 
pilot study undertaken in 1986 as described in chapter 
4. The outcome of this pilot study was the realization 
that the largely correlational design was inadequate and 
another approach was needed to get to the root of the 
problem. Statistical analysis of factors relating to 
maths performance was not sufficient and it was neces­
sary to carry out indepth interviews with a sample of 
students Which is the substance of chapter 6. 
Socioeeono.iiic and cultural factors emerged from the
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literature as being most clearly related to school 
achievement but it was necessary to examine liow these 
affected'maths in Phokeng. It was further necessary to 
explore what these factors really meant for the Bafokeng 
and how they influenced perception of mat questions 
given to the students in the form of problems to be 
solved. Also an analysis of the Se' a language was
carried out to see how it too affected maths
understanding. All this is reported in chapter 7. An 
important part of the illuminative method is the trian- 
gulation technique which contributes to both validity 
and reliability of socio educational data. An account 
of how maths is actually taught in the >• ' ' classes and 
how this is related to the performance students in
maths is given in chapter 8. Chapter 9 examines other 
factors, loosely termed "personal factors" in the
literature. This chapter includes self-concept and cog­
nitive style among others, and investigates how these 
affect school achievement among the Bafokeng. finally 
chapter 10 lias a summary of the major research findings 
and some of the implications for the future are
discussed.
In the next chapter the key concepts "mathematics" and 
"success in mathematics" will be discussed.
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CHAPTER 2

The Probleiti Outlined

2.1. Introduction
Mathematics as it is now taught in our schools is an in­
vention of mankind and historically its roots can he 
traced to many different cultures. The need for mathe­
matics arose from practical situations like keeping 
track of animals in a herd. This was probably done by 
simple visual perception when the numbers were small but 
with larger numbers people began to use fingers, stones 
and tally sticks. Number was abstracted from physical 
objects and as early as 3 000 B.C. symbols were already 
being used to stand for numbers and the simplest arith­
metic operations were understood (Russell, in Wolff, 
1963, P.163). It is likely this development came about
because of trading, business, taxation and government 
requirements. A practical form of geometry developed 
because of needs in surveying agricultural lands after 
seasonal flooding in the Nile basin (ibid, P.41). The 
word "geometx’y" means "measurement of the earth" (ibid). 
It wasn't very long until fascinat'on with the figures - 
circles and chords, triangles and angles - became the 
object of interest and study and when Euclid, living in 
Alexandria 300 B.C. made a collection of the tlien known 
geometry it ran to 13 books (ibid, P>43). Historians
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trace the origins of the decimal system to India and 
about the eighth century Arabian scholars borrowed 
"zero" and the decimal system and made it their own/ and 
they invented what we now call "algebra". It was only 
centuries later that Europe began to borrow from the 
Arabs but once the process got started in Europe it 
gathered tremendous momentum. In the 17th century there 
was a great erplosion of mathematical activity in the 
West! Napier developed logarithms/ Descartes the 
analytic geometry/ Pascal the theory of probability, 
Newton and Leibnitz/ independently/ devised the 
calculus. By this time it could be said mathematics had 
become an integral part of Western culture. Initially 
mathematics in Europe was linked to commerce/ 
architecture/ engineering/ astronomy and tie sciences 
but then it took off into abstraction of number and 
operati.ons and systems and became divorced from real 
life requirements (Vergnaud 1983/ P.137).
For many/ mathematics became the handmaid of science nc- 
cause of its ability to summarise so precisely natural 
laws in terras of mathematical models. For example 
Hobert Eoyle spent years experimenting with glass u- 
tubes and mercury/ often frustrated by clumsy Irish 
peasants who were called in to hold the large apparatus 
(Robert Boyle in Hurd & Kipling 1958., P.260), but he w.4s 
able to formulate his law relating pressure to volume in 
a simple mathematical equations P.V - K
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For others mathematics was the queen of sciences and 
while they acknowledged its usefulness this aspect be­
came irrelevant for them and an invention like "i = ''/-i" 
was considered wonderful in its own right.
There is no material available on the early beginnings 
of mathematics among the Tswana although some ar­
chaeological research inthe Magaliesburg district has 
uncovered what appears to be "town plans" carved on 
rocks dating back several centuries (Steel 19881. The 
smelting of iron was a highly developed skill in this 
area since the 10th century (Mason 1983, P.261) and 
there must have been some method of measuring the 
proportions of each rock used in the process. The 
ability to construct rondavels and the proliferation of 
geometrical designs and patterns for decoration as well 
as the complicated nurabers-board game traditional to the 
Tswana all point to some level of practical mathematics. 
It seems illiterate herdsmen still use stones to keep 
records at the cattle post even to this day (Appendix A 
No. 2). but the old people say any herdsman worth his 
salt can recognise, just by looking, when an animal is 
missing. He will notice the brown one is not here or 
the one with the crooked horn is gone (Appendix A No. 
6),It is not clear however whether there was any 
abstraction even of the concept "counting numbers". In 
Setswana numbers cannot stand on their own as nouns, 
they are always used as adjectives qualifying objects as
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for example "setilo se le sengwe" translates "one chair" 
but "monna a le mongwe" is "one man" and the suffix 
"ngwe" signifies the oneness in each statement.
Interest in modern mathematics can be seen in stories 
dating back to the early part of this century. one 
story refers to the dispute in 1912 b< ween a local 
teacher D.C. Pitsoe and the Lutheran inoruti Rev Penzhorn 
about expanding the syllabus of the confirmation schools 
to include arithmetic (Appendix A No. 2) as related in 
chapter 1.
Even before the opening of the Platinum mines on 
Bafokeng tribal lands the influx of technology had 
brought rapid interest in mathematics and it is now 
taught in all schools up to standard 7 level. The 
teaching and learning of mathematics in the schools is 
very uneven and this has contributed to the practice of 
mobility among the students moving from one school to 
another because they hear "the students in that school 
do very well in maths". While there may be some truth 
in such statements nearly all the schools experience 
more gross failures than good results. For example in 
Bafokeng High School in 1986 there were five students 
who had come from places more than 50km away pursuing 
good results. At the end of that year one scored symbol 
A (80% or over) two scored symbol B (70% or over) but 
the other two failed to pass mathematics.
The problem undertaken by this research is to examine
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the success and failure in raathematics among standard 7 
students in the Bafokeng region of Bophuthatswana, 
searcning for factors contributing to either. Chapter 1 
has given a historical summary ot the social and educa­
tional situation of the Bafokeng and here in Chapter 2 
key concepts in this research will be clarified. Sec­
tion 2.2. details the problem; Section 2.3. discusses 
what is meant here by the term "roathemetios"; Section
2.4. deals with the criteria for "success and failure".

2.2. Stg.tement of the problem
The aim of this research is to study the performance of 
a group of standard 7 students in mathematics by first 
identifying factors which are associated with success 
and failure in mathematics and then analysing how each 
factor contributes to this success or failure. There 
are several reasons why it is thought this topic needs 
to be investigated. For convenience these reasons will 
be grouped under the headings; (i) personal observation 
(ii) teachers* opinions (iii; exam results of students 
(iv) HSRC Reports (V) MATIP activities.
(i) Personal observation during the course of ten years 
as a mathematics teacher at Bafokeng High School has 
forced this researcher into recognising that matheraatius 
presents serious difficulties for Tswana students and 
teachers in this region. Students find mathematics very 
difficult and they describe it as "a very tough subject
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which needs one to concentrate a lot''. Ev'on U>ou<jh they 
spend long hours battling with Ihe text book and doing 
-■ixercises they are completely thrown off by even rainor 
changes ? the framing of a question. XI appears Lht'ir 
undsrst (ding is purely instrumental fSkemp 1979, P. 
259) they can learn rules but don't grasp Ihr.ir ii<eaning 
and they are unable to apply thoir mathematics knowledge 
in net.) situations, A few examples from a maths class 
will illustrate this point: (a) 2 x 3/4 6/8

(b) 20 »• 3 X 16 = 76 (c) T1 = 2, T2 =5, T3 ■ II, Tn - 11 
t> --11. Often the problem becomes more gl<u-uKj in .t 
science class whan students have to do simj.'ln calcula­
tions such as ”2 moles reactants yield 4 mules |>roducts, 
how much product from 0,5 moles reactants'?"
But in maths class also, application is always
troublesome. Students who have "done" Pythagoras' 
theorem and numerous numerical exercises are unable to 
find the length of a ladder touching a wall given the
required measurements along the ground l.o the foot of
the ladder and up the wall to the top of the ladder. 
One peculiar aspect about teaciting mathematics to
Tswana students is that almost; all of the si inlenls f i tul 
geometry extremely difficult whereas they seem tn manage 
trigonometry and vectors fairly easi .y. The syllabus in 
mathematics seems to be away beyond what must students 
can cope with and the text books arc so incomprchi-nsiblc 
that students no longer feel urged to buy them ,it al 1 .
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In Bafokeng High School 3 980 only 15 out, of 45 standard 
8 maths students had bought the maths textbook. Tho 
different standards used in the various subjects are evi­
dent in what is expected of students in a given year. 
In Et.giish language al] that is required i that they 
t-'an r« member the general plot o.f a fairly small novel 
sur.'h as "Mali and the boy" where.TS t.lûi r mal luuu.i t i e« 
text has several hundred pages and they are oxpt 'led l.o 
know every page in detail and to be able l.o ■i|‘‘ply it to 
forapletely new problems. Basic arj. tlmif.'l ic c.ili.'ulal i.otns 
and following rules doe.s not stunii to be Ihe major iltf- 
fieulty but deciding which operation l.o use .uid being 
able to discard one rule or adapt anulhei' lo s o Ivl> .a 
problem does seem to be very hard for mo.st studi.'iits.
(ii) Concern about ma„hematics teaching and learning is 
a common topic among teachers in Primary, Middle and 
High schools, in the staff room and in casual 
conversation. Sometimes they will say:
"I cannot do mathematics" or "I failed mathemati s in 
school" or "I wonder why our students don’t know 
mathematics". And often some or all of these c'omments 
are true. This researcher haî  seen lie.aoher.s unable to 
find the avei g ark for a class test ui- even I td ,i I a 
long list of ma.Ks; and the common inetliod of doing .sums 
like 47 X 20 is repeated addition - adding 47 .uid 4? Lo 
get 94 then adding another 47 and so on t:wenty Limes. 
The use of pocket, calculators has reilevcti I his prot)!em
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in recent years and teachers seem to learn readily hew 
to use calculators for straightforward C3alf'i)iat ions. As 
an organiser of middle school inservice courses for- 
mathematics teachers, the poor ability of some teachers 
in mathematics has become evident to this researcher. 
Most of the time in these courses is taken up with 
teaching the content of the standard 7 syllabus and very 
little time is available for methods. For example when 
dealing with " y = mx + c “ (section 5.5.5. of standard 
7 syllabus) this researcher spent a full hour helping 
teachers to draw graphs of this kind; 2y + 3.x - 4 - 0 
and while some understood the process and quickly moved 
on to the general! .d expression for a straight line 
graph most of the teachers had only a vague rolion that 
"m“ was connected to something called "gradient" and "c" 
was "something else" and neither symbol was understood 
in the sense of Skemp’s (1079) relational understanding. 
At the same course when reviewing the system of naming 
ordered pairs in the cartesian plane it was found 
teachers hod some difficulty. In order to clarify the 
system they were asliud to look at a stack of shelves 
divided into cubby holes lining the back of the room.
Few teachers were able to identify a cubby hole from the 
label (2;3) or whatever but they caught on quickly and 
there was so' ...ach enjoyment and laughter during this 
"game" that it seemed some teachers ware experiencing 
reality in mathematics for the '' vst time in their
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careers. Some coins were placed in t.he shelves as 
rewards for successful identification and when the last 
label led to a find of a scrap of paper with "madi a 
fedile" (=the money is finished) ii/rltten on it there 
were howls and shrieks of laughter all over the room.

Fig. 2.1. Arrangement of library shelves at back of 
classroom

(2; 3)

.......  ■ ■ "1

,

_________________ .

The point being made is that the teachers had never ex­
perienced this section of mathematics in any context 
other than that of X and X axes as used in the text book 
and they were unable to apply their knowledge outside 
that very limited framework. In fairness it must be 
added that many of these teachers had been trained as 
primary school teachers and when the middle schools were 
introduced in the eighties they found themselves having 
to teach at Junior secondary level. It- seems so obvious 
that the progression should be from physical situations 
to abstracted theory that one wonders at how the reverse
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c'ould have become acceptable pracUi-t! in the sclioo)«. 
It. seems tlie syllabus at all levels i.s so overlotided 
that teachers and students haven't time to deal Vi?ith it 
properly and they resjrt to cranimincj. in some ways tiii> 
situation parallels the Kpelle schools described by C’<j1p 
et al (1971, P.49-51). These authors Huycie.'d I he idiiJd
in such a enfused school environment: is lorced lo .idopl. 
rote learninR i.e. to pick out oerl.jin «alii.*nl feat urea 
of the situation and simply memorise them (iM_d P.51), 
in their anxiety to compleLc the syllabus Uu- ti-aciun-a 
cannot afford the time it would require; for masl.ery 
learning. This is true for all content subject,s but 
especially lor mathematics where i' is essontial to 
build up understai ding in a stepwise manner. If a basic 
concept is not properly understood the. ■, the '.ub.saquent 
worlt in that section cannot be raea'.. ng''ul.
(iii) Examination .-esults arc cons; ired to be very im­
portant in Bophn hatswana and in each circuit Llu.-re la 
competition among the schools to be recognised as the 
school with the best results. Each year a list is cir­
cularised giving the percentage passes and r.iilnrc.s' in 
I ha standard 7 and .stcindard 10 examinations. 'J’lir' 2nd 
National Education Commission Report of 19B(i stated that 
maths was one of the "real problem area.s" in I lu' middli- 
schools judged from the performance of studeiil .s in the 
examination of 1985 (P.55), Results from the lliree
middle soiioola 'which are a.ssociated with Bafokeng High
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School show just: how bad it isjthese results are given 
in Table 2.1.

Table 2.1. Standard 7 maths results for 1987

Year School Number
Entered

Number
Passed

C------------ ——
Pei'cenfcage

r 937 Keledi 317 126 24,8%
Matale 182 51 23,5%
Mafenya 126 35 28,4%
National 34166 14666 26,4%

These figures were the actual numbers before adjustment. 
According to the official marks sheets these figures had 
been increased by up to 30%.
In 1984, the last year of standard 0 public examination 
there were 357 Bafokeng High School candidates who did 
maths in the examination and only 24 i.e. 7% scored 40% 
or over.
(iv) During the seventies the Human Sciences Research 
Council launched a comprehensive research programme at 
the request of the Mathematical Association of South 
Africa.
That body had realised at its 1970 Congress that there 
was a need to implement changes in the mathematical syl­
labi to enable the compilation of a differentiated syl-
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labus for those unable to cope with the existing one. 
It must be remembered that in South Africa there are 
four separate education sub-systems, one for each of 
white, Indian, coloured and black race groups (Ruperti 
1976, P.46). Act No. 47 of 1953 (the so cajled "Bantu
education act") handed over control of all African 
education in RSA to a minister of Native Affairs (Rose 
and Tunmer 1975, P.258). This act firmly entrenched the 
priciples of "apartheid" in the education system and set 
the tone for educational researcli in the sixties and 
seventies. The Mathematical Association was merely com­
menting on the situation of mathematics in the black 
system - large numbers of students were not doing mathe­
matics as a school subject and those who were doing 
mathematics were failing miserably in the public 
examinations.
A broad based report was prepared by Groenewald (1976) 
which studied the traditional cultural background of the 
"Bantu" child in order to determine what aspects of it 
were related to the "ineffective actualization of 
intelligence". Futher reports by Van den Berg focussed 
on the "Black man's mathematical ability" (1978) and the 
"means of promoting Black pupils' insight, into mathe­
matics" (1980). Such concern, shown by the allocatio'. 
of research funds and personnel demonstrates Ihaf there 
was an awareness in the RSA of the problem which mathe­
matics presented to black students. It was seen (.hat if
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the vast pool of black labour i\fas to be effectively 
tapped for middle management in industry then drastic 
changes were called for.
<v> The same difficulty was evident in the independent 
homelands. At the request of the governments of the 
developing states the University of the Orange Free 
State set up a special section named MATIP at Bloemfon­
tein and funds were soon made available from the in­
dustrial sector to run a very ef'^'clent and very 
worthwhile project. MATIP has orgai sed and conducted 
courses as well as developing materials for teaching 
maths. It also aims to co-ordinate and promote research 
in the field of maths and science in black schools.
A survey of the literature available at both MATIP and 
HSRC and the research done to date is presented in the 
next chapter, section 3.4.4. Prom all this it can be 
seen that mathematics is a problem and while already 
considerable research has been done, most of it by large 
scale surveys, there is an urgent need for an in-depth 
study of how Tswana students learn mathematics and what 
enables some to succeed while most others fail so 
dismally.

2.3. . The concept "Mathematics"
The concept "mathematics"is not an easy one to define 
because the word may be used in several diff(.'rtnil;
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senses. For example different people will use this word 
when they wish to refer to (i) the subject taught in 
schools (ii) what occupies the time and energies of re­
searchers in higher mathematics at 3rd level institu­
tions (iii) a branch of philosophy (iv) the abstract 
formula which provides a model for a scientific law. It 
is easier to say what maths does t..an to say what maths 
is.
Groen & Kieran define school mathematics, which is what 
concerns us in this research, as consisting of a set of 
tasks (what children are taught and required to do) and 
a set of processes (what children actually do in per­
forming these tasks) (Groen & Kieran 1983, 1?.353), This 
viewpoint represents a shift in educational research 
away from the more abstract position set out by Uie 1974 
report of the English Mathematical Association. This 
report describes mathematics as "an attitude of mind not 
as a collection of topics and techniques" (P.l). It 
regarded pattern as the "core of mathematics", and 
within the general theme of pattern number was then 
picked out for detailed discussion because "number is 
the mathematical model of greatest use in everyday life"
( P.5). The Bophuthatswana mathematics sylla)ius
describes mathematics in the following terms:
1) it is an external body of knowledge produced by man;
2) it is a means of communication using symbolic nota­

tion;



88

3) it is an instrument for predicting outcomes of 
events with , t' uisi''.»;

4) it is a coilaotior. <'. • skills necessary for adult 
life, employment and further study;

5) it confers the ability to make estimations in 
measurement, (Mathematics in the Middle Schools,

Bophuthatswana, 1985).
It is agreed that whatever else, mathematics has some­
thing to do with knowledge. Michael Young (1971) 
presented two opposing views in trying to answer the 
question: What is knowledge?
(a) Knowledge is an external reality existing in its 
own right independent of man's mind. Such knowledge is 
distributed through well-insulated subject hierarchies. 
This is a static concept of knowledge.
(b) Knowledge is a product of an's interactitjn with 
the enviroment and with other people. It is within the 
mind. It is the way a person organises his experiences 
in a meaningful structure (Beard 1977,)?.53). Some ten 
years before Young, Bruner fl960) presented similar 
models with regard to mathematics from his observations 
of a ten-year old playing with snail shells by putting 
them into rectangular arrays (ibid P.126). This child 
discovered a lot about prime numbers, he says and then 
he goes on to speali of mathematics in (.arms of mental 
development which involves the constructiori of a model 
in the child's head, an internalized set of sirnctures
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for representing the ViJorld. The opposing vn-w of nial he­
matics is that of a body of external knowledgt-' and 
Bruner suggests this is often what is found in schoolh :

Mathematics is a logical discipline and it has cer­
tain rules which must be learned and apjiJ ii'ij to non­
sense problems in order to get a correid, answer 
(ibid,P.130).

Bruner does not deny ‘his second i<iea as being untrue 
but he does resist the attempts made all too often to 
impose the latter on the former. He says "this is nol 
.sound education, it is not education at all". He advo- 
c.ates a spiral model viherein the mental con.stniclK of an 
individual child developed by interaction with hi.s en- 
vironient are enlarged and bui.lt iiium so that eventually 
he can internalize these new ways of dealing with his 
situation < ibid) . Skemp also sees ’iiathematics both as a 
body o.r knowledge (external) and a collection of 
schemata (internal). What he means by a body of 
knowledge is a conceptual structure shared and agrecnl by 
a number of people such that all of it has been at. some­
time tested against actuality by someone (.Skemp 
1979,P.30). Within each individual, maLhem.'itic.s c.in be 
regarded as a Type 1 theory of a unique kind (Skemp 
1982, P.187) and elsewhere he explains this a.s a h.iqhly 
developed mental plan for dealing with the fihysical f.̂a- 
vironraent (Skemp 1971, P.17).
Dienes, like Skemp and Bruner, corideran.s what he cnll-s 
"the average maths lesson" as being based on a .slimiilii.s-
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response theory of learning and it usually degenerates 
into a conditioning process which is aimed at yielding 
"correct answers" to given stimuli (Dienes 1967, P.137). 
Dienes thinks of mathematics as a structure of relation­
ships which are communicated from one person to another 
by formal symbols:

By raather atics I shall therefore understand actual 
structuri^ relationships between concepts connected 
with numbers (pure mathematics) together with their 
applications to problems arising in the real world 
(applied mathematics). The learning of mathero.'tics I 
shall talte to mean the apprehension of such relation­
ships together with their symbolization, and the ac­
quisition of the ability to apply the resulting con­
cepts to real situations occuring in the world 
(ibid ).

To summarise then there is agreement that mathematics is
(a) a body of knowledge whose content is structure 

(Bruner), relationships (Dienes), cognitive maps 
(Skemp);

(b) a means of communication using symbolic not.,'.ion;
(c) something devised by man interacting with his en­

vironment and therefore purposeful;
(d) something which is learned in stages which build 

upon each other successively.
The stages referred to in (d) here corre.spond with dif­
ferent levels of abstraction and are based on Piaget and 
applied here to four levels of middle school 
mathematics:
Level 1: children can manipulate objects and do simple
calculations based on physical objects which are
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Level 2t operations can be carried out with "objeciti" 
which are not actually present but visualised in the 
imagination.
Level 3: concept of number is abstracted and th.(> 
children can do the operations of addition, subtraction, 
multiplication and division using only symbols for num­
bers and with no reference to concrete objects physi­
cally present or imagined.
Level 4: using numbers as "objects" the operations are 
abstracted and children can novj carry out opcralinns on 
variables represented by letters in algebra and they can 
think abstractly and deal with gcometriivd’figiiic.s.
The same levels apply to geometry - level 1 children use 
cut out squares, circles-etc. for handJirig and raakimj 
patterns, level 2 they imagine these figures and so on 
till at level 4 they can deal abstractly v/ith Reometri- 
cal problems.
In this research it is hypothesised that levels 1,2,3 
above have been rushed through and no- enough time has 
been devoted to them, the children have been plunged 
straight into level 4 because the syllabus demands it 
and not enough consideration has been given to whether 
the other stages have been successfully completed or 
not,
From another point of view altogether mathcroat ii’s m.t; be; 
taken as the school roathematio.s cui-ricnlum and tor I lie
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purposes of educational researcli Lhi.s simple di ninit.iuu 
is the only possible one to use in many uistaHces ̂ n.cj. 
Coleman (1966) in America and Minkowich et al (1902) in 
Israel),
From the literature it appears that there are three main 
models of mathematics expressed or assumed in v'arious 
maths projects, these are:
1) Reification Model - mathematics is soraetfiinci out side 
of the student. It must be learned liecauae l.lier.r is a 
certain kind of magic quality about it whirdi en.ibjeK one 
1.0 pass examinations and get a good job, T.hiK is Liie 
model assumed in the Lesotho Malhemalica project at it 
is what Bruner & Dienes condemn, as has been pnintin) out 
above.

Fig 2.2 Diagram to illustrate ReiCicat ion mode 1

2) Instrumental Model - Matlieraat ics i.s an external in­
strument for dealing with the enviroment. F<u‘ some .stu­
dents this environment is real in the .son.se Uiat it. cor-
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responds to his experience whereas for the un­
successful students the environment is an artificial one 
created by the teacher or the textbook or ti i examiner. 
This model underlies the Caribbean Maths !• aject and 
Mathematics for the Majority. In a sense too the con­
struction of a "concept tree" aimed at in Hart (1981) 
indicates this modal,. The word "instrumental" is bor­
rowed from Slcemp (1976).

Fig. 2.3. Diagram to illustrate Instrumental model
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3) Interaction Model - Mathematics is a system of men­
tal structui'es which are internalised as schemata and 
enable the student to attain a goal state which he per­
ceives to be meaningful. This is the model advocated by 
Bruner, Dienes and Skemp as being the ideal.
It is not clear whether Gay & Cole (1967) view mathe­
matics as being part of the individual's,schemata or as 
part of the external environment. In one sense they 
seem to be highlighting a conflict which was beginning 
to trouble the Kpelle. These people have schemata for 
dealing with their world as they experience it. Mathe­
matics has no place in these schemata if we limit our 
use of the word to "western mathematics". But the world 
as the Kpelle know it 's changing, and they now need 
"western mathematics" to enable '-.hero to cope with the 
new situation.
The model which seems best able to describe ma*^hematics 
for the Tswana students and teachers is a combination of 
1) and 2) above. They regard mathematics as a number of 
techniques for obtaining correct answers to problems 
which appear in textbooks and examination papers. The 
two local mathematics projects described in the next 
chapiter in section 3 assume model 1) above.
In this research mathematics will be taken to mean the 
standard 7 mathematics syllabus of Bopl.Uthatswana con­
sidered from the aspects ofj
(i) Content - certain structures or knowledge content
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like the Euclidean theorems 
!ii) Skills - certain, manipulations and calculations 

like factorization/ drawing graphs etc.
(iii) Application of both (i) and (ii) to problem 

solving«
The discussion in the proceeding pages shows that 
Dienes, Bruner and Skemp advocate the interaction model. 
This research will attempt inter alia to identify which 
model is current among the teachers and students of the 
Bafokeng region. As pointed out just now there seems to 
be a reliance on the other two models in the manner les­
sons are presented and taught and in the attitudes 
expressed by the students when speaking about 
mathematics. The usual meaning implied by the term 
"mathematics" among both teachers and students is one of 
these: "the maths syllabur' "the maths text books" "the
maths examination". Rarely if ever has the present re­
searcher heard mathematics referred to as a way of look­
ing at life or a method of dealing with day to day 
problems.
But for the purpose of examining success and failure 
this research will confine itself to the mathematics 
concept of number which involves firstly the abstraction 
of number, secondly mastery of counting and thirdly the 
ability to understand and to use correctly the four 
basic arithmetic operations of addition, subtraction, 
multiplication and division.
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2.4. The concept "success and lailure”
Society has just one criterion for measuring success and 
failure in school and that is whether the student passes 
or fails the public examination. As Acton (1900) puts 
it:

... the world adges *ccass by grades obtained in
public examinations (ibid. P.166).

In Bophuthatswana all the students take mathematic's as a 
subject in the standard 7 examination which comes at the 
end of middle scliool. This examinallon is set- and 
marked by teachers working in the Boplnu-liat.swann 
schools. The content of the fjxamination is t)ic standard 
7 syllabus which is almost identi.cal with that of the 
RSA. There is no research available on the v.ilidi.t.y or 
reliability of this examination although there is 
general agreement that the results give cause for con­
cern (Report of the 2nd National Educatioii Commission, 
1786, P.55, article 9.2,2.).
In an analysis of the 1984 standard 7 results prepared 
from the official record sheets siiown in Table 2.2. this 
researcher counted only 72 out of a total of 2 000 i.e. 
a mere 3,6% who had scored 50% or above in mathematics 
for the Tlhabane circuit and that after the adju'̂ atroents 
given in Table 2,1. These students came from l.he t.hir- 
teen middle schools in the Tlhabane circuit which in­
cludes the Bafokeng region. According to these it'sulUs
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the majority of the students in the region are well 
below "average" (taken as 50%). It is obvious that this 
playing on words is a fruitless task as by definition 
the majority cannot be "below average" nor indeed "above 
average",
Dissatisfaction with grading of students by public ex­
amination is by no means confined to Bophuthatswana as 
can be seen from the following quotation referring to 
GCE results in England:

There are likely to be problems a systci which is 
geared to success in exams which are set at such a 
level that two-fifths of the child population are ex­
pected to fail (Rutter et al 1979, P.202).

The authors are here discussing the rights and wrongs of
arranging and adjusting examination results on the basis
of a normal curve and classifying those who score less
than 40% in such an examination as "failures" (ibid).
Public examinations do have a function in classifying
students on a scale which makes it easy for employe,s
and others to select "good" from "not-good" potential
employees but as Acton (1980) pointed out success for
one implies failure for another:

... so long as employers depend on the educational 
system not to turn out. equally able individuals, but 

tell them who is a success and who is a failure, 
and there is only so much space for success ( P.158).

It emerges therefore that at present statistics provide 
the criterion for succestJ and failure and the decision 
is made presumably on the basis of normal distribution
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curves which are generally standardised for a given 
population.

Table 2 . 2 Frequency distribution of maths marks in std 
7 examination '1984) Tlhabane circuit

But even this cannot be true for the BophuUhatswana 
standard 7 maths examination where we find that moat 
students fail, as can be seen from the 1984 results of
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the 13 middle sjjhoola in the Tlhabane cii'cuit of educa­
tion given in Table 2.2. Maybe the population (N) is 
not Bcphufchatswana students at all cr maybe this ex­
amination is not really norm referenced but criterion 
referenced. There seems no way to find out.
In the evaluation study of Israel elementary schools 
carried out by Minkowich, Davis and Bashi (1982) the 
authors describe a serious methodological clash among 
themselves concerning criteria for success and failure 
to he used in the research. Davis and Bashi were unable 
to reach agreement with Minkowich on what constitutes 
success in matliematics. The former wanted a break down 
of every item and the use of criterion referenced test­
ing while the latter insisted on norm referenced testing 
and used composite scores. This version of success was 
adopted solely because Minkowich was the senior partner 
(Minkowich et al 1982, P.ix).
Achievement tests (usually norm referenced) are Iha 
usual method used in educational research for meas ing 
academic success in schools. For example Rutter et al 
(1979) used performance in the 0 level public examina­
tions in their English study; Coleman (1366) and later 
Jencks et al (1972) used standardised measures of educa­
tional attainment in their respective studies of 1 he 
American system; Minkowich et al (1982) designed tests 
for their Israeli study on a substantive basis in eacli 
subject according to the curriculum requirements and the
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expectations of the school.
Other criteria of success found in literature are recog­
nition by peers who may be asked to classify each other 
as "expert" or "novice" (Riley et al 1903). Riley and 
associates found that experts have more conceptual 
knowledge about problem situations and this guidt ;j them 
into more effective and efficient solutions. The 
successful problem solvers work from elaborated repre­
sentations of the problem rather than directly from the 
problem description (ibid). Skerap (1980) takes another 
approach to success by p c  ing the question: WhtiL can we
do when we understand something which we could not do 
before? He provides the answer thus : By understanding
we are better able to do three things :(i) to achieve 
our goals (ii) to co-operate w th our fellow-beings 
(iii) to create, (Skemp 1980, P»l).
Tswana teachers and students have a very pragmatic view 
of success and failure and it is simply the symbol ob­
tained in the public examination:

G and H (0 - 33%; = failure 
F and E (33 - 49%) = pass 
D (50% - 59%) = good 
C;B & a (over 60%) = excellent.

In the early stages of this research four criteria for 
success in mathematics were elanorated: 
i> pass standard 7 examination with symbol E (-401-49%) 

or batter;
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ii) judgement of the maths teacher that student was 
yood;

iii) student's own perception of himself reyardiny 
maths;
iv) choice of maths as a subject in high school.
Those who satisfied these criteria were successful, 
those who did not satisfy these criteria weri' judged 
failures in various degrees, liowever aftei some reflec­
tion and discussion it becamu clear that these were not 
really four separate criteria but simply different 
m.anifestations of the first i.e. performanee in l.lie 
public examination. The teachers judged students on the 
basis of their experience of the publ ic ex.imiiuit ion 
(usually quite accurate). The .students juilged them­
selves on the results of monthly test:s set and marked t>y 
the teacher using the same criterion. Finally Llie deci- 
fiion about taking maths as a subject in high .scliool is 
normally made by the subject teachers in the high school 
un the basis of performance by the student in Ihe public 
examination.
In this research two distinct criteria were used for ih(- 
• ’o different parts of the research.
(a) For the statistical correlation, Llie (-rUeri.i of 
success ,and failure were the results of the slandard 7 
June 19b7 examination. Students obtaining symbol 1) 
(50%) or over were taken as successful, Those obtaining 
below .symbol F (.70%) were taken a.s failure.s. The .same
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classification was used Virhen making samples for the in­
terviews as described in Chapter 5.
(b) Once the sample has been obtained a new criterion 
was then used on the basis of performance on the five 
picture problems, in the interview situation. Success 
was now judged on the students ability to solve the pic­
ture problems as follows:
(i) student can select the correct operation;
(ii) student can carry out the computation - knows how 

to do it;
<iii) student can arrive at the correct answer;
(iv) student can check this answer;
(v) student can complete all this in a reasonable time 

which was taken as maximuiu of 8 minutes per 
problem.

It was hypothesised that these two different- criteria 
were related and students classed as successful on their 
performance with the picture problems would also be the 
ones Scoring good symbols in the public examination. 
This was also investigated.

2.5 Conclusion
The main aim of this research remains to investigate 
success and failure in mathematics among standard 7 stu­
dents in the Bafokeng region of Bophubhatswana. It has 
been pointed out here that there are two criteria of 
success being used namely the standard 7 exam rt»« Its



103

and the performance with the picture problems. It 
remains to be seen whether these coincide or whether 
they yield different groups of students and whether it 
is possible to uncover differences betv/een the groups of 
successful and unsuccessful students.
Success is regarded ideally as the attainment of model 
3) section 2.3. i.e. the ability to use the scheme 
successfully but it is accepted that this is far from 
reality of the schools in the Bafokeng region.
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CHAPTER 3

LITERATURE SURVEY

3.1i Introduction
Research into success and failure in school raathematica 
cannot be divorced from the wider school situation. It 
is necessary to gain some perspective of what ha?’ been 
happening in schools this century in order to appreciate 
vhat the present research is all about.
Education is as eld aa man himself but eduacational re­
search is a relatively new development. The scientific 
revolution was well under way by the end of the 16th 
century but it wasn't until the early part of the 20th 
century that the scientific method came to be adopted in 
educational matters. Previously the work was theoreti­
cal and even when writing about how to teach in school 
people like Pestalozzi, Montessori and others worked 
within a non-scientific paradigm, usually writing from 
experience which had not been subjected to any form of 
rigorous scientifie testing. Cohen and Manion (1980) 
quote Mouly's definition of "research" thus:

... Research is best conceived as the process of ar­
riving at dependable solutions to problems through 
the planned and systematic collection, analysis and 
interpretation of data. It is a most important tool 
for advancing knowledge, for promoting progress, and 
for enabling man to relate more effectively to his 
enviroment, to accomplish his purposes, and to 
resolve his conflicts. (Cohen and Manion 1980, p.l3).
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To attempt to bring together a comprehensive survey 
of all that has been done in educational research would 
be a fruitless task; even to hope to cover the ground on 
all that'has been done concerning mathematics, teaching 
and learning would be monumental. Hence some form of 
selection is necessary and some framework that will show 
the broad trends in mathematics research is required. 
This chapter will therefore be presented in three 
sections:
<i) Psychological movements that have greatly in­

fluenced schools.
(ii) School based research into specifically mathematics 

teaching and learning.
(iii) African and third world resarch which will include 

both of these.

3.2. Psychological movements 
3.2.1. Psychometrics
For the first half of this century psychological testing 
dominated the schools. Faculty psychology was quickly 
replaced by psychometrics. The work of Seguin in Prance 
and Galton in England opened the way for Cattail's 
series of tests which he termed "mental tests" in an ar­
ticle written in 1890 (Anastasi 1968). Spearman at­
tempted to measure objectively what was loosely termed 
"intelligence" and he defined one fundamental functioti 
which he named "g" for general intelligence and .3 second
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factor "s" which was specific to a given activity. In­
dividuals when compared on the basis of their scores on 
a variety of tasks and intelligence was supposed to be 
that which was measured, (Chaplin and Krawiec 1960, 
p.387).
When faced with the question of why some students 
succeed in mathematics and others fail, the common sense 
answer would therefore be that the former are more 
intelligent. Binet developed a method for assessing in­
telligence on a numerical scale by sampling procedures 
which enabled him to describe the mental tasks charac­
teristic of a child of a given chronological age (Peel 
1956, p.167). Later Merril and Terman used Binet's 
method to devise an Intelligence Quotient and they were 
then able to measure the I.Q. of a child and by compar­
ing his performance with that of a carefully chosen 
sample of others of his own age range they could quan­
tify intelligence, (Jordaan et al 1975, p.751) and 
(Power 1962, p.598).
These tests became very popular in schools, especially 
for the purpose of streaming and for career guidance, 
and there is no doubt that I.Q. tests do have a certain 
predictive value. On the other hand careless use of the 
tests and obsession with I.Q. performance may have 
serious consequences for a child's school achievement 
and his choice and pusuit of a career (Jordaan et al 
1975, p.758).
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Perhaps the worst feature of the psychometrics phase was
its reification of intelligence. Schofield (1972, p.£3)
quotes Eysenck's critisism of this tendencyj

Eysenck tells us that the difficulty of defining and 
measuring intelligence is that intelligence is not a 
thing but a concept or an idea.

Hamilton (1976, p.l2) speaks in a similar manner of:
... that research tradition based on the theory and 
methods of a mental testing and field experimentation 
of the kind predominantly used by agricultural 
botanists.

In spite of this a great deal of interest and attention 
is still given to tests although the use of
achievement tests to measure scholastic performance and 
the moderation of the raw scores by taking cognizance of 
other factors has done much to alleviate the problem. 
More recently various models based on factor analysis 
have been used for quantification for example in Verster 
(1982). Verster used a computer based design to explore 
reaction latencies in South African subjects. Verster 
found the processing speed is sloiver for bladk males 
than for white males or white females. It was not pos­
sible in his study to account for the difference because 
variables which might explain the findings were not 
controlled. Some of the variables mentioned 1vere 
culture, socio-economic status, education (Verster 1982, 
P.270>.
In Bophuthatawana schools psychometric tests were, until 
very recently, the only basis for a rudimentary career
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tjuidance service. These tests were administered and 
scored by teachers appointed by principals in each 
school but they received no training whatever. The 2nd 
National Bophuthatswana. Education Commission Report of 
1985/6 called for a newly structured guidance service 
that would include: guidance and counselling, educa­
tional measurement, remedial teaching î nd special educa­
tion (ibid Art 19,1, p.98). This represented a great 
widening of the role of the psychological servLi^es and a 
move away from mere testing. In the handbook for newly 
appointed guidance teachers the director of the 
programme Terry de Jong has this to say about 
psychometrics:

... guidance and counselling is not merely the ad­
ministration of countless tests which i-etnforces the 
popular misconception that the primary function of 
the Guidance-Counsellor is to offer vocational advice 
based essentially on meaningless statistics. 
Psychometric assessment provides a complementary 
means to other sources and methods available for as­
sisting the student in making an informed decdsion 
about which subjects, school and career he/she should 
choose (de Jong 1988, p.ll).

In response to the Commission's recommendations the 
Bophuthatswana department of education has emb'.rked upon 
a dynamic project of establishing a school-based 
guidance service throughout the country. This service 
was extended to the high schools of the Thlabane circuit 
of education (which includes the Bafokeng region) in 
vTanuary 1989. The first step vas the appointment of 
guidance teachers in the high schools and the provision
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of guidance lessons for all high school students. It is 
interesting that the newly appointed guidance teachers 
had no training in psychometric testing nor is such 
testing included in the work programme set out for them 
in the first year of operation of the service. The 
stated aims of the service ares

(i) Group guidance sessions every week for every 
class.
(ii) Personal guidance for those who need it.
(iii) Provision of consultant facilities for the 
school on education improvements.
(iv) Community liaison between school and local 
people.
(v) Cultural expansion (da Jong 1988, p.l).

Guidance and counselling are important issues for the 
present research because of their impact on choice of 
subjects made at the end of standard 7 when a student 
opts for a certain course of study in the high school. 
Presently in Bafokeng high school there are three group­
ings of subjects which a student may select namely: 
Tswana, Afrikaans, English, Biology together with Maths 
and Science or History and Geography or Bible Studies 
and Agriculture/Home Economics. Only about 25% of all 
high school students do mathematics (Bophuthatswana 
Report 1985/6, p.ll9). Elsewhere the report recommends
selection of subjects should be based on both perfor­
mance in the subject and career counselling (ibid.
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p.122).
Based on personal observation the present researcher can 
state that students are advised to take maths in high 
school only if they passed it in the std 7 examination. 
This research later investigated the suitability of the 
std 7 examination as a reliable guide for choosing math­
ematics as a matric subject.

3.2.2 Dewey.
It is difficult to place Dewey - whether among the 
psychologists vAo have greatly influenced schools or 
among the school based researchers. Since chronologi­
cally he made his impact in the first half of the 20th 
century he will be dealt with in this section. Dewey's 
work is imbued with the "scientific" and he set up an 
"expei'imental school" to test his ideas in practice, but 
he cannot be lumped together with the psychometricians, 
He was concerned with the child in school and the educa­
tive process which has as its aim the disciplined or 
logically trained mind (Dewey 1910, P.78). He started
his career as a schoolteacher and only after teaching 
for a few years at a country school did he return to 
University where he majored in philosophy, although his 
doctoral dissertation was in the psychology of Kant, 
(Power 1952, p.59).
Dewey criticised "faculty psychology" because it 
regarded thought as a distinct piece of mental machinery
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which could be brained by special exercises - hence 
arose the idea of formal discipline (/hereby certain sub­
jects were regarded as intellectual and therefore par 
excellence were possessed of some f o f  predestined 
fitness to excercise the thought faculty (Dewey 1910,- 
Chapter 42). Dewey rejects this claim.

A subject - any subject - is intellectual in the 
degree in which with any given person it succeeds in 
effecting this growth (Dewey 1910, p,46).

The formalism that faced Dewey in the schools of his day
might well be compared witli the situation in black
schools of the 1970's which led to the schools boycotts
over the past ten years. One author describes it thus:

Another kind of formalism resulted from the idea that 
there was a definite and prescibed subjecl, matter 
waiting to be mastered, a subject matter that could 
not be altered bv anyone. The idea was deojily in- 
jjrained in educational practices. , Textbooks were 
prepared for the various subjects in each of the 
several grades, and it became the teachers duty to 
see that the material in the book was covered. Moat 
of the pupil's time was spent in mastering the 
textbook, a task which meant memorising the detail'.!' 
that were touched on in the book. Too often these 
excercises had little or no meaning for the children. 
(Power 1962, p.592)

Dewey says the business of education is the forming of 
skilled powers of thinking. Thought was for him an ac­
tive process and he suggests that the natural attitude 
of childhood, namely one marked by curiosity, fertile 
imagination and love of experimental enquiry, is ac­
tually very near to the attitude of the scientist (Dewey
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1910, p.iii). He illustrates this scientific method by
analysing a complete act of thought in chapter 6 of How
we think. The analysis shows that each act of thinking
consists of five logically distinct steps as follows:

Step 1: there is a felt difficulty or perplexity in
the individual
Step 2; its location and definition are thought 
through
Step 3: suggestion of possible solutions are con
sidered
Step 4; development by reasoning of the implications 
of these suggestions
Step 5: further observation and experiment leading to 
the acceptance or rejection of the possible
solution (ibid p. 68 - 78).

Dewey says the aim of the educative process is to 
develop the ability to carry out these steps in any par­
ticular situation (ibid). In the experience of the 
present researcher what goes on under the name of 
"education" in the schools of the Bafokeng region is 
very far removed from the above. The present investiga­
tion tried to find reasons v;hy.
Another aspect of Dewey's work which may help tovmrds an 
understanding of the problems in black schools in the 
eighties in the R.S.A. was his efforts to bring 
democracy into the schools (Dewey 1915, p.7). He was
very much aware of the potential conflict between the 
child, living in a world of personal contacts where af­
fection and sympathy are the (•ceynote and the curriculum 
which E'resents material dealing with facts and laws 
gleaned from all over the world and from every period of 
history (Dewey 1902, p.5-8)« He believed schools were
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not simply places where children were prepared for the 
future; they were more importantly, places' where 
children lived part of their lives as children. This 
led him to create a school situation in which learners 
had a great deal of freedom and initiative and self­
activity was encouraged. Clildren themselves would un­
dertake projects and help formulate educational 
objectives. Personality building and social adjustment 
were emphasised and the stress was on living rather than 
on learning (Dewey 1915, p.9).
Among the Bafokeng we find it very rare that the mathe­
matics material presented to the child is such that it 
has intrinsic interest and that the child's attention is 
Captured spontaneously. Perhaps this is one of the 
reasons why homework is seen to be such a burden by both 
teacher and student and to be avoided if at all 
possible.
Dewey writes about what is likely to happen in such a 
situation. He says the teacher may attempt to provide 
extrinsic motivation such as offering rewards or else 
will report to counter-irritants such as low marks, per­
sonal disapprobation or probably will use both these 
methods (Dewey 1915, p.48).
A feature of the schools in the Bafokeng region is the 
over-reliance on corporal punishment as a means to force 
students to do their school work and homework. Perhaps 
if the subject matter presented in school was more mean-
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ingful for both teacher and student this excessive use 
of corporal punishment could be reduced. It was there­
fore important for the present research to examine the 
home lives of the students and especially their 
socioeconomic circumstances and their cultural beliefs. 
Finally for Dewey education is a wonderfully alive and 
active experience. It is neither a "drawing out" nor 
still less a "pouring in" of knowledge. Dewey em­
phasises that the child is bursting with activity and 
what education must do is take hold of the child's ac­
tivities and give them direction (ibid, p.36). In this 
context he condemns the classroom furniture and its ar­
rangement as was common in his day in these words;

... the ordinary schoolroom with its rows of ugly 
desks placed in geometrical order, crowded toi,' her 
so that there shall be as little moving room as 
possible, desks almost all of the same size with just 
space enough to hold books, pencils and paper, and 
add a table, some chairs, the bare walls and possibly 
a few pictures, we can reconstruct the only educa­
tional activity that can possibly go on in such a 
place. It is all made "for listening" - because 
simply studying lessons out of a book is only another 
kind of listening? it marks the dependency of one 
mind upon another (ibid, p.32).

This description could be applied to any of the schools
visited as part of the present research and it will be
developed further in chapter 8. The phrase "dependency
of one mind upon another" might equally well be applied
to the Bantu education system which prevailed in black
schools in South Africa until recently and which has
left its mark on all those who suffered under it and
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this includes most of the present generatioVi of black 
teachers. The challenge to move away from that system 
is tri dbus and the difficulties enormous. A first 
step forward must be an accurate description of what the 
present school situation really is and hence much of the 
present research must be descriptive.

3.2.3. Piaget
As a young man Piaget studied philosophy at the Sorbonne 
and he worked with Dr. Theophile Simon at the Binet 
Laboratory in Paris where he was occupied v?ith the task 
of developing a standardised French version of Simon - 
Binet I.Q. teste. While engaged in this wox“k he 
realised the wrong answers given by children revealed a 
pattern that was related to age and he soon rejected a 
quantitative definition of intelligence, which was the 
basis of the I.Q. 1 ts, for a qualitative one 
children of different ages use different methods of 
thinking (Ginsburg and Opper 1969, p.3).
So from the very start Piaget was concerned with the 
success and failure of children in tests, his theory and 
especially his method of research have had a great in­
fluence on educational research down to the present time 
as can be seen from most reviews of literature, par­
ticularly in the fields of mathematics and scierjce e.g. 
Dickson et al (1984) in Children Learning Mathematics : 
A_teachers guide to Recent Research devote sections in
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each of the chapters on Spatial Thinking. Measurement, 
and iSumber to Piaget's work. In order to understand 
much of the school based research into success and 
failure in mathematics it is therefore necessary to 
present here a short review of his work, 
although Dewey and Piaget do not belong xn the same 
"schools of thought" it has been pointed out that in 
some ways Dewey's work can be viewed as preparing 
educators for the acceptance of Piaget. Dewey stressed 
the importance of learning by doing in order to achieve 
true understanding as explained by Fischer (19G4) and 
Piaget too stresses activity on the part of the child 
(Gx sburg and Opper 1969, p.l77). Dewey's analysis of
thought processes, however was confined to abstract 
thought and working with abstract hypotheses (Dewey 
1910, ' hapter 6) but it was Piaget who showed that
children think in ifferent manner from adults and the 
level of abstract thought is only reached by some in 
adolescence. Both Dewey and Piaget stressed democracy 
in the school (Ginsburg and Opper 1969, p.231).
Piaget’s early interest was in Biology and he did his 
undergraduate a dies at Neuchatei in the natural 
sciences. He uses biological terras to describe learning 
for example "assirai-ation" and "accommodation" are func­
tional invariants which enable the child to acquire new 
knowledge . Further he describes intelligence in terms 
of growth, atageu, adaptation and equilibrium, beaming
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in the widest sense <not simply superficial acquisition 
of specific responses to particular situations) depends 
on development - it can oc ur only when the child has 
available the cognitive structures necessary for as­
similating new information. This development takes 
place in certain well defined stages which are described 
by Piaget in books published in the years 1936 to 1943: 
The origins of Intelligence in the child(1936). Con­
struction of Reality in the Child (1936), The Develop­
ment of Physical Quantities in the Child (1941) and 
others dealing with "number" and "perception". (For a 
description of the development stages see Ginsburg and 
Opper 1969. Chapter 3 to 5). The stages are: 
Sensorimotor, Preoperational, Concrete operational, For­
mal operational. Piaget's claim that all children pass 
through these stages in the same sequence is upheld in 
most research reports from experiments in Britain and 
the United States,
In the third world countries Orbell (1973) among others 
reports that resulting from his own research in Rhodesia 
it can be said the age at which equilibrium is attained 
for any given stage varies subject to cultural baelc- 
ground and not all reach the highest stage of formal 
abstraction (Orbell et al 1973, p.ll).
In a number oi experiments using Piaget's conservation 
tests it was found that children in the Bafoken’g region 
showdd a time lag of 2 to 3 years when compared to white
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Suuth African children. These experiments were carried 
out by post-graduate vjorkers in Phokeng under the super­
vision of the present researcher in 1988. This finding 
is similar to that reported by Van den Berg (1978) for 
other parts of South Africa.
Each stage is characterised by particular types of cog­
nitive functioning and children at each stage think in a 
qualitatively different manner from children at another 
stage and of course from adults (as Siann and Ugweegbn 
1980, p,41 point out). These authors note the important 
fact - important especially for research in the African 
context - that each stage builds up in a progressive way 
on preceeding stages (ibid p.43). The importance of 
this notion for the present research into the success 
and failure in mathematics among the Tswana is obvious. 
If the earlier stages in cognitive development havs not 
been successfully completed then later, more abstract 
thinking will not be achieved - indeed logically from 
Piaget's standpoint, the stage of formal operations will 
not be attained. Brarahare (1977) quotes OrbelJ (1970) 
who found among a group of African s-udents averaging 
13,6 years a near total lack of formal operational 
thinking. In a follow up study with 170 form IV stu­
dents he found that only 42% of the male and 24% of the 
female students reasoned at the formal operational level 
in the Piagetian tasks. Biesheuvel (1957) obtained 
similar findings with South African subjects. Both Or-
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bell and Biesheuvel attribute this re;latlvely inrorior 
mental functioning to the inhibiting effects of cultural 
impoverishment (Brainhare 1977, p.l3). The same conclu­
sions were arrived at during a workshop consisting of 
Professors J. Bruner, Doris Lee, John Lewis, Cyril 
Rogers and Dr. R.H. .Stone which explored the relation.^ 
between the learning pi'ocess, traditio.nal views lield in 
noii-technologioal societies .and the development of 
teaching science and maths. It was accepted by the team 
mfimbers that experience at a very early age can bd very 
important in developing in the child capabilities for 
abstract thinking. Certain play available to European 
and American children develops problem solving capacity 
and lack of such play - as in most African countries - 
leads to rote learning and dependence on memorisation 
(Lewis 1967, p.l). Growth during the first few years of 
life involves thte mastery of certain basic skills which 
are themselves the tools for achieving higher order 
skills, in perception, language, competence in planning 
and attitudes towards knowledge» In roost non- 
teohnological societies the culture is antithetical to 
maths and science because it stresses authority, rote 
learning, acceptance of the status quo and non-ratlonal 
and non-mathematical e.xplanations of phenomena (ibid 
p,2). The wox'k of Gay and Cole (1967) and Cole ct.jLl 
(1971) in Liberia and of Bishop (1978) in Papua New 
Guinea raises serious issues concerning tlie cultural
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differences. They showed that their third world sub­
jects performed as well as, and in some tasks better 
than American and European counterparts when the task 
itself was meaningful, like estimating quantities of 
rice in a bowl. Bramhare (1977) poses this question: 
Could there be differences in cognitive preferences or 
perceptual orientations between the African and Western 
subjects that may make comparisons unwarianted? (jhitl, 
p.l3). Writing about the problem of poor mathematics- 
performance of black South Africans, Van den Berg (1970) 
rejects Piaget-type studies as a possible research 
instrument. He quotes findings by Poole (19()8), Beard 
(1958) and Vernon (1969) from different parts of Africa 
which show that black children lag behind Englisli 
children by about two years as judged from their perfor­
mance scores in Piagetian tasks. H.J. Dryer (1973) con­
firmed this by showing that 6 year old European scores 
are equivalent to 8 year old blacks in the R.S.A.. Van 
den Berg then sounds a word of caution:

... each group develops a hierarchy of values and 
norms within its own cultural heritage with the 
result that individuals can only be really understood 
within their own cultural content (Van den Berg 1978, 
p.49).

Okonji on the other hand combined Piaget ian tJieory of 
cognitive development with his own differentiation 
theory to study cultural variables in cognitiim: Class­
ification behaviour (1968), Understanding f Geometry 
(1971), Auditory and Visual integration (1078). He
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sought to identify what aay be special to the cognitive 
operations of Africaji children and eventually useful in 
maximising their learning (Lloyd and Gay 1981). This 
search led Okonji into Witkin's field 
dependence/independence theory (Okonji 1971) and will he 
dealt with later.
There have been serioVfS criticisms of Piaget's stages of 
cognitive development,: many of them arising from studies 
in third world countries. Price-Williams and co-workers 
(1969) matched two groups of children in Mexico - the 
one group from potter's homes, the other from homes of 
other occupational background and they found the 
children from the potter's homes were bettor at conser­
vation of substance tasks. beard (1960) in Ghana and 
Heron and Simonason (1969) in Bambia found the? degree of 
urbanisation and interaction with technology improved 
the % of conservers on Piagetian tasks. 1,1 ;,yd il971) 
showed socio-economic factors had an ejffeejt by 
demonstrating a significant correlation betw*''n conser­
vation and degree of elitism of the family - ioruba 
families in Nigeria.
Siann and Ugwuegbu say that Piaget's work is eth­
nocentric and is deeply influenct?d by culfunal values 
(1980, P.61). Serpell (1976) supports this position and 
by reference to Dansen's review of the studios from many 
african countries suggest that even Piaget's method of 
data gathering by means of the clinical interview may be
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so out of touch with the culture as to make l.lu; data 
unreliable, especially if the interviewer is a white 
person (P.72). Siann and Ugwuegbe quote other researcl! 
which run counter to Piaget’s stages: Bryant (1974) 
showed children aged 4 could . :e logical inferences but 
this is only supposed to be possible after age 6 or 7; 
again Siegel et al (1966) showed children :<:ho were un­
able to conserve volume at age 5 could be taught to do 
so and hence they question the irreversibility require­
ment needed before children can conserve, Donaldson 
(1978) showed that changes in the experimental condi­
tions can give contrary results and so with a variation 
of the three-mountain task she found children \jcre not 
necessarily egocentric in the sense of being unable to 
picture another point of view (Pp 17-31). She points 
out that if the task is altered to make it more meaning­
ful for young children then even children under the age 
of six can demonstrate the ability to d--centre. She 
refers to a taslc devised by Hughes (1975) which made use 
of policeman dolls and a boy doll. The task involved 
the coordination of two different points of view and the 
results showed that, contrary to Piaget's findings, 
children as young as three and four years could succeed 
in up to 90% of the trials. Donaldson says the two sets 
of findings can only be reconciled if we accei>t that in 
the Piaget three-mountain task the children did not un­
derstand what they were supposed to do. On I lu> other
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hand in the Hughes' test the situation makes sense to 
the child. The motives and the intentions of the 
characters are entirely comprehensible because for him 
the situation makes human sense i.e. it corresponds to 
basic human purposes and interactions (ibid P.24). With 
reference to Donaldson's work, Dickson et al (19B4) say 
the results could be important when considering culture 
bias in the tests and this bias will be greatiy ag­
gravated by language and familiarity with technology 
(P.13), An example of such culture bias can be seen in 
an experiment carried out with 20 Bafokeng metric stu­
dents of average age 19,4 years. Instead of the three 
mountains, models of a church, a box of biscuits, and a 
tin of vim were used. The testees were seated at a 
table looking at the three objects and then were shown a 
cut out doll which was placed at a different position. 
They were asked to identify which of 7 cards each show­
ing a drawing of the three objects as seen from dif­
ferent positions, was the one that the doll could see. 
Only six of the twenty tested were able to select the 
correct card. Most of the others simply chose the card 
showing their own viewpoint or made what seemed wild 
guesses. When asked to explain it became clear they had 
not understood the instructions in the same sense as the 
tester and they were adding a whole human dimension to 
the task which the tester had not thought of e.g.” This 
small boy (the cut out doll) doesn't know anything about
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the church and he has no use for the vim. He only sees 
the biscuits."
Among the criticisms of Piaget are that his tasks are 
culturally biased in the use of materials and further 
that there is a language problem which often prevents 
tester and testee from understanding each other as shown 
in the above example. These are important issues for 
the present research and both are dealt with again in 
chapter 7. It must also be remarked that there is a 
distinct possibility that school mathematics is cul­
turally biased against African students in the
materials, examples and excercises used and also in its 
use of language. Language is discussed in chapter 7. 
More fundamental criticism is that of Groen and Kiaran 
(19831 who say that Piaget's theory provides no ap­
paratus for bridging the gap between his empirical work 
and school mathematics (p.353). These same authors
claim that in his later writings Piaget dispenses with 
the need for stages at all (p.366). It is certainly 
true that in his later years he was more and more con­
cerned with genetic epistemology which has as its fun­
damental hypotheses that there is a parallelism between 
the progress made in the logical and rational organisa­
tion of knowledge and the corresponding formative 
psychological processes. He believed that it is with 
children that we have the best chance of studying the 
development of logical knowledge, mathematical knowledge
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etc. (p.360).
The importance of Piaget can be judged from the amount 
of research he has sparked off and even from the extent 
of criticisms levelled against his theories. Be that as 
it may the present research into mathematics among the 
Tswana has been greatly influenced by his work on 
number. Piaget (1952) suggests that in order to handle 
natural numbers flexibly in solving problems children 
needs (i)Conservation by which a child can recognise a 
one to one correspondence still exists between two sets 
even when one is spread out more; (ii)Seriation or or­
dering which is the ability to arrange sticks, dolls 
etc. in order of increasing size and to know where is 
the 7th, 8th etc.; (iii)Class inclusion which is the 
simultaneous recognition of a total class and one of its 
subclasses e.g. 5 objects can be 1, 2, 3, 4, 5, in its 
own set and when added on to a set of four objects this 
old set of 5 will nov; be 5, 5, 7, 8, 9. Piaget thinks 
these three operations are simultaneously achieved at 
about age 8 (Dickson et al 1984, p.l98).
Piaget's ^method of clinical interview in order to find 
out how the child is thinking is still seen as the best 
technique available in spite of the warnings of 
Donaldson and others referred to above. It is espe­
cially important for the present research to pursue an 
in-depth study of individuals rather than a large scale 
more superficial survey of the population to study the
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research question. Indications are that African sub­
jects achieve mastery of Piaget's developmental stages 
later chronologically, than their European counterparts; 
yet all follow the same school syllabus. It is possible 
in this case that African subjects are studying material 
in mathematics which is not matched to their stage of 
cognitive maturation. This has been noted by Macnab and 
Cummine (1986): one major source of learning dif­
ficulties is the conflict caused in children whose 
thinking is still at the concrete operational stage but 
who are required to cope with formal operations' (p.23>. 
It was important for this research to record instances 
of "delayed mental development" which might be related 
to failure in mathematics. Similarly it was important 
to record indications of ability to hypothesise and deal 
with formal operations which might be related to success 
in mathematics. Lastly Piaget claims reversability is 
fundamental to the child's mastery of the arithmetic 
operations of addition, subtraction, multiplication and 
division. The present research explored how students 
perform xn picture problems involving these operations. 
It took note not only of the strategy used but also how 
the students check their answers to establish if the 
students view addition/subtraction and 
multiplication/division as connected.
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3.2.4* Skemp
Some authors do not fit easily into prearranged patterns 
and this is true with regards Skemp and the framework of 
this chapter. Should he be included here among the 
psychologists or in the next section for his school 
based research in mathematics? Skemp was originally a 
school teacher and only turned to psychology in his ef­
forts to understand how children learn (Skemp 1971, 
p.l5). after taking a psychology degree in Oxford in 
1955 he worked in the psychology department of Man­
chester University until 1972 where his special interest 
was in the psychology of mathematical education (ibid). 
During this time he directed the Leicestershire Psychol­
ogy and Mathematics Project, In 1973 he became profes­
sor of education at Warwick and he developed his model 
of intelligence based on process rather than structure 
or development. Intelligence was considered from the 
point of View of dealing with the world in which we live 
and especially goal attainment. That which enabled a 
person to achieve his goal was what Skemp described as a 
director system. But Skemp was not caught up in cogni­
tive theorising - on the contrary he realised that the 
whole person is involved in learning and emotions play 
an essential part in human experience (Skemp 1979 P.ll). 
In regards to mathematics understanding Skemp faced the 
issue by posing the guesticn; What happens when we un­
derstand that does not happen when we don’t? (1971,
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p*14). He defines understanding thus: To understand 
something means to assimilate it into an appropriate 
schema <ibid, p.46). It is not an all or nothing state. 
Better internal organisation of a schema may also im­
prove understanding and clearly there is no stage at 
which this process is complete. To return to Skemp's 
original question we find that some ten years after he 
wrote the above definition he now rephrased the question 
and in 1980 he asked: What can we do when we understand 
that we can't do when we don't understand? (1980,p.2). 
He answers this new question by showing that when there 
is understanding then we can do three things better: (i) 
achieve our goals; (ii) co-operate with our fellow 
beings; (iii> create (ibid).
In the analysis of understanding Skemp defines two modes 
namely "relational" and ''instrumental" (Skemp 1976). By 
the former is meant what most people mean when they use 
the verb "to understand" i.e. they know both what td, do 
and why they are doing it. Instrumental understanding 
on the other hand is described as "rules without 
reasons". Other writers have since added two other 
modes of understanding to include "formal" and 
"intuitive" understanding (Macnab and Curamine 1986, 
p.34). Skemp's discussion of understanding provides a 
framework for the present investigation into how the 
Tswanas understand mathematics. Very few students or 
even teachers seem to have a relational understanding of
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mathematics and they cannot apply their mathematics in 
new situations or even in solving problems which are 
only slightly different from those already practised. 
It would seem the teaching is geared only for instrumen­
tal understanding just as Skemp says. Many teachers 
settle r the instrumental mode of understanding be­
cause it has the distinct advantage of getting the right 
answer quickly most of the time {Skemp 1980).
Skemp's main work has been concerned with the nature of 
intelligence and over the years he has developed a model 
of intelligence in terms of a goal oriented director 
system as will be explained just now. First some key 
ideas used by Skemp are described then a discussion of 
his model of intelligence and a critical comparison of 
his model with that of Piaget is given. The reason for
this exploration is that it provided a starting point 
and guide line for carrying out the present research 
into success and failure in mathematics.
In the introduction to The Psychology of Learning Mathe­
matics (1971), Skemp briefly reviews previous literature 
on the nature of intelligence. It is generally agreed 
that there are two kinds of intelligence:
<i) Intelligence-A, which is an innate capacity for 
development which, he says, amounts to the possession of 
a good brain and a good neural metabolism and
(ii) Intelligenoe-B, which describes the functioning of
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the brain in which development has gone on (P.16). He
quotes Vernon's (1969) definition of Intelligence-B;

... the cumulative total of the schemata or mental 
plans built up through the individual’s interaction 
with his environment, in so far as his constitutional 
equipment allows (ibid)

Skemp goes on to say that Intelligence-E is largely un-
de'"'eloped in many culture and the difference between
the technologically most advanced cultures and the most
primitive is not due to the differences in Inteiligence-
A but to differences in Intelligence-B, since it is this
latter which is effective in controlling the enviroment
(P.18). Such ideas must be studied against other
authors such as Ginsburg (1982) who reported that:

... unschooled Africans seem to organise school 
arithmetic in the same fashion as schooled Americans 
... the dominant impression is one of common cogni­
tive processes and robust development of systems of 
mathematical thought.

The ideas expressed here give rise to serious questions 
for Tswana students on the broad spectrum of cultural 
differences; however, what is of interest to the present 
researcher is the fact that some students - having the 
same cultural background as the others - still manage to 
perform so much better than their companions.
In a more recent work entitled Intelligence Learning and 
Action (1979), Skemp builds up a model of intelligence 
which he claims provides a core if a unified theory of 
education. He makes Use of many of the 'deas put for­
ward in his 1971 book, especially the following:
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<i) Concept which he says is a single abstraction. It 
may be first order if it is derived from sensory ex­
perience directly; or Second order, if derived from
other abstractions already made; or thi 
each being farther removed from initial 
experience.
Pig. 3.1. Levels of abstraction
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Skemp (1979, P.115).
Ployd <1981) quotes Skemp as laying down two principles 
for the learning of mathematical concepts:

1. higher order concept cannot be communicated by a 
definition, only by encountering a suitable collec­
tion of examples.
2. since in maths these examples are usually other 
concepts it must first be ensured that these are al­
ready formed in the learner i.e. the necessary lower 
order concept must be present before the next stage 
of abstraction is possible (P.83).

These principles have serious implications for the 
present research because much of the std 7 maths syl­
labus is "algebra" which can be thought of as 
generalised arithmetic. Have the std 7 students 
mastered the basic operation in arithmetic which is the
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foundation for algebra?
(ii) Schema is the word he uses for the lir.:<ing struc­
tures between concepts whose function it is to integrate 
existing knowledge aud to provide a sort of mental tool 
for the acquisition of new knowlege.
Skemp (1979) gives the plural as "schemata" or 
"schemas". (p.219) Piaget uses the word "schema" to 
signify "the structure or organisation o' .ons as 
they are transferred or generalised by repacrt-ion in 
similar or analogous circumstances."
(iii) Mental processes may be either intuitive or 
reflective i.e. knowing an answer as opposed to knov;ing 
how one arrived at the answer. Sl<emp suggests the fol­
lowing diagram for describing and analysing mental 
processes:

Fig 3.2. Relationship between intuitive and reflective 
mental processes

I
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Skemp (1971, p.Ph).
(iv) Director system
In chapter 5, Skemp (1979) describes his mode) for in-
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Ifelligence in terras o£ a director Hy.sic'm m.-cuiiied with 
desired goal states. This syst'-'in has Tour fompunenl 
parts as shown in fig 3.1 
The components of the system are:

i) A sensor which is sensitive to the relevant aspect 
of the present state of the object. By sL.ite lu-re ht< 
means the relationship between the operand and the 
environment ̂
ii) A part by which the goa' stale can l>e set:.
iii) A comparator which represent.^ tlie tU r fc re n c e  be­
tween the present state of l.ht' operand atul its <jo.» I 
state.
iv) A plan which determines what happens wlnni i In; ob­
ject is not in its goal state (ibid p.49).

Fig 3.3, Components of a director system

The director system is enclosed in.side I ho dut.ted 
lino.
Skemp ( 1975), p.49).
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The interaction of these components with each other and 
how the whole system relates to the environment is shown 
in Fig 3.3.
(v) Cognitive map
In chapter 11, Skemp (1979) uses the structure of a cog­
nitive map to describe intelligence and understanding. 
The relationship between knowledge and action and the 
role of schemata he discusses as possible routes from 
the present position to a desired goal state as shown in 
fig 3.4. Each point represents a state of an 
unspecified kind; movement along a line represents 
change from one state to another and the lines and their 
connections show the possible ways of taking the operand 
from one state to another.

Fig 3.4. Diagram of intelligence as a cognitive map

F = present state; G - goal state.
Skemp (1979, p.l45).
Skemp is concerned with what intelligence does i.e. its 
function, not what it is made of. He defines it as a
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quality of these highet mental iJi'ocesses by means of 
which we become able to direct om* activities towards 
goal states favourable to survival (ibid, p.51).
An example of how some of the above ideas might be used 
to help in the present reSflatch is given here as an il­
lustration of how the work of Skemp guided the analyais 
of students’ performance in mathematics. The studt'isL 
would be given a card with a drawing. The drawing would 
show a boy who tells his name and says he has four boxes 
of sweets just like the one shown. Beside the boy would 
be a drawing of a box with a certain number of sweets. 
Underneath the drawing would be the question: How many 
sweets does this boy have?
The present state is given in the form of a picture and 
words. The student must identify the given infoimiation. 
The goal state is given in the form of the question at 
the bottom of the card. The student would be required 
to devise a plan for solving this problem - in this ease 
4 X 3 = 32 sweets. Scares could be allotted to each 
step to enable comparison to be made between 
individuals. This discussion is taken up later in chap­
ter .5 in the research design.
Skemp acknowledges bis debt to Piaget's work but is 
careful to indicate how they differ, and three points of 
difference are relevant for the present research. These 
points are:

(i) Piaget uses the word "scheme" defined as "the
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structure or organisation of actions as they are 
transferred or generalised by repetition in similar 
or analogous circumstances" (Piaget and Inhelder, 
1969r p.4). By definition then Piaget closely links 
"scheme" with action. This contrasts with Skemp's 
notion of "schema" which he seas as a coticeptual 
structure which exists in its own right independant 
of action (Skemp 1979, p.219).
(ii) Piaget's model of intelligence is based on 
equilibration: "intelligence constitutes the state of 
equilibrium towards which tend all the successive 
adaptations of a sensori-motor and cognitive nature, 
as well as all assimilatory and accommodatory inter­
actions between the organism and the environment" 
(Piaget, 1950). This differs from Skemp's model of 
intelligence defined as a second order goal-directed 
activity.
(iii) Piaget conceives of intelligence as a stage of 
mental development, reached after a succession of 
earlier stages. Skemp, on the other hand, speaks of 
intelligence as that mental function which brings 
about changes from more concx-ete foi-m.vi of thinking to 
higher levels of abstraction (Skemp 1979, p.220).

To better see how Skemp's work can be applied in prac­
tice there is given here a review of one experiment 
carried out in Singapore secondary schools on the teach­
ing of mathematics. The conceptual basis for the ex-
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periinent was Skemp's(1976) work on instrumental and 
relational understanding. Chinese-medium and English- 
medium students, both boys and girls, were taught a 
topic in Trigonometry during a series of 10 lessons. 
Some Chinese-medium classes and some English-medium 
classes were the experimental group and they were tauglit 
by an experimental method including dicussion and ac­
tivities both within and outside the classroom. The 
sequence was designed to maximise the possibility of 
securing relational understanding. The control classes 
were taught by their usual class teachern using the 
direct method and school text book as prescribed in the 
school syllabus on the assumption that this would 
promote an instrumental learning strategy. Statistical 
analysis of pre-test and post-test scores was carried 
out after the students had been matched with respect to 
sex, medium of instruction, age and mathematical attain­
ment as shown in pre-test. In the conclusion Purbick eji 
^(1982) report that the Chinese stream students who 
followed the experimental programme of lessons designed 
to secure relational understanding seemed to have en­
joyed a significant benefit. On the other hand the 
English stream students' understanding was not sig­
nificantly related to experimental or control type of 
teaching. To explain the result the authors note that 
Chinese-medium students are learning mathematics in 
English which is for them a second language and hence in
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the experimental lessons they were less dependant mi 
language and had in a sense experience with direi'l 
access to the mind, allowing the student to think in 
Chinese about what was going (jn. In t:hc 1.l ud i L i«in.» 1 
method classes these students were dependent on the 
English language medium and the authors suggest this 
prevented them from building up concepts and reduced 
them to memorisation and 3 nsbi'uinent.i 1 Ituuniing.
The Englisii medium students gained no part leul.-ir advan­
tage from either method because tlioy were not dis.uiv.in- 
taged by the use of English as tho medi\im ef 
instruction.
This experiment raises questions about; Idle language 
medium in Bophuthatswana schools which are important for 
the present research. According l.o the findings
reported by Pui‘brick et al students learning maldusnatics 
in a second language are severly handicapped by .i teacli" 
ing method which relies on language although the liad ef- 
feebs of this can be minimised by l.he use of lots of ex­
perimental apparatus and out-of-class demonsl ral ion.s. 
In tlie experience of the present rtusearciier Idu- enmwou, 
and often only, method used in the B.ifokcng region 
schools is the "chalk a d talk" mi'ldiud. There is an al­
most total lack of teaching aids, apparatus ef any sorl 
is lacking and no stimulating naterial.s c,ui be ueeii in 
any of the classrooms. This inve.stiyatlon Included 
visits tcj the schools and observation of ma I hrmial i es
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lessons talcing into consideration the poinia made here 
and reported in Chapter 8.
One last topic discussed by Skemp and fouhd to be ap­
plicable to the px'esent research is the manner of 
reality testing (1979, P.28), What is involved here is 
how we know we have arrived at a solution and how do we
know it is right. Traditionally with the Bafokeng a
child would never dream of questioning his elders. 
Teachers are seen to be elders and when they present a 
solution to a problem in mathematics there is no prece­
dent in the culture that would encourage a child to
verify this solution for himself. Right and wrong are
decided by his elders. However it is essential for a 
relational type of understanding in mathematics that the 
student does check the answer. It was also investigated 
in Chapter 6 if successful maths students are I he ones 
who have an awareness of the importance of checking 
which the students weak at maths don't have.

3.2.5. Witkin
In the experience of the researcher mathematics is 
taught in the Bafokeng schools generally using an 
analytical approach and students must be able to 
restructure the parts in order to find a solution. 
Success in mathematics then would depend on this 
analytic/resuructuring ability. Witkin and his as­
sociates have developed a theory of personality .iwl cog-
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nitive style which is correlated to perception and 
degree of differentiation of the self from the non-self, 
Witkin's work was done in America but it has been replj" 
Gated by Dawson, Okonji and others in Africa. According 
to Siann and Ugwuebu in terms of amount o£ research in 
non-Western countries Witkin, comes second only to 
Piaget (Siann & Ugwuebu 1980, p.211). The original work 
was carried out in the forties in laboratory studies of 
perception of the upright. It was discovered that 
people were quite different from each other in their 
performance but they were self-consistent in the manner 
of establishing the upright across tasks - this was seen 
to be a question of perception. Some people relied on 
the visual and were unable to adjust a rod in a tilted 
frame so that the rod was vertical; others relied more 
on their body sensations and they could adjust the rod 
into a vertical position even when the frame was tilted 
(Witkin & Goodenough 1981, p.7), Witkin decided to use 
the terms field dependent for the former group and field 
independent for the latter (ibid, p.l3).
In the research on field dependence and field indepen­
dence the two tests which were most frequently used were 
the Rod-and“Prame Test (RFT) and the Bmbedded-Figures- 
Test (EFT) . The,; former test requires an elaborate 
mechanical and structural set up but the latter is a 
straightforward paper and pencil test.
The Rod and Frame Test (RFT) is carried out in a small
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darkened reom in which the subject is seated facing a 
luminous rectangular frame having a luminous rod mounted 
centrally within it as shown in fig 3.5.

Fi.g 3.5« Experimental arrangement for the RFT

(Jordaan et a] 1973, P.404)
The chair, the frame and the rod may all be ti?ted inde­
pendently and the subject is asked to place the rod in 
the true vertical position. Those who can adjust the
rod to a vertical position are said to be field 
independent, those who cannot are field dependent 
<Witkin et al 1954). In this test the subject had to 
extract an "item" from the field in which it .ippears. 
Success in this test indicates analytical and articu­
lated perceptual style because the person is able to 
differentiate the elements from the tolnj pinveplual
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field and then integrate thera again (Riley eb al 1959, 
p.67). There was great interest in this area and many 
studies p\iblished in the fifties have dealt with field 
dependence/independence! Linton (1955), Uosner (1957), 
Block (1957), Gross (1959), Jackson (1957) etc as 
pointed out by Riley et al (1959, p.68). Most of these 
were correlation studies.
Through conversations with the subjects Witkin began to 
realise that personality was related to the manner of 
perceiving the upright in space and after using embedded 
figures teats it became clear that performance in these 
latter tests was also related to percept.ion of the 
upright. Witkin reported these findings in a book .ub- 
lished in 1954 entitled Personality through Perception 
described by Goodenough (1986) as a landmark volume.
The personality types were deemed to be horizontally 
bipolar and value neutral i.e. the two types were con­
sidered to be mutually exclusive at opposite ends of a 
continuum but neither type was regarded as superior or 
inferior to the other. Most people were regarded as 
situated somewhere along the continuum between the two 
poles. In general terms a predominantly field dependent 
person:
(a) tends to judge the world in a rigid fashion uncord­
ing to his established frames of reference?
(b) does not easily change his set idc.>as concerning 
people, things or situations;



143

(c) is easily bogged down by details because of his in­
ability to coordinate these details and perceive a new 
totality.
On the other hand a field independent person:
(a) has a more flexible outlook on life;
(b) is less inclined to perceive in extremes (e.g. 
right/wrong, very good/bad);
<c) is able to recognise the elements in a perceptual 
situation (analysis) and coordinate them into a new and 
meaningful whole (synthesis) (Jordaan et al 1975, 
p.l72).
A number of writers have criticised Vitkin*s personality 
types as being "centri-oultural" i.e, having unattrac­
tively ethnocentric overtones e.g. Wober (1969) and Ser- 
pell (1976) as pointed out by Siann & Ogwuebix (1980, 
p.213).
In his second landmark book PsychplogicaJ Differentia­
tion published in 1962 Witkin subsumed field indepen­
dence as a very specific construct at the base of a 
pyramid with the differentiati.u. construct at the apex 
(Goodenough 1986, p.6). Differentiation implies
segregation, of self from non-self, of psychological ac­
tivities (e.g. thinking from acting), also hierarchical 
structure of functions and specialisation of function at 
the neurophysiological level. The last mentioned refers 
to lateralisation vdiereby the two cerebral hemispheres 
specialize in functions (Witkin 6i Goodenougli 1981,
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p.l9). Cerebral dominance and perception is an area in 
which there is a considerable amount of recant and cur^ 
rent research but it will not be reviewed here< [See 
Jordaan & Jordaan (1975.' for a simple explanation of tlie 
ideas put forward by Sperry (1968 and 1970) in this 
context: a normal right handed person tends to have a 
dominant left hemisphere housing the mechanisms wijich 
enable him to express himself by the spoken ami written 
word, to organise coherently the language he speaks and 
to understand its meaning; whereas the right hemisphere 
is subordinate in its function of spatial construction 
and non-verbal ideation (op cit, p.l68). Pixzamiglio 
and 25occolotti discuss how cerebral structure and cogni­
tive characteristics are related to individual dif­
ferences of field dependence/independence (Bertini et al 
1986, chapter 4).]
Witkin and his co-workers also developed an embedded 
figures test (EFT) in an effort to find a simpler task 
than the rod and frame test (RPT) whereby an inves­
tigator could assign a given subject to one or other 
category of field dependence/independence. The EFT is 
quite different from the RFT in the sense that it is a 
paper and pencil test. The subject is required to iso­
late a given simple figure P from a more oomplejx one P-X 
as shown in Fig 3.6. Variations include the use of 
colour or shading. Further developments include a 
children's embedded figures test and a group test (GEFT)
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(Witkin et^aa 1971), More detailed explanations of the 
GEfT are given later in chapter 9, section 9.4.3.

Fig 3.6. Sample item from EFT

INSTRUCTIONS. This is a lest oI ycuf abilily to imd a simple iorm Mherj 
it IS hidden wiihtn a complex pattern

Here >s asimpie lorm 3'? v»e have laoelea *‘X"- 

X

This Simple form, named "X", is hidden v ithm the more complex ligura

Try to !ind the simple form In the complex figure and trace it in penal 
directly ewer !•' ‘‘ ’ cs of the complex ligure. It ts the SAME SIZE, in the 
SAME PROP( IONS, and RACES IN THE SAWS OJflECTfON within »ne 
complex flgu. .as when li appeared alone.

(Witkin et al 1971)
Very high correlations were obtained between scores on 
the embedded figures tests and the rod and frame tests 
in ftmerica so that it became popular to use the EFT as a 
measure of field dependence/independence. Wober found 
this was not the case in African subjects with wliom he 
used both RFT and EFT (1966 and 1967). He found that 
his Nigerian subjects showed closer similarity to 
American professional dancers than to other American 
subjects in that both groups showed no significant cor­
relation between RFT and EFT scores. He also found that 
formal (Western) education had more bearing on EFT than 
RFT results. Wober (1967) concluded that RFT contains a 
proprioceptive component making it essentially different
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from tests like EFT which involves purely visually 
mediated transactions. (Wofaer 1967,F.37). It seems 
then that the criticisms listed by Siann & Ugwuebu 
(1980,P.213' are relevant when we attempt to use 
(Vitkin's iueas in a cross-cultural context. It may very 
well be true for American field dependent individuals 
that they are dependent:
(a) socially i.e. conform easily, unsure of themselves, 
s.ubmit to authority, rely in their perception of people, 
things and situations, on the opinion and attitudes of 
others especially authority figures, easily change thelr 
stated views on social issues under the direction of 
authority;
(b) emotionally i.e. their perceptions and thoughts are 
strongly influenced by their own emotional dispositions, 
have difficulty in isolating subjective personal feel­
ings in order to reach an objective judgement;
(c) cognitively i.e. use the defence mechanisms of 
repression and denial when faced with threatening 
stimulus situations, hence their memory of what they 
perceived, said and did or thought is blotted out and 
often they change their own views in accordance with 
current popular opinion (Jordaan eb ai 1975, P.407). 
However none of these characteristics may apply in 
another culture (Wober 1966, P.184).
Witkin's work led ho the development of a study of cog­
nitive style and its application for the analysis of
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successful classroom teaching* In a class situation 
there will be serious learning disabilities for students 
xl their learning style is not matched with the teaching 
style adopted by the teacher. The possible preferred 
learning style of std 7 students in the Bafokeng region 
must therefore be investigated especially with reference 
to perception.
It was not foreseen that all aspects of cognition would 
be dealt with in the present research due to const, aints 
of time and resources and perception has been selected 
for a iiore thorough investigation. The literature sug­
gests successful maths students tend to be more field 
independent. The embedded figures test can be used in 
the present research to explore the relationship between 
mathematics achievement and scores in embedded figures 
tests obtained by std 7 students in Phokeng.
In discussing the origins f individual differences 
Wikin et al (1971, P.ll) indicate that reseai‘ch shows a 
relation between the extent of a child's field depen­
dence and the degree to which his early socialization 
experience hampered or fof',tered achievement of separate 
autonomous functioning (ibid P.12).
Other research reviewed by Pizzamiglio & aoccolotti 
(1986/ explores the theory of genetic control (Be i/ii 
et al 1986,P.33). The truth is that both of these in- 
^•eract in any given individual moat likely. The on- 
vironmental variables are listed as ;
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{i> training, (ii) child-rearing practices^ (lil) oul- 
ture and (iv) eco-cultural iictors. The evidence sug­
gests that spatial visualisation, disembedding and per­
ception of the upright may be affected by a variety of 
educational programmes (Brinkman 1966),(Wober 
X967), (Bishop 1983) .
Child-rearing practices that encourage continued 
reliance on parents inhibit development of field inde­
pendence (Witkin & Gooderough ''81,P.BD. Dawson vl967) 
and Okonji (1969) found that field dependence was ass- 
sociated with polygamy which may promote the type of in- 
fantiliising and ove -mothering socialization that lead 
to the development of field-dependence (Okonj-t 
1969,P.3Q4). By culture in the context of this discus­
sion is meant social setting, and Witlcin & Ber. y (1975) 
identified two groups with different social arrangements 
and standards. One group stresses conformity and has 
elaborate social structure and insists on strong paren­
tal authority within the family and this group was found 
to be more field dependent; the other group has more 
looseness, autonomy and in contrast to the first group 
where the father plays little or no part in the child's 
upbringing the second group have both father and mother 
participating in emotional and ijhysical care cf the 
child, this group is more field dependent (!\’il:kin & 
Goodenough 1981,P.89). Finally ecological factors also 
contribute to field dependence/indeiiendence as shown by
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Bei-i-y (1966), who comE>ared a group uT Rukiwo r-.ubj«i»LK 
v<ith a group of West African ones, also Dawson (1967) 
wl\o did comparisons in Sierra Leone, and uk >n j i, (19(j')) 
who compared the effects of rural and urban cjnv i ronmenl.s 
on the development of cognitive styles among chi.JdrPii 
(Okonji 1969,P.295).
All thi.s seems very far ‘emoved from success and failu'.u 
in mathematics but it may not be the case if we ccmsidcr 
the fotlowing: a person who is field dependent has a 
cognitive style which is global in perception, which n.r' 
gnnites and labels stimulus con f i gurat ions in a rerl.iiii 
manner without being able to disembed them from the sur­
roundings and now this pf.rson ia faced with a lo,irning 
situation which emphasises analysis and synthesis and 
which rates performance and even IntelJtyence on 
achievement i.n tests based generally on an an.ilytic 
style of thought (Gonzales & Roll 1905,p.193). And in 
fact even a cursory glance at the Western t.ype soliuolh 
in Africa shows they are indeed We.sl ern - in 
organisation, adndnistration, control, .syllabus, leach­
ing methods and so on, and they are geared lo produi.e 
field independent persons. Wober (1966) at, templed to 
identify "sensotypes" as an alternative to Witkin's 
field dependent class. By this he means the pattern of 
relative importance of the different sense.s, by vv’liioti a 
child leains bo perceive the world and in which pal la-ru 
he develops hi.s abilities (Wober 19f)6, I'.11121. Wober
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remarks •.
Visual material is the currency of coromuniKal ion in 
an American, western society where the teats (RFT and 
EPT) were developed. But the visual world and trans­
actions therein may not be so relatively important in 
an African culture ... and the language may not hav* 
the availability of words and hence ideas as an ap­
paratus necessary to the elaboration of an analytic 
style in the visual field in which his teats lay 
(P.181).

By contrast with the Western "visual" Wober describes 
cultures that have tonal languages, (not to mention 
clicks as in South African black languages) and ricli ex­
perience and discernment of rhythm and physical movement 
in danci.ng. Hence Wober says children in such cultvares 
are skilled in different media from the Westei , visual 
medium, they are more proprioceptive and auditory than 
visual (ibid P.188). Thus when we consider the failure 
of out Tswana children in mathematics perhaps we need tc 
look at different teaching approaches and learning tech­
niques - group interaction and shared responsibility be­
tween teacher and pupil as opposed to the lecture and 
discovery method presently ii favour, maybe l:.here we can 
find the beginning of a solution to the problem. Hence 
the question! Do the Tswana students have preferred 
modes of thinking? Can these be identified and 
described?
It may be that Tswana students learn better from an oral 
presentation than from written material. Perhaps they 
need time to discuss new material in smal groups or 
even in whole-class groups in order to assxmilate it.
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No t'eaearoh haa been found whiflt t>x,)iniiH‘s I.Iu ;ki- 
possibilities.

3.3. Soliool based rese.areh into raathemat tos 
T!ie concept "mathematics" wtis dealt with in Chaptt.r 2 
and an operational definition for the t<urpuses oC liiis 
research was given in terras of (a) knowledgi; and (h) 
skills. In the past there has been mucii (•)•! t ici.sra of 
that kind of sejhoo] mathematics winch concentrated on 
drills and corapuiationa 1 procedures. 'riii' aim of higli 
level of skill in number manipuJations was mariirestcd 
and measured in speed and accuracy. 'rii(.‘ m?wer apprnacdi 
to school mathematics has tended to downplay clir-( skill 
aspect in favour of a deeper level of undc'rKl-andincj. 
Riley et al (lh83) have reported on investiyations into 
the relationship between conceptual kwowiedgt* and proce­
dures in mathematics. Tliey conclude:

... that children's procedural knowledge leads to I lu- 
acquisition of schemata and these schemat a in turn are 
involved as intermediate steps in acquirinp, more ad­
vanced procejdures. Moie work i.s required to cKpli- 
cate further tlie nature of this ini.eracl.ion (Uinshurg 
1283, P.191).

Children who fail in mathematicUien may be lat;kiug in 
either (or both) of these: knowledge or s'kid 1 . Th<-r<.»- 
fore these topics will be the focus of tills sect ion of 
the literature survey. But this field i n still too 
broad and it was decided to be guided by I wo works on 
mathematics teaching and learning in England cr,vcring
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the age group 11 to 16, which corresponds iiiure or leas 
with our middle achool range in Boiihuthalswana. These 
works are:
Children's Understanding o£ Mathematics 11 - 16 (Hart 
ed. 19811 and Mathematics 11 •• 16: a Report; prepared for 
the Mathematical Association (1974).

3.3.1. Mathematics research in England
“Children's Understanding of Mathematics 11 - 16" Ulart 
ed. 1981) is the report of a team of workers in the 
programme entitled Concepts in Recondary Mathematics and 
Sciences (CSMS) and edited by K.M. Hart. The research 
was done from 1974 - 1979 and it was based in schools 
and on the school curriculum. The aim was to develop a 
hierarchy of understanding in mathematics, called a 
"Concept Tree", which would provide information for 
teachers and other developers of curricula in England. 
Eleven different topics were selected to find the types 
of questions children can answer easily and which type 
they find difficult. The topics were: measurement, num­
ber operations, decimals, fractions, posifive and nega­
tive numbers, ratio, algebra, graphs, reflections, 
vectors. Written tests were devised on these topics and 
presented in problem-solving fotrmat in order bo probe 
understanding - not merely to test skill.s. These tests 
were followed up by interviewing children for the pur­
pose of:
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(a) Cleariny up misunderstandings in woinling of
questions and 0

(b) finding out methods used and the ernn-s made by 
children when doing maths problams.

Each interview lasted about one hour and the cliild was
asked to talk his way through the problems explaining
what he was doing. Some of the difficulties associal.ed
with the interview method are referred to. The replies
as to why the child used a particular med.hod were ...

often tautologous, the child essentially saying it is 
so because it is so. Sometimes the replies were no 
more than an expression of feeling ... (P.215).

A lot of use was made of Piaget-stylo questions adapted
by CSMS and a number of correlations made with Piaget's
stages of development. The most nuiiaeable differences
between the two would seem to be:

(a) Piaget's focus was on the child; CSMS focussed on 
the child doing maths

(b> Piaget used material, concrete objects; CSMS 
relied on paper and pencil tests and writ ten 
symbols.

No model of intelligence is presented. There is a model 
of mathematics as a body of knowledge which can be at-' 
ranged in a hierarchy of concepts of increasiiuj 
difficulty; there are also presented various strategies 
"sed by children in solving problems, A parallel may be 
seen in Piaget's schemata and Skemp's goal-orientated 
activities which enable a child to move from a given 
present state to a desired goal state.
The whole Research highlights differences bet ween 
dents who are good at maths and students who ,ire not
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good at maths. At a given age a briglvt child has 
mastered topics which are higher in the ooncejist hierar­
chy than his peers. This seems to be a raex*e statement 
of fact without an attempt to analyse the reasons why 
this should be so or to identify factors associated with 
good maths performance.
The authors of the 1974 report for the Mathemat;ical As­
sociation claim the core of mathemafics is patterns 
patterns in number, in space, in algebraic form, in 
symbolism, in thinking. Within the general theme of 
pattern they say number is the mathematical snodel of 
greatest use in everyday life, (P.5).

Number properties are easy to umlerstand when cor­
rectly presented, and yet they are the basis of the 
moat powerful methods of abstract mathematics. It is 
important that children should know what: are the sig­
nificant properties of numbers and the operations on 
themp and also that they should understand the common 
conventions used in the written escpression of numbers 
and of statements about them (ibid P.6).

Following from the work of the developmental 
psychologists like Piaget and that of process 
psychologists like Skemp it is clear that whatever view 
is taken of cognition the early work on lower order con­
cepts must be well done. If children fail to make the 
grade in middle school mathematics it is likely the 
problem lies in the fact that they did not succeed in 
building up a sound base in their earlier years, The 
concepts either were not formed properly or the children 
were forced into using algorithms at too early a stage
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and the only way they could cope with I lu; Hidiool ilunwimi.s 
was by rote memorisation. Hence it has been doc idl'd 
that out of the vast amount of literature' on sohool 
based research into mathematics that has been publishf'd 
over the last twenty or so years tinly Ui.il. oonoerned 
with number and the four basic arithmetic operations of 
addition, subtraction, multiplication and ilivismn will 
Ik! reviewed. It is believed by this resoarchoi’ that in 
failure l.o achieve mastery in f;hoae areas lies the 
answer to the question of why some students snieet'ed in 
mathematics and others fail. All tlu.s musl of eourse be 
moderated in the third world countries by cultural fac­
tors and theories of cognitive style as pi.iiiosod by 
Witkin. Perceptual modes us explored by Okonji, 
Deregowski and Wober as mentioned earlier in section
3.2.5. could play an important role in he 1 ping to iden­
tify the difficulty which seeiius to be peculiar to the 
aoquiaition of adequate mathemal^ics concepts in t.he 
African context. There follow.s below a review of re­
search on number, basic operations, strategies and 
problem solving.

3.3.2. Number
As the 1974 report prepared for the Mathcmal. ica 1 As­
sociation s.ays!

Our first acquaintance with numbers is with tin* 
natural numbers (1,2,3 ,..) whicli are used in
counting. We often take Idiem for granted and do not 
think about them very much ... MalJnMjuU_,icH_ H
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Fuson and Hall (1983) have reviewed the litt>ratm*e ex­
tensively and they have come up with a wide variety of 
meanings and uses of number words as follows:
(i) Knowledge of conventional sequeuae of the words. 
The mere learning of words in correct sequence is a con­
siderable task and may so preoccupy the young child that 
he is unable to attend to anything else. ftn example of 
the difficulty is the way children struggle to learn 
"runs of numbers" like 1.-2,3,4,5.... .8,9,10,. etc as 
reported by Gelman and Gallistel (1978, P.93). Fuse
and Hall (1983) remark on the socio-economic effect on 
learning number sequences. They refer to a study by 
Ginsburg and Russell (1981) who reporte’ S.F.S. offeota 
on mean lengths of accurate number woid sequences for 
samples of middle-class and poor inner-city 4 year olds 
to be 20 and 15,5 respectively. Similar results were 
obtained by Hughes (1981) in a study of middle-class and 
working-class children aged 3 - 5  years in Edinburgh 
(Dickson et al 1984, P.191).
''•>) Use of words in counting. The act of counting is 
quite involved because the child must apply a one-to-one 
principle according to Fuson and Hall (1983, P.57) and
it is usually accompanied by pointing or some other body 
movement by children up to the age of five. Greeno, 
Riley and Gelman (1978) have developed a model of
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children's counting which they describe as a "menial 
number line". The model consists of an ordered list of 
numberlogs linked by a successor relationship namely 
"next".
Diagramatically it looks like this in figure 3.7.
Figure 3.7. Diagram of 'mental number line"
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Resnick <1963, P.IIO).
The quantity of a set is established by a procedure that 
uniquely links each object in the set with one of the 
number logs and then designates the last number log

t

named as the number of the set.
It is not clear vihether Greeno and assooiutns who 
present the mental number line above are conceptualising 
from the researcher's point of vitnv or Lhat of Uu; 
child. If it is the latter who are considered to have a 
mental number line image then it ought to be relatively 
easy for them to count in skips like: 2.4,6 ... or
3,6,9 ... etc. But this is not consistent with findings 
of Behr et al <1983) or Novillis-harson (1980). In re­
search to explore rational number concepts of 4th 
graders in American students Behr ei al report a dis-
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proptionate number of errors in number line prolilems ami 
their results indicate that number line incerpretalions 
are especially difficult for children (P.113)., 
Novillis-Larson presented 7th grade students with tasks 
involving number lines and fractions. Where the line 
was divided into divisions of "2" instead of "1“ stu- 
dents failed to recognise this from the labelled numbers 
and persisted in counting in ones. When a number line 
of length two units was used approximately 251 of tlxe 
sample used the whole line as the unit (Behr et a I 1983, 
P.94).
(iii) Corresponding numerical symbols. Fuson and Hall 
C1983) report that little evidence exists concerning 
children's knowledge of the one-one principle i.e. that 
each item in an array must receive one and only one 
counting word (P.57). It seems likely that mastery of 
this one-one principle and the absti*action of "onenevsu" 
"twoness" etc. with the use of the corresponding number 
symbols go hand in hand with the child's development of 
mimber concepts.
(iv) fhc' cardinal meaning is to describe the riumerosity 
of a set ”• how many elements? Fuson and Hall suggest 
that in the early years a child i2an only use ntunhers in 
a physical context (e.g. 2 chairs, 2 sv.'eets etc.) and 
only later form a more general concept of twones-s - not 
known at what age nor in what way this abstraction oc­
curs (Fuson and Hall 1983, p.59) . Certain African Ian-
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yisages have been shoxvn not, to have separate words for 
"txijo'”, "three" eta. and are limited to speaking about 
"two men", "three dogs" etc. (Gay and Cole 1967, p.52).
A cruaial step in applying the counting procedure in a 
cardinal context, claim Fuson and Hall is :

.,, learning that the last number word said gives the
numerosity of the set (1983, p.65).

This is called the cardinality rule by Schaeffer et al 
(1974). It means that when a child in counting objects 
says: one, two, three ... nine, ten ... he must shift 
into the cardinal use of ten away from the ordinal ten 
so as to name the group as consisting of ten objects.
(iv) Measure meaning. The measure use of number is 
best illustrated in the use of scales i.e. units marked 
with numbers. Fuson and Hall (1983, p.80) suggest this
use of number has important applicationo in every day 
living (e.g. rulers, thermometers, weighing scales 
etc.). The 1977-78 National Assessment of Educational 
progress in mathematics found that in the United States 
70% of the 9 year olds and 40% of the 13 year olds made 
errors in measuring simple line segments with a ruler 
(Fuson and Hall 1983, p.81). This correlates with the
number line difficulties reported by Novillis-tarson 
(1980) and Behr et ai (1983) above. Hart (1981) reports 
on findings with children in the 11 to 16 age group on 
measurement in which the focus was on conservation. 
Hart (1981, p.22) says the essential aspect of raeasur-
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merit incliides the fact that length, area and volume of 
objects are not changed by displacements - but ap­
proximately 30% of secondary school students are not 
sure of this. Hart gives this example: sv.bjects were 
given the diagram as shown in fig. 3.8. and then asked 
to choose one of the following:
(a) C is longer 
<b) D is longer
(c) C and D are the same length
(d) You cannot tell

Fig. 3.8. Test item for conservation of length

I'

(Hart 1981 P.23)
Almost one third of the sample were unable to select the 
correct answer in this question.
(vi) Ordinal weaning. The ordinal meaning indicates 
the relative position within a set like third, seventh 
etc. The acquisition of these words lags far behind the 
cardinal ones according to Fuson and Hall (1983, p.86),
Piaget investigated this topic under the study of 
"seriation" using sticks, dolls etc. and he showed the
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ordinal ability occured at about 6 to 8 years (Ginsburg 
and Opper 1969, p.l41). The learning of the ordinal 
words is not tho end of the matter however because 
children must come to understand the relationship be­
tween two ordinal numbers and be able to compare for ex­
ample the "ninth" and the "fifth". Two ordinal posi­
tions can be accurately compared by the use of one of 
the three relations! less than, same as, greater than 
(Puson and Hall 1983, p.90). These authors say they 
have been unable to find any research into conservation 
of ordinal number,
(vii) Coding and categorizing devices. There is still 
another use of number in our everyday language and that 
is coding and categorizing devices in which we use the 
number to designate an object (e.g, bus number 204). 
This use of number is a non-nuraerical one and the number 
words or number symbols are used simply as identifica­
tion names (e.g. telephone numbers, football jersey num­
bers etc.) (Puson and Hall 1983, p.,93). This may be a 
source of confusion for young children and might under­
mine the child's progress toward;3 understanding the 
numerical meanings (ibid).
The present research attempts to explore the factors as­
sociated with mathematics performance among the Tswana 
students of the Bafokeng region. Outlined above are 
some of the ways numbers are commonly used. It was in­
vestigated whether students had mastered these meanings
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or whether lack of clear understanding of these meanings 
prevented students from solving certain types of arith­
metic problems. Students' knowledge of the number line 
was also investigated. Lastly the Tswana language it­
self was analysed for its number vocabulary in order to 
find out if it is possible for Tswana students to 
abstract number concepts in their home language.

3.3.3. Developmental Stages in number Learning 
Dickson et al (1984) present the work of Schaeffer, Eg­
gleston and Scott (1974) as a framework to lool< at how 
children aged 2 to 6 years master counting in both its 
cardinal and ordinal aspects. They tested 65 American 
children using objects like toys, sweets and signals 
like drum tapping. All the tests were carried out 
orally. They proposed the development took place in 
four stages!
Stage 1: Pre-counting. Children in this stage have
mastered the cardinal aspect of numbers up to five but 
do so by a pattern of perception rather than counting. 
In Piaget's stages of development of conservation of 
number arising out of experiments done in the 1930's, he 
referred to a first stage of "global comparison" which 
corresponds to Schaeffer et al here (Dickson et al 1984, 
p.184).
Stage 2i Ordinal aspect. Children could count up to 5 
but had not mastered the cardinal aspect i.e, they were
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not able to respond correctly with the largest nuraber 
counted as the answer to the question: How many? hll 
the children pointed when counting and they obviously 
struggled with keeping track of which numbers were al­
ready counted.
Stage 3: Cardinal aspect. Children could count up to 10 
and had mastered the cardinal aspect as well as the or­
dinal i.e. they could count successfully say 8 object! 
and they knew the largest number counted was used as a 
name for the whole collection (ibid., P.174).
Stage 4: Relative size of numbers. Children could tell 
which number from 1 to 10 was larger than any other. 
This would seem to be similar to Piaget's 3rd stage in 
which one-to-one correspondence with lasting equivalence 
has been reached i.e. children recognise that 6 glasses 
is equivalent of 6 bottles even when one is grouped 
close and the other is spread apart (ibid., P.185).
The authors say results of research by Gelman and Gal- 
listel (1978) support the general findings of S-haeffer 
et al given above.
Piaget found the under 7 year old pre-operational child 
couldn't do the tests on conservation correctly because 
of what he calls "decentration" by which he means the 
pre-operational child still centres on one particular 
property (length for example) whereas the older child 
has "decentred" and can focus on more than one property 
simultaneously. There are some general criticisms of
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investigations described in this section which could 
apply equally well to Piaget or to Schaeffer et a1. 
Firstly they were all verbally administered and hence 
language may have been a problem (Donaldson 1978). 
Secondly it has been arleged that the situation pre­
disposes children to answer incorrectly (ibid)■ Finally 
using two sets of different objects inti-oduces the con­
cept of transitivity and therefore is not a good test 
for the invariant property of number (Dickson et al 
1984, p.l86). There is however agreement that in order 
to really understand and apply natural numbers, an ap­
preciation of both cardinal and ordinal aspects is 
needed, together with the necessary relationships be­
tween them (Resnick 1983, p.l47).

3.3.4. Arithmetic operations
All the research available for the present survey con­
siders addition, subtractic.. . multiplication and divi­
sion to be the four basic arithmetic operations. Piaget 
however suggests that conservation, seriation and class 
inclusion are more fundamental still and the last named, 
class inclusion he sees as a step from mere counting to 
number manipulation. By class inclusion he understands 
the simultaneous recognition of a total class and one of 
its sub-classes as for example 5 objects can be
1,2,3,4,5, in its own set and when added on to a set of 
4 objects this old set of 5 will now be 5,6,7,8,9.
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These three operations Piaget regards as essential to 
handling mirtbers and he thinks they are achieved sirriul- 
taneously at about age 8 (Dickson 1984, p.l88>. Resnick 
(1983) calls this a part-whole schema whereby children 
can think of numbers as compositions of other numbers 
(e.g.2;5;7) in this group 7 i,. the whole and 2 and 5 are 
the parts. This enables the child to solve a series of 
problems Jiks; Sam had 5 apples, Sarah had 2, how many 
is this’:’, and even very difficult ones like: Peter had 
some marbles Dav gave him 5 more for a game, now 
Petei has 7 marbles, how many marbles did Peter have at 
the start? Resnick believes children move away from the 
"mental number line" (see 3.3.2. above) to the part- 
whole schema at about age 7 or 8 years (Pesnick 1983, 
p.115).
Carpenter and Moser (1983) guote a lot of reset'irch which 
shows that the development of basic number concepts in­
volves the integration of basic quantitive skilJ,^ such 
as counting, estimating and subitizing, by which is 
meant the direct perception of numerosity. These 
authors say moat of the current research in this area is 
■'ooking more at the processes ch dr«-'n ude to eolve 
arithmetic problems (P.14).
What follows here is a review of research into the mean­
ing of addition, subtraction, multiplication and divi­
sion and then the strategies used by children in these 
operations. The reasons for this concentration on the
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operatious is the phenomenon observed by the present re^ 
searcher that among Tswana students there^ is a fair 
measure of ability in comoutation skills’ but they are 
often at a loss to know which operation to use. Several 
authors like Carpenter (1981), Vergnaud (1982), Prown 
(1981), Carpenter & Moser (1983) claim Some of 
children's difficulties in ma ..s can be traced to ini­
tial instruction in addition and subtraction and that 
the concept of additive structure underlies a large por­
tion of mathematics (P.8)

3.3.4.1. The weaning of the operations 
Dickson et al (1984) provide the following stages of 
development according to Grossnickle (19S9): children 
first grapple with a meaning of the operations iii con­
crete terms, later they learn simple computation and 
finally arrive at an under.sta. , ng of the structural 
properties of the operations (P.221).
Brown (1981) investigated children’s understanding of 
the four basic operations by testing the children’s 
ability to select the correct operation in et given 
problem and by asking the children to supply a word 
problem for a given operation. She noted '' at for quite 
a number of her sample understanding wap- limited tc "key 
words": altogether (=add), share (=divide), times
{=inultiply) and the children used these as cues for 
selecting one operation rather than another \P.23). 
Brown gives the following models for each of the
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operations:
(a> Addition: It may viewed as a unary or binary
operation. In the former case (i) adding~,on is a unary 
operation e.g. I had 5, I got 7 more. How many now? As 
a binary operation there are (ii) union e.g. I have 5, 
you have 7. How many? ' (iix) comparison e.g. I have 5 
more than you, if you have 7 how many do I have? and 
then other variations such as directed lengths in op­
posite senses and mixed variations of adding-on, union 
and comparison mcy occur. I'he direct adding-on type 
problem proved easiest for all the sample tested by 
Brown (1981, P.27).
(b> Subtraction: There are two unary models; (i) take­
away e.g. I had 13, I removed 5, how many left? and (ii) 
complementary addition e.g. How many do 1 add to 5 to 
get 13? There is just one binary model: (iii) dif­
ference e.g. I have 13, you have 5 how many more do 1 
have than you? Brown found the take-away model easiest 
for the children to manage (P.29).
Dickson et al (1984) present just two models for addi­
tion and subtraction:
(i) discrete objects as in fig. 3.9. and (ii) continuous 
lengths as in fig. 3.10.
Both of these models can enable children to visualise 
problems of the following types: 3 + 2 = 5; 5 - 3 = 2; 5 
- 2 = 3 .  These authors say very little research has 
Vjeen done into the children's ability to solve word
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problems (P.221). The classification of addition and 
subtraction problems done by Carpenter & Moser (1979) 
and Vergnaud (1982) shows that simple "adding-on" 
problems are easiest and vector subtraction the most 
difficult.

Fig 3.9. Model for addition based on discrete obiecta

3 + 2 = 5 
5-3 = 2 
5-2 = 3

(Dic)rson et al 1184 P222;

Fig 3.10. Model for addition based on continue.is 
l er.qt h o

-f—f
3

3 + 2 = 5 
5-3 = 2 
5-2 = 3

(Dickson et al 1984 P222)

Vergnaud (P.39) reports a success rate as low as 25% for
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a sample of 11 to 12 year olds for vector type subtrac­
tion problems such as: This morning John lost 2 cars, at 
tea time he had 3 more than he had at breakfast, how 
many cars did he find this afternoon? These findings 
are similar to those of Brown quoted above (op.cit. 
P.223). Now to return to Brown's models:
(c) Multiplication: Brown presents four models:
<i> multiplying factor e.g. I have 7, you have 5 times 
as many, how many do you have? This is a unary
operation, illustrated in fig. 3.11.

Fig. 3.11. Multiplying factor for multiplication

(Brown 1981)

(ii) repeated addition e.g. I got 7 every day for 5 
days, how many do I have? This model is shown in fig. 
3.12.
(iii) rate e.g, there were 5 people, each had 7 apples, 
how many is this? Brown gives a diagram, illustrated in 
fig. 3.13,
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Fig 3.12. Repeated addition model for mult.iplication

(Brown 1981)

Fig 3.13. Rate model for multiplication

(Brown 1981)

(iv) cartesian cross product e.g. 7 different types of 
apples, each type graded into 5 sizes, as shown in fig. 
3.14. How many different sorts of apple can you ask 
for?
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Fig 3.14. Cartesian cross product model for multiplxca- 
tion

V)
111

T iP E S  OF A P P L I E S

(Brown 1981)

Fig 3,15 Model for divisiosi based on sharing

(Brown 1981)

As to be expected the repeated addition model was the
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easiest for the children to manage (Brown 1981, P.30),
(d) Division! Brown has three models for division which 
are!
(i) sharing e.g. I had 35 apples and shared equally
with 7 people, how many each ? In this model we are 
focussing on the number of apples in each group as shown 
in Fig 3.15
(ii> grouping e.g. I have 35, I want to give 7 to each 
person, how many people will get a share ? Here it is 
the number of groups which is counted as shown in Fig 
3.16

Pig 3.16 Model for division based on grouping

(iii) continuous quantity e.g. 7 people is an example 
of a discrete quantity whereas 7 metres is continuous, 
so dividing a measured quantity where the result may be 
a fraction or a decimal inti*oduces a new level of
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difficulty. The easiest kind of problem was the simple 
sharing. St. u< al s»-'idents used a strategy of repeated 
addition which cnablor), them to get the right answer but 
Brown says they didn't really understand multiplication 
or division (P.33). Dickson et al (1984) present three 
models as alternative concrete interpretations for mul­
tiplication and division thus; 3 x 4  could be visualised 
in any one of the models shown in Pigs 3,17, 3.18, 3,19,

Fig 3.17 Model for multiplication based on discrete 
objects

(Dickson et al 1984 P.234)

These authors claim that most studies show the meaning 
of multiplication and division is much more difficult 
for children to grasp than addition and subtraction. 
They refer to the work of Dienes (1959) who gives an ex­
ample of a child comparing a one blocic arrangement with 
a four block arrangement as shown in Fig 3.20.
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Fig 3.18 Model fr.4i multiplication' based on continuous 
lengths

/  /  / / .  /  / .r f \ 1 \ \
V i  — r— rI I  1 I — I— 1------------1- „ „  1' ~ 1 r n )

(Dickson et al 1904 P.234)

Fig 3.19 Model for multiplicabion based on carleslan 
product

• ® • 9

9 9 9 9 or

9 « 9

et al 1984 P.235)

The child will mentally build on three more block-s and 
he is unlikely to consider the larger one a.s being four 
times as long as the smaller one (Dickson 1904/ P.231).
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Fig 3.20 One block compared to four block arrangement

0

(Dickson etal 1984 P.231)

Hart (1981) found that over 30% of secondary school 
children choose to add rather than to multiply when 
solving ratio problems (P.91). Drown (1981) found that 
most 11 year olds were unable to make a story to match 
the expression 84 x 28. She goes on to compare the 
results of her studies on the four operations m d  says 
the order of difficulty was: +; x; multiplication 
being the hardest for children to comprehend. a t  the 
end of first year in secondary school at approximate age 
of 12 years the study indicates that:
30% have a sound understanding of the number operations; 
20% are fairly good but have difficulty making stories 
to match multiplication and division; 10% have a very 
poor understanding of the operations multiply and divide 
but they can use addition based stategies to get 
solutions; the remaining 40% are at various stages in 
between (ibid P.42). Dickson eb al (1984) also report
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that research shows di\ sion may be easier for children 
than multiplication (P.235). These authors also high­
light the importance of children being able to recognise 
which of the four common number operations is ap­
propriate in solving a given number problem since many 
children have not achieved this ability on entry to 
secondary school (ibid P.23"). Brown <19B1) also sees 
this recognition of the proper operation as important in 
teaching mathematics especially since the widespread use 
of calculators in stores and even in schools. When she 
extended her tests to decimals Brown found tremendous 
difficulty even for 15 year olds in recognising the cor­
rect operation and less than 10% of these students v/ould 
be consistently able to press the buttons on a cal­
culator in the correct order for division (Brown 1981, 
P.47). Karplus et al report similar findings about the 
relative difficulty of basic operations for adolescents 
solving proportion problems except that they found divi­
sion to be the most difficult (Karplus et al 1983, 
P.46), The understanding of the f ar basic arithmetic 
operations in an African context may be further hindered 
by language problems as described by Gay & Cole (1967) 
in their Liberian study:

.... we observed Kpelle use of arithmetical opera­
tions similar to addition, subtraction, multiplica­
tion and division in Western arithmetic. The first 
important fact is that the Kpelle recognise no 
abstract aritlimetic operations as such. They pu|, ob­
jects together, take objects away, put like seta of 
objects together, or share objects among sets of 
people; they have no occasion to work with pure
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numerals. All arithmetical activity is tied to con­
crete situations (Gay & Cole l&v7, P,i50).

It was necet ary in the present research to examine 
whether or not Tswana students could seilect the correct 
operation to solve the given problem as reported in 
Chapter 6. From the discussion above it appears that 
many children latch on to verbal cues such as
"altogether" for "add or multiply”. Therefore the use 
of such words had to be avoided as far as possible. The 
first step then was to establish whether or not a stu­
dent could select the correct operation and the second 
step was to find out if there was a significant cc rela­
tion between this ability and performance in
mathematics.

3,3.4.2. Strategies used by children
This is an area which has received a lot of attention 
from researchers in maths education during the past 
twenty years. Before that tne psychological theories 
underlying research thought of learning as a direct 
product of the external env^ironment but since the work 
of Piaget it is now generally accepted that internal 
cognitive processes must also'be investigated (Carpenter 
& Moser 1983, P.ll). These authors say that modern re­
search is on the processes (i.«±. how do children solve 
arichmetic problems). There are three approaches used 
in such studies: (i) individual interviews (ii) response
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.latenaies in which the time for each step is measured 
and (iii) analysis of error patterns <P-.18). Ginsbi-rg 
et al (1983) distinguish between the clinic Interview 
of Piaget and the talking aloud method used by dewell & 
Simon (1972) where there is very little interference by 
the researcher (Ginsbarg et al 1983, P.8). Carpenter & 
Moser (1983) agree that the interview provides the most 
direct measure of the processes that the childr ,i use 
but they also mention several drawbaclcs like: children 
may be unable to explain the process used; interviewer 
may exert undue influence on the child; the method 
relies greatly on the subjective judgement of the inter­
viewer etc. (ibid P.19). Some of these criticisms are 
upheld by Lesh et al (1983, P.282) but they also agree
about its usefulness, as do Ginsburg (1983) and Lester 
(1963, who advocates a variation which he describes as 
“thinking aloud" (Lester 1983, P.231). Dickson et al
(1984) say that children reach the stage of strategy 
development between 6 and 8 years of age. They refer to 
research done by Carpenter £i Moser (1979; 1982),
Ginnburg (1977) and by staffe, Thompson & Richards 
(1982). Carpenter & Moser found the following;
(i) counting-all: either with models or with mental 
images;
(ii) counting-on: either from first set or from larger
set;
(iii) number-recall: either learnt fact or derived num^
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ber fact.
They noted that over 'an 8 month observation period there 
v-(as a gradual movement away from the counting-all using 
concrete objects to the more abstract level of recalled 
number fact. One very interesting point made by Carpen­
ter fit Moser is that hardly any children used the wrong 
operation, a mistake very common with older children. 
Dickson et al (1984) reports how Steffe et al (1982) 
and Ginsburg (1977) classified children into categories 
as a result of a simple test which involved using discs 
as shown in Fig 3.21

Fig 3.21 Covered disc test for counting

(Dickson et al 1984 P.193)

The children were told "there are 3 discs under here - 
how many on this board ?" The categories wares 
(a) perceptual counters - depended on presence of con­
crete objects and were unable to answer correctly in a
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consistent manner;
(b) figtiral counters - could picture objects under the 
cover mentally;
(c) motor counters - could count motor actions like 
pointing a finger;
(d) verbal counters - able to count verbally hul, always 
started at "one";
(e) abstract counters - able to count on from end number 
of the hidden discs. (Dickson et a1 1984, P.192). 
Resnick (1903) reports that even pre-school children 
have their own methods of forward and backward counting 
to solve simple problems, and that later on doubles like 
2 + 2 ,  5 + 5  are solved particularly quickly. Some stu­
dents use an adaptation of this to derive number com­
binations as for example 3 + 4 they worlc 3 + 3 and add 
one to get 7 (Resnick 19F3, P.117).
Carpenter & Moser (1983) present the following 
strategies for addition and for subtraction:
(i) addition strategies:
Strategy 1: Finger counting. The fingers or other 
physical objects are used to represent each addend, then 
the union of the two sets ia counted starting from one. 
There are three possibilities in this; (a) physically 
join the two sets before counting (b) counting without 
joining the sets physically or (c) physically construct 
one set and then increase this set by counting in the 
elements of the second set without actually constructing
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it. S'his analysis is based on the work of Weaver (1982) 
says Carpenter & Moser.
Sti'ategy 2: Counting sequences. The child counts right 
through the Sets without the use of physical objects or 
fingers. Suppes & Groen (1967) note that this can be 
dorse by counting from "one" each time whereas Groen & 
Parkman (1972) note count...j on from the first set is an 
advance and counting on from the larger is better still. 
Strategy 3: Recall of number combinatxons. This is what 
we know as "tables" or other memorised facts. children 
may use the memorised fact itself or thei may use 
memorised facts to derive new facts (Carpenter & Moser 
1983, P.20). Fuson (1982) remarks with referanee to the 
counting-on strategy above that it represents a major 
advance in the child's arithmetic ability. The reason 
given is that it involves the problem of converting from 
a cardinal number representing the size of the initial 
collection to an ordinal number representing the final 
count word for that collection (Dickson etal 1984, 
P.196).
Carpenter & Moser also list six subtraction strategies; 
remove from, remove to, adding cn, matching, choice 
(i.e. counting up or counting down), and recalled number 
facta. Regarding the stages in the development of 
levels of abstraction these authors regard as a pr.imi- 
tive stage where children model the action or relation­
ship using physical objects or fingers, a t  the next
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level they use counting sequences and research Indicates 
that even up to the 7th grade 30% to 40% continue to use 
this strategy. Recalled number facts or derived number 
facts is the highest level' of abstraction and the 
authors claim:

to learn number facts at a recall level remains a vi­
able goal of the mathematics curriculum, and most 
students eventually attain this leval (Carpenter & 
Moser 1983, P.31).

Fuson & Hall (1983> point out that there is still a 
higher level namely the idea that addition and subtrac­
tion are inverse operations. This of course contributes 
more flexibility to children in their solution of addi­
tion and subtraction problems (ibid P.99). Weaver 
(1982) claims that the inverse process assertion is er­
roneous (P.62). However Weaver's definition of addition 
and subtraction (P.61) is much too theoretical to shed 
light on the present reseax'ch. Hence both 
addition/suhtraction and multiplication/division rre 
treated as inverse processes.
There is still a great deal of material reviewed by Leah 
& Landau (1983), Ginsburg (1983) and Diclcson et al 
(1984) on multiplication and division but sufficient has 
been presented above to indicate the general trends in 
research on strategies used by children in working 
arithmetic problems. In the present research strategies 
used by students in the application of addition, multi­
plication and division were observed and recorded
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during personal inte„-views and results are given in 
Chapter 6. The previous research indicates that various 
levels of abstraction can be deduced from the strategy 
used an~ it was important for this research to find out 
if there were significant s rrelations betv;een the 
strategies used and performance in school mathematics.

3.4. Third world mathematics research
In the thii'd world countries social reform brought about 
by efforts at economic expansion and desire for a better 
living style forced people to look at the schools in 
terms of investment and to begin to measure output. 
This "input-output" model is used by Alexaider and £ir,i- 
mons (1975) in their analysis of 3rd woi'ld research into 
determinants of school achievement.
At the same time academics tried to apply psychological 
measures such as l.Q., R.F.T., Embedded Figures, Conser­
vation Tests and so on to underdeveloped societies and 
noted how badly their subjects fared in comparison to 
Western subjects. Okonji (1969 and 1971) worked in 
Uganda and Zambia using Piaget type tests and he applied 
Witkin's ideas using African subjects. Wober (1966 and 
1967) experimented with the Rod and Frame tests and Em­
bedded Figures, in Nigeria. Dawson (1967a and 1976b) 
examined spatial perception in Sierra Leone. For a time 
there seemed to be a spectre haunting thfi wings - per-
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haps people in these non-teclmological cullures just 
couldn't do maths ?
In the foreword to Cole ?t_al (1971) G.A. Millar speaks 
.about a persistent myth that pervades Western culture. 
Many westerns seem to think that, non literate people in 
less developed countries possess a "primative mentality" 
which is inferior to their own advaruuKl or highly 
developed mentality. By comparison the former would be 
concrete rather than abstract, rote rather than genoivl, 
illogical rather than logical, childish and emotional 
rather than mature and rational (ibid P.vil).
It was then that the researchers began to examine the 
assumptions which underlay the testing and they began to 
note how culture bound they really were (Biann & Ug- 
wuegbu 1980), (Serpell 1975), (Michau 1978).
Tests developed in a western context and applied 
directly in a very different cultural context may lead 
to false conclusions and the poor performance c)f the 
primitive people has been interpreted as a sign o, their 
inferior mental abilities (Millar in Cole et al 1971 
P .viii).
The work of Cole and associates (1967 and 1971) with llie 
Kpalle and Bishop (1983) in Papua New Guinea opened up 
wtiole new vistas, for they discovered l.hat when lo(’al 
materials were used and meaningful test items wtire in­
cluded their third world sul.jects performed as well as, 
and in several instances better than, their Western
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counterparts.
The Tswana people are not alone in poor performance in 
mathematics - it seems to be a universal problem. Cer­
tain investigations have been carried out to try to un­
derstand x>jhy students in non-technological cultures have 
difficulties and to examine whether there ar< cultural 
reasons for this. Two such worJcs, namely those of Gay & 
Cole (1957) and Bishop (1983), are summarised rn 3.4.1. 
below. There have been a number of mathematics projects 
started to try to reduce the huge percentage of failures 
in school mathematics in developing countries. Two of 
these are reviewed in 3.4.2. from evaluations carried 
out by Cundy (1977 and 1978). Cundy reports one as 
being highly successful and the other an outright 
failure. For comparison it wa.’ decided to include one 
report from a first world countrv in 3.4.3. which 
describes the state of mathematics in s<me English 
schools, because it shows that the difficulties as­
sociated with mathematics teaching and learning are not 
unique to undeveloped countries. What is however unique 
is the reliance in these countries on imported ideas, 
imported tests, imported models. It is clear that there 
is a need to begin to develop theories baaed on their 
own real experiences and before this can happen there 
must be accurate description of mathematics teaching and 
learning and especially of the cognitxve processes 
taking place. In South Africa a. start has already been
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made by the Human Scienaea Research Council and MATIP, a 
branch of the Research Unit for Education Systems Plan­
ning in the University of the Orange Free State. The 
H.S.R.C. reports on mathematics and the MATIP work are 
reviewed in 3.4.4.

3.4.1. How culture and mathematics are iiiberrelated 
This topic is receiving more attention in modern re­
search as can be seen from such revievijs as Brewer & Has- 
lum (1986) on Ethnicity, and Carrier (1984) on the 
nature-culture debate in accounts of unequal educational 
performance.
The present section confines itself to just two pieces 
of research one done over several years in Liberia and 
the other carried out in Papua New Guinea. It was found 
that the work of Gay, Cole and their fellow workers in 
Liberia and the work of Bishop and others in Papua New 
Guinea were very helpful for guiding the present 
research.

3.4.1.1. Liberia
Gay, Cole and others have undertaken some very fundamen­
tal research among the Kpelle of Liberia who were found 
to experience a great amount of difficulty with the 
western Style mathematics and the object of the research 
was to find out what kind of matneiivatica existed in the 
Kpelle culture. The findings were published in two
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major volumes :one in 1967 which was more tentative and 
exploratory ’ the other in in 1971 which is more analytic 
and assumptions and methodology receive deeper 
treatment. Both of these are reviewed below.
^ a ) The new mathematics and an old culture 
This is a study of learning among the Kpelle of Liberia 
by John Gay & Michael Cole <1967). The Authors 
demonstrate how the traditional Kpelle culture, based on 
the cycle of rice production in Liberia, affects the 
learning readiness and even the very thinking of 
children who are being taught concepts for which there 
are no exact antecedents in their culture. It high­
lights the areas of conflict between Weslern-type 
schooling and local belief anu practices and it tries to 
arrive at an understanding of how these affect the 
learning of mathematics. /
The authors give a very exhaustive- account of the Kpelle 
language vis ''a vis Western mathematics and they point 
out that many words and terms "missing" from that lan­
guage which lead to learning difficulties. On the other 
hand they show certain strong points of the Kpelle when 
the subject matter is related to their own lives. Just 
one example of this is the high accuracy of a Kpelle 
sample who were asked to estimate the number of cups of 
rice in a bowl and the very poor performance of an 
American sample when presented with the same problem 
<P.65>.
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Gay and Cole used Piaget-type problems in order to try 
to identify mental structures and visual patterns ajid 
they describe some of these in Chapter 6. The authors 
conclude:

Kpelle students who encounter mathematics in Western- 
orientated schools misuse the English languager learn 
by rote memory and guessing, do not use logical 
patterns, and have no use for what they learn 
school mathematics has largely failed ... His 
teachers know something is wrong, but they do not un­
derstand enough to propose a coherent course of ac­
tion (P.35).

One difficulty about the experiments using the interview 
technique war that the Kpelle students could not easily 
explain the reason for an answer they had given or state 
the general rule underlying the solution of a problem, 
Skerap (1979, P.175) proposes a framework whiuii might
apply to this situation when he speaks about intuitive 
and reflective functioning of intelligence (see Pig.
3.2. in section 3.2.4. above). The Kpelle difficulty 
may be understood in terms of their not having well- 
developed reflective functions due, as Gay and Cole 
(1967) imply, to the Kpelle culture where tradition and 
respect for authority are the dominant values (P.88), 
Some attention is paid to how the Kpelle learn new ideas 
and the authors relate fast learning to the ability to 
use a verbal label whereas slow learners do not use such 
a label (P.86), The authors are at pains to point out 
that many of the western cognitive constructs such as 
conci'ete and abstract thought processes, are Inap-
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propriate £ov M..’ *rstanding the Kpelle because the tasks 
used to pr<.<v tut,: uiata may very well be meaningless for 
these people. One example givett concerns a sorting ex­
periment {Pp 36-40). The task >vas constructed to test 
the ability to form sets rf objects according to the at­
tributes of colour, number and form. Subjects were 
given eight cards on which were pictured triangles and 
squares either red or green and there were either 2 or 5 
on each card. The subject was asked to sort then; into 
two groups (P.38), The results were astonishing. The 
task was almost impossibly difficult for all Kpelle sub­
jects but very simple for Americans. The authors sug­
gest a possible.explanation lies in the way sets of ob­
jects are normally categorize., and classified in the 
Kpelle language and culture (P.39). There is no ac­
tivity among the Kpelle for classifying "nonsense 
materiais" such as coloured shapes and cards bearing 
numbers of these shapes (P.40).
Two different models of mathematics can be detected 
throughout the research. The first one has been 
described in the previous chapter, section 2. as the 
"reification modal". This is the model the Kpelle 
teachers and students seem to be Working with (Pp 33- 
34). The second has been described in chapter 2, sec- 
t-ion 2. as the "interaction model". This is the model 
regarded by Gay and Cole as the ideal to be aimed at 
(P.93).
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(b ) The cultural context ol learning and t-hinking
Gay and Cole co-authored this book with Click and sharp
(1971). The research topic is the same as that of the
previous work discussed above namely the problem of
mathematics in Liberia. Their approach vi?as to find out
what mathematical structures and concepts existed in the
Kpelle language and culture:

... if we know more about the kinds of mathematical 
knowledge that these children bring to school might 
we not be in a better position to teach these 
children the kind of mathematics we wanted to teach 
them ? (P.xi).

In discussing the influence of culture on thinking the 
authors draw on three disciplines viz. anthropology, 
psychology and linguistics and they attempt to abstract 
the basic concerns of these three disciplines in the 
study of culture and cognition. Prom anthropology they 
came to realise that cognition cannot be studied iso­
lated from its cultural context and the investigator 
must not impose his own categories of experience on the 
phenomenon being studied. In psychology the process of 
cognition and not the mere content, is what is studied 
and therefore in their research the emphasis must be on 
ways of classifying revealed in experimental situations; 
thinking is defined in terms of new combinations of past 
experiences and is always goal orientated. Linguistics 
indicates the cognitive capacities of the individual are 
reflected in his language and the cognitive processes of 
the speaker are as complex as the language- he speaks
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(P.18 ff>. One of the assumptions guestioned by tlie
authors is that based on an evolutionai*y model of
society which can be stated thus;

... society is evolving and simultaneously progress­
ing toward a literate technological state like that 
of the west ... and primitive adults represent an 
early form of the adults of advanced societies and 
the primitive adult is equivalent to the civilized 
child (P.5>.

Cole et al reject this model and they claim the thought 
processes identified in primitive cultures are not at 
some lower stage in the development of the human mind. 
Instead they represent different strategies by which men 
make nature accessible to rational enquiry. Both west­
ern and non-western strategies seek objective knowledge 
of the universe; both proceed by ordering, classifying 
and systematizing information; both create coherent sys­
tems (P.8). The authors were thus led to a statement of 
an important principle for their research: they believed 
they were always dealing with normal human beings whose 
behaviour is organised and meaningful within its natural 
context. Whenever therefore they encountered
"inappropriate behaviour" they have made this the sub­
ject of further investxgation and not simply judged it a 
proof of inferiority (P.24).
The rest of the book recounts the research into what the 
authors consider to be the most fundamental cognitive 
structure in any culture namely the classification 
system. They adopted a two-fold approach to the study
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by looking first at tho Kpelle language and focussing on 
the Glassification of natural-world objects in the 
Kpelle noun system; and then they devised a series of 
experimental situations in order to observe what 
criteria were used by the Kpelle in their clustering of 
items. Among the more important findings were (i) the 
way things are classified in verbal behaviour and the 
classifications that occur when real objects are pr-esent 
are not always the same and (ii) the criterion most of­
ten used by the Kpel*e was that of function and use 
whereas western children normally relied on some visual 
attribute such as colour, shape etc. (P.79). As a 
result of their findings the authors conclude that the 
factors which materially affect categorization are:

a) the degree of structuring in the task;
b) the nature of the stimulus materials;
c) the experiences of the subject population 
(P.92).

The investigators then proceed to explore how class­
ification affects learning, memory and logic in chapters 
4, 5 and 6. The major conclusion of Cole et al is that 
cultural differences in cognition reside more in the 
situations to which particular cognitive processes are 
applied than in the existence of a process in one cul­
tural group and its absence in another (P.233).
There are some very important implications for the 
present research into mathematics among the Bafokeng
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that arise from the brief discussion given above. As 
regards methodology it is clear that the research would 
have to follow the lead given by Gay and Cole (1967) and 
Cole et al (1971) in their use of experimental 
anthropology as a broad approach. This approach can be 
summarised as consisting of multiple experiments em­
phasising patterning of results; locating the experi­
ments within cultural contexts; always keeping in mind 
that the subjects are normal human beings with well 
developed hypothetical thinking and mental strategies 
(P.182). As a result of the research into the Kpelle 
culture great care would have to be exercised in the 
present research among the Bafokeng when using tests in 
experimental situations. It was important to try to un­
derstand how the test is perceived by the subjects and 
what cognitive processes are taking place. It was 
necessary to explore the Tswana language to see how it 
deals with number and to find out if mathematical con­
cepts exist in that language. This material is reported 
in chapter 7.

3.4.1.2. Indigenous mathematics project - Papau New 
Guinea

The original project is described by bancy; in the Papua 
Rew Guinea Journey of Educationno. 14. There is a sum­
mary account in Leah & Landau (eds) (1983). Alan j. 
Bishop spent three months working at the University at
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Lae, New Guinea where there is a thriving mathematics 
education centre. Bishop concentrated on the problems 
surrounding the students' difficulties with geometric 
and spatial ideas in mathematics and science. This item 
is included because it can be seen as a development of 
the visual perception discussion in 3.2. above where 
Wober compared the American visual sensotype with the 
African sensotype which was more proprioceptive and 
auditory. Here Bishop distinguishes between the visual 
as interpreting figural’information and the visual as 
processing and he found his subjects to be much stronger 
on visual processing than Westerners.
Bishop administered a group test of problems involving 
diagrams and other visual representations in mathematics 
but with very little mathematical knowledge required in 
their Solution. The test contained a lot of 2-d pic­
tures of 3-d situations using conventions like dotted 
lines for hidden edges, perspective, cross-sections, 
nets for solids et.c. His subjects consisted of 250 
first year students at the University of Technology. In 
order to deal with the problems the students had to; (i> 
read the words and understand them (ii) read and under* 
stand the diagram <iii) imagine the situation thus 
described (iv) imagine what changes if any, needed to 
take place (v) represent the results either in symbols 
or in a diagram. Generally the test was found to be 
very difficult. A sample test item given by Bishop
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(1983, P, 107) Shows 50 stacked cubes on a base 5 x 1 at 
an angle as shown in Fig 3.22.

Fig 3.22 Stacked cubes test
Tliis is a iliagtnm of a cuboW iitailo of small vulias. If ilia OU ISIl)!5 of Ilia coboid is 

paililcii red. Imw many cubes svill liavc iniiy one face painred' (H ' j  o f die sludcnls were 
successfo!) (See Sclicnia 6.1.)

(Bishop 1983 P. 187)
It was accompanied by these words:

"This is a diagram of a cuboid made of small cubes. 
If the outside of the cuboid is painted red, how many 
cubes will have only one face painted?

Only 14% of the students ware successful in this item. 
It was then decided to interview a small sample of 32 
students to explore the difficulties experienced in the 
test* 4 students from each of three different cultural 
environments were selected, .kll were male. English was 
used throughout. Bishop says his research was ex­
ploratory and hypothesis generating. During the inter­
views tasks such as the following were worked:
a) map drawing of students’ local area - well done;
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b) copy drawings - not good, students lacked skill in 
drawing and were very unclear about criteria for 
exactness;
c) spatial vocabulary translations :i.g. translate 
"space" words like: above, below near et.o. into hbme 
language) - only 15 out of a total of 71 words could be/ 
translated by all twelve subjects;
d) construct models from drawings - some had difficulty 
in reading perspective cues;
e) imagine a figure like a triangle, label it mentally, 
picture which is the largest angle, shortest side et.c., 
then draw it - well done by all twelve;
f) location game with circles and axes - say where they 
are in relation to each other - some trouble with lan­
guage in descriptions;
g) square mazes - well done - all succeeded;
h) camera location - identify the place from which a 
photograph was taken - very poorly done - one of the 
hardest tasks and it created a great deal of anxiety ior 
many because they were unfamiliar with cameras and 
photographs;
i) visual memory task was excellently done by all ~ sub­
jects were allowed to look at an array of 12 small ob­
jects in a 3 x 4 design for 45 seconds - pieces were 
then removed and subjects asked to replace them, reten­
tion in this task was also excellent as shown by the 
fact that they could repeat the design one day later and
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some even after one week. Bishop comments on the visual 
memory displayed here and he noted that they worked 
slowly and deliberately. In contrast Bishop claims;

The typical Westerner seems to prefer to work
quickly, in fear of losing the memory.

Other tests were; block drawings, embedded figures, word 
completion et.c. The results were analysed by Bishop in 
terms of the constructs, abilities and meanings. Bishop 
(1980) had proposed two different types of ability con­
structs namely:
(i) Interpreting Figural Information (IPI) which re­
lates to the form of the stimulus material such as 
graphs, charts, diagrams et.c. IPl concerns the reading, 
understanding and interpreting of such information. The 
sample was weak generally on IFI measures (e.g. con­
structing models from the drawings in 2-d as well as em­
bedded figures and camera and photograph tasks). Bishop 
suggests this is due to lack of experience with many 
types of visual conventions and representations common 
in Western culture. Bishop quotes Lean (1981) who 
thinks it is a relatively simple task to train for IFI 
since it is mostly convention.
(ii) Visual Processing, (VP) which relates to the 
process of dealing with images and not the form of the 
stimulus itself. It involves visualization and the 
translation of abstract relationships and non-figural 
information into visual terms. Bishop foutid his sub-
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jects to be strong generally on VP measures like maps, 
imagination and visual memory. Bishop suggests they 
solved these problem tasks visually and not by any ver­
bal or symbolic coding and they tended to use a very 
visual Gestalt-like approach rather than an analytic 
stepwise one. Bishop again quotes Lean (1981) who says 
it is very difficult to train for VP ability in older 
subjects.
Language in all the interviews proved to be a confound­
ing variable because it was often impossible to separate 
conceptual limitations from linguistic confusion. He 
refers to Berry (1971) who remarked on cultures with 
Strong spatial skills having rich spatial languages. 
Gay & Cole (1967' had made similar observations. Bishop 
(1983) gives a transcript of an interview showing this 
language difficulty - he asked a question about a garden 
thinking it was a simple area problem to be solved by 
multiplication but the subject had a different 
conception. Bishop asked which of two gardens the sub­
ject would prefer and he showed two rectangular drawings 
on paper each with length and width marked. The subject 
refused to say which one he would prefer because his 
choice would depend on many things like soil, shade 
et.c. Bishop says:

Clearly this student's concern was with two different 
problems. Lize of garden was a problem embedded in 
one context, rich in tradition, folklore and the 
skills of survival. The other problem - area of a 
rectangular piece of paper was embedded in a totally 
different cultural context. How could they involve
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the same concept (Bishom 1983, P. 195).
In this project Bishop hae highlighted some of the 
problems of teaching mathematics in less technologically 
orientated cultures and he has provided a very useful 
insight into visual perception studies by distinguishing 
between IPI and VP.
Prom the above discussion it will be seen that the 
present research must include visual material and the 
students; response to this material must be 
investigated. It seems that many conventions used in 
drawings and diagrams are not properly understood by 
non-western subjects and these conventions have to be 
learnt at some stage. It may well happen i.hat a student 
who is not successful in school mathematics may simply 
be suffering from a lack of knowledge about 1- •' to in­
terpret figural information. Another problem encoun­
tered by Bishop, Gay & Cole and others with third world 
subjects was their sense of realism which hindered them 
from dealing with a hypothetical problem. This too must 
be researched, for Tswana subjects. Again these re­
searchers have highlighted the effect of culture on per­
ception and how this can lead western investigators into 
false conclusions about intellectual ability of non­
western subjects. This research must be designed in 
such a manner that cognizance of this danger is recog­
nised and guarded against.
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3.4.2. Maths Projects
3.4.2.1. The Caribbean, Mathematics Project (1977)
This appeals to have been a highly successful project as 
r -rted , by H.M. Gundy. The emphasis was on training 
the teacher as the agent of reform in order to renew the 
maths curriculum of the Junior Secc.tdary schools. The 
strategy was to train the teachers by involving them in 
curriculum development. In order to identify where the 
students' mathematical need was greatest, five tests 
were given to the pupils - these ware:
(a) survey test of arithmetic fundamentals;
(b) pattern recognition test in numbers and spatial 
figures;
(c) maths achievement test;
(d) maths attitude test;
(e) questionnaire relating to pupils' and parents' 
education.
The result of these tests showed that the need was 
everywhere, but at least the project started by Icnowing 
something of the real situation.
There is no apparent overall model of intelligence, no 
model of learning, only a model of curriculum
development, namely social interaction. It is assumed 
mathematics is a body of knowledge (as in the British 
maths for the majority project) and an accumulation of 
skills in manipulation and artificial problem-solving.
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3.4.2.2. The Leaottib Mathe'nat.ics Work-card Pro jecL 
(1978)
The suratnary of this project is based on an evaluation 
report by H.M. Candy, published by the British Council 
and occasional references to it in HSRG Report No. 0.96 
(1980). Neither the worl;-cards themselves nor Lhe 
teacher manuals have been studied and hence everything 
written here must be regarded as tentative.
Gundy gives the following as reasons why the project was 
started; bad teaching, poorly motivated teachers, Siigh 
failure rate in maths, overcrowded syllabus, st.udenl.s 
cramming too much maths vvithout any real understanding, 
ojc. It was decided that some form of individualised 
learning would help to remedy this situation and work- 
cards of the SMP were imported and given to selected 
sc‘ s in Swaziland in 1972 and to Lesotho and Botswana 
in the following year. In 1974 a battery of Lesls was 
given to the work-card classe.s which consisted of an in­
telligence test; test on maths content; word problem 
test; a five-dot test designed to evalualie whether the 
work-card students have increased their ability l.o use 
knowledge in uuw and slightly different situationK. No 
statistically significant differences could be found hc- 
ti'jeen the work-card classe.s and the control gi-imps other 
than in the five-dot test. Cundy list.s llu- following iis 
fundamental prohiems militating against llie -s u o c c h s of 
the project.
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(a) Examination system
tb) Teacher shortages and changes
(c) Lack of adequate aocoramoi. ition and resources
(d) Weaknesses in class teaching
(e) Weaknesses in individualized learning
(f) Human nature - laziness, avoidance of Iturd work, 
et. c .
Cundy claims that human beings are the aame the world 
over ~ in England, China or Peru (P.9) and tlial virtues 
like hone.sty, hard work, punctuality, ,i ntiegri l.y, are 
common to ail mankind - he iiaplies that these aru lack­
ing in some of the schools or at least Uial I lu;y are 
subordinated to good exami nation re.9ults. On I he credil 
side it is noted that some students tiave benefited 
some weak pupils have been encouraged by tlieir succe.ss 
at the cardsiand some of the abler pupils have enjoyed 
the faster rate of progress now open to them (P.22).
Van dan Berg (I960) in Chapter 5, was highly critical of 
the project because it consisted chiefly of imported 
rather than home-designed material, as in the case of 
the Caribbean project, and secondly becau.se il. runs 
counter* to the African way of life wliich is not in­
dividualized but communal.
No model or theoretical framework for learning is 
presented nor does there appear to be one a.ssumed other 
than that the doing of exercises in mat hem.i. ics i.s a 
worthwhile activity in itself and l;he.se oxerci.ses
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should, as far as possible, be related to the locality. 
All the projects studied concern mathematics learning at 
the Junior Secondary level, all of them tackle a problem 
which seems to be poor performance of students in 
mathematics. All the students are required to do mathe­
matics at this level and it would appear that some just 
cannot succeed. This raises several questions such as: 
Do they feel they don't need maths? Do they perceive 
maths as a school activity and not related to their 
lives? None of the projects have developed a theoreti­
cal framework which might be used in the present 
research. Gay a Cole (1967) question certain assump­
tions which are often underlying mathematics projects 
designed to improve the situation in the schools. These 
authors emphasize the importance of culture seen as 
traditional values and attitudes arising out of a cer­
tain economic way of life. They explore these in depth 
using small samples and the interview method.

3.4.3. Problems in Western schools 
Mathematics for the Majority
British Schools Council Working Paper No. 14, written by 
Mr. p. Floyd. The pupils studied were those of average 
to poor maths ability and the aim was to assist teachers 
in designing a meaningful maths course for junior secon­
dary school pupils with the stress on prepared teaching 
materials. In describing the situation at, the time of
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the investigation, Floyd notes among the drawbacks to 
effective maths! ,

(a) poorly qualified staff;
(b) lack of any equipment apart from chalk board and 

text book;
(c) harmful effects on classroom work due to pressure 

imposed by public examinations;
(d) very little subject interpj-ay resulting in isola­

tion of maths not only from other subjects but 
from everything outside of the maths class.

He says the effect of all this on students is that very 
few experience a stimulating maths environment and they 
don’t have any great interest or enjoyment of maths... 
"most show dullness, dolorous docility and even apathy" 
(P.IO).
The model Floyd seems to be criticising is one where 
maths is thought of as something external to the stu­
dents and the teachers - it is viewed as a body of 
knowledge, rules, formulae, et.c., which must be 
mastered as was discussed in Chapter 2 section 2.3.

3.4.4. South ftfrican mathematics ‘esearch
3,4.4.1. Human Sciences Research Council (IlSRC) 
ft considerable amount of investigation has been carried 
out by the HSRC into the problems faced by blacks in the 
RSA which they describe as "a technologically oriented 
Western type world", using the words of ft.b. Kotxee,
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President, of HSRC, in "Preface to Groenewald" (1976) - 
Report No. 0-54. In this report Groenewald sets out to 
study the traditional cultural background of the "Bantu" 
child in order to determine what aspects of it are re­
lated to ineffective actualization of intelligence. The 
method was by analysis of the existing literature in or­
der to identify aspects of black cultu 'e which hi.nder 
intellectual development (P.3).
In Chapter 2 some prominent aspects of the traditional 
educational environment of the black child are treated:

1. simplicity of the domestic environment;
2. narrowness of the educational aims;
3. externalisation of codes of behaviour;
4. emphasis on memory;
5. harsh discipline in the relationship to 

authority;
6. ineffective intellectual activation of the child 

by the parents;
7. lack of visible affective sharing between parents 

and children.
The author further classifies some noticeable aspects of 
the wider world of culture of traditionally oriented 
blacks under these headings:

a. The prescriptive pattern of their lives and the 
bondage of superstition (P.21);

b. The advancement of group orientation as a primary 
aim of the trxfie (P.23);
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c. The simplicity and concrete directed nature of 
the traditional way of life (P.24).

Chapter 3 has the main core of this report and it deals 
with the actualization of intelligence, by the black 
child seen against the background of his traditional 
world of culture. Among those aspects of the tradi­
tional culture which may affect intellectual development 
are

i poor material environment; 
ii ineffective orientation towards intellectual 

environment;
iii ineffective dissociation qualities; 
iv closed learning situation; 
v connection between learning intent and intellec­

tual drive;
vi visual perception is hindered in the black 

culture;
vii dual nature of the relationship between school 

and wider cultural world - the one s not based 
on the other;

viii language of the school different from home. 
Questions that arise from Groenewald's report which are 
appropriate for this research are centred around success 
in mathematics; is it related to SES of parents? (e.g. 
income/ number of children per room, et.c.); is it re­
lated to western orientation of the family? (more 
individualistic, more objective attitude to life).
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It is easy enough to understand what the author means by 
the traditional world of culture of blacks, but it is 
very difficult to know what period of history or which 
group of blacks he has in mind and there are great dif­
ferences between, say, the pr arrogant Zulu fighters 
of Shaka and the friendly peaceloving Tswana and the 
diplomatic negotiators of Moshoeshoe's Sofcho people. 
Groenewald further makes no effort to analyse how the 
economic and social forces at work in RSA over the past 
150 years have combined to hinder black development in 
structures like land tenure, group identity, unsophisti- 
cated commerce. For example, in this context Davenport 
and Hunt (1976), quote an extract from Sir 'feophilus 
Shepstone giving evidence to a commission in 1883» 
Shepstone speaks about the

... adaptability of blacks in Natal ... able to es­
tablish co-op companies for the purchase of in­
dividual farms ... understood the implications of 
land tenure and mortgage principles as well as trad­
ing as carriers, et.c. ... (P.38).

Certain strong points of blacks are also referred to by
Groenewald (1976) like:

ti) highly developed audio perception (P.47);
(ii) group identification (P.23);
(iii) oral traditions (P.58);
(iv) ability to sustain laborious repetition e.g. 

in hard physical labour, in dance rhythms, 
et.c.

Van den Berg in Report No. 0-75 (1978) followred up on
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Groenewald's work with his study of the black man's 
mathematical ability from a pedagogical perspective. 
The need for such research is the difficulty experienced 
by blacks in mathematical, technical fields and the 
prevalence among blacks of rote learning as against 
learning with insight and understanding which leads them 
to being unable to apply their knowledge in practical 
situations. This researcher has noted the same dif­
ficulty in his years spent teaching mathematics to 
Tswana students.
In Skemp's model of intelligence, "rote" would cor­
respond to "instrumental" and "insight" to "relational" 
and thus present a structure within which data concern­
ing the above problem can be organised in a theoretical 
framework.
Van den Berg attempts to describe those factors in (a) 
the education and (b) the traditional culture of blacks 
which contribute to the tendency to rely on rote 
learning. In Chapter 2 he refers to Groenewald's work 
and concludes that:

(i) blacks have a great difficulty in thinking 
abstractly;

(ii) language compounds this problem.
In Chapter 3 mathematical concepts and concept formation 
are treated. Van den Berg quotes Lovell <1971) P.14 as 
proposing that adults sometimes have concepts which they 
cannot define or verbalize but which may nonetheless be
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adequate for everyday technical or professional use. In 
contrast to this, however, teachers are often deceived 
because children are able to use the appropriate verbal 
term while they have no idea of the concept involved. 
The reason for this error is because adults tend to im­
pose their own cognitive structures on children.
In two other reports, No. 0-44 (1977) and Report No.
0-96, Van den Berg discusses methods by which the lack 
of success in mathematics among black children may be 
rectified - in the former report he suggests criteria 
for the sele ition and orderly arrangement of subject 
matter in mathematics and in the latter he deals witli a 
group-orientated method of teaching as a means of 
promoting black pupils’ insight into mathematics.
The research method in these reports is largely litera­
ture survey filled out with some interviews of overseers 
at certain gold mines and discussion with the training 
staff of Mamelodi Inservice Training Centre. There are 
no school-based data presented in these reports.
Any critique of Van den Berg's work roust recognise that 
in his own words it is merely "an exploratory study" 
(Report No. 0-75: (P.80). However, there .seem to be 
certain assumptions in these reports that need to be 
questioned. For example, the author assumes the situa­
tion in RSA to be equivalent to that of other countries 
like India. China and especially the African countries 
Nigeria and Ghana. But this researcher posits tremen-
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dous differences - due to the political situation - be­
tween a black people striving for independence because 
they regard themselves as oppressed, as compared to a 
black nation grappling with their already achieved 
political independence and now faced with the realities 
of economic growth. An example of this difference can 
be detected in one of the slogans common in Soweto in 
the eighties: "freedom first, education later" (Christie 
1985 P.245). Van den Berg assumes that education is a 
training that will fit the black worker / clerk / 
manager into the South African economic and industrial 
structure. But, the whole thrust of black school 
children since the 1976 unrest is a rejection of the 
status quo. finally. Van den Berg rejects any diagnos­
tic test procedures (P.65) in favour of expert-designed 
syllabuses. Presumably this will include teachers since 
he describes these as experts when he discusses the 
British and Scottish maths projects. But, it has often 
been pointed out, e.g. Hart (1961 P.209), that teachers 
tend to overestimate students' existing ability and fur­
thermore students might view such a step as another ex­
ample of the paternalism which has such negative as­
sociations for blacks because of its use in designing 
the hated Bantu education system.
There is still a need to meet individual students and to 
find out how they view mathematics and hô^̂ it happens 
that some succeed and some don't. Van den Berg has
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raised many issues - chiefly cultural - which are impor­
tant for this research. However, it is the opinion of 
this researcher that much more has ftirroed the minds of 
present black students than simply traditional culture. 
There is a state of crisis in the schools and the effect 
of this on values, attitudes and thinking of the stu­
dents and how they cope with school subjects and par­
ticularly with mathematics has yet to be investigated.

3.4.4.2. Mathematics teacher in-service training
Project (MATIP)
The serious problem related to mathematics teaching and 
learning in the black states in R.S.A. has been recog­
nised by the Research Unit for Education Systems Plan­
ning at the HOPS in Bloemfontein. After discussions 
with the authorities in these developing states and 
after some research it was decided to establish the 
Mathematics Teacher In-Service Training Project (MATIP) 
which would concentrate on mathematics for standards 5 
to 10. The main components of this scheme are: 
research, teacher in-service and material production. 
The main focus therefore is on the teaching of mathe­
matics in the secondary schools. A lot of useful data 
has already been collected, especially about the 
teachers, for sKample Wilkinson (1981) shows the lack of 
performance in Bophuthatswana schools where the average 
length of experience is only 3,55 years for std 5 mathe-
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inatica teachers (P.25). Ih the same study Wilkinson 
presents the views of teachers about their students as 
having a poor grounding in raathematics, they cannot do 
basic calculations, they dislike matheraatics and they 
have linguistic problems (P.27). In the analysis of 
pupil's difficulties this author investigated;

i) typical errors made by pupils in the std 5 
public exam;

ii) possible influence of the language in which a 
question paper is set on pupils achievement in 
the exam;

iii) ability of students in basic fractions and 
decimals.

These three investigations were done using large samples 
from the black states - the test on fractions and 
decimals involved almost 1 200 students. Wilkinson
notes the time lag in cognitive development in black 
children but adds that many researchers question the 
suitability of Western concept formation bests for 
inter-cultural studies. It appears that further work is 
required in this area.
Wilkinson collected empirical data using a large scale 
sample. While this technique provides big numbers it 
precludes the deeper exploration of individual students 
which the clinical method relies upon.
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3.4.4.3, Lodal maths projects
Only two maths projects which might be described as 
"local" were uncovered, one by Bauer (1984) the other by 
Murphy (1988). They are summaried here.
(a) Tlhabane miracle maths project
In the Bafolceng region is one College of Education 
Tlhabane. There young men and women are prepared for 
primary (P.T.D.) or for secondary (S.T.D.) beaching. 
Some reorganisation was needed when the colleges of 
education in Bophuthatswana discontinued talcing std 8 
pupils for admission and insisted on a minimum of std 10 
pass. With the new courses it was realised that there 
was an appalling laclc of understanding of very basic 
mathematics and the Tlhabane College designed what it 
called "Tlhabane's Miracle Mathematics Project" under 
the guidance of Dr.G. Bauer, lecturer in Career Guidance 
at the college. This was not a "project" in the sense 
of experimental design hut consisted of a series of work 
cards and self test sheets designed to build up com­
petence in the use of fractions, decimals and per­
centages among the first year P.T.D. students and it ran 
for the first two semesters of 1984. Its motto was 
"confidence through competence" and its method was to 
have the students work through a lot of drills graded 
from easy to hard. The staff were fairly sure about the 
good results of the project but for some reason or other 
the project has not continued.
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(b> Lebovja oral mathematics project
The director of this project had experienced the 
problems his students had with basic arithmetic while 
working in Lebowa middle schools 1986/87. He came to 
realise the poor performance of the stude'nts was related 
to weak i ching styles in black classrooms and decided 
to try to design and xmplement a radically different ap­
proach which he outlines in the February issue of 
Bducarous 1988. The project was two days of oral arith­
metic in a private school for girls in Lebowa in March 
1987. There was lots of group work, outdoor movement 
and immediate rewards. The tasks to be mastered in­
cluded such operations as: (a) multiply and divide by 
10, by 100, by 1 000 including decimal examples; (b) 
multiplication tables 3 to 12; (C) adding and subtract­
ing with the aid of diagrams such fractions as halves, 
quarters and three quarters; (d) commercial operations 
applying the skills gained in the other parts. Groups 
of three were organised. Each had a leader who had a 
progress card on which tasks could be ticked off by the 
teachers as soon as they were completed by all the group 
members. The tasks were written on A4 paper and mounted 
outside on gables, walls, windows and doors. The input 
by the director was very short: during about five
minutes “class period" he stated the objective very 
clearly to the entire class and gave examples where 
needed. The children displayed great enthusiasm, caused
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no doubt by the novelty and freedom to move about and 
talk with friends.
Pre-test and post-test scores were aDulytsed and showed a 
25% gain but Murphy considers this to be the least im­
portant of the outcomes. Students had experienced 
success in mathematics - some for the first time in 
their lives - as a result tney now had a more positive 
attitude to maths which revealed itself in more willing 
participation in regular class work either by asking 
more questions, or bv volunteering to explain difficult 
concepts to their fellow students who had problems 
(Educamus Feb, 1988).
Bauer and Murphy both showed considerable improvements 
in arithmetic calculations (measured by speed and 
accuracy) could be achieved by use of drills. The ex­
perience of success gained by graded exercises (Bauer) 
and the added stimulus of working in small groups 
(Murphy) provided the momentum for continuing with tlie 
drills until students achieved mastery. Class visits 
and observation of maths lessons being taught in the 
schools were included in the present research to see if 
any of these features occur and findings are given in 
Chapter 8.

3.4.5. Determinants of school achievement in developing 
countries
In the preceding sections the relationship between math-
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ematics and culture, some mathematics projects and the 
state of mathematics research in South Africa have ueen 
touched on, but there is a considerable body of educa­
tional research in developing countries . is not 
rooted in'psyv'ihology or pedagogy. Schief. a'ein nd Sim­
mons <1978) have carried out a review of twenty-six 
studies on the determinants of student cognitive 
achievement in developing countries for the World Bank 
organisation using an approach which combines several 
features:
1) using national surveys to gather data about a wide 
range of possible 'influences on learning Including 
extra-school influences;
2) using multivariate or "systems" analysis to sort out 
the relative importance of a number of the possiL... 
"determinants";
3) applying the concept, taken from economics, of the 
"production function".
Research of this sort has been carried out in South 
Africa by Verwey who has done national manpower surveys 
for several of the black independent states (Verwey 
1978, 1981). Other workers associated with R.U.E.P. in 
U.O.F.S. like Nyikana (1982) and Mdluli (1980) have also 
used this general approach but without the detailed 
statistical analysis of Verwey or Schiefelbein and 
Simmons. A major question faced by the research 
reviewi d by these latter authors is why «oiiii cjiiJdren
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learn more in school than others, and this is very 
closely linked to the title of the present research. 
Their findings helped to shed light on success and 
failure in Bophuthatswana schools.
The authors grouped the possible determinants of student 
achievement into throe categories; school resources and 
processes, teacher attributes and student traits 
(Schiefelbein & Simmons 1978, P.9). Student ach: " nt 
was rosasured by both statistical estimations and ..xiss- 
room learning (ibid). The 26 studies are 5 from Africa, 
6 from Asia and 15 from Batin America.
The findings of the survey were as follows:
A) School resources and processes; Variables identified 
were: class size; availability of textbooks; homework; 
and expenditure per student. In 9 of the 14 studies 
relating the effects of class size to student 
achievement, larger class size was associated witn 
higher performance or did not affect it. Of 10 studies 
looking at the availability of textbooks and student 
achievement, only 7 demonstrated a positive 
relationship. This is explained by postulating poorly 
designed textbooks or suggesting that oral or blackboard 
presentation of the information being tested is suffi­
cient and textbooks are not needed. In 6 of the 0 
studies which in.sstigated homework effect on achieve­
ment there were significant findings - students who do 
homework do better in school. Higher expenditure per
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student was found by 5 out of 8 studies on this variable 
not to be associated with higher student achievement.
B) Teacher characteristics: V.*riables identified were: 
teacher certification; experience; .md training. In 19 
out of 32 stadies, teachers without certificates had 
students who performed as well as those who had 
certificates. Only 7 of 19 studies indicated that years 
of teacher experience is a significant determinant of 
ac, ivement. Lastly more years of training is not re- 
, ; to higher student achievement in 5 out of 6
St.. ies.
d) Student traits: Variables here are: SES; health; 
rv.petition; and kindergarten attendance. As expected, 
47 cases studied show significant relations while only 
17 studies showed no impact or a negative one. Out of 
13 studies on SES, 10 found it a significant predictor 
of achievement, SES is usually a composite of purerts' 
occupation, incomes and education. Health is a sig­
nificant factor in 8 out of 11 cases, it being highly 
correlated with SES.
Repetition of classes showed the more repeating the stu­
dent did the lower his score in 7 out of 8 observations. 
Only 4 observations about kindergarten attendance were 
made and 3 showed it had a significant impact on 
achievement.
The variables identified by Sohiofelbein and Simmons, 
Verway and others provide a sound basis for the present
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research. The variables can be grouped under !i) Home 
variables such as socio economic status and degree of 
westernization of the home (ii) School variables such as 
furniture, equipment, pupil-teacher ratio, teaching 
style et.c. and (iii) Personal variables such as age, 
sex, self-concept, homework patterns, grade repetition 
et.c. All of these were investigated to find out if they 
are significantly correlated to performance in matht.

3.5. What emerges from the Literature 
From the reviuW of the psychological movements in 3.2. 
above we see that for successful learning a child must 
integrate new knowledge into already existing schemata. 
Second order concepts can only be formed from existing 
first order ones. Levels of abstraction are progressive 
in the sense that one must proceed from familiarisation 
with concrete objects to more abstract levels involving 
computation, measurement et.c., and if someone skipped 
out a lower level then it is unlikely that that person 
could master that particular branch of mathematics in 
any meaningful manner.
The four basic operations of arithmetic are fundamental 
and yet it appears a lot of secondary school children 
are unable to do successful computations and a great 
deal more are unsure of their meaning and are unable to 
select the correct operation when faced with a simple 
word problem. Even more basic than the operations is
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the ability to count. The resjearch has shown that 
counting is no easy task and it may take several years 
for a child to master even simple whole numbers up to 9. 
The ordinal and cardinal aspects of number and the 
relationships between them enable us to gain some in­
sight into the difficulties faced by children at this 
very elementary stage. The proper understanding of 
scales and the difficulties children have, even at 12 
years, in reading number lines not marked in single 
units seems to point to lack of adequate counting 
skills. No research about Tswana children's ability in 
these areas has been found by this researcher. 
Furthermore in more advanced use of the four basic 
arithmetic operations several strategies have been 
identified, for example in the case of addition it may 
be simple counting of two sets consecutively at an early 
stage and build up to more complicated atrat:egy of 
recalled or derived number bonds at a higher level o£ 
abstraction. We know nothing of the strai;egic*s employed 
by Tswana students. The literature strongly condemns as 
being counterproductive the teaching cf an advanoed 
strategy not based on intuitive methods not used by the 
students. This may sometimes be thought of as keei)ing 
up high standards but it should rather be rec.'ognised as 
wrongly forcing the pace beyond the child's readiness. 
Teachers in black schools claim they have no option but 
to teach algorithms whether the children are ready or
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not, given the overcrowded syllabus and the threat of 
public examinations at the end of standard 4, standard 7 
as well as matric at the end of standard 10. This kind 
of teaching may be a root cause of the problems encoun­
tered by students in high school who must now adopt a 
personal style in mathematics whereas their former ex­
periences in the subject encouraged rote learning, 
without sufficient emphasis on understanding. The fol­
lowing quotation from Hart \1981) refers to poor mathe­
matics achievers:

... a child cannot assimilate the type of mathematics 
which is essentially abstract until he is ready - he 
must have an adequate knowledge base and build on 
that ... a child who has been taught a rule for which 
he is not ready cannot use it in new situations and 
he will experience failure repeatedly and become 
discouraged. After a history of failure at decimals 
or fractions it is little wonder that the next teach­
ing of it in the secondary school is greeted with 
dismay <ibid P.217).

To summarise!
1. Problem There seems to be a universal problem as- 
sooiated with mathematics in the secondary school (i.e. 
middle and high school for Bophuthatswana) and in 
developing countries the problem is aggravated by rote 
learning and memorisation.
2. Research method The clinical interview method as 
developed by Piaget and adapted by many other reseiirch- 
t-rs would appear to be most suited ot the purposes of 
this research. The interviewer's rola is that, of ob­
server and interpreter of a contrived and planned situa-
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tioA and he is to be in no way dix'ective. Ginsburg 
(1983) says a still more objective protocol is to invite 
the subjects to talk aloud as they work through a 
problem. Sometimes the interviewer used materials and 
observed the child's manipulation of them as well as 
listening to their talk; other interviewers used only 
paper and pencil material.
3. Mathematics model In most cases, especially the 
mathematics projects, the only model assumed was that of 
an external body of knowledge and computation skills 
which had to be mastered by the child. Soma of the 
other works regarded mathematics as a tool for dealing 
with the world situation in which the child found 
himself. It seems to be important to find out what 
teachers and students in Bophuthatswana think mathe- 
matics is.
4. Theories The pyschometric theories were considered 
to be unsuitable because of their over-emphasis on 
quantification. Dewey has ideas about democracy and 
self-development which might be usable in black schools 
for social reorganisation. Piaget's developmental 
stages of cognitive abilities were seen to stimulate a 
lot of the recent research into school mathematics but 
much of his work is too abstruse for this research. 
Skemp has described intelligence as a goal-directed 
process and he has included the whole person, and not 
just his "brain" in the learning process. Much of Ixis
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work on learning of concepts, abstraction, interiority, 
distractor effects which he calls "noise” et.c. sheds 
light on the Tswana understanding of mathematics. His 
discussion of instrumental as opposed to relational un­
derstanding seems to apply here. However it is not pos­
sible to test whether or not Skemp's theory described in 
terms of a director system might apply to the Tswana be­
cause not enough work has yet been done on how these 
children learn mathematics nor what are their preferred 
modes of thinking. Witkin's theory of personality based 
on field dependence/independence seems to have been well 
and truly laid low by the severe criticism of its cul­
tural bias and it was noted much of this criticism came 
from African studies. Nevertheless this method of ex­
plaining individual differences in terms of cognitive 
style seems to be an avenue well worth exploring. Have 
the Tswana people a style which may be described as a 
preferred mode of thinking which is based in and 
fostered by the culture? This could be investigated in 
such areas as language, sense modality, perception et.c. 
Is mathematics as taught in our schools based on a west­
ern mode i.e. in an analytical manner suitable perhaps 
for field Independent people but unsuitable for field 
dependent ones?
5. Focus We don't know enough about Tswana children to 
ask questions about success or failure in mathematics 
directly in terms derived from the theories presented in
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section 3.2. But the kind of school based research 
reported in section 3.3. of this chapter suggests a pos­
sible line of approach. The focus of this study must be 
the child doing mathematioa. The study must seek to 
know more about the child by looking first at his home, 
his parents, the physical condition in which he lives as 
well as his beliefs and what he values in life. Then 
the school must be investigated and described. Finally 
some personal characteristics such as listed in section
3.4. above must be investigated to find possible 
relationships between them and success in mathematics. 
Generally the focus in the empirical research is on 
failure and the investigators are concerned with dif­
ficulties experienced by children. There is con­
siderably less attention given to why some children 
succeed in mathematics. It is possible that a study of 
Tswnna children of average and above average performance 
in mathematics might reveal strengths (or indeed 
weaknesses!) in how they handle simple arithmetic word 
problems.
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CHASTER 4 

PILOT STUDY

4.1. Int-rodvictioti;
The pilot study presented in this chapter was conducted 
in 1986 after a considerable amount of reading of 
literature related to the topic being studied had been 
done but it was obvious to this researcher that the 
review of related literature was far from complete at 
that time. The material surveyed up to then had pointed 
to a correlational type of research design which would 
seek to identify factors which were related in a statis­
tically significant manner to success in mathematics 
among Tswana students. The findings of the pilot study 
strongly influenced the later work on review of the 
literature and changed the structure of that chapter and 
also the research design of the main research. It be­
came clear during the pilot study that a correlational 
research design would be likely to shed little light on 
the real nature of the problem, and as a result of this 
an anthropological design was adopted as described in 
chapter 5.

4.2. Initial investiqav.ion
It is clear from the review of literature presented in 
chapter 3 that there is a great deal of research into



226

the learning of raathematics from the standpoint of 
educational psychology. It is also clear that most of 
this material comes from American and European sources. 
But from the limited research that has been carried out 
in non-teuhnological societies many doubts arise about 
the applicability of this first-world research to the 
third-world situation, Sohiefelbein and Simmons (1978) 
have summarised a number of studies on factors related 
with cognitive achievement in third-world schools and 
surprisingly they found the following were not sig­
nificantly related to student achievementt 

class size
availability of textbooks
higher expenditure per student
years of teaching experience
teacher certification
training of teachers <ibid P.IO - 12).

The following factors were found to be significant: 
amount of homework done 
socio-economic status including 
parents' occupation 
income
education and health of the students (ibid).

It Was decided not to replicate these studies but to 
follow the methodology and use correlational techniguvas 
to try to identify other factors which might be statis­
tically significant in relation to student achievement.
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The sources explored for these factors were:
(i) personal observation - the present researcher has 

been teaching mathematics in Phokeng for more than 
10 years and has been grappling with the problem of 
success and failure in mathematics among the Tswana 
students, both in his capacity as mathematics 
teacher and educational researcher;

<ii) students ~ numerous discussions were held with
students, both maths students and non-maths students 
as well as former students who were doing further 
studies in mathematics at University or teacher's 
college;

(iii) teachers - many teachers were interviewed, also 
principals and school inspectors, 23 middle school 
mathematics teachers, 10 high school mathematics 
teachers all of whom work in the Tlhabane circuit of 
education Which includes the Bafokeng region;

(iv) literature - specifically South African literature 
concerned with education in black schools. The Human 
Sciences Research Council (HSRC) has published quite 
a number of reports dealing with this issue and the 
Research Unit for Educational Planning of the 
University of the Orange Free State also has publi- 
daticns of research in this area.

The factors which seemed to recur with sufficient 
frequency to warrant investigation were;
(a) attitudes - "most of the Tswana people think mathe-
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matics is difficult" "they are afraid of doing 
mathematics" "they do badly in mathematics because of 
their attitude;" (interviews and ROEP)

(b) degree of westernization - "if a student comes from 
a very traditional family background where belief in 
the badimo (=ancestor-spirits) and muti (=herbal 
medicine) is strong, he or she won't do well in 
mathematics;" (interviews and HSRC)

(c) language - "the medium of instruction is English and 
roost students are not able to follow English 
properly" "they speak only Setswana at home'" - "if 
they know English well they could do much better in 
mathematics;" (interviews and HSRC)

(d) perception - "many students don't understand simple 
drawings and figures" "they do uot perceive in a 
diagram what the teacher wants them to see;"
(interviews)

(e) self-image - "Students easily become discouraged 
when they fail mathematics' tests" "they lack con­
fidence in their ability to do mathematics" - "they 
think they are useless in mathematics and that is why 
they fail." (interviews and MATIP)

Five null hypotheses were formulated on the basis of the
above *.
There will be no statistically significant correlation
between:

1) student attitudes and success in mathematics.
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2) degree of westernization and success in mathe­
matics ,

3) English language ability and success in mathe­
matics,

4) students' gestalt perception and success in math­
ematics,

5) students' self-image and success in mathematics 
among standard 7 students in the Bafokeng region of 
Bophuthatswana.

4.3. Research design for the pilot study 
Dependent variable: success in mathematics among stand­
ard 7 students in the Bafokeng region of Bophuthatswana. 
"success in mathematics" was discussed in chapter 2. 
Independent variables: attitudes, degree of western­
ization etc as above
Extraneous variables: age, sex, school, mathematics
teacher, general school ability were controlled by 
matching as described below.
Measuring instruments: these consisted of
questionnaires, written paragraphs, paper and pencil 
testa and interviews and are described below in sections
4.5. to 4.9. Each student was interviewed personally by 
the researcher in order to provide qualitative data that 
could be used to establish reliability for the written 
tests. Twenty-six interviews were done, each lasting 
about 15 minutes.
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The sample was composed of four matched cjroups and 
selected in the following manner:
two groups of boys: successful and unsuccessful, and two 
groups of girls: successful and unsuccessful, in mathe­
matics in the standard 7 examination. The criteria for 
success were: the student obtained symbol E (i.e. 40% to 
49%) or better in the standard 7 examination in November 
1985 and the student is continuing to study mathematics 
in high school. The variables used for matching were: 
age, sex, school attended in standard 7; symbol obtained 
in standard 7 public examination in November 1985. The 
original sample of 32 was made up of four groups of 
eight, in all 16 boys and 16 girls. However some of the 
girls dropped out of school before the pilot study was 
completed and data for only 10 girls was used. Once the 
matching had been completed as described then the marks 
obtained in mathematics were taken from the school 
records. A summary is given in Table 4,1.
A computerised analysis of the scored responses in each 
instrument was plotted against the mathematics mark 
obtained. The Pearson correlation coefficient was cal­
culated to test the statistical significance of each 
hypothesis separately. In general the purpose of the 
pilot study was to help to focus the research design and 
to indicate what avenues were worth exploring ftirther.
In particular the aims were;
(i) To test the design of the measuring insturoents for
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clarity of instructions, wording of questions, 
presentation of material, time required, validity and 
reliability.

(ii) To provide "’'idelines for analysis of data.
(iii) To identiry important areas which might help to 

typify successful as compared with unsuccessful math­
ematics students.

(ivj To explore triangulation techniques for verifica­
tion of data.

(v) To identify possible procedviral difficulties.

Table 4.1. Mathematics attainment mark

B 0 y S
SOCOES.SE'Ur. UNSUCCESSFOIi

G I R I, S
SUCCEBSEUI, ONSUCCESSFdl/

N
Total Score 
Mean Score 
s.d.

8
392
49%
5,2

8

232
29%
7,4

5*
225
45%
n̂<

5
165
33%
4,5

*Each of these 5 girls were awarded a symbol E (mark 
range 40 - 49), For this table each was assigned a 
mark of 45%. Hence s.d. is 0.

4.4. Procedure
The pilot study was carried out in April, 1986. All the 
students were gathered together in one classroom and all
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received the same instructions. All the tests were doue 
on the same day with a short break after each test.
The personal interviews were conducted the following 
week by this researcher in English.
Before distributing the test questions brief instruc­
tions were given about how to fill in the answers. 
Pupils were encouraged to be open in their replies and 
were assured of confidentiality. By way of explanation 
they were told that their responses could help ts 
teachers to understand the problems the students had in 
mathematics and maybe help their companions to do better 
in mathematics in the future. As they were waiting for 
the first questionnaire they were given some sweets to 
help put them at ease. Tn spite of this there was an 
air of tension and nervousness as s?‘'own by a hushed si­
lence unusual for a group of students in Bafakeng High 
School. They seemed to have some trouble getting 
started with the first test which was the open questions 
on attitudes and over half of them took longer than 30 
minutes to complete this first page. However nobody 
asked for help or said he cr she did not understand a 
word or sentence on the paper. There were very few om- 
missions to any of the questions. Four students did not 
answer the question asking about the qualities of a goOv. 
maths teacher, otherwise all the students answered all 
the questions.
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4.5. Attitudes
""wo instruments were designed to test the fiist 
nygiothesis that there would be no statistically sig­
nificant correlat/ion between success in mathematics and 
attitudes of students towards mathematics. One of these 
consisted of seven open-ended questions and the other 
consisted of 28 closed questions. The studends spent a 
lot of time at the open-ended questions, most tooh over 
half an hour to complete it, but ' ney went through the 
closed questions very quickly and had finished all 20 
questions in just over 5 minutes.

4.5.1 Closed questions on attitudes
This instrument was made up of 28 statements which the 
students Were asked to answer by ticking one of the 
headings:
(i) y.ea, I agree
(ii) 1 don't know
(iii) No, I disagree,
for each statement. The selection of statements was 
based on Hus6n (1967) International study on achievement 
in mathematics and adapted for Bophuthatswana by this 
researcher. A pre-test consisting of 40 questions had 
been administered to the standard 10 mathematics class 
in Bafokeng High School in November 1985 and as a result 
12 questions which proved ambiguous were dropped. In 
the pre-test a 5 point scale was used and this was
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changed to the present 3 point scale because the other 
proved cumbersome. The scoring was +1 for a positive 
response; 0 for neutral response; -1 for negative 
response. The decision about what constituted a posi­
tive or negative response was made after discussion with 
tv;o colleagues in the mathematics department of Bafokeng 
High School to increase both reliability and validity. 
No agreement could be reached fay the markers concerning
Q.17 and Q.21 and these were omitted from the scoring. 
Hence the scores could range from a maximum of +25 
(positive attitude) to a minimum of -26 (negative 
attitude). Marker agreement on items Used was then 
100%. The boys' and girls' scores obtained in this test 
are given in Table 4.2.

Table 4.2. Scores obtained in attitudes questionnaire

B O Y S G I R L S
SOGCESSFOL DNSUCCESSFUb SUCCESSFUL liNSUCCESSPOL

N 8 8 5 5
Total Score + 1j4 +45 +96 +39
Mean Score +16,8 +5,6 + 19,2 + 7,8
s.d. +2,4 **■3,7 + 2,2 + 5 , f-

It can be seen from 'fable 4.2. that the successful 
students, both boys and girls have strongly positive at-
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titudes towards mathematics as measured on this 
instrument. The unsuccessful boys and girls are much 
less positive in their scores.
The Pearson correlation coefficient for attitudes to 
mathematics against mathematic's attainment mark = 0,578 
(p < 0,01)
Care must be exercised in interpreting the results be­
cause these students had already experienced failure in 
mathematics in the standard 7 public examination and 
further they had already made the decision not to pursue 
mathematics in high school. The sample is too small to 
allow for generalisations to be made but the results do 
indicate that this instrument can provide information 
concerning successful students namely that when compared 
with the unsuccessful ones they have a more positive at­
titude towards mathematics. It was decided to keep this 
instrument for the large scale field work but to build 
in a consistency of response factor by repeating one 
question.

4.5.2. Open Questions on attitudes
This instrument consisted of 7 open ended questions such 
as! Why are you doing maths? What qualities do you 
think a good maths teacher should have? The purpose of 
th. s set of questions was to provide alternative 
evidence which could validate the closed questionnaire 
using triangulation. To quote Cohen & Manion U98Q)!
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In its original and literal sense, triangulation is a 
technique of physical measurement: maritime 
navigators, military strategists and surveyors, for 
example, use <or used to use) several locational 
markers in their endevours to pinpoint a single spot 
or objective. By analogy, triangular techniques in 
the social sciences attempt to 'ap out, or explain 
more fully, the richness and co, .jlexity of human be­
haviour by studying it from more than one standpoint 
and, in doing so, by making use of both quantitative 
and qualitative data, (P.208)

The responses on the open questions support the findings 
from the closed questions. This test shows the two 
groups of successful students, both boys and girls, to 
be strongly positive in their attitudes towards 
mathematics. These students used phrases like "it is 
easy" ... "I like it" ... "it can help me in my 
career"... "maths helps me to plan better" ...etc. The 
group of successful boys are very dynamic in their 
responses and they are aware of benefits to themselves 
e.g. "maths helps roe in mental development". By com­
parison the successful girls are much more limited in 
their view of mathematics and they only mention mathe­
matics as something which can help them in finding a 
good job or enabling them to avoid subjects like history 
which they don't jike.
The two groups of unsuccessful students, both boys and 
girls are very negative towards mathematics. They use 
phrases like ..."it is difficult" ... "1 don't like 
maths" ... "I don't understand maths" "1 am not in­
terested in it" ... "I hate it" ... etc. Several of
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these mention failing in the examination and it is clear 
this expedience of failure has been damaging to their 
self-image in relation to mathematics. In spite of this 
8 of the 13 unsuccessful students say everyone should do 
mathematics up to standard 10 for the purpose of getting 
good jobs after school.
Another distinction between successful and unsuccessful 
students that emerges from the i,r replies to this instru­
ment is what they think about mathematics teachers. In 
reply to the question about what they think are the 
qualities of a good mathematics teacher most of the 
successful ones wish the mathematics teacher to have 
personal qualities such as ... "good ideas" 
"determination" ... "patience" ... "well organised" ... 
eto. Oh the other hand the unsuccessful students men­
tion only professional qualifications like ... "he must 
be qualified" ... "have a degree" ... "be well 'trained" 
.... etc. It must be remembered they are not talking 
about different teachers because these students were 
matched for this variable.

4,6. Degree of westernization
In the literature, especially in H.S.R.C. reports there 
•is great stress on the effect of culture on the perfor­
mance in matheroatios among black people in South Africa 
(e.g. Groenwald (1976) and Van den Berg (1978) as dis­
cussed in Chapt;.-r 3, section 3.4.4.1.) Others like Gay
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and Cole (1967) in their studies on the Kiieile of 
Liberia have shown that in a primitive non-technological 
society, a different type of mathematics from what we 
normally understand by this term, may be more ap­
propriate for survival, and the Kpelie far out-score 
their western matched groups in estimating such things 
as quantity of rice in a given container, They scored 
highly in problems relevant to themselves and poorly in 
the more ordinary mathematics. Okonji (1969 and 1971) 
has done research on the effect of culture on a people's 
thinking, although in his studies, crude physical en­
vironment seems to be the dominating factor and he re­
lates lack of certain necessary nutrients with perfor-

Imance in intellectual tasks. For these reasons it was 
hypothesised that there could be a correlation between 
degree of westernization and performance in mathematics. 
Diagramatically it was assumed traditional Tswana cul­
ture and western culture could be quantified and these 
would represent the two extremes of a continuum as shown 
in Fig 4.1.
It was expected that the four matched groups of students 
would be situated at different points along the con­
tinuum - those who were good at mathematics were ex­
pected to be far to the right, and those who were poor 
in mathematics were expected to be towai'ds tlie left.
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Figure 4,1. Degree of westernization continuum

T/?AJ)1T/|J/^(-7(3

TSOAN/\
+70

-*<------ ------- «------- !------ 1-------I_____t..,  .  i

McClelland (1975) presents one method of analysing na­
tional character and this was used by Kiely (1983) to 
analyse the Tswana character using the following 
categories:

a) child rearing
b) political behaviour
c) religion
d) leisure
e) work
f) death
g) general

These seven categories were used to construct the 
measuring instrument by designing guesticns in each 
category to score a maximum of 10 points. To each ques­
tion two extremes were devised after consultation with 
27 staff members of Bafokeng High School. These ex­
tremes were scored for the traditional Tswana one
and "+" for the western one. The scores therefore could 
range from a possible -70 which would indicate an ex-
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tremely traditional Tswana person, to a possible +70 
which would indicate an extremely westernized Tswana 
person.
The scores obtained are shown in Table 4,3.

Table 4.3. Degree of westernization

B O V S G I R L S
SUCCESSPUL UNSUCCESSFUL SUCCESSFUL UNSUCCESSFUL

N 8 8 5 5
Total Score -27 -28 -32 + 25
Mean Score -3,4 -3,5 -6,4 + 5,0

The scores show no significant difference betiveen the 
two groups of boys but the girls' scores not only showed 
a very wide divergence of values but were quite the 
reverse of what had been anticipated.
The Pearson correlation coefficient for degree of west­
ernization against mathematics attainment mark was: boys 
0,123 (non significant,'; girls =-0,648 (p < 0,01) 
as a result of the pilot study certain items .need lo be 
redesigned, others needed to be reworded. Still others 
yielded no clear information and were omitted.
The instrument itself was judged to differentiate be­
tween successful and non successful students, at: least 
in the case of the girls and it was decided to include 
it in its modified form in the main field study.



241

4.7. English language ability i!
According to Dickson et al (1984) there is very little 
research literature available on the role of language in 
mathematics learning because interest in this field is a 
relatively recent development (P.335). Be that as it 
may there has been considerable interest in, and con­
troversy about, the relationship between language and 
thought. On the one hand psychologists like Bruner 
claimed linguistic development precedes abstraction and 
at the other extreme Piaget considered thought to com­
prise "internalized actions" and therefore cognitive 
development comes first. Dickson t ai (1984) quote 
Piaget (1972):

linguistic progress is not rhsponsible for logical or 
operational progress- It is rather the other way 
round. The logical :t operational level is likely to 
be responsible for a more sophisticated language level.

Despite Dickson et al's claim that little research has 
been done, Skemp (1971 and 1979) deals with language and 
mathV,matio3 learning. Skemp distinguishes between a 
concept and its name:

A concept is an idea, the name of a concept is a 
sound or a mark on paper associated with it. This 
association can be formed after the concept has been 
formed or in the process of forming it. Skemp (1971, 
P.23)

Dickson et al (1984, P.331) refer to Choat (1974) and 
Vygotsky (1962) who appear to agree with Skemp's posi­
tion that thought and language, while not to be confused
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with each other are nonetheless interdependent.
Gay and Cole (1967) put forward the extra problems in­
troduced by language in the teaching of mathematics when 
they showed that some languages don't have names for 
certain necessary mathematical concepts. Bishop (1983) 
reports the same difficulty:

language is a confounding variable. In a place like 
Papua New Guinea it is difficult to separate concep­
tual limitations from linguistic confusion, (Bishop 
1983, P.195)

Bishop goes on to discuss the problems that arise in 
teaching matlteraatics in less technologically oriented 
cultures. He notes that home life culture tends to be 
socially oriented and school culture more abstract and 
analytical i.
Serpell (1976) quotes Ferguson (1959) as defining High 
and Low language according to aspects of culture nor­
mally discussed in each language. Home life is 
generally thought of as low culture, school life is 
regarded as high culture. Siann and Uguegbu (1980) 
found the same to be true elsewhere and they quote the 
work of ioung (1977) who researched attitudes of edu­
cated Papua New Guineans towards "village" )<nowledge and 
school I'.nowledge. As a whole, Xoung's subjects were 
favourably disposed to the type of knowledge that they 
thought was typically taught in schools (Siann and Ug- 
wuegbu 1980, P.209). I'he cultural conflict that arises 
is described by these authors thus:
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Within Western frames of cognition, when a problem is 
put, say, in a school situation, ... the subject is 
assumed to be aware that in answering than problem he 
must confine himself only to what is given in the 
problem. He must not venture outside the problem set 
by reference to any specific knowledge he may have 
about what happens when that type of problem: occurs 
in everyday life. Instead he must "disemboi.' the 
problem (ibid P.206).

a fuller discussion of language c\nd mathei ■ will be 
presented later in Chapter 7 whan the issue of bilingual 
teaching will be dealt with.
In order to examine the relationship between language 
and mathematics attainment skemp's definition of lan­
guage was used, Skemp defines language as:

A set of symbols with their associated cor a such 
that for certain relations between the r a there 
corresponds certain relations between the .cepts. 
In a verbal language the relations bet symbols 
include order of words, punctuation, and inflections. 
So the concept "meaning of a word" can now be ex­
panded to "meaning of an ordered and punctuated group 
of words and their inflections" (Skemp 1979, P.159).

Two tests were used to measure English language ability, 
one a dictation exercise which depends largely on the 
ability to hear and comprehend spoken English and the 
other a written comprehension passage which tested the 
ability to read and comprehend. Many authors distin­
guish between reading skills and comrehension of content 
(e.g. Minkcwich et al 1982, and Watson 1980) but it was 
decided that for the purposes of this study it would be 
sufficient to compare oral and written understanding and 
to examine the relationship between each of these and 
mathematics attainiment.
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Michau (1978) has reviewed some of the research into the 
connection between language and maths achievement among 
Zulu students and she has identified two crucial areas, 
viz the effects of culture and the effects of language 
on the development of mathematical proficiency (Michau 
1978, P.21).

4.7.1. Dictation
All of the mathematics teaching in the Bafokeng region 
of Bophuthatswana is done through the medium of English, 
and in most cases the teacher talks, using the lecture 
method. The passage chosen for dictation was a 
paragraph from a standard 7 career guidance book. The 
test took just over five minutes, the students seemed to 
find it very easy and the scores were generally high as 
seen from Table 4.4.

Table 4.4. Scores on dictation test

B O Y S G I R L S
SOCGESSPOL UNSUCCESSFUL sue SSSFUL UNSUCCESSFUL

N 8 8 5 5
Total Score 242 236 164 161
Mean Score 

J____
30,3 29,5 32,8 32,2
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The passage was read by the researcher slowly in short 
phrases and was repeated just once. The scoring was 
done on the basis of Skemp's definition of language 
quoted above. From a maximum score of 40 there was 
deducted one point each for mistakes in:
<i) punctuation and spelling
(ii) order of words aud
(iii) meaning of each sentence
The results show there is no statistically significant 
correlation between dictation and mathematics 
attainment. Pearson correlation coefficlaht +0,116 
(N.S.)

4,7.2. Reading comprehension
The comprehension test was one chosen by the senior 
English teacher in Bafokeng High School from the text 
book used by the standard 8 students. The scoring given 
in the text bock was used without alteration. Maximum 
score Was 40 points. During the administration of this 
test all the 26 students obviously understood the task, 
and they took an average of 10 to 15 minutes to read the 
passage, then they set about answering the questions, 
constantly referring back to the passage to find the 
answers. One student finished in 30 minutes, three took 
40 minutes five took 45 minutes and most of the others 
required a full hour to finish,The passage was typed on 
A4 paper and each student received a copy of the passage
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together with the questions.
The scores were as shown in the Table 4.5.

Table 4.5. Scores on the comprehension test

B O Y S G I R I, S
SUCCESSFUL UNSUCCESSFUL SUCCESSFUL UNSUCCESSFUL

N 8 8 5 5
Total Score 191 156 66 95
Mean Score 23,9 19,5 13,5 19,0

The results here show no clear pattern. For the boys 
those who were successful scored higher, on average than 
those unsuccessful in maths but the opposite was true 
for the girls. There is a very small non-significant 
negative correlation -0,017 (N.S.) between maths mark 
and comprehension scores.

4.7.3, Result
It was decided that language and mathematics learning 
probably does need investigation but that the dictation 
and comprehension tests used here yielded no useful in­
formation and would not be used in the main field study, 
a number of fjmall scale language tests would be designed 
instead along the lines suggested by Michau (1970),
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Bishop (1983), Gay and Cole (1967) and focus on the 
Tswana language itself. ’
Thei-e is no need to give a separate comprehension test 
as the marks obtained by the students in the standard 7 
public examination could be used to establish possible 
correlations between maths and English attainment marks.

4.8. Perception
The recognition of patterns and the ability to copy them 
as in the Koh's blocks test has been used for many years 
in intelligence teats. At the Bafokeng platinum mines 
training centre one of the test batteries used to select 
candidates for further training from among new, mostly 
illiterate recruits is just such a test. The embedded 
figures test is also used to measure analytical ability 
in the sense of being able to break down a complex 
figure into its simpler components. Serpell notes the 
similarity between the Koh's block test and the EFT 
(Serpell 1976, P.39) since both depend on visual
perception, It has been observed that one feature which 
distinguishes "western man" from "African man" is that 
the preferred mode of communication for the former is 
visual at least in the present age, whereas for the lat­
ter oral communication and body language has up to now 
remained the dominant mode of communication.
In 1960 Hudson sparked off an avalanche of research by 
his article on pictorial depth perception in sub-
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cultural groups in Africa. His findings were .••hallenged
by Dawson (1963 and 1967), Wober (1966 and ), Okonji
(1969), Berry (1968) and Deregowski (1968 |nd 1972).
The outcome of all this research was a deepening of our
understanding of pictorial perception and the role of
schooling. It was found that perception of, for example
depth or again, movement, in a picture depended on a
number of visual cues which vvere learned by exposure to
pictures. Serpell quotes Miller (1973):

If an individual has never learned that a picture may 
represent some object he will not be able to perceive 
any object when first presented with a picture 
(Serpell 1976, P.99)

Verster (1982) found white males scored higher than 
black males in the area of video-spatial thinking. The 
research was done in R.S.A. and use t\:as made of tasks 
involving perceptual disembedding of a figure from a 
gro^ind (P.267). Skemp observes that director systems, 
within a person, have no direct access to actuality, the 
outside, and depend on mental mode’s which are activated 
by sensory input among other things. In perception in­
ner reality and actuality fuse into a combined ex­
perience in which each is modified by the other. He 
defines perception as "becoming aware" (Skemp 1979, 
P.32). Elsewhere Skemp discusses how needs etc. may 
selectively sensitize one's perception (ibid P.139)
Prom the discussion presented here it seems people dif­
fer in visual perception according to their upbringing
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and training. The question must be asked whetheV there 
is a link between perceptxial style and mathematics 
attainment. certainly Witkin claims there is a strong 
correlation between field independent score and mathe­
matics ability (Witkin 1954).
This researcher has had many experiences both within and 
without the classroom where the lack of ability to per­
ceive correctly a relatively simple picture or diagram 
has been a real stumbling block for Tswana students. 
The whole teaching of science is baaed on diagrams in 
many black schools due to lack of science equipment and 
one wonders at the difficulty faced by secondary school 
students who must learn electricity from circuit 
diagrams etc. To recount just one instance from per­
sonal experience:

Elliot M. is the head student in Bafoken High 
School. He is studying maths and science. ? also 
helps to org. .ise educational outings for his class. 
One day he accompanied his maths/science teacher to 
Rustenburg to hire a bus for the outing. First they 
had to go to the bank to have the school cheque 
endorsed. When they arrived at the parking lot the 
teacher went to the machine and inserted 15 cents and 
pressed the button and noted the machine had begun to 
give out a ticket which had date, month and time 
printed on it using small "z" letters as shown in Fig. 4.2.
The teacher told Elliot to take the tici^et and wait 
in the car while he himself did the bank business. 
When everything was completed they drove to the bus 
depot and finalised arrangements there. On the way 
back to school Elliot began to laugh and the teacher 
looking across at him saw he was holding the parking 
ticket in his hand and shaking with laughter. When 
asked for an explanation Elliot explained that he had 
this piece of paper which the parking machine had 
given out about one hour ago and he had been trying 
to make sense out of the jumble of "little z letters"
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which were on the paper. Just now he recogi ised 
their meaning.

Fig. 4.2. Machine printed parking slip

On redaction, this incident seemed to point backwards 
to the work of Koffka, Kohler and Wortheimer in the 
early decades of this century in Germany. They were op­
posed to the analysis of comciousneas into elements and 
they held that a consciows complex experience cannot be 
constructed from an associative composition of separate 
elements. They used the word "gestalt" meaning "form 
and organisation" for the structured meaningful wlole 
which an individual p 'ives from the separate (ilementa 
(Jordaan & Jordaan P.16). Their law of-percer tual
grouping states that the individual is inclined to find 
the best possible form of figure (= gestaP ) so that the 
Gestalt may aquire the maximum meaning (ibid P.363).
It was hypothesised that the ability to form a gestalt
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xvould be related to mathamai.ics attainment and the ex­
perience of Elliot referred to above was used as the 
instrument. The students were presented with a i;opy of 
the parking ticket and asked what they could see. They 
were given five minutes for the Lest and were asked to 
write their (swers on a sheet provided. The scoring 
was done by the researcher.

30 points awarded for - AUG 28 12.26 
25 points awarded for - AUG 28 
20 points awarded for - Month and numbers 
15 points awarded for - Big letters wade wit,!i small z 

letter
10 points awarded for - letter z only 
The results are given in Table 4.6.

Table 4.6. Scores on the peroqution test

B O  y s G I R L S
SUCCESSFUL UNSUCCESSFUL SUCCES.S’PUL UNSUCCESSFUL

N 8 8 5 5
Total Score 159 154 01 89
Mean Score 19,9 19,3 16,2 17,8

Thera is some difference between t)ie men. >w>rer of the 
nirls compared with the boys but no signific-iut dif-
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ference between the successful and the unsuccessful 
groups. There is no statistically significant correla­
tion between maths scores and perception scores. The 
Pearson correlation coefficient is 0.C8 (N.S.). As a 
result of the pilot study it was decided to pursue this 
line of enquiry on a small scale basis hut jt to use it 
for the main field study. Two follow up studies would 
be undertaken:
<i) embedded figures test and
(ii) the concept of rectangularity among the Tswanas.

4.9. Self image
4.9.1. biterature background
Terminology in the literature can be confusing in rela­
tion to thii topic of "self". Authors use terms such as 
"self-concept”, "self-esteem", "self-image" and 
"attitude to self". Here no distinctions will be made 
and the term used will ssimply indicate the vleiv that the 
individual has of himself as an individual (Jordaan & 
Jordaan, 1975 P.32). In the follov/ing discustiion use
will be made of the working definition presented by 
Siann and Ogwuegbu (1980) who say:

...self may be defined as the knowledge we all have 
of ourselves that embraces our past history, our 
present existence and our expectations of our future 
life .... (ibid P.71).

Another difficulty which arises concerning self-image is 
how to measure it, the most popular being an instrument
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which is a questionnaire composed of a iarge number of
questions scored on some form of Likert scale. One such
instrument was constructed for use in Bophuthatsv;ana
schools by Kiely <1983, P.224) which consisted of 60
questions and used a 5 point Likert scale. Siann and
Ogwuegbu <1980) address this issue of how to measure
self-image and they report from their study of empirical
research that the best predictor about how people would
behave under certain circumstances was:

...simply asking subjects themselves how they thought 
they would behave. In other words, insight into 
other people can be gained by asking them how they 
view themselves <ibid P.71).

For these reasons it was decided to Cf <lect qualitative 
data only in this section ind two instruments were used: 
<i) personal interviews, carried out a.d recorr‘ed by 

the researCner and
<ii) written paragraphs e-’titlod 'my, ,lf" 'ritten by 

each student in ahe form of a letter to the re­
searcher .

During the interviews, each of which toolt approx 15 
minutes bhe researcher focussed on:
<a) general impi'easion based on: dress, facial

expression, gestures, language ability in English 
which included the ability to understand tlie question 
asked as well as to reply in an intelligible manner; 

<b) answers to specific questions clustered around 
<i) student himself
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(ii) part.nta and home
(iii) friends
(iv) school and mathematics
(V) plans for the future.

4.9,2. Results and findings of self image queations 
firstly regarding (a) general impression, the group of 
successful boys cannot be differtnti’'.ted from the group 
of unsuccessful boys on this basis. All of the boys 
were found to be very friendly, responsible, tlioughtfuJ 
in their replies and very pleasant to talk with. Only 
three of the total of 16 boys Interviewed could be said 
to be poor in speaking English and two others were a bit 
frightened by the interview ordeal. One boy (from the 
successful group) positively resisted being questioned 
and had to be literally "captured" by his companions 
having eluded the researcher's attempts to intervit.v him 
“ he said biuntly that he did not believe this interview 
was for research purposes but refused to say vvhat he 
thought its purpose was. He was "released" vvittioui. fur­
ther pressure to answer.
Similarly there were no clear differences between tlie 
successful and unsuccessful girls emerging from this 
part of the interview. Two of the ten girls (one from 
each group) were shy and had very limited English; 
otherwise they seemed to be well-mannered, luird working 
and friendly and they tried at all times to atuswer in
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open straightforward manner.
Secondly in their answers to (b) (the specific questions 
part of the interview) there was little to distinguish 
the successful from the unsuccessful students. Some 
slight differences did emerge and they are given in the 
appropriate section below.
(i) Students themselves ■- during weelcends most of the 
boys spend their time worlting around the house, playing 
soccer, studying, going to church, talking with friends, 
watching TV or engaged in other forms of relaxation. 
More of the successful boys mentioned work around the 
house and study than the unsuccessful ones who mentioned 
playing soccer more often. The same pattern was noted 
with the girls - the group of successful girls spend 
more time at home working around the house and going to 
church on Sunday and by comparison the group of un­
successful girls indicated more varied occupations and 
past-times. It was clear from their school uniforms and 
shoes that all the students interviewed were from a 
fairly low socio-economic background. This was con­
firmed by their answers to "How would you spend R103 ?". 
Most said they would buy food, groceries, candles or 
other items required at home or else they would buy 
school clothes, shoes or textbooks. Just one or two in 
the group said they would use the money to buy new 
fashionable clothes for themselves and only one person 
out of the 26 interviewed said he would spend it in Sun
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City. Only four of the 26 have electricity in their 
homes.
(ii) In their replies all the students showed a great 
love and respect for their parents and even those who 
had to work hard at home and those who were very poor 
expressed real pride in their family. Ten of the 26 
have their fathers working in Johannesburg - the others 
work locally and live at home. Three of the 26 have 
their mothers also working in Johannesburg and 10 of the 
26 have their mothers working lot ily. Two of the 8 
successful boys say their mothers are not married. It 
also appears the parents' of the unsuccessful boys are 
better educated than those of the successful boys which 
seems strange. The opposite is the case for the girls - 
2 of the 5 successful girls have parents who completed 
standard 10, but none of the unsuccessful girls' parents 
did standard 10. Three of the 8 successful boys say 
their families don't have any newspaper coming regularly 
into the house. All the students have some kind of 
radio and 17 say they listen most often to Radio Tswana 
while only 9 say they prefer Radio Bop. Over half of 
the 26 students say corporal punishment is used at home 
when they do something wrong, including many of the 
girls, although mostly the girls said they are scolded 
rather than beaten for wrong behaviour.
(iii) When talking about friends en interesting point 
emerged. The groups of successful students seemed to
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spend more time at their school work than with their 
friends while the opposite was the case with the un­
successful students who seemed to be more sociable. 
Three out of the successful boys and 2 of the girls said 
they didn't have any special friends because the didn't 
trust other people and they may lead them into trouble. 
It appears the successful mathematics students are 
characterised as a conservative group, very highly 
motivated to success in school, and a bit fearful of 
being led astray by companions. These characteristics 
are generally the result of home life and the urgings of 
parents for their children to do well at school. This 
parental pressure also emerged from the replies about 
punishment. Six out of 8 successful boys said they were 
beaten and their parents used corporal punishment for 
wrong doing as compared to 4 out of the unsuccessful 
boys.
(iv) Nothing very clear arose from this part of the in­
terviews to distinguish successful from unsuccessful 
students. All the students attend school so that they 
can get good jobs and have a good future. All said 
they liked school. Most of the unsuccessful girls men­
tion helping other- people as a reason for choosing a 
certain career. In answer to the question: "Why do some 
students do well in mathematics and others do badly?" 
there was no pattern which could be identified.
(v) Regarding their plans for the future there is a
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clear distinction between the groups. The two groups of 
successful ,i \(. lents - both boys and girls - prefer 
science-orientated f'/»i technical careers like engineer­
ing and medicine, whereas the unsuccessful boys and 
girls prefer more social-type careers like teaching, 
law, and social work.

4.9.3. "Tell me about yourself" letters
The purpose of this instrument was to complement the 
interview. The student was given a page which had writ­
ten at the top:

I don’t know you please tell me about yourself. 
Write a short paragraph here about yourself.

This instrument was based on Jersild (1952) who used 
unstructured compositions to explore self­
conceptualizations. Jersild categorized the responses 
into fourteen groups such as: physical appearance,
ability in sports, personal character, social attitudes, 
parents etc. (Gordon, 1975 P.264).
There are very clear differences between the boys and 
the girls in their letters about themselves as one would 
expect from Irwana children, where the cultuve still 
distinguishes very sharply men's roles f'.om women's 
roles. For example the boys are more con'̂ - rned about 
physical characteristics, personal character and human 
relations. The girls are much more limited in what they 
have to say and speak mostly about school subjects.
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theii- homes and future careers.
In comparing the matched groups of boys i.e. the 
successful against the unsuccessful it appears the lat­
ter are more out-going and they list more activities 
such as playing soccer, visiting friends, making jokes. 
The successful boys are more concerned about school sub­
jects and the difficulties they have in school. The 
same is true for the girls and the unsuccessful ones are 
more sociable than the successful ones.
In general the letters confirmed what had been emerging 
out of the interviews namely that there are personality 
differences between the two groups - the successful stu­
dents are hard working and dedicated to their school 
work under the influence of fairly strict parental 
control. The unsuccessful students are more sociable 
and out-going and are interested in subjects like his­
tory and literature.

4.9.4. Results of self-image investication
No quantification i of data was attempted here but the

li

findings do indeed indicate a strong correlation between 
self-image and achievement. It was decided to use the 
self-image variable in the main study but to revise the 
instruments in the light of the work of Minkowich ^  
ad<1982). This would facilitate a quantification of 
data for this variable. At the same time qualitative 
data could be collected in a shorter form during the



personal interview which would focus more specifically 
on mathematics and the student's own perception of him­
self in relation to mathematics.

4.10. Findings and conclusion
Not much useable data were collected from the pilot 
study and t' • reasons may be listed as (i) small sample 
of 26 (ii) main purpose of the study was to test the 
measuring instruments :.ot to collect data (j^x) the 
rigid "over-objective" approach of the researcher which 
was a move away from anthropological to so-called scien­
tific research (which has proved inadequate to deal with 
the real nature of the problem of success and failure in 
mathematics) (iv) the criteria for "success" had to be 
lowered to such an extent that it is doubtful if any of 
the successful group were, properly belonging to that 
category at all. The reason for this lowering of the 
criteria was to enable the researcher to make up suffi­
cient numbers for matching purposes. The first draft of 
the pilot study was written up in the form of a 
"progress report" in October 1986. It was agreed that 
as it stood using a scientific design, it really did not 
serve the main purpose t.f this research. It was agreed 
that it wa.s necessary to look for insights and that the 
anthropological approach was more likely to illuminate 
the real nature of the problem. Hence the researcher 
pursued the following strategy!
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step 1: Return to bt-aics - what is this research
about?

step 2: What use is Skemp's model for this research?
step 3: Can any empirical data be collected as a

result of step 1 and 2 ?
step 4: Can this data be structured in a meaningful

manner?
This research aims to uncover differences between 
successful and unsuccessful students in the learning of 
mathematics at standard 7 level. The main criterion for 
success was performance in the standard 7 public 
examination. In the pilot study only 4 students scoring 
symbol D (50 - 59%) could be used in the matched groups, 
the rest of the "successful" students obtained symbol E 
(40 - 49%). On investigation of the marks sheets for
the standard 7 external examination sent to the schools 
it was discovered that these mathematics marks had been 
moderated upwards by more than 10% and sometimes by as 
much as 30% which meant that many of the "successful" 
group had in fact scored less than 4 % in their real 
performance. It seems necessary that in view of this 
finding the criterion for success should be "obtain sym- 
boj. P or better".
This research has set out to look for differences in 
preferred modes of thinking that may enable a student to 
reach that high level of abstraction which is neceSiiJary 
in order to succeed in mathematics - and this does not
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include metely to scrape a pass.
Skemp (1979) develops a model of intelligence based on a 
goal-orientated director system. In his build up to the 
model in Chapter 1 to 4, Rkemp discusses several issues 
which shed light on the present research. Briefly these 
are!
(i) By “success" Skemp means the ability to use infor­
mation in new situations and the ability to think in al­
ternative ways of reaching a goal state. (ibid P.191) 
This is very different from scoring a mere 40% in a 
maths aicamination.
(ii) Skemp discusses the role of emotions in hi over­
all view of intelligeice. Intelligence is the ability 
to learn and its function is the development of director 
systems which are adaptable and successful (ibid P.IO).
(iii) In his presentation on consciousness, Skemp dis­
tinguishes between an "outer world" called actuality and 
an "inner world" called reality. We direct our actions 
and experience the result of these actions within the 
limitations of our own inner realities. The 3tions 
themselves and the objects of these actions exist in ac­
tuality (ibid P.21).
(iv) The fit of inner reality to outer actuality is 
carried out by a process Skemp 'alls reality testing. 
Tr re are three modes of such reality testing:

mode 1: experiment - testing expectations with 
facts;
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mode 2: social - testing against knowledge and
beliefs of othet* people by discussion; 

mode 3: internal consistency (ibid P.34).
Empirical data can indeed be collected as m  Ssiown in 
the pilot Study. The instr-uwents on attitudes, degree 
of westernization, and an adapted form of the self-image 
were used in the main study. But this was not enough. 
An effort had to be made to find out how the students 
think - how they experience within themselves the outer 
world of actuality and what modes of reality testing 
they use. For this, a research design based on an 
anthropological model had to be devised and this will be 
described in the next chapter. For the structuring and 
analysis of the data it was decided to use Skemp's model 
of intelligence as a framework for problem solving 
procedures. But this model is limited because coo 
little is yet known about Tswana students in the area of 
learning mathematics. The framework of cognitive styles 
as developed by Witkin in his field-dependency theories 
and other authors who have built up other frameworks was 
also used for analysis of the data of this research be­
cause of its flexibility and also because of the amount 
of research already done iri this area by Okonji, Wober 
and others using African subjects.
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CHAPTER 5 
RESEARCH DESIGN

5.1. Introduction
As a result of the pilot study described in the previous 
chapter a major redesigning of this research was 
necessary. The correlation study proved incapable in 
this instance of uncovering the real nature of the 
problem. The field of research being undertaken here is 
largely unknown territi.ry and a great amount of ex­
ploratory work must still be done before the sUtge of 
hypothesis testing can be reached. It was decided that 
a design based on the anthropological model rather tiian 
that of the natural sciences was called for and that the 
uniqueness of the Tswana students must be explored in 
depth. The purpose of the resetrch design is twofold 
according to Kerlinger 0,986, P.280), to provide answifer,, 
to research questions and secondly to control variance. 
This is done by making a plan and by providing a struc­
ture (ibid P.279). This may be a straightforward matter 
in some situations but there is nothing simple about it 
in the present social structure in the Bafokeng region 
which is characterised by rapid social change as 
reported in chapter 1; indeed the changes were evident 
even as this research was in progress. There has been a 
population explosion during the past twi hty years which 
coincided with the economic exploitation of platinum; 
there has been a shift in the occupations of the people
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from cattle and crops to mining, factories and wages; 
tarred roads, dial telephones, television and Sun City 
are just a few things which have come to the region in 
the eighties; and just over ten years ago the region was 
incorporated into the new state of Bophathutswana. In 
the schools the response to technology has been to 
heighten the interest of everybody in mathematics be­
cause this is perceived as one sure path towards secur­
ing an easy well paid job.
Educational research which is carried out in such situa­
tions of rapid change presents several difficulties 
which have been summarised by Serpell (1976);
(i) Regarding theory, the tendency is to apply theories 
developed in the West and to force them onto the non­
western society in order to establish how general these 
theories are (P.112). Usual’ it is found such theories 
are not applicable and the common explanation is sought 
in how the theory was operationalised instead of ques­
tioning the theory itself. Research must start with the 
situation and the people in their own culture and not 
with a theory into which they are forced to fit willy 
nilly.
(ii) The ethnic bias of the researcher who is an out­
sider tends to shape the significance and definition of 
problems and in the f.frican context it must be acknow­
ledged that there does exist a deep seated belief in the 
myth of Western racial superiority (ibid P.115). Berry
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(1969) accoriiing to Serpell (1975 P.116) acknowledges 
this problem as a serious one for the validity of the 
research. He says the best that can be hoped for is 
that the researcher may achieve a "derived outsider's 
view concept" which may be "functionally equivalent" to 
the "insider's view concept". This may come about only 
if the researcher is k onscic < throughout the research 
of the personal bias arising because of his own culture 
(ibid).
(iii) The very matter of tests and instruments used to 
collect data and how to analyse the data is also a 
problem. The dice are loaded in favour of well estab­
lished tests naturally, but most of these have been 
designed in the West. Most researchers are unable to 
consider radical alternatives because they are unable to 
see the behaviour they are studying within its own 
unique cultural context (ibid P.117).
The design presented in the following pages therefore 
attempts to unravel the question of success and failure 
among the Tswana students of thi Bafokeng region by 
using participant observation and clinical interviews as 
the major research tools. The theoretical backgx-ound is 
discussed in 5.2. below and the structure is set out in
5.3. The rest of this chapter fills in the details of 
the plan to control variance.



5 .2. Research methodology
5.2.1 General approaches
There are two major approaches in educational research 
which may be described as normative and interpretive 
(Cohen and rfanion 1980, p.21). The normative approach 
follows the method used in the natural sciences. Using 
this method to explain human behaviour requires of the 
researcher:

to adopt the perspective of a detached outside ob­
server intent upon classifying what he sees and hears 
in the light of some theory he holds about the way 
society is structured... (ibid p.22.).

This approach can be conceptualised in terms of Dewey’s 
analysis of a complete act of thought as outlined in 
Chapter 3 section 5i2.2. Kerlinger (1986, p.ll) uses 
Dewey's analysis to present his discussion of the scien­
tific approach in behavioural research.
The second one is described by Cohen and Manion (1980, 
p.23) as "interpretive" and is based on the principle 
that man has the unique ability of being able to inter­
pret his experiences and represent them to himself. 
Katz (1953, p.59) pointed out this method of interpre­
tive anthropology has been widely used by 
anthropologists in conducting field studies. According 
to Katz there are two types of field studies, ex­
ploratory and hypothesis-testing. In the exploratory 
study the researcher tries to see what is there and Lhon 
from the findings may come knov^iedge about important
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relationships between variedes which later must be 
tested (ibid P.74). The work of Gay and Cole (1967) and 
Cole et al (1371) which was discussed in Chapter 3 sec­
tion 3.4.1. above could be seen as an example of this 
type of field study. Kerl.’ncjer (1986) refers to this 
type of research as "non-experimental" which he defines

i ■ ' 'as a:
... systematic empirical enquiry xn which the scien­
tist does not have direct control of independent 
variables because their manifestations have already 
occurred or because they are inherently not 
manipulable. Inferences about relations between 
variables arc made, without direct intervention, from 
concomitant variation of independent and dependent 
variables <P.340),

Nisbet (1980) notes the fact that many educational re­
search workerv- ax'e growing more disillusioned with the 
results of traditional empirical research and he advo- 
cac.es the anthropological model because it enables the 
researcher to see the educational process from the view­
point of the learner. He continues:

The descriptions used by different participants to 
explain their experience provi-les an exploratory tool 
(P.6).

Ary et al (1985) use the term "research method" as 
referring to the general strategy followed in gathering 
and analysing the data necessary for answering the ques­
tion at hand. These authors list four categories for 
classifying educational research:

1) experimental, in which variables are manipulated;
2) ex post facto, in which the variables cannot be
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directly manipulAted;
3) descriptive, which describes and interprets what 

is present;
4) historical, in which the historian attempts to 
tell what was (P.26).

Before this section is brought to a close attention must 
be paid to an important contribution made by Skemp 
(1982) on this question of methodology. Skemp discusses 
two categories of theory in relationship to mathematical 
learning. Type 1 theories are those typical of the 
natural sciences. A Type 2 theory on the other hand is 
a model of regularities in the ways by which Type 1 
theories are constructed and by which plans of action 
are derived from these theories. Each of these has its 
own methodology. Type 2 methodology is concerned with 
constructing models of hew Type 1 theories are 
constructed. The word "constructed" is explained as the 
building and testing by one of three modes: (i) experi­
ment (ii) discussion or (iii) internal consistency. 
Skemp then stresses the importance of this dislinclion 
between the two methodologies if one is to avoid the 
anomaly of building a Type 2 theory but using a Type 1 
mode of testing. Mathematics is a Type 1 theory but re- 
seaicn aimed at understanding how people learn mathe­
matics is a Type 2 theory (P.183-189).
Skemp then gives the following practical guidelines:

Prom the foregoing analysis, diagnostic interviews 
and teaching experiments both emerge as methods ap-
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propriate for the construction of a Type 2 Ui<?ory. 
In a diagnostic interview, the o.ypcrinuinta;r sol s up 
internal tentative images of whal. might be in tlif 
child's delta-one ... he tries to get inKidc tlie 
child's mind ... the experimenter m̂ ŷ hope to ('on- 
struct images of tha thinking ... and ... ol I iio ways 
in which they construct plans from their available 
schemata. Prom these, regular!!ies may possibly he 
abstracted and jrit together into a theory. (ibid 
p.l89) .

Snow^ in reviewing research in education for 1976 re'ers 
to research which sought to distinguish field indepen­
dence from general intelligence and then relate it to 
mathematics achievement but failed to isolate the cogni­
tive style factor. The mathcmatj.ca score may represeut 
either or both of 'cwo abilities or a more basic one, and 
correlational analysis alone, he claims, will never

4'/7(5) (im)solve this problem. Snow like Skemp calls for pr<jeess 
descriptions of how students solve the pi iblen.s repre­
sented in different tests and this calls for inlrospec:- 
tive interviews as well as much experimental ana lysis 
(P.80).
in the light of the above discuasion it was decided lo 
construct a research design which could be de.scribed as:

(i) anthropological in terms of Nisbet and Cfilien 
and Manion;

(ii) nonexperimental in terms of Kor'inger;
(iii) descriptive in terms of Ary et__al;
(iv) field study in terms of Katz;
(v) Type 2 in terms of Skemp.

The research question was: What factors are asKoeiated



271

with success and failure in mathematics among standard 7 
students in the Bafokeng region of Bophuthatswana?

I

The research method used was "illuminative" in character 
and by this is meant the researcher became immersed in 
the situation itself,; while maintaining an openness to 
the total situation yet was tuned into whatever emerged 
in the investigation; by gradually deepening the study 
the researcher attempted to zero in on critical areas. 
Statistical analysis was used as appropriate. Trian­
gulation techniques were used as the basis for checking 
reliability and validity.

5.2.2. Delimitations
After the initial survey of the literature was carried 
out it became clear that the field of mathematics educa­
tion was indeed a very broad one and xt would be impos­
sible to pursue all the leads that ej:isted. For example 
Alexander and Simmons (1975) and Schiefelbein and Sim­
mons (1978) have reviewed determinants of school attain­
ment research in developing countries and the number of 
variables investigated runs to more than fifty. There­
fore certain delimitation decisions had to be made in 
order to make the present research feasible,
i) Regarding the focus of the research it was decided 
to focus on the students in preference to teachers or to 
mathematics. It is the belief of this researcher that 
the problem in school mathematics for Bophuthatswana
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lies in our lack of understanding of the Tswana school 
child. We don't know enough about his cognitive 
structures, his language difficulties, his attitudes to 
mathematics or the effect of the culture on his 
learning.
ii) For a theoretical framework which could be used it 
was decided to use Skerop's (1979) model and to adapt it 
for the present research as described in section 5.3. 
below. The adapted model would serve for ordering the 
empirical data.
iii) The study would involve one high school and its 
three feeder middle schools as comprising one educa­
tional unit in Phokeng. This would provide a standard 7 
population of approximately 600 students in eleven 
classes and it would involve seven mathematics teachers.
iv) Two types of data would be gathered viz information 
from the whole population by means of questiortnaires and 
then in-depth interviews would be carried out with a 10% 
sample using the clinical interview method. Personal 
observation and informal interviews would also be used 
to provide more background and for validation purposes.
v) Only basic arithmetic word problema would be used 
for the interviews. No attempt vjould be made to cover 
other sections of mathematics such as algebra, geometry 
or even the more difficult parts of arithmetic like 
fractions and percentages. The rearjon for this decision 
was two-fold: one, it was felt better to work at some
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depth on a limited content than to do superficial work 
on a broader surface; and two, it was felt that the stu­
dents who were having problems in mathematics had never 
really mastered the basics such as the four arithmetic 
operations, and this needed to be investigated,
vi) The main investigation would be carried out on just 
one group of standard 7 students namely those present in 
the schools in June 1987. It is well known to ex­
perienced teachers that students differ from year to 
year and what is true for 1987 group may not be true for" 
1988 or any subsequent group. To control this factor 
examination results for several years were analysed and 
no obvious differences could be identified in the per­
formance of std 7 groups over the years.

5.2.3. Limitations and generalizations
Every research aiims for generalization of its findings 
to a wider population. From the discussion in the pre­
vious section however, it is clear no overall extension 
of the present research findings can be claimed to all 
of Bophuthatswana. Furthermore in view of rpoint vi 
above it is not even possible to apply the findings to 
other standard 7 groups apart from the 1987 group 
investigated. But research must begin somewhere and the 
present study looked at the Bafokeng region in 
Bophuthatswana and selected the Phokeng educational unit 
of that region for analysis. It is reasonable therefore
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to extend the conclusions the Tlhahano nii-cuit of 
education which includns the Bafokencj region whi<-'h has 
Phokeng as its capital.
Phokeng is neither an urban township Hi.'r a rural 
village; in some senses it is unique xn Bophuthatswana, 
being a traditional African village which is situated 
beside the very rich platinum mines. This can he 
regarded tis an advantage or a disadvantage vis a vis the 
generaiizability of the research findings. From one 
point of view the findings cannot be applied to any 
other district because of Phokeng's unique feature.s, but 
this researcher rejects such a,limited approacli.
The Bafokeng belong to the larger class of Tswina people 
with whom they share the same language and cusltrms. 
Clearly tneir tribal history and the manner in which 
they have reacted to change are peculiar to themselves 
as was shown in chapter 1. On the ot.her hand tlie 
economic pressures of the nineteen eigtitles and the 
political groupings and so on are sirolar to those faced 
by other groups in Bophuthatswana. Seen from tiiis view­
point the findings of the present research into success 
and failure in mathematics can be accepted at: slieiidiiuj 
light on the wider Bophuthatswana area, providing a 
deeper understanding of mathematics foj' the wliole 
country. It is certainly fair to extend the conclusions 
to the Tlhabane circuit and with a great deal more cau­
tion some of the finding.s can be extended to
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Bophuthatswana as a whole. The sechioiis wh.ii.;)i may l)f: 
genex-aJ ized include the analysis of the Tswana langu.jye 
and degree of westernization dealt with in ch.ipl i*r 7 and 
the teaching styles given in chapter 8. The same degree 
of oei-tainty cannot be claimed for the socio-economic 
findings of chapter 7 and the material report.ed in ciuip- 
ter 9. The findings of chapter (> on the performance of 
60 std 7 students in the picture problems can reasonably 
be gener.ilized to the whole std 7 population of the? 
educational unit studied but no claims of wider 
generalization can be made.
In order to exteand the findings of the present rest.arcli 
to all Bophuthatswana several studies along the lines 
proposed here would have to be undertaken - at. lea.sl. one 
in eauh of the seventeen educational circait.s. I'ui'ther- 
more statistical precaution.s to ensure proper randomiza­
tion would have to be taken.

5.3, theoretical framework
As noted at the end of the previous seclJon the focus of 
l.his research was on the student and the main aim was t.o 
compare successful and unsuccessful mafhemal ii.'s sl.udî nt.s 
within the Tswana culture. Romberg (1982) spcalts about 
research into the learning of mathematics operations as 
suffering from the serious drawback of not iiaving .a 
generally accepted pai-adigm (P.2). This has led to a 
great proliferation of facts but. no theory to make sense
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was used in the main and the theoretical framework for 
the research was based on Skemp’s model of intelligence. 
Skemp develops this model in his book entitled: 
Intelligence, Learning and Action published in 1979. 
The chief reasons for this selection were firstly, 
Skemp’s own interest in the teaching and learning of 
mathematics, as a teacher, a researcher, and author; 
secondly because this model provides a structure ap- 

opriate for the study of the Tswana way of doing 
mathematics.
Skemp describes intelligence as a goal directed activity 
- a process not an object - and he elaborates his model 
in terms of a director system which applies itself to 
the attainment of goals. In order to do this the system 
must have some means of identifying its present state 
vis a vis the desired goal state and some way to compare 
the two. The other components are a part which is sen- 
si.tive t'j the environment, called a sensor and a part 
which determines what happens when the object is not in 
its goal state called a plan (ibid P.42). A brief 
description of the director system is given in chapter 3 
above section 3.2.4 and fig 3.3. Skemp (1979, chapter 
10) fills out in more detail the connection between goal 
state (G) and present state (P) by means of a diagram in 
which knots represent concepts and lines represent con­
nections between concepts and the whole complex is a
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shown in Fig 5.1.

Fig 5.1. Cognitive map of present state and goal state

G: Goal state P: Present sbate Skemp (1979, P.144).
With reference to these cognitive maps, Skemp says:

Our schemas are at the core of viability, in any 
universe of discourse: be it literally finding our 
way to the place we want to be, or the complex and 
abstract paths by which we move from awareness of a 
problem to its solution (ibid P.144).

By means of a similar diagram Skemp conceptualises the 
idea of "understanding". He says the achievement of un­
derstanding is the making of connections between an iso­
lated unconnected point (P) with an existing schema. In 
Fig 5.2. the present state (P) is shown as a point which 
is not connected to any existing schema in the person's 
mind. Since he cannot therefore move from this isolated 
state to the desired goal state (Gf we say understanding



has not been achieved.
Fig 5.2. Cognitive map to show the state of "not- 
understood"

Skemp (1979, P.1455
In Fig 5.3. on the other hand the present state (P) is 
now connected into an existing schema and the person is 
enabled to move along any number of different routes in 
order to reach the goal state.

Fig 5.3. Cognitive map to show the state of 
"understanding"

Skemp (1979, P.145)



Furthermore the emotions signal "not-undarstood" 
(unconnected P) as frustration and anxiety whereas they 
signal "understanding" (connected P) as confidence and 
security (ibid)>.
As rem'' iced already Skemp's model was given in section
3.2.4. of chapter 3 above. For the purposes of the 
present research this model was adapted as shown in Fig
5.4.

Fig 5.4. Model used for picture probiem tasks

c H £ i :  K

(i) P: present state as perceived by the subject, iden­
tified and disembedded from the picture problem

(ii) G: goal state also derived by the subject from the 
picture

(iii) Plan: the proposed route taken by the subject to 
move from P to G represented by a single arrow

(iv) Check: the manner the subject checks that the goal 
has been reached and no errors have been made, rep-



resented by a double arrow

Only two components were used as a basis for the con­
struction of this model, and for the designing of the 
picture problems in chapter 6. These components were:
i) Present state which was given in the form of pictures 
and words e.g. Picture problem 2 (Appendix B No.2) con­
tains the key information that Thabo has 8 trees each 
with 6 apples.
ii) Goal state was given in the form of a guestion writ­
ten at the bottom of the picture e.g. in picture 2 just 
referred to the subject was asked to determine the total 
number of apples owned by Thabo.
These two components were linked by (iii) Plan which 
consists of a one way arrow to indicate the route from P 
to G devised by the subject and (iv) Check which con­
sists of a double arrow to indicate a checking system 
which would provide information about the solution. The 
chief advantage of this model is that it provides a 
framework for categorizing the subject's behaviour as he 
dealt with each picture problem. This enabled a scoring 
system to be constructed. Furthermore comparisons could 
now be made between subjects on the basis of their per - 
formance in the picture problems and since these scores 
provide a rank order for the performance of the subjects 
in the picture, problems the scores could be correlated 
with the maths examination marks attained in school



tests.
Little work has been done in order to understand how 
cultural influences operate in the development of
schemata among the Tswana. This was researched in­
vestigating the following:

(a) Tswana language;
(b) organisation of data by both groups of students;
(c) self-image;
<d) attitudes of both groups towards mathematics;
(e) cultural beliefs;
(f) socio-economic status.

All of these variables were deemed to affect how the 
students formed schemata in the first place and the as­
sumption was made that the kinds of schemata available 
would determine whether or not a student was successful 
in mathematics.
The strategies used by the two groups of students when 
solving the picture problems would provide data which 
might help to distinguish successful from unsuccessful 
ones, and might enable ua to deepen our understanding of 
how the students perform more generally in mathematics.

5.4. Research instruments
In this research the emphasis was on qualitative data 
due to the exploratory nature of the study but quan­
tification was done wherever possible. Throughout the 
research period* observation, non-formal interviews and



small scale tests were used to further deepen our under­
standing of the problem. The quantitative material was 
collected by means of four questionnaires administered 
to all 600 standard 7 students being studied and one 
written paragraph from each student. The qualitative 
material was collected by conducting clinical interviews 
with a 10% sample of the students i.e. approx 60 
students. Personal observations etc. were recorded to 
augment the qualitative data and where appropriate small 
scale tests were used to augment the quantitative data. 
In the collection of essays dealing with research into 
addition and subtraction from a cognitive perspective 
edited by Carpenter et al (1982), Romberg (1982) dis­
cusses the difficulties due to lack of a suitable 
paradigm for organising the facts gathered by research­
ers in this field. He does point out however that the 
data gathering tools are pretty well esablished:

... one feature of an emerging consensus or a 
paradigm is agreement on methods of inquiry into the 
questions of critical importance. In the research 
presented in this volume, clinical interviewing of 
students is the predominant methodology. Carefully 
designed tasks and probing questions presented to a 
small sample of children are accepted as appropriate 
procedures (P .5).

5.4.1. Quantitative data gathering instruments 
(a) Questionnaires:
Four questionnaires were designed for this research and 
these were tested in the pilot study as described in



Chapter 4, sections 4 . 5 4 . ' ^ . ,  and 4.9., vvhere the 
development of these instruments was also dealt with.
(i) Attitudes to mathematics were measured using the 
questionnaire of 35 closed statements (Appendix C) to 
which the students were asked to reply: agree; don't 
know; disagree. These questions were based on Husen 
(1967).
(ii) A set of open ended questions on attitudes to 
mathematics provided further data and allowed the students 
to expand on this topic (Appendix D). This instrument 
was also tested in the pilot study and while it did not 
provide much quantifiable material it proved very useful 
for cross checking the scores on the closed instrument.
(iii) Another questionnaire was designed to arrive at a 
score for cultural beliefs. It consisted of 35 closed 
ended questions based on McClelland (1975) who presented 
categories for an analysis of national character. These 
categories were applied to the Tswana char.\cLer and 
reported by White & Kiely (1985) this was tested in the 
pilot study and redesigned as shown in Appendix E.
(iv) Data on socio-economic status were gathered using 
another questionnaire of 23 questions as given in Appen­
dix F. This instrument was based on Kiely (1983) who 
developed it for a study on students in the Bafokeng 
region of Bophuthatswana.
(b) Paragraph:
Each of the 600 standard 7 students was invited to write
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a short paragraph to tell the researcher about himself 
or herself. The categories for analysing this paragraph 
were based on the work of Minkowich et al (1982) who did 
an evaluation study on success and failure in Israeli 
schools. They analysed self image in terms ofi locus of 
control, anxiety, perceived affection etc, (ibid Chapter 
8) .

5.4.2. Qualitative data gathering instruments
The major instrument here was the clinical interview
which consisted of two parts:
(a) A general discussion with the student about 
himself, school, home and mathematics. The purpose of 
this was firstly to build up rapport because conversa­
tion with a white man conducted through the medium of 
English was expected to be a difficult situation for the 
standard 7 children to cope with. Secondly this 
provided material on how the student perceived himself 
in relation to maths, his friends, his maths teacher as 
well as gathering other data.
(b) The students were presented one at a time with five 
picture problems as described in Chapter 6. These were 
based on the work of Hart et al (1981) and consisted of 
simple addition, subtraction, multiplication and divi­
sion together with a number-line problem in counting. 
In each picture there was the figure of a person speak­
ing some Setswana words and underneath was v:ribten a
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questi-jn. The information given was contained ^.nrtly in 
the words spoken by the figure in the picture and partly 
in the dr<, ’ .g itself. Everything the student said and 
did was iecorded. At the start as little direction as 
possible was given apart from asking the student to say 
what he was thinking. The researcher avoided giving 
cues such as smiling or nodding but prompted the student 
to talk his way through the problem only if necessary. 
After the student had arrived at an answer or failed to 
do so in a reasonable time the researcher probed deeper 
to find out what steps were taken, method used, pos­
sibility of checking answer etc. The researcher was 
sensitive to the followings
What does the student perceive ? Has he the ability to 
carry out the operation required ? Does he know what 
the goal state is in the given situation ? Can he 
devise a plan for achievi the goal state ? Hosv does 
he carry out this plan ? What mode of reality testing 
does he use ?

5.4.3. Other instruments
During the time of the research, in the spirit of the 
illuminative method that was followed, the study was 
continually deepened by gathe^'ing other data as it 
emerged. Small scale tests was one way in which this 
was done as described here:
(i) Organisation of data - samples of good and poor
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maths students were given a numbei' of small coloured 
counters of various shapes and asked to sort them into 
groups. How they did this task was recorded e.g. by 
trial and error, by counting, by division etc. it was 
noted how they sorted the counters e.g. by shape or by 
colour. The differences between good and poor maths 
students were tabulated.
(ii) Perception - different groups of students were 
presented with a drawing of a circle and asked to write 
down what they saw. Groups doing maths were compared 
with groups doing geography and groups doing biology to 
discover if they differed in their perception of this 
figure. The "group embedded figures test" (GEPT) was 
administered to samples of students to measure their 
ability to diserobed a simple figure from a complex one, 
and to 1 out if this was related to their maths 
marks.
<iii) Language - students were given an arithmetic test 
consisting of three sets of equivalent problems: one in 
Setswana, one set in English and the third set using 
only numbers and arithmetic symbols. Samples '•f stu­
dents and some old people were asked to translate words 
and give Setswana words for various geometrical figures 
in order to explore how well the concepts of circularity 
and of rectangularity are developed in Setswana.
(iv> Error analysis v;aa done on the arithmetic teat 
described in (iii) above.
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Finally the qualitative instruments of personal observa­
tion and informal interviews were continued throughout 
the research period with attentio.i to the following!
(a) language used by students doing mathematics problems 

in groups during class.
(b) language used by teachers at morning assembly
(c) problems encountered by students in maths classes
(d) observation of one maths lesson taught by each 
standard 7 maths teacher in the three middle schools 
covered by the research.

5.4.4. Summary of instruments
The factors outlined in section 5.3. above in the dis­
cussion of the theoretical framework using Skemp's model 
together with the instruments for gathering data are 
given in Table 5^*.

5.5. Population and sample
This study concerns mathematics among the Tswana stu­
dents in the Bafokeng region of Bophuthatswana. The
Bafokeng region consists of the area to the north of 
Rustenburg in the Transvaal; it is approx 40 km long by 
25 km wide; its population is estimated to be 97 120; 
number of children attending primary schools is 16996 
for the school year 1982 (Coertze 1987, P.65). The
people live in traditional villages as opposed to 
townships or locations, the more important ones being
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Phokeng, Luka, Kana, Tsitseng, Tlaseng and Photsaneng 
all of which were well established by 1832 (ibid). The 
region is administered by the Bafokeng Tribal Authority 
under the control of Chief E,L. Molotlegi, and one of 
the responsibilities of this authority is the raising of 
funds for the building of schools in the region.

Table 5.1. Summary of instruments used in the research

—

FACTOR INSTRUMENT
QUANTITATIVE QUALITATIVE

Sense modality none Observation & interview
Perception 3 small scale tests Observation & interview
Reasoning small scale test Observation & interview
emotional drive none Observation & interview
Reality testing small scale test Observation & interview
Language 2 small scale tests Observation
Organisation 
of data small scale test Observation & interview
Self-image short paragraph 

small scale test Observation & interviev^
Attitudes 2 questionnaires Interviev/
Cultural beliefs questionnaire Observation
Socio-economic
status questionnaire Observation
Strategies small scale testa Interview



For many years the only secondary school was Bafokeng 
High School, although in the past ten years five new 
high schools have been set up in the region. Bafokeng 
High School was built as a community secondary school in 
1940 and moved to a new building in 1963 (Kiely 1983, 
P.19). Bafokeng High School now serves only the Phokeng 
and Chaneng villages and it draws its students from the 
three middle schools in these villages namely: Keledi, 
Matale and Mafenya middle schools. In 1987 the total 
school enrolment of Bafokeng High School was 752 
students. The enrolment in the middle schools was:

Keledi Middle School (Phokeng) ........  1 021
Matale Middle School (Phokeng) ......... 672
Mafenya Middle School (Chaneng)  ........ 357

TOTAL ......... 2 050
It must be noted these figures which were gathered from 
the school Principals in March 1987 may not be ab­
solutely accurate because of high drop-out rates and 
absenteeism. The numbers could only be finalised by the 
number of students who sat for the June examination.
It was decided to limit this research to the unit com­
posed of Bafokeng High School plus its three feeder 
middle schools Keledi, Matale and Mafenya and to focus 
especially on the standard 7 vstudents.



Fig 5.5. Bafokenq region 1968



The reason for concentrating on the standard 7 students 
were (a) it is the last year in school when all students 
are doing mathematics; (b) it is the year when students 
sit for the standard 7 public examination; (c) it is the 
final year of middle school cycle; (d) it is the year in 
which students must face the decision about their future 
- whether to continue with their formal education or not 
and what subjects to select in high school. The stand­
ard 7 enrolment for the schools studied is given in 
Table 5.2

Table 5.2. Standard 7 enrolment for 1987

Name of middle 
school

number of std 
7 classes

number of std 
7 students

number of maths 
tear hers

Keledi 4 346 3
Matale 4 190 2
Mafenya 3 132 2
TOTAL 11 668 7

It was decided that quantitative data would be collected 
from the whole standard 7 population of these three 
schools and this was to be considered as the students 
actually present in school on the day the researcher 
would visit that particular school in June 1987. Tne



instuments tested in section 4.4.1. above ivere ad­
ministered to each student present. It was decided that 
a sample of approx. 10% would be suitable for the in­
terviews in ofdei- to collect qualitative data as 
described in section 5.4.2. above. Werage enrolment 
per class is just above 40 and it was determined to taUe 
four students from each standard 7 class except, for 
Keledi where the numbers were almost double this average 
and 8 students per class were interviewed from this 
school.

Table 5.3. Sample drawn from each std 7 class

School Number of std 
7 classes

Enrol-^ment Number of students 
interviewed

Keledi 4 346 32
Matale 4 190 16
Mafenya 3 132 12
Total number of students interviewed 60

The following sampling procedure was used:
half the sample was boys half girls ie. 30 boys 30
girls,
The maths teacher was asked to classify tlua students 
into three categories according to (i) good at maths 
(ii) fair at maths (iii) poor at maths. One boy and one
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girl were taken randomly from each group (two in the 
case of Keledi) but after the first trials the students 
from group (iii) i.e. "poor at maths" were so deficient 
in speaking English that there was no point in continu­
ing with this group and it was henceforth omitted. The 
first major finding of the research emerged in this way. 
Students who were classified by their teachers as being 
"poor at maths" were found to be unable to carry on a 
meaningful exchange about the picture problems through 
the medium of English. This indicated a close correla­
tion between English fluency and maths achievement. 
This finding is further developed in Chapter 9.
It was decided to administer the small scale tests 
described in section 5.4.3. above to students drawn from 
Bafokeng High School and to avoid using the same sub­
jects for more than one test. Observations were re­
corded by the researcher when visiting the schools to 
collect the data. Informal interviews were done with 
the principals and the mathematics teachers and notes 
made afterwards. Each std 7 teacher of mathematics in 
each of the three middle schools was observed teaching 
mathematics for one complete class period.

5.6. How the data were collected
Data were collected from the population consisting of 
the educational unit composed of Bafokeng High School 
and its three feeder middle schools which are Keledi,
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Matale and Mafenya middle schools. This was done by the 
researcher over several years but especially during the 
period June, July and August 1987. The purpose of the 
data collection was to study success and failure in 
mathematics at the standard 7 level. The performance of 
the students in the standard 7 public examination in 
mathematics was so bad that it was necessary to inter­
view a sample of the population to determine their level 
of mathematics ability and the difficulties they ex­
perienced as well as the strategies used in solving 
simple arithmetic problems.
A procedure of random sampling gave a group which con­
tained so many students unable to carry on a conversa­
tion in English (approx 30%) that random sampling was 
abandoned. Instead the mathematics teachers were asked 
to select students from their classes, students who were 
"good at maths" and an equal number who were "average". 
The enrolment in Matale and Mafenya was about 40 per 
class and so four students (two boys and two girls) were 
taken from each class. Keledi had up to 80 students en­
rolled per class and eight students (four boys and four 
girls) were taken from each class for interview. The 
interview consisted of talking the students through each 
of five problems involving separately the four opera­
tions of addition, subtraction, multiplication and divi­
sion and one number line problem. It took between half 
an hour and one hour for each interview. The whole ex-
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ercise took four weeks to complete. The findings of the 
interviews are reported in Chapter 6 below, A flow 
diagram illustrating the procedure is given in chapter 
10 Fig. 10.1. and Fig. 10,2. Three sets of variables 
are generally recognised in the literature eg. Alexander 
and Simmons (1975 , Schiefelbein and Simmons (1978) etc. 
as having important bearing on academic achievement:

(i) home variables
(ii) school variables
(iii) personal variables

Data on the home variables were collected from the whole 
population by means of questionnaires designed specially 
for this research on; (a) socio-economic status and (b) 
cultural beliefs. The purpose of collecting these data 
was not cross cultural hut (i) to examine these vari­
ables for possible correlation with matt latics ability 
and (ii) to situate each of the sample of 50 students 
interviewed via a vis the population. These data are 
reported in Chapter 7.
The school variables studied were: (a) physical environ­
ment of the school and the classrooms (b) relationships 
between the teachers (c) teaching style of the mathe­
matics teachers (d) in-service training of the mathe­
matics teachers. No special instruments were found to 
be suitable for this and data were recorded by the re­
searcher as they were observed or heard in informal in­
terviews with the teachers. These data are reported in



Chapter 8.
Personal variables (a) age (b) sex (c) self-concept were 
collected from all the population by asking each student 
to complete a form. Four other areas were explored for 
possible correlation with mathematics ability: (d) com­
mon mathematics errors (e) language used by teachers and 
students in mathematics classes (f) perception of two 
dimensional drawings (g) organisation of data. Data for 
these variables were collected over the whole period of 
the research by personal observation, by informal inter­
views with students and by some more structured inter­
views with selected students. The data on the personal 
variables are reported in Chapter 9. .

5 .7. Validity and reliability
Thiere are two criteria which measuring instruments in 
behavioural research must satisfy according to Ary et al 
(1985, P.213); these criteria are validity and
reliability. Other writers agree e.g. Kerlinger (1986, 
P.391) defines measurement as "the assignment of
numerals to objects or events according to rules" and 
says that while this works well in the natural sciences 
two major problems must be faced in measurement where we 
are not able to observe the objects directly but must 
rely on inference; the problems of measurement now are 
reliability and validity (P.404). Peak (1953, P.248)
discusses a third criterion which she calls "functional


