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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 Witwaktersrand,

1994q.

This research 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 pavents, teachers and students about the high failure
rate in this subject in the exterﬁal examinations.
Mathematics 1is -seen to be important for securing good
jobs in the platinam mines which are aituated on the
Bafokeng tribal lands. .t gencral, greater efforts by
teacherrs and students have made little imparc on the
public examination results.

The present study underiakes ar in-de th analysis of
thig problem in the anthropo]ogibai paradigm using the
illuminataive approach. Inteéviews and gquestionnzires
are used for gyathering 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 velationships between factors'
associated with scholastic success and failure, Two
geparate criteria of "success" are defined, namely the
standard 7 mathematics mark and the performance of a ten

per cent mample in each of five picture problens. The



population 13 c¢nmpoused of one educational unit: the one
high school in Ptokeng, capitai of the Bafokeng, and the
three middle schools whigh make ﬁp the catchment area of
this hiﬁh school . The number of students involved is
approximately fhree tﬁcusaﬂd.

Language and attitudes show gtrong 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 maxk., Surprisingly, self-concept
and enbedded figures scores show no statistically sig-
nificant relationship with either of the two triteria of
svccess,

In order to suvcce2d in school mathematics a student must
attain a high level of abstfaction. This research does
not sugge=st that the case ig any different for Bafokeng
students, buj it attempts to explore the nodes of
perception, “nethods of concept formation and the
development of appropriate schemata by which abstraction
is achieved. Finally the implications for teaching and
learning of mathematics in schoeol are discuésed in the
light of the-findings-ﬁf this research.

This is the first atudy of its type, as far as can be

asgertained, for Bophuthatswana schools.
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Background to the Research

1.1. XIntroduction

The topic being researched in the present study concerns
an asgpect of education among the Bafokeng of
Bophuthatswapa among whom there has been an expressed
need for schooling since the m%ddle of the last century.

ar long ago as the eighteen sixties the then chief Mok~
gatle realised the importance of being abile to read and
write and he visited Lesgotho to see at first hand young
children learning these skills in special miszion
schools {Coertze 1987 P.43). The Bafokeng tribal lands
contain some of the righest wmineral deposits in the
world inecluding sectiong of the platinum bearing
Merinsky reef {Walraven 1981 p.2%}. Extensive mining
devéiopment over tha past .quarter of a century has"
helped to transform 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 peried of change:

the old ways are being challenged, the valttes and cus-
tome of the elders are being replaced by an imported
culture propagated by newspapers, radio and televigicn.

People who oould once walk leisurely through their own



village teo visit their friends are now forced to stand
oh the . side . of ﬁhe road and wait while streams of cars
rush by on their way to Sun Qity. a mere 30 kil&metres
to the north west of Phokeng. Oid men who spent their
own youth running after goats or herding cattle must now
£find money to pay school fees and buy school uniforms
for their grandéhildren. Schools are now seen te be the
gateway to a new material prosperity. The Bafokeng
tribal anthority has invested large amounts of money in
providing gchool buildings and facilities forl its
children {(Moletlegi 1985 P.12), Bowever just as else-
where in developing countries (Thompson 1981 P.86-93)
such investment uﬁaa not yielded the hoped-for high
returns. The obvicous guestion being asked is Why? Why
are so mahy children not able to get good jobs after
completing many years of schooling? Why are sco 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
cleriecal joby in their own mines? What is reguired of
someong to become a shift boss underground? How can a
person hecomé an engineer or a manager? One answer of-~
ten heard in Phokeng and whbich is at least partly true
goes like thisg: "One needs a good matric and this means
good symbels in mathz and science as opposed to passes
in Afrikaans and Bible stugies". This inevitably leads

to the further question: Why are so few dafokeng stu-
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dents doing ma?hs and science in the high schools and
moreover why do so many of those who take maths fail so
miserably?

In the 198B matric. examination an estimated 17 €90
Bophuth@}swana students wrote the examination, Approx
3000 of'éhese did maths and only 800 passed, which is a
mere 5% of those who entered for the examination. It is
to addvess such guestions that the present research has
been undertaken. It mset out to investigate the factors
associated with succesz and failure in mathematics among
the Batfokeng. .

This research started by looking briefly at the nistory
of the Bafokeng and tried to single out what charac-
terises them as a group of people. It was necessary to
study the problemy they have faced in the past and how
they have coped with changes forced on them by clase
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 chaptex
has a broad description of how the investigation was

carried out.
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1.2, The Bafokeng
+2.1. Origing and early history of the B&fgkeng

=

The Bafokeng* make up Jjust one tribal uait among the
Batswana® who inhabit the Republic of Botswana* and the
Bouth African independent homeland of Bophuthatswana.
Both countriesg are named as places occupied by the
Batswana*. Apart from an artificial boundary the éeaple
in these countries are the same, <claiming a common
origin, speaking the same language called Setswana*, and
having the sare customs, %traditions etc. (Mangope 1938
P.28). The geographical location is shown in Fig. 1.1.
and Fig. 1.2.

Reseatrochers have been unable to ascertain with any
degree of certainty where the Tswana-speaking groups
originated. ' Based on linguistic and cultural evidence
there ig no doubt the Tswana and Sotho groups are linked
{Ruperti 1975 Pp.14). Schapera {1953 P.15) ¢laims the
Tswana~Sotho tribes migrated from EBast Africa and en-
tered South Africa probably throngh the western purtions
of southern Rhodesia in three series of migrations.

* In the language szpoken by the Tgwana people prefixes

are used with a common stem in the following mannrer:

ba = the pecple of; thus baTswana = the Tswana people,
baFokenq the Fokeng people. It is customary to write
Batawana and Bafokeng in English,

bo = the plice of; thus boTswana = the place or country
of the Tswana. It is customary to write Botswana.

se = the language of; thus selswana = the language of
the Tswana. It is customary to write Setswana.
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The third and greatest migration brought the ancestors
of the Tswana~Sotho groups who settled as a bedy in the
south western portions of the modern Tramsvaal and then
broke up rapidly info separate clusters. The people in
one of these clusters identified themselves with the
Rwena {crocodile) totem and this group later sgtill sub-
divided into several tribes, one of which was the
Bafokenyg {(ibid). Breutz (1953 P.56} agrees with the
broad outline, but there iz considerable digagreement
about the dating of the events. Breutz (1953) bases his
egstimates on oral tradition among the Bafokeng and sug-
gests the Bafokeng entered the Transvaai in the 18th
century. Coertze (1887) also worked on ofal 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 srrival of the

Whites” (ibid P.13). BArchaeological evidence mtudied by

Mason over a pérind 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 frcm 350 A.D. to 1825 A.D.
He c¢laims these sites indicate the origin of the Sotho-
Tswana people {Mason 1983 P.261). Oother scholars such
as Evers agree that the Iron age material dating £rom
1200 A.D. is indeed ancestral Sotho-Taswana but don't

agree that the fourth century remains can be identified
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with Ehe present day Tawana groups (Evers 1983 BP.262).
Evers rejects the 4th century origin and claims the
Sotho~Tswana Iarrived 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
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Where is Bophuthalsﬁana?

Bophuthatswana comprises seven regions situated within the
geographical area of South Africa. These regions were part of
the originat iands of the Batswana before the British
Government annexed them into South Africa in the yeais
preceding and following the Boer War. The other part of the
lands of the Batswana were constituled by the British
Government into the Bechuanaland Protectorate which was
given its independence by Great Britain in 1966 as the
Republic of Botswana,

‘4



The above &iscuésion might seen irrelevant for the’
present reséaéch were it rot for the political and
economic imp&rtance attached to it by today's leaders.
The South African Government claims egual rights to the
land in the Transvaal basing their claims on the sup-
posedly simueltaneous arrival of whites <from the south
and blacks f£xom the nerth (Ruperti 1975 P.13}.
Black leaders such as Dr. Lucas Mangope, President of
Bophttthatswana, reject sucu claims:
Contrary to the propaganda of tﬁe South. African
Government that the we .came to this-part of Southern
africa together, that they were travelling up f£rom
the south and we were travelling dewn from the north;
it is kncwn that by the year 450 A.P. tLthe Tswanas
were already mettled where they are today and «where
they have been displaced (Mangope 1988 P,23),
Bdward Molotlegi, chief of the Bafokeng also supports
the earlier date and he cla{ms.his tribe "have lived in’
what 1is known today as the Rustenburg area, Lrom timé
immemorialf {Molotlegi 1982 P.2). It must be remembered
that the disputed land contains rich wmineral deposits
includiny some of the most easily accessible platinum
bearing rocks in the world. Claims to ownership have
led to ifriction not only between white and black but
algo between the Bafokeng and the Bophuthatswana Govern-—
ment {Semane Molotlegi 1989 P.35). There seem to be two
aspecta to this dispute. First, and most obvious is the
dizagreement ag Lo how thé._pr9fits from the Impala
platinum mineg should be shafﬁd. In one year royalties

paid to the Bafokengy Tribal Authority amounted toe RI16,§
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million while t&xétion on mnmining revenues sfsaped
Bophuthatswana Government R92,5 million (Molotlegi 1985
P.11). Thg,kafbkeng tribe believe they are entitled to
a bigger sﬁuﬂ,rgf the profits gince Lhey are the legal
owiiers of the lani, Secnnd there is disagreement ;on—
cerning matters of government. The Bafokeng c¢hief 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 assisgtance
dé 2 group of elders called the Kgotla. In 1977
Bophuthatswana wag declared independent and the Bafokeng
lands were iﬁcorporated into the new state headed by
President Lucas Mangope. Mangope has dedicated_himSelf
to estabiishing a Tswana nation along mﬁdern denmocratic
lines with a cﬁnstitution, parliament, ¢ivil service,
judiciary, police, army ete. such as exist in must west-
ern  countries . the « -hties. This has led, :
inevitably, to conflict with the traﬂitional rulers -~
the chiefs -~ who don't wish to abandon the ways of their
fathers. It can be seen that even at the highest
pelitical level conflicts exist between tradition and
modernization ana the straina of coming to terms wivh
change have exerted terrible pressures on the people
invelved.

Returning again to the wider South African gcene one
direst outcome of the conflicts there is the black~whi£e

pelarization and the doctrine of apartheid which has
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dominated the political and social lives of the people
dowﬁ:to the present day. The school systen too has been
affected by apartheid and black children hava been sub-
jected to *Bantu education” for more than thirty years
(Christie 1985, ».228). 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.

*IFig 1.3, Phokeng ~ Rustenburg district
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tains to the south and the Elanda river to the north as -
shown in Fig. 1.3,

The tribal identity waz established with its Jipe of
chiefs, its totem, its kgoro* and villages {(Schapera
1953 P.46)., They had engaged in wars and cattle raids,
and stories fvom thak time .speak of a general contept-
ment and & 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
destroction and misery was caused by the Matabele regi-
menta who under their leader Mzilikazi are.reported to
have wrought devastation aud destruction wherever they
passed {(Bulpin 1965 P.31-45). These years were dif-
ficult ones for all the Tswana tribeé of the western
PTransvaal and some suffered extinction at thig tinme.
Not so however for the Bafokeng, Atho managed to tread a
wary path between the variouns parties and even managed
to keep some form of diplomatic relations open with
Mzilikazi since they had representatives at the Feasting
organiged Lo oelebrate the Matabele defeat of the
Barolong ({(Plaatje 1930 P,53). Later even after
Mzilikazi fled northwards after hig defeat at the hands
of Potgieter allied wikth the Bafokeng among others
{Plaatje 1930 P.142), some special links were maintained

between the Bafokeng and the Mataccle.

*Rgoro - The Tswana people lived 1in large villages

divided into sections called Kgore or "ward”.
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In 16870 when civil wa.~ broke out amopng the sons of
Mzilikazi, now  dettled in the southern 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 thim time and warried into the tribe. He
died in 1883 and hig grave is marked as an important
historical monument in Phokeng to this day (ibid).
From the brief account given here it can be seen that
during the 19th century the Bafokeng developed a strong
image of themszelves as a unigue group. The fosundations
were firmly laid for the emeryence of a people whoze
unigueness is well described in the following words:

«ss my peocple congider themselves first baFokeng-

bakKwena, then Tewana, then African and, only then,
Black {Molotlegi 1985 P.1},

1.2.2, Contact with western culture

Barly in the elghteen hundreds first contacts were made
with white bhunters and traders. Missionaries such as
Moffat of the London Misgsion Society passed through the
Bafokeng area in 1829 (loertze 1987 P,35}. It was only
in 1844 that formal contact was made between Chief Mok-
gatle of the Bﬁfokeng and Hendrick Potgieter one of the
voortrekker leaders (ibid P,39). The meetinhg was cor-
dial and both leaders showed mutual respect and this
remained a feaﬁure of relations between the Bafokeng and

the Boers who later settled in the area under the
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leadership of Paul Kruger lHolntlegi 1885 P.3).
Cafokeng warriors 4jocined the expedition led by Potgieﬁer
against the Matabele,.inflicting heavy logges on Lhem at
Mosega in 1837 (Plaatje 1930 P.142). They also assisted
the Boers in -their fight against the British in the
anglo-Boeyx wars {(Coertze 1987 P.40).

About 1866 Chief Mokgatle moved his principal village
from Kana, a site north of Rustenburg, to Phokeng jwt
there is evidence that there bhad been a flourishing

gettlement at Phokeng long before thig (ibid p.39). AL

the same time the Hermanasburyg Missiocnary Society was
invited to set up a wmission station in the new capital
and they established themselves at Saron close to
Mokgatle's own homs. They laid out recflangular streets
and plota for their own converts and that part of
Phokeng is still faday in stark contrast te the rest of
the village where the linesg are not straight and the
development seems haphazard by comparison. From 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 bheen handed over to the whitaes for
their occupation {(Molotlegi 1982 P.3). Relations were
friendly in apite of this and Chief Mokgatle and Paul
Kruger were perscnal friends. A meeting between the
white settlers and the Bafokeng waa.chaired by Kruger in
rhokeng in 1863 and a large farm was catrved ocut of the

western section of the tribal land and became Kruger's
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own farm which he named Boekenhoutfontein (ibid).
Chief Mokgatie soon realised the dangerous predicament
facing his people and that if the Lrends continued they
would soon be without any territory of their own. an
the advice of his white friends he decided title deeds
must be secured for their traditional lands. at Lhat
time blacks were not entitlied under the law to own land
and the sales were organised through a third party -
usually the Reverend Penzhorn of the Lutheran wmission at
Saraon. Money was needed for this project and regiments
of 50 to 100 men were seht to Kimberley Lo 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 wers killed as a result
of accidents at the diggings or from disease. A  moni~
ment to these young menh at Kimberley carries the
ingseription:
Rest well wmen of the dew (bhaFokeny). In dcath there
is life. 1In bondaye freedom. The Council [ire burans
brightly on Direpotsane and. our grandchildren will
horour you (Molobtlegi 1485 P.9).
The sueccess of this scheme can be judged from the pur-
chase of Beerfortein farm which includes Phokeng, from
Paul Kruger ab a price of £900. The cost was shared by
the Lutheran mission
(,é'z:sm . and the Bafokeng paid ouf jéGBU (ibid@ P.43).

From ¢this incident <can be seen how adaptabie were the
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Bafokeng aﬁthoriti&a. They readily saw the changes that
were takiﬁg place and quickly learned how to earn and
use money. They also learned the intricacies of the
white judicial system and were soon using iy; for their
own purposes (ibid). The Hermannshurg 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 ceremontes and ancegtor worship for
exanple, They also helpéd 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 wegtern style education, which is dealt with

in seetion 1.3, below,

1.2.3. 7Traditions and customs

There ére two possible approaches to the study of the
traditions and the custong of the Bafokeny. Ore pos-
sible approach is to view them as one among many tribes
makiung up the Tswana people estimated to number up to
3,5 million people (Mangope 19688 P.14).

There 1i8 an analysis nf the Tswana national character
available in the literature carried out by Kiely (1983
P,127~133). This analy=is 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) lisking 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 1life and assiygning t’ [facts
to these classes;

c}l 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 te 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 pevple 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),

2 second approach is to undertake an historipal analysis
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of the Bafokeng tribal history and try to identify what
characteriges thgm a3 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
strock by their adaptahility to rapidly changing
conditions; they survived the destruction and famine
and wars of the Matabele reign; they survived the more
subtle invasion of the white men. Fhey were very for-
tunate that during this period they had as chief the
very wise Mokgatle (1834-1B91) to guide them through
those years. Be it was who led his people through the
alcered life style impomed by the new econonic order and
the new judicial system brought by the whites, Mokgatle
too realised that future suvccess for his people lay in
schools and he set about introducing wesktern 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 miugsionaries to
Phokeang. 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
buried from the Iuntheran church in the Chrilstian
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 dispogsessed cvernight.
However once they became aware of what was happening
they set about procuring these new paperz of ownership
but they found a new obstacle in the money payment that
wag 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 cChief
Mokgatle's death in 1891 five farms had been purchased
in this manner.

The legal system practised by the whites was another
innovation. Again the Bafokeng learned quickly how to
ugse this =system to their own advantage and soon they
were making use of it to protect thenselves. One early
example guoted Fy the tribal story tellers concerns a
certain white farmer named Frans Smit who was supposed
to have struck Chief Mokgatle with a sjambok. The chief
brought a c¢ase against Smit in the courts. Snit 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 electroytic extraction of minerals burst on
them in the sixties. Not only did they cope with the
changes which £looded in with the new techpolagy 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 trihesnen. 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 sgometimes doubts
whether the traditional eulture has the capacity Lo
absorb these extraneous elements withoui being a.
togather overwhelmed and swept away by the sheer as-
sertiveness of the example which is presented as
desirable. However our own observation of the fac-
thal situation indicated that although westernization
is ¢ertainly taking place, the traditional heritage
re-agserts itself in the most unexpected situations.
This suggests that the process is unlikely te result
in cultural replacement; it seesms more probable that
a cqaonvergence or synthesis is in  the process of
developing (Coertze 1987 P.66).
It isg in the context of adapting to new situations that
the need for mathematics is being felt. The needg are
being expressed most keenly in the area of personal and
family finance, shopping, budgetinyg. insurance etc. 2nd

related to this is the matter of better jobs, meaning
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higher wages and easier conditions with less physical
hardship. Among the more sducated people there is a
clear realisation that mathematics is essential not only

for surveying, enginesring and ultimately mariagemenk

.pogsitions in the nines 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,

vtraditions and customz of the Bafokeng is based largely

on research done by other workers, A brief summary of

thig research is given in the next section.

1.2.4, Previous resgearch among the Bafokeng

The Bafokeng tribe has attracted considerable inlerest
among workers in various fields of knowledge. One of
the reasons for this must be the survival of the tribe
as an entily with many traditions and customs inLact
through 200 years of turbulent change ripght up to the
present time.

Moffat and Livingstone wrote about their Lkravels through
the Bafokeng lands in the 1820's, They described the
devastation and famine which were rampant. Moffat is
vemembered in Lhe area from having his name associated
with a very big tree ppinted out as "Moffak's tree" near
Phokeng. He is reported to have counted wany 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 descendent of
the first Lutheran pastor to arrive in Phokeug. A more
comprehensive account is contained in the three volumes
published in Germany by Hacius (1907-1920) and used by
Coertze {1987).

Schapera (1953) produced an ethnographic survey of the
Tswana under the aunspices of the International Africa
Institute, TLondon.

Breutz {1953) surveyed the tribes of the Rustenburg dis-
trict for the department of Native Affairs, Pretoria.
Hig book contains a great amount of statistical material
such as lists of schools and enrcolment at the time of
the survey. He devotes forty pages to the Bafokeng and
gives 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 doctcral thesis in 1966 at Lhe

Oniversity of Pretoria and an English translation was

published in 1987 with the title Bafokeng Family Law and

the Law of Succession. Most of this work is taken up

with court cases dealt with by the tribal Kgotla. While
these cases give a very good ingight into the working of
the law they alsc enshrine values. traditions and cus-

toms of the tribe. Chapter 2 has a detailed history of
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tﬁe Bafokeng which uses all the known published sources
as well as ﬁrawing on the memory of the. elders of the
tribe.. Coertze makes only passing references Lo
scheols.

Foxr over thirty years R. Mason {1993) hag been studying
the archaeolegy of the western Transvaal and has
nuRarous pubiications and journal articles in which he
presents his findings and his theories. as far as can
be ascertained no site or Bafokeng land bhas been
excavated. Novels such as Sol Plaatje's Mhudi (31930}
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 1%th century. R. Bulpin {1965) also
refers to the zame 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 Bafokendg.

Another pamphlet which develops these notes of the chief
came to the notice of this researcher in 1985 it iz 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 DUniversity of the
Witwatersrand. This work alsgo contains numerous first

hand obaervations as well as a discussion of the value



44

system among the Bafokeng, Several other interviews
have been recorded during the presenlk 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 negi.. ~d topic and no previous re-
search in this field has been uncovered. There is a
wealth of source material available and it is hoped that
such a project will soon be undertaken.

The present research cannot do justice to bLhe histery of
schooling among the Bafokeng nor was this Lhe intention.
Nonelheless for a proper understanding of the bhackyground
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 Lhe

next sec¢tion below.

1.3. EBducation among the Bafokeng

1.3.1 Bistory oi the schools

Traditionally tribal history, customs and values were
transmitted to the young men and women at the inikiaticn

schools (Bophuthatswana Educabion Reporl 1478, P.5).

Each graduatinp group was organised into a regimenlk and
membership of this regiment lasted all Lhrough life.
The initiatien school for bthz Befokeng was situated at
Kwaling near Maile. The last regimental name o be used

was “Matsie” (locusts) but all the men of Lhal regimenl
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are long since dead (Appendix A No. 3}. It seems the
shrong oppoéition of the Lutheran missionaries succeeded
in ﬂoing away with the initiation schools {Coertze 1987
P44},

In defererce to the missionaries Chief Mokgatle had
decreed in .B875 that no Christian was to k  forced to

attend the initiation school (ibid}.

As mentioned earlier it was Chief Mokgatie who first
realised the importance of western type schools for the
advancement of his people and having heard of such
schools opertting in Lesotho he visited Moshoeshoe's
kingdom to learn more about them. On his return from
this visit Chief Mokgatie contacted the Hermannsburg
Missionary Society immediately and the Rev. C. Penzhorn
was sent post haste in 1866 to open a mission staltion in
Phokeng {ibid p.43). 3z well as building a church the
Rev. Pentzhorn statrted literacy classes for the purpose
of catechetical instruction and Bible reading. These
church schools were very popular and spread to other
centres such ag 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
Setgwana and scholars paid a shilling a month Eor sichool
fees. The aim of these schools was to p epare childran
for confirmation but they were also tauwght 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
recounis;
I was born on the 22nd October 1900. I grew up herd-
ing sheep and goats 'first and later I herded cattle
foxr 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., oy
father paid the school fees for my brother Benjamin
and myself but he couldn't allow us both to attend
school at the mame time, He needed one to look after
the cattle. I 4id one week school and one week to
lock after the cattle. When I was in school my
brother was with the cattle. In 1918 I made iy 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 inlko the prosperity o¢ the
whites. They had geen what could be done by the new
technology at Kimberley diamond mines and later in the
Johannaesburg gold mines; they had experienced at first
hand the mighty havoc wrought by the guns of the
Voortrekkers and soon rumounrs of mighty steam locomo-
tives pulling wagon after wagon in a long line oun rail-
way tracks began to spread. The so called "mineral
revolution” was well under way in the Transvaal (Dencon
and Nyeko 1984 p.101) 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 culuure
and traditions of the people.
The result wasg that only the formal mechanics of
Wester education were accepted while the inner core
or gsoua of the system, such as characlter development,

socialization and ot.er intangibles which creale the
ethos of Western culture, s.mply ocould not be
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transplanted wholesale inte a totally different

society which posgessed its own cherished culture

{Bonhuthatswana National Bducation Report 1978 P.6).
The Bafokeng were not satisfied with“the limited range
of subjects offered by the Lutheran schools. Tne‘ move
for a wider curriculum whicii would include arithmetic,
geography and music, was spearheaded by Dedrick Pitaoe
{Kiely 1983 p.18). Pitsoe had worked in the Kimberiey
mines before tr#ining as a teacher at Lovedale. His ef~
forts to introduce new subjects brouwght him into con-
filict with the Rev E. Penzhorn, manager of the ILatheran
school in Rhokeng. supported by the Chief Molotleygi
Mokgatle Pitsoe left his post at the chureh 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 premivm on English and arithmetic.
There was also music on the programme and Dedrick Pitsoe
even started a brass band which travelled as far as
Johannegburg teo give recitals {(ibid}. Malachy Mputle
describes how he himgelf 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
conld read for da:livering the meat g0 you could know

where to bring it I was with some friends At Tur-
fontein racecourse one Sunday and we Saw someone
selling banaras and oranges ouiside the gates. We

started a discussion about how to make wmoney by sell-
ing a pocket of oranges. I ow'ldn't do it because T
wasn't. good at addition, My Zp.end who had gone tvo
school in Lesothe told me:

"Yott can't make a business if you can't calealate”.
T asked him: “What can I do?" He told me: "You
must go to sc¢hool man". I asked him: “Will I be able
to count and add if I go to school?" He told we



about a wight school in Booysens on the other nide of

Johannesburg. That was a Sunday. On Monday I went

out and bought a lamp for my bicycle and I went to

that schoel at 7.30 pm. I found a Xhosa mistress

there and I told ner I had finished standard one at

home and I wanted to do standard two. They tested me

g?d put me back to standa: ! chne again (Appendix 2 No.
Malachy conbtinued his gchouiing unlil 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
hig 2wn backyard) which consists of 600 laying hens and
he sells 20 to 25 dozen eggs a day. Whether it was
Dedrick Pitsoe's break with the church schools or a more
¢nlightened management, the Church authorities estab~
lished more orthodox primary schools which operated side
by side with the confirmation 5ghools 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 cime on a voluniary basis
to help prepare candidates for confirmation in the
Lutheran chureh. 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
rajoicing, dancing and feasting made the ocecasion such
that one was reminded of what the graduation from the

initiation school must have been like in the old days.

Pressures fLor change also came from the wetling up of
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other Christian churches in Phokeng, One of these -~ the
Pepntecostal BHolinzss Church was established by the Rev
Spooner {Breutz 1953 P.72), an American negqro who came
to the wviliage in the nineteen twenties, As well as
conducting services he built a school to sexrve 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 ox less the same pattern ag the develop~
ment of the so-called "miszion schools® in the Union of
South Africa, The growth was uneven and educated blacks
rosed a threat to the segregation policy of the newly
elected Nationalist Government which came into power in
1948 {(Dencon and Nyeko 1984 »,197}. In an effort to
rationalise the situation the Eiselen Commiesion was set
up in 1949 and the Eiselen Report was duly subnitbted two
years later (Rose and Tunmer 1975 P.244). The report
was highly critical of all the church bodies involwed in
education:
School control by religiocus hodies has created a mul-
tiplicity of adminisirative units of very unegual
size and efficiency and with widely diffevent concep-
tions ag to the aims and practices of education {ibid
P.247).
Elsewhere the report noted the confliet that contem-
porary African education produced between traditional

tribal gociety and western European society which

usually led to pupils despising tribal custure in favour
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of western culture (ibid P.248}. This section of the
report is sharply contradicted by the information
provided by the old men interviewed during the course of
the present research. No evidenpce was found in their
staries that they had come to despise traditional tribal
culture as a result of their attending mission schoolsg
run by the Lutheran church. However the Bophuthatswana
Report 1978 gquoted earlier seems to support ithe Eiselen
Report in this matter. This raises guestions 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 ocuch issurs. Any deeper inves-
tigation of the criticisms leveled at the nission
gschools by the Eiaélen Commigsion is owtside the scope
of the present research, An interesting debate on the
topic is given in Christie {1985, P.2L9% - 231). What is
of interest here ism what happened after the acceptance
of the Eigelen Hegport. Legislation was prepared and two
years later the Government passed AaAct No.47 of 1953;
later on thi® acl came to be known as the infamous
"Bantu Nducation Act" {(Reose and Tunmer 1975, 2.258). 1In
pasaing, it must be recorded that this act created the
Bantu education system which was so vielently rejected
by #onth African black school children during Lhe Soweto
riots of June 197¢ {(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 tﬁere were fourteen primary schools in the
Bafckeng region {Breutz 1953 P.713).

In the forties a certain Mrs MeGregor, as the local
Transvaal education organiser for the Phokeng area, was
instrumental in setting up a secondary school in the olad
house helohging to Chief Manotghe (aAppendix A No. 5). &
few years later funds were raised by the tribal Kgolla
and a brand new building was erected in 1945 and named
Bafokeny High School (Coertze 1987 P.§7}). 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 minimum of Lhree years
i.e. at standard 8 {(Form III).

The Senior Certificate examination could be written in
standard 10 {Form V). Entry reguirements for teacbher
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 wag only in 1983
that the teacher training colleges in Bophuthatbswana
stopped enrolling students with Standard 8 Certificates,
In 1962 the old premises were deemed by the Kgobla to be

ingufficient for increased earxolment and a new site wasg
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chogen 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
Secondayy =school and renamed Matale Junior Secondary
School (Appendix A Neo. 3). A sketeh 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 forwara thinking of
the Kgotla at that tine. Four specialised rooms were
provided, nawely, science  laboratory, library,
hougecraft room and woocdwork room. Two toilet blocks
with f£lush toilets were built, The recreation area had
. an athletics track, a football. ground, netball court,
softball ground. Finally a large school vedgetable gar-
den was fenced off for the teaching of agricultural
science. The first principal of the newly built school
was Mr Sifora who gave the s=cholars the mottoe “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 Bducation 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 Schaol G‘f?é)
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All the schools in the Bafokeng region are classified as
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“community schools® which méans the local community has
built them and continues to maintain the buildings while
the Department of Education_pays the teachers’ =salaries
and controls the syllabus an& the teaching.
In the eighties the Bophuthatswana Department of Educa-
t.ion introduced a new school structure of Primary (std 1
to std 4), Middle (atd 5 to std 7) and High (std 8 Lo
std 10) schools. Ag a result of thig reorganisation
Matale and Mafenya Junior Secondary schools becane
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 Jupe 1976 in
Soweto by.a protest against the iwpesicion of Afrikaans
as a medium of instruction. The trouble spread rapidly
throughout the country and Bafokeny 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 ungualified and unable to handle matric
subjects which provoked the students. The school was
completely disrupted for about gix weeks in
Septembey/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 h.iew he was
not able to rva fast took shelter in a house ... he
was dragged owiside and stoned until he was uncon-

ciouas ... he sapent several months in hospital and
never came back to teaching ... " (Appendiy A No.1).
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The school only reopened for Lhe end of year examina-
tions and naturally neérly all failed. Mr. Mantswe, the
Principal, promised the students improved staffing for
the following year. Due to the same riots in 1976 a
private Roman Catholié 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 belanged to a group known as
de La 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 2 No.l}
becaugse of the apartheid 1laws of the country which
prohibited such an arrangewment. It was perinitted in
this instance becaunse Bophuthatswana was well on the way
towards independeﬁce by that time., The enrplment during
the next four years exploded and the number of students
doing mathg innreased more than five fald as shown in
Takle 1.1.

Over the past tun years there has been a massive invest-~
ment of funds by the Bafokeng tribal authority in educa-
tion and =several new schools have been bailt. At
present Phokeng still has only one high school viz

Bafokeng Bigh School and the inkake comes almost ex-
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clusively from three middle schools: geledi, 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 anong the

Bafokeng people.

Table 1.1. Bnrolment patterns in Bafokenq Hiah School

YEAR NUMBER NOMBER NUMBER NUMBER
ENTERED WHQ WHO WHO
FOR STD 10 OBTAINED OBTAINED - ENTERED
EXAM M. CERT S. CERYT MATHS
1977 42 9 21 8
1978 50 16 26 13
1979 118 29 72 29
1989 161 50 92 46

1.3.2. B8chool problems

Jugt as elsewhere in Africa the schools in Phokeng may
be regarded both as the product of scciety and as power-
ful instroments for development and bringing about so-
c¢ial changa (Thompson 1981 P.131). It can be see¢n from
the short higtery of schoels in Phokeng given in the

previous section that there were prassurey for change in




57

the =schools from various groups right down the yuars.
" Por cownvenience in the present discussion only the
groups of parents, schelars, teachers and nanagement
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 were seen to be necessary for coping with changes
brought about by the coming of the whites. The church
schools served the people well until it was realised
that reading the Bible and hymn singing was not <«.nough.
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 pergon 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 steries 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 thig resulted first in Dadrick P, n»e's
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breakaway private school and second in Lhe eventual set-
ting up of primary schools with a much broader rvange of
subjects though ' still controlled by the Lutheran church.
In the twenties eveun the church aimg were frustrated Lo
some extent when the Rev Spooner arrived frow America
preaching pentecostalism. He set up another primary
school which was based on the tenets of his own vevsion
of Christianity apd differed from the Lutheran one. it
iy well remembered by the old people that wivalry and
even personal animosity existed betWEeq the two
reverends (Appendix No. 2),

During this period the Bafokeng tribal Kgotla had also
begun to buiid its own tribal primary schools in Phokeny
and@ in other centres. The forties brought another
crisis, The tribal Kgokln realised the powerful inj
fluence of the schools and they used f&e Transvaal
education ofiicer Mrs McGregor to fight their case.
This lady had a house just outside Rustenburyg. She was
well loved by the people and trusted by the Chief and
the Kgotla (Appendix & No. 5}, Mrs MeGregor helped in
the seétting np of tribal primary schools all over the
Bafrnkenyg trihal 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 be felt and demands from the
gcholars and their parents for an cevexr widening cur-

riculum were wet as they aross. For example in 1945 the



large house which had served as the secondary school was
no longer big enough. A new building was aerected on the
site of the present Matale middle school to provide
clagsrooms for the increased numbers and to provide
training in home economics as demanded by the parents.
In 1953 there was a demand for mathematics by the stu-
dents 1in the secondary sehou]l and a certain Mr. Morari °
wag 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 foliow
maths and he brought them along up through the school
g}?h mathg as one of their subijects (Appe?dix A No.
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
gcheols there now emerged a new problem. An ever widen-~
ing rift developed between the scholars and their often
illiterate parents or grandparents, Ags a result the
scholars tended to become a very independent group and
they wevre hard to control. They accepted school dis-
eipline only in so far ag they felt it to be just.
There have been serious clashes between the scholars and

the teachers at Bafokeng High Schoel. 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
ungualified teachers who were unable to teach matrice
subjects properly. That problem was solved in 1977 by
the recruitment of three University graduate white
teachers. Again in 1985 students rebelled and this bime
the major complaint was the excessive use of corporal
punigshment. No real solution has yet been found to this
problem. One thing which was quite remarkable in both
of these outbreaks was that no parénts were involved in
the negotiations (Appendix A No. 5).

In recent vears there has been an ever increasing aware-
negs among the students of th LImportance of mathematics
for obtaining better jobe 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
mathe clasz in 1986. But as the number taking mabths in-
creased so also did the number of those who failed to
pass maths in the gtd 10 examination. The same is true
for the standard 7 examination which usually produces
twice as many failures in naths as passes. Al) Lhe stu-
dents must take mathematices in the middle schools and
all must do mathematicz 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 siudents do maths at
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least wup to std 8 level. The schnols cannol cope with
this demand firstly because there are not sufficient
suitably gqualified teachers, and secondly becanse the
std 8 syllabus is geared for students. who will need
maths - ... University and there is no provision for the
needs of students who want to 4o maths for other
reagons. It seems that at this Lime 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. fTeachers reply that a minimam of 40% pass
in std 7 is essential but most of the students have not
reached this standard and therefore won'i be able to
cope with the std 8 maths syllabas. Then parents want
to know why their children f£fail in std 7 and no cne
seens able to answer that guestion, If a std 7 beacher
attempts a partial answer such as telling Lthe parent
that your child is not bright enough, the indignant
parent will poi.it te another child who may have passed
and claim that hig own child is as brighi as that one.
Much confusion exiets in the debate and there is a real
need for research into success and failure .1n mathe-
matics among students especially at the standard 7
level. The present research wag underilaken for thig
very purpose -~ to shed gome light on the real situation
and to attempt to broaden our understanding of the

problen, In the next mection 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 Presgent Research

1.4.1., The problem outlined

There are two external examinations done in the secon-
dary scheools in:Bophuthatswana. AL 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
pags rate in std 7?7 wmaths is very low. The mnational
average for Bophuthatswana over the years '86 to '88 was
35,0%, 35,3% and 30,8% respectively (Bophuthatswana_ﬂa-
tional Education Report 1989). But this does not give
the full picture. In Bafokeng high school there are al-
moat 300 pupils enxclled in std 8 classes. The symbols
obtained by this group_in_tha std 7 maths exam are sum=-
marised in Table 1.2. The distribution of marks in
Table 1.2, approximates closely to ancther 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 lesg than

40% in the examination and only 95 pupils scored 40% or
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over.

Table 1.2. 3td 7 maths symbols ¢f Bafckeng H.S. pupils

8YMBOL MARK % - NUMBER PERCENTAGE

A a0 + 0 g

B 70 - 79 3 0,4

C 60 - 6% 2 n.8

D 50 - 59 19 65,9

E 4G -~ 19 73 26,6

F 33 - 39 63 23,0

G 25 - 33 46 le,8

H 0 - 24 71 25,5
TOTAL 278 100%

In most schoole in South Africa 40% is taken as a pass
mark for a subiject. it must be conciluded that large
nunbers o students are unable to reach the mathematics
objectives met for them at mua 7.
Margaret Donaldson (1978} write= that the common sense
explanation and one that is often heard in such « situa~
tion goes like this:

+s+ the inevitable conclusion ...

is that either large nurbsrs of students are ir~-

redeemably stupid or that the teachers are not dou.nyg
their work (ibid P.i5).
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Tn hiz capacity as a maths ﬁeacher in Phnkeng the
present researcher has attended several meetings where
this problem of the difficulty in learning mwmaths bhas
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
toe 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, ‘Bophuthatswana Minister of Education, in
hig 1987 budget speech noted the large increase in money
voted for education over the previous five years., In
1982 it was Re66 million and in 1986 it had jumped Lo
R186 million. He then referred to the larger nunber of
failures in the standard 7 and standars 10 examinations
and guestioned whether the expansion- in funds was
producing ap egquivalent expansion in qualicy education
{Popagano 1987), The viewpoint of the department ocffi-
cials and school inspectors is that the std 10 teachers
are not doing their work because so many std 10 pupils
are failing mathg,. For example at one meeting the fol-
lowing figures were quoted: Iin 1988 approx 17000 stu-
dentgy entered the std 10 examinations in Bophuthatsw:-* -
but only 3 000 {i.e. 18%)} did maths. 0f this number
only 800 passed and most of them had poor symbols.

Hence approx 5% of the total std ..0 group passed maths.
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This i% not acceptable to the department of education,

and the reasong given include:

(i) Administrators in the University of Bophuthatswana
{UNIBO) complain that they ca. ot recrunit 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 classesg. The figures given indicate a mere
26 students for the five colleges in Bophuthatswana.

{4i1) Proposals for setting up a medical university in
Bophuthutswana are in jeopardy because sufficient
students with adeguate passes in mathematics are not
available.

Not swvprisingly the teachers have guite a different
perceptions Their view has been expressed at humerous
teachers' meetings and in magazine articles; for example
Lehobye rriticised the mass production of 1ill equiped
pupils in Bophuthatswana who aquire knowledge through
rote learning. Hle alleges that "inflexible curricula
which overplay the importance of end of year
examinations” ig one of of thé root causeg of the
problem (Lehobye 1987). The thinking of the high school
maths teachers, as expressed at meetinas, runs like
thiss

(1) The produsts from %Ye middle schools are very

pourly prepared in maths. Their symbols are very low
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and many of them have never dune whole sections of
the middle school gyllabus such as graphs, geometry
etoe.

{ii) 'The blame¢ for the poor matric mathsg results is al-
ways put on the heads of hi_h school maths teachers
who are accused of being lazy, not giving students
sufficient work to do in achool or at home, and not
correcting the homework and not metivating or en-
couraging the students stc. The high school maths
teachers reject these allegations as not being brue.

{(iii) There is no consultation with the teacherg about
the syllabus content., It is constructed by people in
anthority and it is imposed on the schoolu. Then the
teachers are blamed because the students are not able
to learn the syllabus,

{iv) Mathg is very difficult compared to other subjeckts

and therefore proper guidance is needed to direct
gtudents inte 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 hidghlights this issue:
In our swhool out of a hundred students who applied
for admission in January only six had obtained symbol
E or F in the std 7 maths. Tha rrincipal said we
couldn't have a class with only 6 students doiag
maths 8o another 36 students who had symbols ¢ and H
in maths were bundled together to make a class of 42,
I am now trying to teach std 8 maths to thi:r class
and it im impossible.

{v} There is a huge gap between the maths abttainment
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of the students entering std 8 and Lhe overloaded
mths content 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 wilh examinations. One
teacher expressed thiz precccupation thus:
It is an undeniable fact that to a great egxteni a
successful teacher is associated with the performance
of his or her students at the examinations .,. thus
pagsing examinations aas become the principal aim of
teaching (Agsan 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 tlie students'
interest in mathematics.*
As a group the middle school mathu teachers tend to be
less vocal about their own viewpoint. During courses
mogt of the time is taken np with learning the std 7
maths coutent. As a body they seem less sure nf their
maths than the high school teachers. Many of them say
they have been forced to teach aaths since no one else
was available in their schools, Others point oul. that
they are really vprimary school teachers who have heen
-ansformed inte middle school teschers because their
school was wpgraded bud they received no special train-

ing Lo prepare them for thig new work. The few whe do
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raflect on the mathe problem express a viewpoint Qame—

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 maths classes conducted in that
language.

{ii) Many of the gtudents are unable “o do even simple
arithmetic caleulations, they don't know their tables
and they cannot solve sven sinple word'problems.

(iii) There is a very wraong 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
Johanneshurg or elsawhere. They have litile money
and they can't buy books. 8o Lhe schools have been
providing text books for the past 3 years, Sometines
you may f£find a student who passer Lhe whole day at
school without eating any food., There is no
electricity in the hoﬁes and it ig not easy to study
at night using only a candle for light.

The three groups referred to in this gection have very

different peveeptionz of the problem which bhey would

all de=mcribe in terms of "the prohlem of maths inh our
schoels”., The ©echool inapectofs 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 which the std 7 work
does n0£ prepare the students properly; the middle
school maths teachers appear to be more in tune with the
sociceconcmic and other difficuties of the children, It
is clear however that there is a great deal of confusgion
and frustration on all sgides and it is urgent that key
issuwes in the debate need to be investigaked by scien-
tifi¢c research. Some af the issues that emerge are:

a} What Ao people mean when they speak aboul "maths"?

b} what is the prevailing attitude to matiss in the
schools?

e) 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 numher_ of

questions which must be posed including the following:

d) What actually bhappens during a maths lesson?

e) How bad really ils the maths attainment of the stu~
dents e.g. are there fundamental concepts of number
and operations which aye not properly understood?

£) Is the ~dium of instruction a compoinding factor?

g) Are there cultural or other factors among Lhe
Bafokeng which make it difficult for the studentsg to
learn maths?

only when this work has been done will it be possible to

understand the real nature of the probklem and hopefully
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begin to work onh solving it.

1.4.2. Research reguirenenls

From the outline given in the previous sgection, anyone
undertaking to research the problem described there
would need not only basic research skills but also cer-
tain personal and othe: gualities due to the delicate
nature of much of the research. Among these gualities
would be: personal experience of maths bteaching in
Phokeng; aceceptance by teachers; rapport with students;
fluency in Setswana; familiarity with customs and tradi-
tiong of the Rafolkeng; practice in the use of interview
ag a research instrument,

The preseni researcher has heen working in Bafokeng high
school sinoe 1977 and is an experienced maths teacher.
He has been working in a voluntary capacity in adult
education claxses and in upgrading courses for middle
school maths teachera. He is known to most of the Prin~
cipals and many of the teachers in the schools of the
Bafokeng region. Bé has a moderate fluency in Seilswana.
He has carried out previous research into factors relat-
ing to the drop~out probliem 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 invalved. He is imbued with a Christian spirit

which views all persons as entitled to eguality and



71

basic freedom and he believes iz the essential goodwill

~of all involved in the educational process.

1.4.3. How the research was carried out

nnce the broad outline of the problem had been iden-
tified as given in section 1.4,1. above then it wasb
necesgary to explore the literature nd out if there
Jere guidelines from previous research that would direct
the pregent 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 smuch as
Bruner, Dienes and Skemp that were found te be helpful.
A whole area of research uco how children actunally
think and do maths has been opening up in recent years
and nuch of +this material has been reviewed by such
authors as Lesh i.1 Landau (1983) and Dickson gt
{1984). cCulture and mathematics has heen the subject of
cornsgiderable interest due to the work of Gay and Cole

(1967), Cole gt al (1971) Bishop (1983) etwv. and several

reports on how this relates to black people in BSouth
Africa have bheen published by the Human Sciences Re-
seavch Council in Pretoria, Several maths gprojects both
local and cverseas vere studied and the implications for
the present research were teased out. The literature
survey is presented in Chapter 3. One of the most use-
ful things to emerge from this survey was & methodalogy

which is  varjiously described as “anthropological"
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(Nisbet  193d; | P.6) "interpretive" (Cohen & Manion
1980,P.25) and “illuminative" {(Hamilton 1976,9.39). In
brief this method involves firstly a broad survey of the
scene during which a areat number of Jinformal non-
structured interviews and discussions were held with
teachers, students and other interested parties in order
to determine what their owa perception of the problem
might be. Nisbet suggests:
The descriptions used by different participants to
explain their experisnce 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 bas hap-
pened (Nisbet 1980, P.6}.
at this stage copious notes .wre made by the researcher
during méetings, seminars, inservice courses az well as
interviews and discussions. National education reports
and other official documents were consulted and school
exam scheduleé were exanmined, Resulting from these
firat steps a research design was constructed and a
pilot study undertaken in 1986 aw described in chapter
4. The outcome of this pilot study was the realization
that the largely correlational design was inadegquate and
another approach was needed to get to the root of the
problem.  Statistical analysis of factorg relating to
maths perfafmance wag not sufficient and it was neces~
gary to carry out indepth interviews with a sample of
students which is the substance of chapter 6.

Socioeconowic 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 how Lhese
affected *'maths in Phokenyg. It was further necessary to
explore whalt these factors really meant for the Bafokeng
and how they influenced perception of mat guestions
given to the students an the fqrm of problems Lo be
solved. Algo an analysis of the Sé’ 1 language was
carried out fto see how it too affectied maths
undegrstanding. All this is reported in chapter 7. An
important part of the illuminative method is the trian-
gulation techknique which contributes..to both validity
and reliability of sccio educational data. An account

*

of how maths js actually taught in the - 7 classes and
how thig is related to the performanca: gtudentg in
nmaths is given in clanter 8. Chapter 9 examines other
factors, loosely termed ‘“personal factors" in Lhe
literature., This chapter includes self-concept and cog-
nitive style among others, and investigates how these
affect schoosl achievement among the Bafokaeng. Finally
chapter 10 has a summary of the major research findings
and some of the implications for the future are
discussed.

In the next chapter the key concepts "mathematicg” and

"success in mathematies® will be discussed.
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CHAPTER 2

The Problem Outlined

2.1. Introduction

Mathematics as i£ is now tanght in our schooly is an in-
vention of mankind and historically its reots can be
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 vaisual perception when the nuwhers were amall but
with larger numbers people began to use fingers, stones
and tally sﬁiaké. Number was abgtracted 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 aboutk
hecause of trading, business, taxation and goveranment
reguirements. A practical form of geometry developed
because of needs in surveyirg agricultural lands after
seasonal flooding in the Nile basin (ibid, P.41}. The

word "geometry" means "measuremsnt of the earth" (ibid}.

It wasn®t very long until fascinatinn with the figures -
circles and chords, triangleg and sngles - became the
objeeclt of interest and siudy and when Buclid, living in
Alexandria 300 B.C. made a ﬁollection of the then known

gecmetry it ran to 13 bookas (ibid, P.,43). Higtorians
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trace the origins of the decimal system to India angd
about the eighth century Arabian scholars borrowed
*zero” and the decimal system and made it their wn, and
they invenked what we now call "algebra®, It wag only
centuries later that Europe began to borrow from thel
arabs but once the process gbt gtarted in Europe it
gathered tremendous momentum. In the 1¥th centary there
was a great evplosion of mathematical acbtivity in the
West; Napier developed logarithms, Descartes Lhe
analytic geometry, Pascal the theory of probability,
Newton and Leibnitz, independently, devised  the
caleulus. By this time it could be said mathemﬁtica had
become an.integral part of Western tulture. [nitially
mathematics in  Europe was linked ke  commerce,
architecture, engineering, astronomy and tie sciences
but then it took off into abstraction of nusber and
operatisns and systems and became divorced from real
life requirements (Vergnaud 1633. B,127).

Foxr many, mathematics became the handmaid of science be-
cange of its ability to summarise mo precisely natural
laws in terms of wathematical models. For example
Robert Boyle spent years experimenting with glase u-
tubes and mercury, often frustrated by clumsy Irish
peasants who were called in to hold bhe large apparatus
(Robert Boyle in Hurd & Kipling 1938, P.260), bul he was
able to formulate his law relating pressure to volume in

a simple mathematical equation: P.V - K
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For others mathematics was the gqueen of sciences and
while they acknowladged its usefulness this aspect be~
came irrelevant for them and an invention like "i = d:-"
wag considered wonderful in its own right.,

There 1is no material available on the early beginnings
of mathematics among the Tswana although some ar-
chaeclegical research in the Magaliesburg district has
uncovered what appears to be "btown plans' carved on
roclkts dating back several centuries {Steel 1988). The
smelting of iron was a highly developed skill in this
area mince the 10th century (Masorn 1983, P.261l) and
there must have been' some nethod of measurinyg 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 numbers-board game traditional lo the
Tswana all paint to some level of practical mathewmatics,
It seems illiterate herdsmen still use stones Lo keep
records at the cattle post even to this day (Appendix A
Ne. 2}. but the old people say any herdsman worth his
salt can recognise, Jjust by locking, when an animal iw
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 "countinyg numbers", In
Setswana numbers cannel stand on their own as nouns,

they are always unsed as adjectives gualifying 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. une
story refers to the dispute in 1912 br ween a local

teacher D.C. Pitsoe and the Lutheran moruti Rev Penzhorn

about exranding the syllabus of the confirmation schools

te include arithmetic {(Appendix A No. 2) as related in

chapter 1.

Bven before the opening of the Platinum mines on

Bafokeng tribal lands the influx of technolegy had

brought. rapid interest in mathemabics and it 18 now

taught in all schools up to standard 7 level. The

teaching and learning of mathematicvs 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 Lruth
in such statements nearly all the schoocls experience
more groes failures than good results. Por axample 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 smcored symbol
A (80% or over} two scored symbol B {70% or over) bul
the other two failed to pass mathematics.

The problem undertaken by thig regearch is to examine
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the success and failure in mathematics amony standard 7
students 1in the Bafokeng region of Baphuthatswaha,
searening for factors contributing Lo either. Chapter 1
has given a histcrical summary ot the social and educa-
tional eituation of the Bafokeny and here in Chaptei 2
key concepts in this research will be clarified. Sec-
tion 2.2. details the problem; Section 2.3. discusses
what ig meant here by the term "matLhemetics"; Seakion

2.4, deals with the criteria for “success and failure”.

2,2, starement of the problem

The aim of this research is to study Lhe perfoimance of
a group of standard 7 students ip mathematics by farst
identifving 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 thie topic needs
to be investigated. For convenience these reasons will
be grouped under the headings: (i) personal observation
{ii) teachers® opinions (1ii, exam results of students
(iv) HSRC Reports (V) MATIP activities.

{i) Personal obgervation during the course of ten years
as a mathematics teacher at Bafokeng High School has
forced this regearcher into recognising that mathematics
presants 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 lol”, Evmn.though they
spend long hours batiling with Lhe kext book and  doing
exercises they are completely thrown wff by even minar
changes i+ the framing of a guestion. . It appears Lheiv
underst . iding is purely instrumentazl (Skemp 1879, p,
259) they can learn rules bul don't grasp Lheir meaning
and they are unable to apply their mathemabics knowledge
in pew situations, A few examples from o malbby alasy
will illustrate this poiant: {(a} 2 x 3/4 ~ H/8

th) 20 + 3 x 16 = 76 (g} Ti = 2, T2 =5, %3 . 8, 'tn = 1|
n =kl Often the problem becomes more glareig 1o«
scienve c¢lass when students have Lo do siwple caloula-
tions such as "2 moles reactants yvield 4 moles products,
how mueh producl from 0,5 moles reactantu?"

But in maths class alsa, application is always
troublesons. students who have “done® pylhdgoras®
Lheorem and numerous numerical exercises are mable to
£ind the length of a ladder touching a wall given Lhe
required measuremenlts along the ground Lo the fool of
the Jadder and up tithe wall to the Lop of the ladder.
fne peculiar aspect about {(eaching mathemalivs Lo
swana students is that almost all of the students find
- geometry extremaely difficult whereas Lhey seert Lo manage
Lrigonomelry and vectors fairly easi.y. ‘the syltoabus in
mabhematics seems to be away beyond what aost  students
¢an cope with and the text books are se incomprohensiblo

that students no longer feel urged Lo buy Lhem a2t ali.
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in Bafokeng @igh School 1988 onty 1S ounl of 45 standard
8 maths studenks had bought the maths texthboolk, The
different standards used in the various subjects are evi-—
dent in what is expected of students in a given vyear.
In Enalish Ianguage all that ig reguired i Lhat they
can rewmember the general plet of a fairly small novel

suah as  "Mali _and _the boy" wheroas theit malbopabics

texlk has several hundred pages and Lhey are experled Lo
know every page in detail and Lo be able Lo appiy i1t to
completely new problems. Basic arsthmelic caleuial tons
and  follewing rules doegs nol geoa to be Uhe na jor i~
ficullLy but deciding which operation tu use and heing
ahle  to  daiscard one rule or adapl another ta solve a
prohlem <oes seem to be very hard Lor moust students.
{ii) Coneern about ma.hematics teaching and learning ix
a common topic among teachers in  Primary, wMiddle and
HHigh - schools, in the staff room and in casual
cunversation. Sometimes they will say:

"I cannot do mathematics™ or "I failed mathemati s in
school" or °T wonder why our satudenls don’t  know
mathematics™, And often some or all of Lhexe conments
are Lkrue. This reseat‘_r,:hel..‘ haik seen beachers mable to
find the aver 3 ark For a class Ltest or even lolal  a
long list of wa.ns; and Lhe comnon melhod of doing sitms
like 47 x 20 is repealed addition - adding 47 .and 47 to
get. 94 thcﬁ adding anather 47 and so on Lweuaty times,

The use of pockeb caloulators has relieved this problem
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in  recent years and teachers séem bto learn readily how
to use calculators for straightforward calenlationy. As
an organiser of middle school ‘inserviece courses for
mathematics teachers, the poor ability of some heachers
in mathematics kas become evident to this resecarcher.,
Most of fhe time in these courses is taken up with
teaching the content of the standard 7 syllabus and very
lJittle time is available for methods. For example when

dealing with " y = mx + ¢ " (sevtion 5.5.5. of standarc
7 syllabus) this researcher spent a full hour helping

teachers to draw graphs of this kind; 2y + 3x -« 4 = 0

and while some understood the process and quickiy moved

on to the generali .3 expresgion for a straight line
graph most of the teachers had only a vagus ration that
"m" was connected to something called "gradient" and "o”
wag "something 6lse" and neither symbol was understead
in the senge of Skemp's {(1979) relational understanding.
At the same course when reviewing the system of naming
ordered pairs in the cartesian plane il was found
teachers had some difficulty. In order to «iarify the
system they were asked to look abt a stack of shelves
divided inte 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 vaught on uickly and
there was 8¢° ach enjoyment and laughter during this
"game® that it seemed some teachers were experien:ing

reality in mathematics for CEthe vt taime in their
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careers. Some coiny were placed in 1Lhe shelves asg
rewarus for successful identification and when the last
label led to a find of a scrap of ﬁaper with “madi =
fedile" (=the money is finished) written on it there

ware howls and shrieks of laughter all over Lhe room.

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

claggroom

(2;3)

L

The point heiqg made is that the teachers had never ex-
perienced +this section of mnathemakics in any context
other than that of X and ¥ axes as used in the Lext book
and they were unable to apply their 'knowledge outéide
that very limited $£raneworlk, In fairpess it must be
added that many of thesme teachers had been Etrained as
primary school teachers and when the middle schools were
introduced in the eighties they found themselves having
to teach at Junior smecondary level. It seems so obvious
that the progression should be from physical siteations

to abgtracted theory that one wonders at how Lhe reverse
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could have become aceceptable praclice in'ihc sciiools,
1. seems the syllabus at all levels is so overloaded
Ihat teachers and students haven'l !ime to dealt with it
properly. and they res.rt to cramming., I1n some ways the
aituation parallels the Kpelle schools described hy Cole
ek _al {1971, P.4%-51). These authors suggest (he ohill
in such a cenfused school envirenment is Lorced lo adopt
rote learning i.e. to pick out cerlain salienl foatures
aof  the sitwation and simply nemorise Lhem (ihid P51},
Iuv their anxiety Lo complele the syllabus lhe  touachors
cannot afford the time it would regquire for masbery
learning, This is true for all) conbenl subjecls  bul
especially for m3athemaktics where 1t is essential to
build up understarding in a stepwise wanner. If &4 basic
concept is not properly understood the i Lhe wnbsajuent
work in that section cannoi be meavingTul.

{iii}) Examipa*tivn cesults arce cons! sred Lo be very im-
portant.  in  Bophr hatswana and in earh circuil Lhere is
compatition among the schools tn be recognised ws  the
school with the besi. resulis. Each year a list 18 oiyr=~
enlarised giving the percenlbage passes and failurest in
lhe standard 7 and standard L0 examinalions. The 2nd

National Education Commigssion Report of L9686 stabed bthal

maths was one of the “real problem areas” in the middle
schools  Jjudged fLrom the peviarmance of stidenis in the
oxamination of 1985 (P.55), Resalts Lrom Lhe throes

middle schools which are associated wilh Balokenyg ligh
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School show just how bad it isjthese results are given

in Table 2.1.

.Table 2,1. Standgfd I .maths results for 1987

Year | School Number Number Percentage
Entered Passed
1937 | Keledi 317 126 24,8%
Matale 182 51 23,6%
Mafenya 126 358 28,4%
‘National 34166 14666 26,4%

These figures wele the actual numbers baefore adjustment.
According to the bfficial marks sheets these figures h&d
been increased by up to 30%.

In 1984, the last year of standard 0 public examination
there were 357 Bafokeny High Schoa)l candidates who did
maths in the examination and only 24 i.e. 7% scored 30%
or over.

{iv} During the seventiss the Human Sciences Research
Council launched a comprehensive research programre at
the reguest of the Mathematical Association of South
Africa.

That body had realised at its 1970 Congress thal there
was a need to implement changes in the mathematical syl-

labi to enable the compilation of a differentiated apls
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labus for those unable to cope with the existing one.
It nmust be remembered that in South Africa there are
four separate education sub-systems, one for gach of
white, Indian, coloured and hlack race groups {Rupertt
1976, P.46}, Act No, 47 of 1953 (the s0 called "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
priciplea of “"apartheid"” in the education system and set
the tone for educational research in the sixties  and
seventieg, The Mathematical Bssociation was merely com-
menting on the éituation of mathematics in the black
system ~ large numbers of students were not doing mathe-
matics as a school subject and those whe 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
"Bantur" c¢hild in order to determine whab aspects of it
were related %o the "ineffective actualization of
intelligence“.; Futher reports by Van den Berg Focussed
on the “Black;ﬁan's mathematical ability" (1978) and the
"meang of promoting Black pupils’ ingight into mathe-
natics” {1980), Such concern, shown by the allocatiow
of research funds and personnel demonsﬁrates ILhat Ehere
was an awareness in the R83 of the problem which mathe-

matics presented to black students. 1t was seon thal if
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.the vagt pool of black labour waz to be efﬁecﬁive!y
tapped for middle management in industry tﬁen drastic
changen were called for.

(v} The same difficulty was evident in the ;ndependent
honpelands., At the regquest of the governments of Lhe
developing states the bUniversity of the Orahge Free
State set up a special sevtion named MATYP at  Bloemfon-
tein and funds were soon made available from the in-
dustrial sector to run a verf ef"ioient and very
worthwhile project. MATIP has orga .sed and conducted
courses as well as developing materials for teaching
maths. It also aimy to co-ordinate and promote research
in the field of maths and science in black schools.

a2 survey of the literature available at both MAPIP and
HSRC and the research done to date is presented in the
next chapter, section 3.4.4. From all this it can be
seen that mathematics iz a problem and while already
considerable rasearch hasz heen done, most of it by large
scale surveys, there is an urgent need for an in-depth
study of how TPswana students learn mathematics and what
enables some to succeed while nost others fail so

dismally.

2.3, . The concept "Matbematics"
The concept "mathematica”is not an easf one to define

bavause the word may be uwaed in several different
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genses., For example Gifferent people will use this word
when they wish to refer to (i) the snbject taught in
schools (ii) what occupies the Lime and energies of re-
searchers in higher matheﬁatics at 3rd level instilku-
tions {iii) a aranch of philosophy (iv) the abstract
formula which provides a medel for a scientific law. IL
is easier to say what maths does tuan to say whal. maths
s,

Groen & Kieran define school mathematics, which is what.
concerns us in this regearch, as consigting wf a set of
tasks {(what children are taught and required to do) and
a set of proceszses (what childrsn actually do in per-
forming these tasks) (Groen & Kieran 1983, P.353). 7Thig
viewpoint represents a =chift in eduzationral research
away from the more abstract position set out by the 1974
report of the English Mathematical Association. This
report describes mathematics as "an attitude of mind not
as a collection of topicg and techniques” (P.1). . it
regarded pattern as the ‘“core of mathemakics”, and
within the general theme of pattern number was then
picked out fnr.detailed discuzgion hécause "nuinbey is
the mathematical model of greatest use in everyday life*
{ P.O}. The Bophuthatswana mathematics syllabus
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 gymbolic nota-

tion;
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3) it is an insitruament for predicling outeomes of
events with , v uisioa; |
4) it is a colilection v gkills necessary for adull
life, employment aund further study;
5) it confers the ability to make estimations in
measuremenﬁ. {Mathematics in the Middle Schools,
Bophuthatswana, 1985}.
It is agreed that whatever else,. mathemabics has sume-
thing to do with kpowledge. . Michael Young (1971)
presented two opposing views in trying {o answer the
guestion: What is knowledge?
{a} EKnowledge is an external reality existing in its
own right independert of man's mind. Such knowledge is
distributed through well-insulated subjeck hierarchies.
This is a static concept of kndwledge.
{b} Knowledge is a product of an's interaction with
the envircment and with other people. {L is within the
mind. It iz the way a person oxganises his experiences
in a meaningful structure {(Beaxrd 1977,P.53). Som2  ten
_years before Young, Bruner 11960} presented similar
models with regard to mathematics from his observations
of a ten-year old playing with srail shells by putting
them into rectangular avrays (ibig@ P.126). This child
discavered a lot about prime.numbers, he gays and then
he gaes on to speak of mathematics in lerms of mentatl
developnent which involves the construction of a modetl

in the child'as head, an internalized set oi sltrnetures



B9

for representing the worid. The oééosing vicw of mathe-
wmatics 1is that of a body of exkernal koowledge and
Bruner suggests this is often whalt ig found 1n schools:
Mathematicvs is é togical discipline and it has cer-~
tain ruleg which must be learned and applicd to non-
gsense problems in order to yet o correct answoer
(ibid,2.130).
Aruner does not deny “his second ided os Leing unlrue
but he does resist the attempts made 4}l Loo wften Lo
impase the latter on the former, e sayx “Chis is nol
sound education, it is nol education at all". He advo-
cates a spiral model wherein the mental vonylruclts of an
individual c¢hild@ dJdeveloped by inleraction with his en~
viroment are enlarged and built upon so that eventually
he can internalize these new ways of dealing with his
situation (jbid). Skemp also sees wmaLhematics hoth as «
body oF lknowledge {external} and a collectiun of
sohemata  {inkerpal)l. What he means by o hody of
knowledge is a conceptual structure shared and agreoed by
a number of people such that all of it has been al some-
time tesled agaﬁnst' actuality by someons {Skesap
1979%,1,30)., witﬁin each individual, malhematics tan be
reqarded as a Type.l theory of a wnigue kind {Skesp
1982, P.107) and elsewhere he explaing this as o highly
developed mental plan for dealing with the physical -
vironment (Skemp 1971, P.17),
Dienes, like Skemp and Bruner, condemns what he calls

"thke average maths lesson” as being based on o sliwulus-
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response theory of learning and it wusually degenerates
into a conditioning process which is ainmed atl yieiding
"correct answers" to given stimuli {Dienes 1967, P.137).
Dienes thinks of mathematics as a structure of relation<
ghips which are communicated from one person to  another
by formal aymbels:
By matheratics 1 shall therefore understand actual
structur: . relationzhips hetween concepts connected
with nuabers {pure mathematics) together wikh Lheir
applications to problems arising in the rveal world
{applied mathematics). The learning of mathem: Lics 1
shall take to mean the apprehension of such relation-
ships together with their symbolization, and the ac-
quigition of the ability to apply the resulking ccn-
cepts to real situwations occuring in Lthe world
{ibid).
To summaxise then there is agreewment thal mathematics is
(a) a body of knowledge whose content is structure
{Bruner}, relationships (Dienhes), cognitive maps
{Skewmp) ;
{h}) a means of communication using synbnlic not. hion;
(¢} something deviéed by man interacting with his en-
vironment and therefore purposeful;
(d) someﬁhing'which is learned in stages whirh build
upon each other successively.
The stages referred to in {d) here correspond with dif-
ferent levels of abstraction and .are based on Piaget and
applied here to four levels of middle school
mathemzstics:

Level i: children can monipulate objects and do  =imple

calrulations  based on  physical objects whiclk are
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present.

L.evel 2: aoperabtions can be carrvied cut with “objects®
which are not astually present but visualised in the
imagination.

Level 3: concept of nuamber is  abstracted and  the
children gan do the operations uf addition, subtrackion,
multiplication and division using only symbols for aum-
bars and with no reference to «oncrete objects physi-~
cally present or imagined.

Level 4: using numbars am "objecls®” Lhe operalions are
abstracted and childran can now carry ocui operations  on
variables represented by letters in algrbra and they cun
think abstractly and deal wilkh geometrical’ figures.

The same levels apply to geomnekry - lavel 1 children use
cut ouk squares, circles-etc. [Lor handling and making
patterns, level 2 they imagine these figures and so  on
till at 1evé1 4 they can deal abstractly with geometri-
cal problems.

In Lhis research it is hypothesised Lhat levels (,2,3
above have been rushed through and ne enough  tiwme las
been devotaed Lo them, the children have bren plunged
straight into level 4 because the syllabus demands it
and not enough consideration has been given Lo whethor
the other stages have been successfully completed or
not.

From anather point of view altogether mathenatiivs wiy be

taken as the school mathematics currienlum and foe Lhe
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purposes of educational research Lhis siaple doefinition
is the only wpossible one Lo use in many iustanneséa.g.
Ceoleman (1966) 1n America and Minkowich et al (1982) in
Israel}'

From the literature it appears that Lhere arc three main
models of walthematics expressed or assamed in various
maths projects, these are:

1) Reification Model - malhemalivs js something outside
of the student. It muast be learned betvause Lhere iy a
certain kind of magic gualily about it which enablew one
to pass examinations and gel a good job., This 14 Lbe
mods«} assumed in the Lesolhe Malhemalics prmjéul ag Ll
ig whal Bruner & Diener condemn, as has beon pornlial out

above.,

’“’N

A MATHS ,

)

24 Inslrumental Model - Mathematics is an axternal rn-
straoment for dealing with Lhe eovivomeal., Por some sta-

dents this envivronment. is veal in the sense Lhal it cors
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responds to his owr experience whereas_ for the wun-
successful studentz the environment is an artificial one
created by the teacher or the textbook oy {12 examiner.
This model underlies thé Caribbean Ma;hs ¥ oject and
Mathematics for the Majority. in a sense too the con-~
struction of a "concept tree" aimed éﬁ in #art (18%81)
indicates thisg mode1¢__.The word "instrumental® is bor-

rowed from Skemp (1976).

Fig. 2,3. Diagram to illustrate Instrumental model
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Fig 2.4. Diagram to illustrate Interaction mode)
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3) . Interaction Model - Mathematics is a systam'ﬁf men-
tal structurés which are internalised as sehewmita and
.enable the student to attain a goal state which he per;
ceives to be meaningful. This is the wodel advqcatad.by
Bruner, Disnes and Skemp as being the ideal. _

It iz not clear whether Gay & Cole (1967) view mathe-
matics as being pﬁrt of the individua1}3¢schemata or asg
pért of the external environment. In one sense they
seem to be highlighting a —onflict which was beginning
to trouble the Kpelle. These people have échemata for
dealing with their world as they experience it, _ Malhe-
‘matics has no place in these schemata if we limit our
uge nf“tﬁé‘word to “"western mathematics". But the world
as the Kpelle know it s changing, and they now neﬁq
"western mathematics" to enahle “hem to cope with the
new situation.

The model which seems best able to deswribe ma‘heﬁatics
for the Tswana students and Lteachers is a combinalbiocir of
1) and 2) abo?é. They regard mathematicg as 2 number of
technigues for obtaining correct .answers to problems
which appear in textbooks and examination paper=s. rhe
two local mathematics projects described in khe next
chapter in section 3 assume model 1) above. _
Irn this research mathematics will be taken to mean the
standard 7 mathematics syllabus of Bopththatswana con-
sidered from the aspects of: .

{i) Content - certaia structures or knowledge tontent
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like the Euclidean theorems

{ii) Skills - certain manipulations and calenlations
like factorization,.drawing graphs etcr _

{iii) Application df both.(i) and (ii) to problem
solving. .

The discussion in the proceeding pages shuws 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 cut just now there seemsg 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 abont
mathematics, The usuai meaning impl.ied by the term
"mathemaiics® among both teachers and students is one. of
these: “the maths syllabur’ ."the maths text books" "Lthe
maths examination”, Rarely if ever has the presenil re-
searcher heard mathematics referred to as a way of look-
ing at 1life or a method of dealing with day to day
problens.

But for Lhe purpese of examining sugcess 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 thixdly ﬁhe
ability to understand and to use correctiy the four
basic arithmeﬁic operations of addition, subtraction,

multiplication and divigion.
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2.4. The concept "success and failure"

Society has just one writerion for measuring suceess and
failure in school and that is whether bhe student passes
or fails the public examinatien. As Acton (1980} puts
its

+++ the world ,idges ‘wcass by ¢grades oblained in
public examinations (ibid, P.168}.

In Bophuthataswana all the students btake mathematics as a
subjeck in the standard 7 examination which comes at Lbe
end of middie school. This examinalion is sel and
matrkoed by teachers working in the nophutl:al.gwana
schools. The content of the examinalion is the glandard
7 =syllabus which is almost identical wiibk that of the
RSA, There is no research available on the validity or
reliability of this examination although there is
general agreewent thal the results give cause for can-

cern {Report of the 2nd National Bducabion Commigsion,

1386, P.55, article 9.2.2,).

In an enalysis of the 1984 standard 7 results prepared
from the official record gheets shown in Table 2.2. this
researcher counEed only 72 out of a total of 2 0D i,e.
a mere 3,6% who bad scored 50% or above in mathematics
for the Tlhabane circuit and that after Lhe adjustments
given in Table 2.1, Thesz studenls came lrom Lhe thir-
teen middle schools in the Tlhabane circait which in-

¢ludes the Bafokeng region. Aaccordiny Lo Lhexe rosulls
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the majoriﬁy of the séﬁdente in the region 4ace well
below "average” {taken as 50%). It is obvious”that.thié
playing on words 1s.a fruities; task as by definition
the majority cannot be “Below éverage“ nor indeed l.'.=.1l.u:v.af:a:. '
average", _ . . : .
Dissatisfaction with grading of studenfs by yublicﬁréx-' 
aminatioﬁ is by no means confined to Bophuthatsw&ha as
can be sgeen from the foilowing guotation referring Lo
GCE results in England:
Therxe arxe likely to be problems Ls a sysi¢n which is
geared to success in exams which are set at such a
level that two-fifths of the child population are ex-
pgcted 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 nofmal curve and classifying thuse who guore less
than 40% in such an examination as “failures" (ibid).
Public examinations do have a function in c¢lasgsifying
students on a scale which makes it easy for emp]oyézs
and others to select "aood" from “not-good" potential
employees but as Acton (1980) pointed out success for
one implies failure for ancther:
«+» 80 long as employers depend on the educational
system not to turn ont egually able individuwals, bulk.
%t~ tell them who is a success and whe is a failure,
and there is only so much space for success ( P.168).
It ewnerges therefore that at present statiétics provide

the criterion for success and failure and the decision

igs made presumably on the basis of normal distribution



curves which are

population.

generally standardised for a given
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the 13 middle sihools in the Tlhabane cireuit of educa-
tion given in Table 2.2. Maybe the population (N} is
not Bephuthatswana students at all <r maybe Lhis ex-
amination ig not rcally norm referenced bul cvriterion
referenced. Thers seems no way to find eut.

in the evaluation.study of Israel elementary schoolw
carried out by Minkowich, Davis and Bashi (1982) the
authors descrvibe a serious methodolegical clash among
themselves concerning criteria for success and failurc.
to be used in the research. Davis and Bashi were unable
to reach agreement with Minkowich on what constitubes
success in mathematics. The formet 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 conposite scores. this version of success was
adopted solely because Minkowich was the senior partner
{Minkowich et al 1982, P.ix).

Achievement tests (usuwally nornm referenced) are the
usual method used in educational research for meaél,ing
academid =uccess in schools. For example Rutter et al
{1979} uszed performance in the 0 level public examina-
tions in their English study; Ccleman {1%966) and later
Jencks et al (1972} used standardised measures of educa-
tional attainment in their respective studies of the
American gystem; Minkowich et al (1982) designed: tests
for their Israeli study on a substantive basis in each

subjeot according to the curriculum requirements and tha
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‘axpectations of the school.,
Other criteria of success found in literature ars recog-
nition by peers who may be asked to classify eacl other
as "expert" or "novice" (Riley et al 1583). Riley and
associates found that experts have more conceplbual
knowledge about problem situnations and this guidey them:
inte more effective and efficient solutions. The
successful problem sclvers worlk from elahorated repre-
gentations of the problem rather than directly from Lhe
problem description {(ibid}. Skemp (L980) takes another
approach to success by pOfing the queatiron: Whal can we
de 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 fellawwbeings
{iii) to create, (Skemp 1980, P.1).
Tswana teachers and students haove & very:pragmatic view
of success and failure and it ig simply bthe symbol ob-
tained in the public examination:

G and H (0 « 33% = failure

F and E (33 ~ 49%) = pass

B (50% - 59%) = good

C;B & & (over 60%) = excelleat.
In the early stages of this research four coriteria for
success in mathematics were elaporated:
i) pass standard 7 examination with symbol E (=40%-49%)

oy batter;



101

ii) judgement of the maths teacher that sluedenl was
good;

iii) student's own perception of himnsell regavding
maths;

iv) choice of waths as a subjeclt in high school.

Those who satisfied these criteria were successful,
those who did not satisfy these crilteria woere  judged
failores in various degrees, However altey some reflee-
Lion and discussion it became clear thal these were nol
really four separate criteria but simply difforent
manifesﬁatians nof the first i.e. performance an Lhe
public exanination, The teachers judged sbhudents on the
basis of their experience of the public esaminetion
(usnally guite accurakte)}, The students jolyed hem-
selves on the results of mohthly tests et and mavked by
the teacher using the same eriterion. Finally Lhe deci-
sion about taking maths ag a subjecl in high schoal iy
normally made by the subject Leachers in the high school
un the basiz of performance by the student in Lhe public
examination.

In this roesearch two digtinct criteria werns used for Lhe
1o different parts of the research.

ta) For the statistical correlation, ibe crilevia of
success ,and failure ware the results of the standard 7
June 1907 examination. ghudents obtaining sywmbul b
150%) or over were taken as successful, Those obtaining

below symbel ¥ (30%) were taken as failures. The  same
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classificatiorn was used when making samples for khe in-
'terggews as described in Chapter 5.
(b)Y Once the sample has been obtained a new criterion
was then used on the basis of performance on the five
picture problems, in the inter?iewfsituation. Success
wag now judged on the students ability to solve the pic-
ture problems as follows:
{i} student can select the correcl operation;
{11} student can carry ont the computation - krows how
to do it;
{(11i) student can arrive at the correct answer;
{iv}) student can check thizx answer;
tv) student can complete all thig in a reasonable tine
which was taken as maximuw of 8 minutes per
problen.
It - was hypeothesised thal these two diffarent criteria
were related and students classed az agnccessful on their
performance with the picture problems would also he Lhe
ones seo;ing good sgymbols in the public exawination.

This was also investigated.

2,5 Conclugion

The main aim of this regearch remains to investigate
success and failure in mathematics amony standard 7 stu-
dents in the Bafokeng region of Bophuthatswana. It hag
been pointed out here that there are two criteria of

success being used namely the standard 7 exam rus. tis
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" and the performance with the pickture problems. it
remains to be seen whether these coincide Qr_whether
they yield different groups of students and whether it
is possible to undover differences belween the groups of
successful and unsuecessful students, _

Success is regarded ideally am the attainmeht of model
3} section 2.3, di.e. the ability to uste the scheme
successfully but it is accepted that this is far from

reality of the schoola in the Bafokeng region.
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CHAPTER 3

'LITERATURE SERVEY

3.1. Introduction
Research intd success and failﬁré in séhanl mathemat ivs
cannot be divorced from the wider school situation, . it
is necessary to gain some perspeccive of what haﬁ been
happening in schools this century in order to appreciate
vhat the present research is all about .
Education is as cld as man himself but eduacational re-
gearch is a r:latively new develogment. The scientifin
revoiution was well under way hf the end of the 16th
century but it wasn't until the early part of the 20th
century that the scientific method came to he adbpted in
educational matters. Previously the wﬁrk was theoveti-
cal and even when writing about how to teach in school
people like Pestalozzi, Montessori and athers worked
within a non-scientifie paradigm, usually writing Efrom
experience which had not been subjected to any f[orm of
rigorous scientific testing. Cohen and Maniuﬁ {1980)
gquote Mouly's definitioﬁ_of “research” thus:

+++ Resgearch is best conceived as the procéss of ar-

riving at dependable solutions to problems through

the planned and systematic ¢ollection, analysis and

interpretation of data. It is a most imporiant tool

for advancing knowledge, for promoting progress, and

for enabling man to relate more effectively to his

enviroment, to accomplish his pucposes, and to
resolve his confilicts. (Cohen and Manion 189808, p.i3}.
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To attempt tﬁ bring together a comprehensive survey

of all that has been done in educationél resgearch would

be 3 fruitless task; even to hope to cover Lhe ground on

all that has been done conterning mathemétics, teaching

and learning weuld be monumental. Hence some form of

gelection is necessary and some framework that will show

the broad trends in mathematics research is required.

This c¢hapter will therefore be presentéd in three

sections:

(i) Psychological movamenty that have greatly in-
finenced schools.

{ii) Schocl based regearch into specifically mathematics
teaching and learning.

{iii) African and third world resarch which will include

both of these.

3.2. Psychological movementsy
3.2.1. Pgychometrics

For the first half of this century psychclogical testing
dominated the schoold. Paculty psychology was guickly
replaced by psycﬁometrics. The work of Seguin in France

and Galton in England opened the way for Cattell's
sériea of tests which he teimed "mental bests" in an ar~
ticle written in 1890 (Anastasi 1968). Spearman at-
tempted to measure obijectively what wag loosely Lerned
"intelligence”" and he defined one fundamentil function

which he named "g" for general intelligence and a secand



factor *s" which was épecific to & ygiven activity. In-
dividuals when compared on the basis of their scores on
a variety of taaks;énd intelligence was supposéd to be
that whiéh was ﬁeasured, {Chaplin and Krawiec 1960,

p.387).

Whén faced with the question of why some students
succeed in mathematics and others fail; the common senge
answer wonld therefore be that the. forner 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 {(Pael-
19568, p.167), Later Merril and Terman used Binet's
method to devise an Intelligence Quotient and Lhey were
then able to measure the I.0. of a child and by compar-
ing his performance with that of a carefully chosen
gample of otherzs of his own age ranye they could guan-
tify intelligence, (Jordaan et al 19753, p.751) and
{Power 1862, p.598).

These tests became very popular in scheols, especially
fox the purpeose of streaming and for career gquidance,

and there is no doubt that I.Q. tests du have & certain
predictive value, 0On the other hand careless nse of the
tests and obsgession with I.Q. performance may have
serious conseguences for a child's schonl achievement
and his choice and pusuit of a career (Jordaan gt al

1975, p.758).
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Perhaps the worst feature of the psychometrics phase was
its reification of intelligence. Schefield (1972, p.€3)
quotés Eysenck's critisism of this tendency!
Eysenak tells us that the difficulty of defining and
measuring intelligence is that intelligence ig not a
thing but a concept or an idea.
Ramilton (1976, p.12) speaks in a similar manner of;
e fhat researcﬁ tradition based on the theorf and
methody of a mental testing and field experimentation
of the kind predominantly used by agricultural
botanigts.
In spite of this a great deal of interest and attention
is still given to TI.7. %tests although the use of
achievement tests to measure scholastic performance and
the moderation of the raw scores by taking cognizance of
other factorz has done much to alleviate Lhe problem.
More recently various models based on factor analysis
have been used for gquantification for example in Verster
(1982). Versfer uwsged a computer based design to explore
reaction latencies in South African subjects. Verster
found the processing speed is slower for blad¢k males
than for whifle males or white femalés. It was not pos-
sible in hig study to account for the difference because
variablés which might explain the findings were not
controlled. some of the variables mentione&_ﬁﬁere
culture; socio-econonic status, education (Verster 1982,
P.270}.

In Bophuthatswana gchools psychometric tests were, until

vexy recently, the only basis for a rudimentary careser
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guidance service. These tests were adwinigiered and
scored by teachers”'appointed by prjncipéls 1n each
school but they received nro training whatever. The 2nd

Bational Bophutbatswana_ Education Commission Report of

1985/6 called for a newly structured guidance service
that wonld inc¢iunde:; guidance and counselling, educa-
tional measurement, remedial teaching and special educa-

tion {ibid Art 19.1, p.98}. This represented a great

widening of the role of the psychological servires and a
rove away from mere testing. In the handbook for newly
appointed guidance teachers the direcltar of the
programmne Terry de Jonyg has this to say about
psychométrics:
. guidance and counselling is nol merely the ad-
miristration of countless tests which reianforces the
popular misconception that the primary function of
the Guidance-Counsellar is to offer vocatioral advice
bazsed essentially on meaningless  statistics.
Psychowmetric assesswent provides a complementary
means to other sources and methods available for ag-
sisting the studeut in making an informed decision
about which subjecls, school and career he/she should
choose (de Jong 1988, p.1l}.
in response to the Commission's recommehdalions the
Bophuthatswana department of education has emb-.rked upon
a dynamie project of establishing a school~based
yuidance service throughout the counbry. This swrvice
was extended to the high schools of Lhe Thlabane circuib
of education {which includes the Bafokeng region) in

Jannary 1989, The fiwvst step was Lhe appoinbment of

gnidance teachers in the high schools and the provisioh
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oﬁ guidance lessons for all high school students. .It is
interesting that the newly appointed guidance teachers
had no training in psycﬁometrié tesﬁing 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 are:

(i} Gromp guidance  gessions 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 iocal

people.

{v) Cultural expansiaﬁ {de Jony 1988, p.1).
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.
Pregsently in Bafokeng high school there are three group-
ings of subjects which a student may select namely:
Tswana, Aafrikaans, English, Biclogy together with Maths
and Science or History and Geography or Bible Studies
and Agriculture/Howe Economics. Only about 25% of all
high schoel strdents do mathematics (Bophuthatswana
Report 1985/6, p.11%9). Elsewhere the report recommends
selection of subjects should be based on both perfor-

mance ih the subject and career counrelling {ibid,



p.122};

Based on personal observation the éresent researcher can
state that students are advised to také maths din high
sdhbol onlylif they péssed it in the std 7 examination.
This research later investigated the suitability of the
std ? examination as a reliablg guide for choosing math~

ematics as a matric subject.

3,2.2 Dewey.

It is difficult to place Dewey +~ whethor among the
psychologists who have greatly ianfluenced schools or
among the school based researchers. Sinrve chronclogi~
cally he made his impact in the firskt half of the 20th.
century he will be dealt with in this section. Dewey's
work 3is imbued with the "scientific" and he sget up an
"experimental school" to test his ideaé in practice, but
ke cannot be lumped together with the psychametridians.
Hn was concerrned with the child in school and the educa-
tive process which has as its aim the disciplined or
logically trained mind (Dewey 1910, 9.78).. 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 1862, p.59).

Dewey criticised T"factulty psychology" because it

regarded thought as a distinct piece of mental machinevy
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which could be trained by special exercises -~ hence
arose the idea of formal discipline wbereby certain sub-
jects were regarded ag intellectual and therefore par
axcellence. were possessed of sﬁme fp{? of predestined
fitness to excercise the thought faculty {Bewey 1910,

Chapter 22). Dewey rejects this c¢laim.

A subject <~ any subject =~ is intelleclual in the
degree in which with any given person it succeeds in
effecting this growth {(Dewey 1910, p.d46).

The formalism that faced Dewey in the schools of his day
might well be compared with the sikuwation in black
schoels of the 1970's which led to the schools Loyeolts
over the past ten years. One autlior describes it Lthus:

Another kind of formalism resulted from the idea that
there was a definite and pregcibed subiecl. malter
waiting to be mastered, a subject matter Lhal could
not. be altered bv anvons. The idea was dewply in-
grained in educational practices. , Textbooks were
prepared for the various subjects in each of Lhe
several grades, and it became the teachers duty to
seq that the material in the book was covercd. Most
of the pupil's time was spent in masktering the
textbook, a task which meant memorising Lhe detail-s
that were touched on in the book. Poo often these
axcerciges had little or no meaning for Lhe children.
(Power 1962, p.692)

Dewey says the business of education is the forming of
skilled powers of thinking. fThought 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 scienList (Dewey
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1910, p.iii}. BHe illustrates this scientific method by
agalysing a complete &ct of thought in éhapter 6 of How
we think. The analysis shows that each act of thinking
congists of five logically distinct steps a3 follows:

Step 1: there is a felt difficulty or perplexity in
the individual .

Step 2: its location and definition are thought
through

8tep 3: saggestion of possible solutions are con
sidered :

Step 4: developrent by reasoning of the implications
of these suggestions .

Step 5: further observation and experiment leading Lo
the = acceptance or rejection of the possible
gsolution {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

pregent researcher what gygoes 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 why.

Another aspect of Dewey's work which nay help towards an
understanding of the problems in black schools in  the
eighties in the R.S5.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 éorld of personal contacts where af-
fection and syﬁpathy are the keynote and the curriculum
which precents méterial dealing with facts and ' lawe
gleaned;from all over the world and from every period of

history (Dewey 1502, p.5-8). He believed schools wers
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not =zimply places where children were prepared for the
fukure: they were more importantly, places ¢ where
children lived part of their lives ss c¢hildren. This
led him to create a schoel situation in which learners
had a great deal of freedom and initiative and self-
activity was encouraged. ckﬁldren 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).

Ameong the Bafokeng we find it very rare that the mathe-
matice material presented to the child is such that it
has intringic interest and that the child's attention is
captured spontaneousiy. Perhaps this is one of the
reasons why homework is seen to be suck a burden by both
teacher and sgtudent and to be avoided if at all
possgible.

Dewey writes about what is likely to happen in such a
situation. fle says the teacher may attempt to provide
extringic motivation such as offaring rewards or else
will veport to counter-irritants such as low marks, per~
sonal disapprobation or probakly will nse beth 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 Leacher and student this excessive use
of corporal punishment could bhe reduced. it was there-
fora important for the present research to examine the
home lives of the students and especially their
sociocecononic circumstances and their cultural beliefs.
Finally for Dewey education iz a wonderfplly alive . and
active axperience. It is neither a “"drawing out” nor
gstill 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 thew direction (ibid, p.36}. 1In thas
context he condemns the classroom furniture and its ar-
rangement asg was commwon in his day in these words:
«++ the ordinary schoolroom with its rows of ugly
desks placed in geometrical order, crowded toy - her
s0 that there shall be as little moving room as
posgible, desks almost all of the same size with just
space enough to heold books, pencils and paper, and
add a tab}e,_some chairs, the bare walls and posgsibly
a few pictures, we can reconstruct the only sduca-
‘tional activity that can possibly go on in such a
place, It is all wmwade "for listening" - because
gimply studying lessons out of a book is only another
kind of listening; it wmarks the dependency of one
nind upon another (ihid, p.32).
This description could be applied to any of the schools
visited as part of the present research and it will be
developed furrher 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 mwark on all those whao swifered under it and
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th's includes most of the present generatidrn.’ of black
teachers, The challengz to move away from that system

ta trd’ ‘abus and the difficulties enormous. A first
atep fofw;rd mugt be an accurate description of what the
present school situacion really is aﬂd-hence much of the

present research must be descriptive.

3.2.3. Piaget

As a young man Piaget studied philoséphy at the Sorbonne
and he worked with Dr. Theophile Simon a> the Binet
Laboratory in Paris where he was occupied with the task
of developing a standardised French version of Simon ~
Binet I.Q. tests. While énqaggd in +this work he
realised the wrong answers given by children revealea a
pattern that was related to age and he soon rejected a
guantitative definition of intelligencé, which.was the
hasis of the I.Q, 1| ©s, for a gualitative one -~
children of different ages use different methods of
thinking (Ginsburg and Opper 1969, p.3).

Sso from the vefy start Piaget was concerned with the
success and failure of children in testg, his theory and
especially his method of research have had a great in-
fivence on educatiunal research down to the present time
as can be seen from most reviews of literature, par-
ticularly in the fields of mathematics and sciegce e.g.

Dickson et al (1984) in Children Learning Mathematics =

A  teachers guide to Recent Research devote sections in




116

each of the chapters on Spatial Thinking, Measurement,
and Number to Piaget's work. In order to understand
much of the scheol base& research into success and
failure in mathematicsZ” it is therefore necessary to
present here a short review of his work.

although Dewey and Piaget do not belong 1in the same
"schools of thought® it has been pointed ouat 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 (1364} and
Piaget too gtresses activity on ths part of the child
{G1. sburg and Opper 1969, p.177). Dewey's analysis of
thought proceszes. however was confined %o abstract
thought and working with abstract hypotheses (Dewey
1210, - hapter 6) bukt it was Pilaget who showed that
childyan think in ifferent manner from adulis ard the
level of abgtract thought is only reached by some in
adolesgcence. Both Dewey aﬁd Piaget stressed democracy
in the school (Ginsburg and Opper 1969, p.231}.

Piaget's early interest was in Biology and he did his
undergraduate » dies at Neuchatel in Lhe natural
seiences. He uges Llolcgiéal terms to dezcribe learning
for example *agsimiiation" and "accommodation" are func-
ticnal dinvariants which enable the child to acguire new
knowledgr . Further ﬁé degeribes intelligence in  terms

of growth, stages, adaptation and equilibrium, Learning
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in the widest sense {not éimply superficial acquisition
of specific responses to particular situations} depends
on develépment ~ it can ot "ur only when the child has
available the'dognitive structures necessary for aa—.
similating new " information. This éevelopmeﬁt takes
place in certain well defined stages which are described

by Fiaget in books published in the years 1936 to 1943:

The origins of Intelligence in the ¢hild(1936), Con-

struction of Reality in the child (1936), The Develop-

ment of Physical oQuantitieg in the Child {(1941) and

othere dealing with "number" and "perception”. {For a
.Qesgcriplion of the development stages see Ginsbury and
Oppar 1969, chapter 3 to S§). The sgtages are
Sensorimotor, Preoperational, Concrete operational, For-
mal operational. Piaget’'s claim that all children pass
through these stages in the same sequence is upheld iun
nost research reports from e¢xperiments 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 eguiliboium is attained
for any given stage varies sﬁbject ko cultural back-
ground and not all reach the highest stage of formal
abstraction {(Orbell et al 1973, p.1i}.
"In a namber o1 experiments using Plaget's congervation
tests it was found that children in the Bafokeng region

showéd a time lag of 2 to 3 years when compared Lo white
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Suuth African children. These experiments were carried
out by post-graduate workers in Phokeng under the super-
vision of the ﬁresent vesearcher in 1988. This finding
is similar to that reported by Van den Berg (1978) for
other parts of South Africa.

Each stage is8 characterised by particular types of cog-
nitive functioning and children at sach stage think in a
gualitatively different manner from children at another
stage and of c¢ourse from aduits (as Siann and Ugweeghn
1980, p.41 point out}. Theze authors note the important
fact - important especially for research in the African
context -~ that each stage builds up in a progressive way

on precweeding stages (ibid p.43). The importance of

this notion for the presasnt research into Lhe sucuess
and failure in mathematics among the Tswana is obvious.
If the earlier stages in cognitive development hav: not
been successfully completed then later, more ébstract
thinking will not be achieved -~ indeed logically from
Piaget's standpoint, the stage ¢of formal operations will
not be attained. Bramhare (1977) quotes Orbell (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

gimilar f£irdings with South African subjects, Both Or- -
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bell and Biesheuvel attribute this relatively infevior
mental functioning to the inhibiting effects of culturél
impoverishment (Brawhare 1977, p.13}. The sane conclu-
siong were arrived at during a workshop consistinhg of
Professors J., Bruner, Doris Lee, Johu hewis, Cyril
Rogers and_Dr. R.H. Stone which explored the relations
batween the learning progess, traditicnal views held in
non~-technelogical societies and the developuent of
teaching science and maths. It was aceepied by the team
members tLthat experience at a very early age can be very
inportant in developing in the child capabilities for
abstract thinking. Certain play available Lo 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 anvolves the mastery of certain basic skills which
are themselves the tools for achieving higher order
skills, in perception, language, competencs in planning
and attitudes towards knowledge. In nesl non-
technological societies the eulture is antithetical to
maths and science becauéﬁ it stresses aulthority, rote
learning,  acceptance of the status qué and non-vational
and non-mathematical explanations of phenonena (ibid
He2). The work of Gay and Cole {1967} and Cnle gt al
(1971} in bLiberia and of Bishop (21978) in Papua New

Guinea raizas seriocus igsues concerning the valtural
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differences. They showed that their third. world sub-
jects performed as well as, and in some tasks better
than Admerican and European counterparés when the Ctask
itself was meaningfnl, Jike e@stimating guanblilties of
rice in a bowl. Bramhare {1977) poses this yuestion:
Could there be differences in coganitive preflevrences or
perceptual orientabions between the African and Western
subjects that may make comparisons unwartanied? {ibid,
p.13). Writing about the problem of poor mahhema£ias
performance of black South Africans, Van den Beirqg {(1578)
rejects Piaget-type studies as a possible research
instrument. He quotes findings by Poole (1968}, Beard
{1968) and Vernon (1969) from different parts of Africa
which show that black children lag behind English
children by about two years as judged from their perfor-
mance scoreg in Piagetian tasks. H.J. Dryer (1973) con-
firmed this by showing that 6 year old Buropean scores
are equivalent to 8 year old blacks in the R.8,A.. Van
den Berg then asounds a word of cautiont
.«» 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 (Vao den Berg 1978,
p.49).
Okonji on the other hand combined Piagelian Lheory of
cognitive development with his own differantiation
theory to stody cultural variables in voynitiun: Clags-

ifjcation behaviour (19683, Understanding_ of Gaometry

t19710), Auditory and Visual Inteqrabion (1975}, le
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sought to identify what may be special to the cognitive
_operations of african vhildren and eventually useful in
maximiéing their learning (Lloyd and Gay 1981). This
search led Okonji into Witkin's field
dependence/independence theory (Okoanii L971) and will Dbe
dealt with later.
There have been serious 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 Mezica - the
one droup from potter's homes, Lhe other from homes of
other ocgcupational background and Uthey found the
children from the politer's homes wiere betier al conser-
vation of substance tasits. Deard (1968) in Ghara and
Heron and Simonsson (1969) in Zambia found the degree of
urbanisation and interantion with technology improved
the % of conservers on Piagetian tasks. Llyd 1971)
showed socio-econonic Laclorsg had an uflect by
demonstraﬁing a significant correlation betw-n  conser-
vation and degree of elitism of the family ~ Yoruba
families in Nigeria.
Siann and Ugwuegbu say that Plagel's work is eth~
nocentric and is deeply inflvenced by cultural values
(1980, p.61). Serpell (1976) supports Lhis posibion and
by reference to Dansen's review of the studies [rom wmany
African countries suggest Lhat even Piageb's method of

data gathering by means of the elinical interview may be
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go out of touch with the culture as (o moke Lhe data
.unreliable, especially if the interviewer 1is a white
person  (P.72). Siann and UDgwuegbe guote other research
which run counter &n Piadet’s stages: Bryant (1974)
showed children aged 4 could . .e logical inferconces but
this is only supposed to be possible after age €6 or 7;
again Siegel et al (1966) showed children who were un-
able to congerve volume at age 5 could be taught to do
so and hence they guhestion the irreversibiliLy reguire-
ment needed hefore childreﬁ can conserve , Denaldson
{1978} showed that changes in the experimental condi-
tions ¢an give contrary results and so with a variation
of the three-~mountain taslk she Lound children were 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 if more meaning-
ful for young children then even children under the age
of =ix can demonstrate the ability to d--~centre. She
refers to a task devised by Nughes (1975) which wade use
of policeman dolls and a boy doll, The task involved
the coordination of two different points of view and the
results showed that, wontrary Lo Piaget's [Lindings,
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 veconciled if we accepl that in
the Piaget three-mountain task the ¢hildren did nol un-

dersiand whal Lhey were supposed Lo do. On the oiher
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hand in the Hughez' test the situwation makes sense to
the <hild. The motives and the intentions of the
characters are entirely comprehensible because for him
the situation makes human sense i.e. 1t corresponds to
bagic human purposes and interactions {ibid P.24)., With
reference to Donaldson's work, Dichkson gt ail (1984) say
the results could be impertant when congidering calture
biag in the tests and this bias will he greatiy ag-
gravated by language and familidrity with technology
{P.13}. An example of such culture bias can be seen in
an experiment carried out with 20 Bafokeny matric stu-
dent.s of average age 19,4 years. Ingtead 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 objeacts and then were shown a
cut out dell 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 posgitions, was the one that the doll could see.
only six of the twenty tested were akle ﬁﬁ selact 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 sease ag 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 ahout
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the church and.he hag no use for the vim. He only sees
the biscuits;“ .

among the ocriticisms of ﬁiaget are th#t his tasks are
cpltﬁrally.biaéed in the use of mwafterials and further
that the;e. is a language broblem which often prevents
tester and tesi:ee from understanding each other as-shown
in the above ekample. These are important issues for
the present research and bath are dealt with aéain in
chapter 7; It must also be remarked that there is a
digtinct possibility that school mathematics is cul-
turally hiaLed against African students in the -
materials, examples and excercises used and also in its
use of language. Language is disgcussed in chapter 7.
More fundamental criticism is that of Groen and Kieran
{1982) who say that Piaget's theory provides no ap-
raratus for.bridging the gap between his empirical work
and school mathematics (p.353). These same authors
claim that in his later writings Piaget dispenaes. with -
the need for stages at all (p.366). It i certainly
true that in his later years he was more and more con-
cerned with genetic epistemology which hag 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
psychelogical processes. He believed that it is with
children that we have the best chance of studying the

development of legical knowledage, mathematical knowledge
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ate.  (p360).

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 theéries. Be that as
it . may the present research into mathematics among the
Tswana hag been greatly .influenced by bhis work on
number. Piaget f1952) suggests that in order to handle
natural numbers flexibly in solving problems children
need: (i)Conservation by which a child can recognise a
one to one correspondence still exists beiween two sets
even when one is spread ont more; (ii)Seriation or ox-
dering which is the ability to arrange sticks, dolls
ate. in order of ingreasing size and to know where is
the 7th, 8th etec.; {iii)Class inclusion which is the
simultaneous recognition of a total class and one of its
subclasses esg. 5 objects c¢an be 1, 2, 3, 4, 5, in its
own get and when added on to a set of four ohjects this
old set of 5 wiil now be 5, 6, 7, 8, 9. Piaget thinks
these three operations are simultaneously achieved at

about age 8 (Dickson et al 1984, p.l198}.

Piaget's method of c¢linical interview in order teo f£ind
out how the child is thinking is still seen as the hest
tachnique available in gpite of the warnings of
Donaldson and others referred to above. ‘It is espe-
cially important for the present research to pursue an
in—deptﬁ study of individuals rather than a large scale

more suparficial survey of the population to study the
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research guestion. Indications are that African sub-
jects achieve mastery of Piaget's developmental stagés
later chronologically, than their European_cgunterparts:
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
Cunnine (1986): one major source of learning dif-
ficulties is the conflict caused in children whose
thinking is still at the concrete operatisnal stage but
who are reguired to cope with formal operations: {(p.23).
It was important for this research to record insgtances
of "delayed wental development" which might be related
to failure in mathematics. Similarly if was important
to record indicaticons of ability to hypothesise and deal
with formal operations which might be related Lo success
in mathematics. Lastly Piaget claims reversability is
fundamental to the «c¢hild's mastery of the arithmetic
operations of addition, subtraction, multiplication and
division. The present research explored how students
parform an 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
stiudents view addition/aubtraction and

multiplication/divigion as connected.
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3.2.4, Skemp
Some authofg 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 6r in the next section for h;s achool
based research in mathematics? Skemp was originally a
school teéchef and only turned ta psychology in his ef-
forts to understand how children learn (Skemp 1971,
p.15). 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 Paychol~
agy 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
- oy development. Intelligence was considered from the
point of view of dealing with the world in which we live
and especially goal attainnment. That. which enabled a
pergon to achieve his geoal waz what Skemp deseribed as a
director system. Bat Skemp was not caught up in cogni-
tive theoriging ~ on the contrary he realised that the
whole person is involved in learning and emotions play
an esgential part in human experience (Skemp 1879 P,11).
In regards to_mathematics understanding Skemp faced the
izsue by posing the quegticn: What happens when we un-

derstand that does not happen when we don't? {197L,
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p.14). He defines understanding thus: To understand
something means to assimilate it into an appropriafe

schema {ibid, p.46). I is not an all or nothing state.

Better inteyxnal organisation of a schema may also im-
prove understanding and clearly there is ne stage at
which this process is complete. To return Lo Skemp's
original guestion we find that scme ten years after he
wrote the above definition he now rephrased the gquestion
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 guestion 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 undexstanding 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 hasve since added two other
modes of understanding to include "formal® and
"intuitive"” wunderstanding {(Macnabd and Cummine 1986,
p.34). Skemp'e discusszion of understanding provides a
framework for the present imvestigation into how the
Tswanas understand mathematics. Very few students or

even teachers seem to have a relational understanding of
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rathematics and they cannot apply their mathematics in
new sitvationsg 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 undeistanding just ag Skemp - says. Many Lteachers

settle * the instromental mode of understanding be-

cause it has the distinet advantage of getting the right

answer quickly most of the time (Skenp 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 Ffor carrying out the preseni regearch

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 i8¢ generally agreed
that there are two kinds of intelligence:

(1} Intelligence=-A, whi¢h dis an innate cépacity for
development which, he says, amounts to the possgession of
a good brain and a good neural motabolism and.

{il) 1Intelligence~B, which describes the functioning of
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the brain in which development hasg gone vn (P.16). © ne
quotes Vernon's (1869) definition of Intelligence-B:
.«» the cumulative tokal of the schomata or mental
plans built up through the individual's interaction
with his environment, in so far as his constituticnal
equipment allows {ibid)
Skenp gbes an to say that Intelligence-B is largely un-
developed in many culture and the difference between
the technologically most advanced cultures and the most
primitive is not due to the differences in Intelligence-
A but to differences in Intelligence~B, since it is this
latter which is effective in controlling the enviroment
(r.18). Such ideas wust be studied against other
authore such as Ginsburg (1982) who reperted that:
++s ungchooled africane seem to organise schoal
arithmetic in the same fashion as schooled Americans
«+s the dominant impression is one of common coyni~
tive processes and robust development of systems of -
mathematical thought.

‘The ideas expressed here give rise to serious ghestions
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
game cultural background as the others ~ still manage to
perform go much better than their companions.

In a more recent work eantitled Intelligence Learning and

Action (1979}, Skemp builds up a model of intelligence
which he claims provides a core (£ a unified theory of

education. He makes (ise of many of the ‘deas put for-

ward in his 1971 book, especially the following:



- 131

{i) Concept which he says in a single abstraction. It
may be first ogder if it is derived ffom sensory ex-
perience directly: or second order, if Aderived from
ather abstractions alreadflmade; or thi- - arth, eto,
each being farther removed from initial ¢ ren, sengory

experience.

Fig. 3.1. Levels of gbstggction
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Skemp {1979, P.115}.

Floyd (1981) quotes Skemp as laying down two principles
for the learning of mathematical concepts:

i, higher order concept cannot be cowmunicated hy 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. Gthe hecessary lower
order concept must be present before the next stage
of abstraction is possible (¥.83).

.

These principles have serious implivations for the
present research becaunse mueh of the std 7 maths syi—
labusz is "“algebra” which can be thought of az
generaliaeﬁ arithmetic. Have the std 7 students

mastered the bazic operation in arithmetic which is the
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foundation_fﬁ; algebhra?

{ii) Schema is the word he uses for the lirking struc-
tures betwean cuncepts whose function it is to integrate
existing knowledge &.d to provide a sort of hental_ tool
for the acqguisitioca of new knowlege.

Skenp (1973 gives the plural as "scbeméta“ or
"schemag” . {p.219)' Piaget uses the wr:r_d “scheme"‘.to
signify *“"the structure or orgaﬁisation o ﬂ¥ ,oNs as
they afa transferréd or generalised by reéau;aion in

similar or annlogous circumstances.,”

(iii) %Mental processes may be either intuitive or
reflective i.e. knowing an answer as opposed to knowing
how cone arrived at the answer. Skemp suggests the folw
lowing diagram for describing and analysing mental

processes:

Fig 3.2. Relationghip between intuitive and reflective

mental processes

&

é " q_l\f(ﬂg-sln— %_; g Lq—[itﬁcmvrous]}d— i:
<8 . ; 'E
EEE—W Egg e EI’FBC’I‘ORSw—bg
' :

Skemp (1971, .54},

{iv) Director system

In chapter 5, Skemp {1978) describes his model for in-



telligencé. in tLeras of a director sysloewm oveupied wsth
desired goal states. This gysten has  Tour  compuaisasd
paris as shown in £ig 3.!
The components of the system aroe:
i) A sensor which is sengitive to the relevant aspernt
of thu presen® state of the object. By slale here he
means the relationship between the opsrand and tnhe
environment »
ii) A part by which the goa!) sbLale con be sel.
111) A comparator which represenls lLhe dillevence be-
tween Lhe present gtate o0 Lhe operaml and  lg  goal
_State.
I&v) A planp which determines whal happens wbhoen 1 he ab-

jeet is nol in ils goal srtate {ibid .49}

Fig 3.3. Components of a direclbor sysien

(ER-\'&TCFJS |

e v

The director system 18 eneclosed inside fhe dotted
line.

Skemp (1979, p.4M).
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The interaction of these cumponents with.each other and
how the whole system relates to the environment is shown
in Fig 3.3.

{(v) Cagnhitive map

in chapter 11, Skemp (1979) uses the structure of a eog-
nitive map to describe intelligence and understanding.
The relationship between knuwledge and action and the
role of schemata he discusses as possihle routes from’
the present position to a desired goal sLate as shown in
fig 3.4. Each point represents a stale of an
ungpecified kind; movement along a line represents
change from one state to another and the lines and their
connections show the possible ways of taking Lhe operanq

from one state to another. :

Fig 3.4. Diagram of intelligence as a cognilive map

b = present state; G = goal state.
Skemp (1979, p.145),
Skemp 15 concerned with what intelligence does i.e. ity

function, not what it ig made of. He Aefines it ag a
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quality of these higher mental processes by weans of
which we become able to direct our activities towards
goal states favourable te survival {ibid, p.51).

An example of how some of the above ideas might. be used
to help in the present resvcarch is given here aé an il-
iustration of how the werk of Skemp guided the ahalysis
of gtudents’ performance in mathematics. The student
would be given a card with a drawing. The drawing would
show a boy who telly his name and says he has four baxes
of gweebs just like the one shown. Beside the boy would
be a drawing of a box with a certain number of sweeks,
Onderneath the drawing would he the question: How many
sweete does this boy have?

The present state is given in the form of a picture ahd
words. The student wust identify the given information.
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 case
4 x 8 = 32 sweets. Scores could be allotlLed to each
step to enable conparison to be made botween
individuals. This discussion is taken up later in chap-
ter 5§ in the reseaxrch design.

Skemp acknowledges bis debt to Piaget's work bul is
careful to indicate how they differ, and three points of
difference are relevant for the presenlL research. These
points are:

(i) Piaget uses the word ‘"scheme" defined as “the
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structure or organisation of acliong as they qre
transferred or generalised by repetition in. similar
or analogous circumstances" {Piagel and Inhelder,
1568, p.4). By definition then Piaget «losely links
"scheme” with action. This contrasts wilh Skemp'sw
noticn of "schema” which he sess ag a conceptual
structure’ which exists in its own pright independant
of action {Skemp 1979, p.219).
(ii) Piaget's model of intelligence is Dbased on
equilibration: “intelligence constitqtes the stabe of
equilibriun towards which tend all the successgive
adaptations of a senzori-motar and cognilive natute,
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 qoual-directed
activity.
{iii) Piaget conceives of intelligence as o slage of
mental development, reached after a succession of
earlier stages. Skemp, on the other hand, speaks of
intelligence as that meatal function whiah brings
about changes from more concrete formas of thinking Lo
higher levals 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

" garried out in Singapore secondary szchoolsg on the teach-

ing of mathematics, The conceptual hasis far the ex-
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periment was Skemp’s{i976) work on instrumental. and
rejational understanding. chinese—medium and English;
medium studenﬁs, both boys and girls, were tauéht a
topic in "Trigonometry during a Series of 10 lessons.
Some Chinese-medium classes and some English-mediem
clagses were the experinental yroup and they were taught
by an experimental method including dicussion and ac-
tivities both within and oﬁtside the classroom, The
sequence was designed to maximise the possibility of
securing relational understanding. The control classes
were taught by their usual class teachern asing Lhe
direct method ard school text book as prescribed in  the
school syllabus on Ethe asmsumption that this would
promote an instrumental learning strategy. SLatixtical
analysis of pre-test and post-~test gcorss wag carried
out after the students had been matched with respect Lo
gsex, medivm of instruction, age and mathematical attain-
ment ay shown in pre~test. In the conclugsion Pufbjck (19
al{i9682} report that the Chinese strean students who
followed the experimental programme of lessons deéigned
to gecure relational understanding seemed Lo have en-
joyed a significant benefit. On the other hand the
Englisk stream students' understanding was not sig-
nificantly related Lo experimental or contre]l GLype of
teaching. To explain the result the authors nolke that
Chinese-medinm students are learning: mathematics in

English which ig for them a gecond language and heénce in
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Lhe experimental lessons Lhey were less depeandant on
language and had in a sense expericoce wilh  direel
acgess to the mind, allowing the studeal tu Lhink in
Chinese about what was going on. In  Lkhe Lraditional
method classes these students were dependent on the
BEnglish language medium and Lhe aulbors suggesl  this
prevented them from building up concepts awd reduced
them Lo memorisalion and instrumenti) learning.

The English medium students gained no particatar  advan-
tage fLrom either mebhod becauvse they werce nol disadvan-
taged by the use of English au the  wedium oo
instruction,

This experiment raises questions aboud  Lhe languags
medium in Bophuthatswana svhooly which are important  for
Lhe present research. Acenrding Ly the Findings

reported by Purbrick et _al students learning malhemalics

in a second language are severly handicapped by o teach-
ing method which relies on laaguage although Lhe bad ef-
fects of this can be minimised by Lhe use ol lots of ex-
parimental apparatus and oul-ol-class demonstralions,
In Lthe experience of.thu presenl regearcher Lbhe comieor,
and often only, melhod used in the Dafukeny  region
schools is the "chalk « 'd talk" wethod. There is an al-
most total lack of teaching aids, apparalus of any sort
is lacking and no stimulating nalerials can be goca o
any of the classroons. Thig investigaltion ineludivl

vigits to Lbe schools and observabtion of  malbesal 10s
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lessons taking into consideration the poinls made here’
and reported in Chapter 8.

. One last topic discussed by Skemp and found to. be ap-
plicable to the present research is -Lhe manner uf
reality testing (1979, P.28). what is involved here is
how we know we have arvived at a =zoluation and how do we
know it is right. Traditionally with the Bafokeny a
child would never dream of guestioning hig elders.
Teachers are geen to be elders and when they preseht a
solution to a problem in mathematics there is no prece-
dent in the culture that would encourage a child to
verify this selution for himself. Right. and wrong-arve
decided by his elders. However it is essential for a
relational type of understanding in mathemaltics that the
student does check the answer. It wag alfo invesgtigated
in Chapter 6 if successful maths students are Lhe 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 mpathematics is
taught 'in the Bafokeng schools generally using an
analytical approach and students wmuskt be able to
restructure the parts in order to £ind a solution.
Success' in mathematiegs then would depend on this
analytie/rescyucturing ability. Witkin and his ag-

gociates have developed a theory of persounality and coge
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nitive style  which is correlated to perception and
degree of différentiatian of the self from the nan-self,
Witkin‘s work was done in America but it hasg buen repli~
cated by Dawson, Okonji and others in Africa. Acvorélng
to Siann and Ugwuebu in terms of amount of research in
non~Western <countries Witkin, comes second only to
Piaget {(Siann & Ugwuebn 1880, p.211). The original woik
was carriead 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-congistent in the manner
of establishing the upright acrosy tasks - Lhis was seen

to be a question of perception. Some pecple relied on
the visual and were unable to adiusi a rod in a Lilted
frame so that the rod was vertizal; others relied more
on their body sensations and they could adjust the rod
inﬂo a vertical position even when the frame was Ltiltaed
{Witkin & Goodenough 1981, p.7). Witkin decided tn use
the terms field dependent for the former group and field
independent for the latter (ibid, p.13).

In the research on field dependence and field indepen-
dence the twe tests which were most freguently ased were
the Rod-and~Frame Test (RFT) and the Embedded-Figureg-
Test (EET). Thgﬁ.former test reguires an elaborate
mechanical angd ;tructural_ set up but the laltter is a
straightforward paper and pencil test.

The Rod and Frame Test (RPT) is carried out in a small



141

darkened rcom in which the subject is seated facing a
luminous rectangular frame having a luminous rod meunted

centrally within it as shown in £ig 3.5.

Fig 3.5. Experimental ayrangement for the RFT

‘\\\\I

(Jordaan et _al 1975, P.404)

/

The chair, the frame and the rod may all be tiited inde-
peadenitly and the subject is asked to place the rod in
the true vertical position. Those who can adjust. the
rod toe a vertical position are g#aid o be field
independent, those who cannot are field dependént

{Witkin el al 1954), In this test the subject had Lo

extract an "item" <from the field in which it appears,
Success in this test indicates analytical aand articu-
lated perceptual style because the person iy able to

differentiate the elements from Lhe tolal perceptual
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field and then integrate them again (Riley gg_gl 1959,
p.67). There was great interest in this area and many
studies published in the fifties have deall with field
dependence/independence: Linton (1955}, Rosner (1957},
_Block {1857), Gross ({1959}, Jackson {1957) ete oas
pointed out by Riley et _al (1959, p.68). Mozt of these
were correlation studies,

Through conversations with the subjects Wilkin began to
realise that personality was related to the manner of
perceiving the uprigﬁt in gpace and after using embedded
figures tests it became clear that performance in Lhese
latlher teslts was &lso related to perceplion of Lhe
upright. Witkin reported these findings in & book .ub-

lighed in 1954 entitled Pergonality through Peraasplion

described by Goodepough (1986) as a landmark volume.

The persconality bLtypes were deemed to be horivontally
bipoiayr 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 ag superior or
inferior to the other. Most people were regarded as
situated somewhere along the continuum between the two
boles. in genaral terms a predominantly field dependent
person:

(a) tends to 5udg& the world in a rigid fashion ancord-
ing to his establighed frames of reference;

(b} does not easily change his sel ideas concerning

people, things or situations;
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(c) 'is easily bogged down by details because of his in-
ability to coordinate these details and pereeive a new
totality. _. _ .

On the other hand a field independenl person:

ta) has a more flexible ocutlook on life:;

{b) im 1less inclined to perceive in exLremes (e.g.
right/wrong, very good/bad);

{¢) is able to recognise Lhe elements 1in a perceptaal
situation tlanalysis}! and coordinate them into a new and
meaningful whole (synthesis) {Jordaan eh al 1975,
p.172).

A number of writers have criticised witkin's personalily
types as being "centri-cultural® i.e. havinhg unattrag-
tiveiy ethnocentric overtones e.g. Wober (194%) and Ser-
pell (1978) as pointed out Ly Siann & Ugwuebu (1980,
».213}).,

In hig second landmark book Pgychglogical Differéntia*

tion published in 1962 Witkin subsumed field indepen-
dence as a very specific construct at the base of a
pyramid with the differentiati. construct at the apex
{Goodenough 1986, p.8}). .Diffarantiahion inplies
gegregation, of self from non-aelf,.of paychological ac~
tivities (e.g. thinking from acting), also hierarchical
structure of functions and specialisation of Funvtion at
the neurophysgiolagical level. The last menkioned refers
to lateralisation whereby the two cerebral henispheres

specialize in functions (Witkin & Goodenough 15%81,
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p.19}. Cerebral dominance and perception is an area in
.which there iy a considerable amount of recent and cur-
rent research but it will not be reviewed here. [See
Jordaan & Jordaan {(1%75) for a simple explanabtion of the
ideas put forward by Sperxy (1968 ard 1970} in. this
context: a normal fight handed person tends to have a
dominant left hemisphere housing the mechanisms  which
enable him to espress himself by Lhe spoken and wriflen
word, to organise coherently the language he speaks and
to understand its meaning; whereas the righ; kemisphoary
is subardinate in its function of spatial coanstruction
and non-verbal ideation {oglcit, p.168). Pizzamiglao
and Zoccolotti discuss how cerebral struchute and togni=-
tive characteristics are related to individuwal dif-
ferences of field &ependence/independence (Bertini et _al
1986, chapter 4).1

Witkin and his co-workers also developed an embedded
Eigures test {(EFT) in an effort ta find a simpler task
than ~the rod and frame test (RFT} whereby an inves-
tigator could assign a given subject to one or other
category of field dependence/independence. The: BFT is
quite different from the RFT in the sense that it is &«
paper and pencil test. The subjeét ig reguired to iso;
late a given simple figure P from a more complex 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 lesl (GEFT)
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{witkin t al 197L). More detailed explanations of the

GEFT are given later in chapter 9, section 9.4.3.

Fig 3.6, Sampie item from EFT

INSTRECTIONS Thus 15 @ fest of ycur 2bilily (0 iind 3 simpie loym when
115 hdden within 2 complen patheen

Here 13 2 sample lgro wh::" we have Nbeled “X™
N X

Tiua umgta loem. namad X", \s hidden within Ihe more complex fours

Try to bind tha simpla form in the camplex ligure 20 trage it in penci
diceclly tver & %-e$ ol (ho complex figure, it 13 the SATAE SIZE, in the
SAME PROA,  IONS. anG FACES IN THE SAME DIRECTION wathin the
complox Mys  as when I appeated alone,

{Witkin et al 1971)

Very high correlations were cbtained between scores on
the embedded figures tests and the rod and frawme tests
in America so that it became popular Lo use the EFT as a
measure of field dependence/independence. Wober found
this was not the case in African subjects wilth whom he
used both RFT and BFT (1966 and 1967). He found that
 his Nigerian subjects showed closer gimilarity to
Awerican professional dancers than tao other American
subjects in that both groups showed no significanl cor-
relation between RFT and EFT scores. .He also found that
formal <{(Western) education had more bearing oun EFT Lhan
RFT results. Wober (1967} concluded thal REY conlkains a

propricceptive component making il ewmsenlially differenl
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from tests 1like EFT which involves purely visually
mediated transactions. {Wobtr 1967.P.37). It seens
then that the criticisms listed hy Siann &.'Ugwuebu
(1960,p.213} are relévant when we attempt Lo use
Witkin's iueas in a crogs-cultural context. It may very
well be true for American field depeudent individuals
that thevy are dependent:

(a) mocially i.e. conform easily, unsure ol themselves,
rubmit to autheority, rely in their perception of puople,
things and situnations, on the ovinicn and atlLiludes of
others especially authority figures, easily change their
stated views on social issues under the direction ol
authority; .
(b) emotionally i.e. their perceplions and thounghts are
.strongly influenced by theilr own emolional disposzitions,
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 deaial when faced with threatening
gtimulus situations, hence their memory of what Lthey
perceived, smaid and did or thought is blotted oub and
often they change their own views in accordance with
current popular opinion (Jordaan et _al 1975, P.407).
However none of these characteristyes mwmay apply in
another culture (Wober 1966, P.184).

Witkin's work led to the development of a situldy of cog-

nitive skyle and its application for tLthe analysis of
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sugcessful classroom teaching. In a class wik .ation
tdére will be serious learning disabilities for studenty
+o their Jearhing stvle ig not matched with Lthe Leachiﬁg
style adopted by the teacher. The possible preferred
learning style of std 7 students in the Bafokeng region
must therefore be investigated especially with refevence
to perception..

It was not foreseen that all agpects of.cognitinn would
be dealt with in the present research dune {o const. aints
of time and resources and perception has been selected
for a i1ore thorough investigation. I'he literaturce sug-
gests successful wnaths students tend to be nore field
independent. The embedded figures test can be used in
the present research to explore the pelationship belween
mathematics achievement and scores in embedded figures
testy obtained by std 7 students in Phokeng.

In discusgsing the origins £ individual differences

Wikin et al {1971, P.11} indicate that rescarch sliows a

relation between the extent of a child's field depeh~
dence and the degree to which his early socializatian
experience hampered ox fostered achievemenlk of separate
autonomous functiohing (ibid P.12).

other research reviewed by Pizzamiglio & Zoccolotti
{1986 explorem the theaory of genetic acontrol (Be ini
et al 1986,Pp.33). The treth is that both of Lhease in-
feract in any given individual most likely. The  enw

vironmental variables are listed asm !
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(i} training, ({ii) child-:earing practices , (iii} cul-
tyre and (iv) eco-cultural Ca.ctors. The evidence sug-
gésts that spatial visualization, disembedding and per-
ception of the upright may be affected by a variety Qf
educational progsrammes (Briankman 1966],(ﬁober
1967}, (Bishop 19£3).

Child-~rearing . practices hat encoufaQe continued
reliance on parents inhibit development of [ield inde-
pendence (Witkin & Gooderough ®81,P.81}, Dawsﬁn'?i967l
Iand Okoniji (1969) found that field dependence was ass-

sociated with polydamy which may promote the Lype of in-

fantilizing and ove  -mothering socialization that lead

to the development of field~dapeandence {Okonjx
1969,p.304), By culture in the contexl of this discus-
gion ‘iz meant social setting, and Witkin & Ber.y (1975}
identified two groups with different social arrangements
and standards. One group stresses conformily and has
elaborate social gstructure and insists on strong paren-
tal authority within the family and this group was found
to be more field dependent; the othex group has more
looseness, autonomy and in contrast to the first group
where. the father plays little or no wart in the child's
upbringing the second group have both f;ther and mother
partioipating in emotional and physical care of the
child, this group is more field dependenl (Wilkin &
Goodenough 1981,P.895., Finally ecological factors also

conhribute to field dependence/independence as shown by
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Beirry (1966), who compared a grdup af  Bskino sublacls
with 2 group of West Alrican ones, alsu Dawson (1967
who did comparisons in Sierra Leone, and Okonli (19649}
who compared Lhe effents of rural and urban envirvenmenls
on the development of coynitive styles among ohildren
(Okonji 1969,P.295).

All this secms very far ‘cemoved [rom succesy and Lailluwe
in mathematics but it may not be the case L[ we consides
the fuilowingtla person who is field dependent lhas a
cognitive slyle whiceh as global ib perception, which or-
ganizes and tabels stimulus configurations in a coerlain
manner without being able to disembed tham from Lhe supr-
roundings and now Lthis person ig faced wilh o ]yarning
sitnation which ecwmphasisey cnalysis and synthesis and
which rates performance and even tntel ligence on
achievement in tests based generally on an analytic
atyle of thought (Gonzales & Roll L985,1.143). And in
fart even a cursory glance al the Weslern type schools
in Africa shows they are indeod vieslern - in
ordanisation, administralion, conlrol, syllabus, teach-
ing wethods and 80 on, and Lhey are geared lo  gnroduge
field independenl persons, Wober (31966) atlemnpted Lo
iden;ify “sensolypes” as an alterpnalive Lo #Witkin's
field dependent class. Ny Lhis he means the paltern of
relative importance aof the different senses, by which o
child leains to perceive tho world and in which palleru

he develops his abilities {(Woher 1966, P.LIB2D. Wobie
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Visual material is the currency of communivalion in
an American, westarn gociaty where the testy (RFT and
EFT) were develaped. ' But the vigual world aml Lrans-
actions thevrein may not be so relatively imporiant in
an Africap culture ... and the language may noi hav’
the availability of words and hence ideag as an ap-
paratus neceguary to the elaboration of an analytic
style in the visual field in which his tests lay
(p,1813.
By contrast with the Western “visual” #Wober deacribes
cultures that have tonal languages, {(nol Lo mention
clicks as in South African black langnages) and rich ex-
perience and discernment of rhythmn and physical movement
in danocing. Hence Wober says childyen in such culiwres
are skilled in Jdifferent media from the Wesbter « vigual
medium, they are more proprioceptive and andilory than
vigual (ibid P.188}. Thus when we consider the falluve
of our Tswana children in mathematics perhaps we need Lo
look at differvent teaching approaches and learning tech-
nigues -~ group interaction and shared responsibility be-
tween teache» and pupil as oppoused to Lthe lecture and
discovery method presently in favour, maybe Lhere we can
£ind the beginning of a solultion to the problem. - Hence .
the guestien: e the Tswana students have prelerred
modes of thinking? ¢an Lthese be identified and
described?
It may be that Tawana 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 prder to assimilate it.
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Na research has been found which examines  Lhese

possibilities.

3.3. School based research_into malhoeaalics

The concept "mathematies” was dealt wilh in  Chapler 2
and an  operational definition for the purpuscs of this
research was given in terms of ta} kocwledge amd (b))
skills, In the past there hag been moch crilicism of
Lhat kind of schoo) mathematics which capcentrated oo
drills apd comrtational procediros, The awm of Digh
level of skill in number manipuwations was manilested
and wmeastred in spesd and avcearacy. Thes sower approach
to school mathematics has teaded Lo downplay che skill
aspect in  fLavour of a deeper level of undersCanding.
the relationship between conceptual kwowledge and puroce-
"dures in mathematics., They conclude:
ees Lhal children's provaedaral knowledye leasds Lo e
acquisitionof schemata and these schemata 1n Lurn are
involved as inkermediate gsteps in acquiring more  ad-
vanced procedures. More work iy requived 1o expli-
cate furthar the natuxe of thig interachion (Ginsburyg
i3, P.191).
Children who fail in mathenalick Lhen mway be backing  in
either {or both) of these: knowledye or skilt. Thore-
fure these topice will be Lhe [ocna of thig scction  of
Lhe literature survey. Bul this ficld jy sLil]l too
hroad and it was decided Lo be guided by (wo works on

mathematics teaching and learniag in Englond covering
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the age grouwp 11 to 16, which corresponds more ov less
with our middle school range in Bophuthalswana. Theye
works arve:

Children's Understanding of Mathemalies 11 - 16 {Hart

ed. 1981) and Mathematics 11 « 16: A Report prepared for

the Mathematical Agsociation (1974).

3.3.1. Mathemgcicg research in England

"children‘s Understanding of Mathematics 11 - 16" (Dart
ed, 1981) is the report of a Leam of workers in the

programme entitled Concepts in Secondary Mathemalics and

Sciences (CSHMS) and edited by K.M. Hart. The regearch
was done from 1974 - 1979 and il wau based in schools
and on the school ecurriculum. The aim was Lo develop a
hierarchy of understanding in mathematics, called a
“Concept Pree", which would provide informalion [for
teachers and other developers of curricula in Bngland.
Eleven different topics were selected to find Lhe types
of questicns children can answer casily and which type
they find difficult, The topics were: measurement, num-~
ber operations. decimals, fractiong, positive sand nega-
tive numbers, ratio, algebkra, yraphs, refleclions,
vectors. Written tests were devised on Lhedge topics and
presented in problem~solving format in order to probe
understanding - not merel» to tpest wskilla. These Lists
were followed up by interviewiﬁg children for the pur-

pose of:
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{a) Clearing up mlsunderstanﬁLng& in wordlnq of
questions and
{b) finding out methads used and the errors made by
chiidren when doing taths prohtams,
Each interview lasted about one hour and the child was
asked to talk his way through the problems explaining
what he was doing, Some of the difficullies assovialed
with the interview method are teferred to. The replies
a& to why the child used a particular melhod weve ...
often tautologeous, the child essentially sayiag il is
80 becaunge it is so. Sometimes the replies were no
more than an expression of feeling ... {P.215).
A lot of use was made of Piaget-ziyle questions wdapled
by O0SM3 and a number of correlations made with Playet's
stages of developnent. The nost noticeable differences
betwesn the two would seem to be:
{a} Piaget's focus was on the child; CSMS locussed on
the child doing maths
{b) Piajet used material, concrete objects; CSMS
relied on paper and pencil tests and wrillen
symbols.
No model of intelligence is presenied, There in a nodel
of mathematics as a body of knowledge which can be ag-
ranged in a hierarchy of concepts of increasing
difficulty; there are also presented various strategies
vged by children in solwing problems. A parallel may be
seen in Piaget's schemata and Skenp's goal-orientaled
activitieeg yhigh enable a child Lo move from a glven
resent stite to a desired goal state.

The whole ‘rescarch highlights differences betweon Htﬁj

dents who arg good at mathg and gtadents whe are not
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.

good at waths. At a given age a bright child has
nastered topics which are higher in the concept hierar-
chy than his pecrs, Thig seems Lo be a mere glatemenl
of fact wilhout an attempt to anmalyse the reasons why
this should be g0 oy to identify factors assuciated with
goed maths performance.
The aunthors of the 1974 report fox Lhe Mathemalical Age-
soeiation elaim the core of mathomatics 1w  pabtern:
patteras in naumber, in gpace, in algebraic form, in
symboliswm, in thinking. within the gensral theme of
pattern they say number is the mathematical model of
greatest use in everyday life, (B.5}). '
Number properties are easy to understand when cor-
rectly presented, and yet they are the basis of Lhe
mosl powerful methods of abstract mathematics., IL is
inportant: that children should know what ave the sig-’
nificant properties of numbers and the operations on
them, and also that they should understand the conoon
vonventiong used in the wrilten expression of punbers
and of statements abont them (ibid P.G).
Following from the work of Lhe developnental
paychologists like Piaget and that of process
psychologistas like Skemp it is clear thal whatever view
is taken of cognition the early work on lower order con-
cepta must be well donea, If children £fail 1o make Lthe
grade in middle school mathemabics it iz likely Lhe
problem lies in the fact that they Jdid not succeed in
building wup a sound base in their earlier years. Tl

voncepts either were not formed properly or the children

were foreed inte using algorithmg at too early a staye
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and the only way they conld vope with the schoold demnands
was by rote memorisation. Hence it has boen degided
that out of Lhe vast amounl of lilervalure on  schoot
based research into mathemat ics Lhat has beer publishel
over the last twenty or so years only Lhat concerned
with number and the fouy basic arithmetlic operalions of
addilion, subtraction, malbkipiicastion and division wit!
be reviewed. It ig believed by Lhis rescarchoer Thal in
failure Lo achieve maslery in  these areas  lies  Lhe
answer Lo the guestion of why some studesls siecceod in
mathematics and obhers fail. All this wmusl of eonrge be
moderated in the third world countriszs by cultwral  [ace-
tors and Lhcories of <ognilive slyle as proopused by
Witkin, Perceptual modes as explored Dby Okonji,
Daregowski and Woeber as wentioned eartier jn gection
3.2.5. could play an important roie in helping Lo iden-
tify the difficulty which seems to be pecguliar Lo Lhe
acquipsition of adequate mathematics conceplts in Lhe
African conlext. There follows below & reviow of re-
search on number, basic operations, slrategies  and

problem solving.

3.3.2. HNumber
As the 1974 report prepiared for Lhe Malhemallcal As-
gocialion says:
Qur first acqualuntance wilh numbers ix wilh  the
natural opumbarg  (1,2,3 ...} whieh are ased  in

caunl inyg, We often tale Lhem [or granted and do not
think about Lhem very wuch .. Malboepatics 11 = 10,
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Fuson and Hall (1983) have reviewed Lhe literalure ex-
tensively and they have come up with a wide variety of
meanings and uses of number words as follows:

(1) Knowledge of conventional segueuw.e of the WQEds.
The mere learning of words in correct seguance iS.d con-
siderable task and may so preoccupy the younyg child Lhat.
he is unable to attend te anything else. An examnplz of
the difficulty is the way children struggle to learn
“runs of numbers" like 1.2,3,4,5.....8,9,10.... olc as
reported by Gelman and Gallistel (1978, P.93). Fuse -
and Hall (1983) remark on the socio-economic effect wn
learning number seguences, They refer to a study by
Ginsburg and Russgell {1981} who reporte? 8,E.S. effecls
on wmean lengths of accurate number wosd sequences for
samples of middle-clasa and poox inner-city 4 year olds
te be 20 and 15.5 respectively.  Similar results were
obtained by Bughes (1981) in a study of middle~class and
working-~class children aged 3 -~ § vyears in Edinburygh
(Dickson et al 1984, P,.191),

‘:3)  yse of words in counting. The act of counbing im
qu.te involved ba2cause the child musnt apply a one-~to-one
principle according to Fuson and Hall {1983, P.57) and
it is usmally accompanied by pointing or some other body
movement by children up Lo the age of five. Greeno,

Riley and Gelman (19768} have developed a wmodel of
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childreﬁ‘s counting which they describe as a_fmehtai
- number line*, The model consists of an ovrdered lisl 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*

| - nek \l\ 4 ,,L_*“'h.é;;(- 3\ 3/';1.c.r'# ’ \ 4_//““6 J s
X 7 . ; *
1 ¢ 1 b !
: ¢ .
. 2 0 ! ¢ ¢ ¢{a¢
s r ) o @& ¢ &

Resnick (1963, P.110},

The guantity of a set is established by a procedure that
uniguely links each object in the set with one of the
nomber logs and then designates the last numbgy lug
named as the number of the set.

It is 1ot élear yihether Greeno and asuocié&nu wiho
present the melrtal nuwmber line above are conceptualizing
from the r&searuher‘s poiht of view or Lbat of the
¢hild, 71 it is the 1étter who are cvongidered to have a
mental number line image ﬁhen it ought Lo he relatively

easy for them to count in skips like: 2.4,6 ... or

'3,6,9 ... etc. But this is not vonsistent wilh findiags

of Behr et_al (1983} or Novillis-Larson (1980). In re-

zearch to explore trational wmumber concepts of 4th

gradars in American students Behr el al report a dis-
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. proptionate number of errors in numbéc line problems and
their results indicate that number line inqerpretaLicns
are especially difficult for children (F.113),
Novillis-Larson presented 7th grade studenis with tasks
involving number lines and.fractions. Where Lhe line

was divided into divisions of “2" instead ol "1" stu-
dents failed to recogﬁise this from the fabelled nunbers
and persisted in counting in ones. When a number line
of length two units was used approximalely 25% of (he
sample used the whole line as the unit (Behr eb_al 1983,
P.9%4).

{iii) Corresponding_numerical symbols. Fuson and RHall
{1983) repért that little evidence exists concerning
children's knowlédge of the one-one principle i.e. that
each item in an array mus: receive one and only one
cuunting word (P.57}). It seems likely that mastery of
this one-one principle and the absiraclion of "eonenesa"
"twoness” etc. with the use of the corresponding number
symbole go hand in hand with the child's developmnent of
number concepts.

{iv) 'The cardinal meaning is to demcribe the numefaaity
of a set ~ how many elements? Fuson and Hall suggest
that in the early years a ¢hild ¢an only use nunbers in
a phyasical context {e.qg. 2 chairs, 2 sveets ete.} and
only later form a more general concept of twoness — not
khawn at. what age nor inh what way thiys abgtraction oc-

curs {Fuson and Bcll 1983, p.59). Cerrain African lan-
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yuages have been shown not to have separate words for
"two”, ‘“three" etec. and are limited to speaking about
"twa men", "three dogs” ete. (Gay and Cole 1967, p.52).
A crucial step in applying the counting procedure in a
cardinal context, claim Fuson and Hall is

«++ learning that the last number word said gives the
numercsity of the zet (1983, p.65).

This is called the cardiﬁality rule by Schaeffer et al
(1974) ., It means that when a child in counting obiecks
says: one, two. three ... nire, ten ... he must shift
into the cardinal use of ten away from the ordinal ten
so as to name the group as consiating of ten gbijects,

{iv) Measure meaning. The measure use of numker is
best illustrated in the use of scales i.e. units marked
with numbers. Fuson and Hall (1983, p.80) suggest this
uge of number has important applications in every day
living {e.qgs rulers, thermometers, weighing scales
atc. ). 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 mads
errors in measuring simple line segments with a ruler
{Fugon and Hall 1983, p.81). This correlates with the
aumbeyr line difficulties reported by Novillig-Larson

{1960) and Behr et _ai (1683) above. Hart (1981} reports

on findings with children in the 11 to 16 age group on
measurement in which the Z£ocus was on conservation.

idart (1981, p.22) Bays the essentinl aspent of measur-
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ment includles the fact that length, area and velume of
objects are not changed by displacements - but ap-
proximately 30% of secondary school students are not
sure of thig. Hart gives this example: svbjects 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

f

{dart 1981 P.23)

Almost one third of the sample were unable to select the
correct answer in this question.

(vi} Ordinal meaning.. The ordinal meaning indicates
the relative position within a set like third, seveath
etce. The acquisition of these words lags farx basbhind 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 é years (Ginsburg
and Opper 1969, p.141). The learning of the ordinal
wo;és is not the end of the. matter however because

children must come to understand the relationship be-~
twean twe ordinal numbers and be able to compare for ex-
ample the "nintﬁ“ and the “"fifth". Twa ordinal posi-
tions can be aeccurately compared by the use of one of
the three relations: less than, same as, greater than
{Fuson and Hall 1983, p.80). These authors say they
have been unable to find any research into conservation
of ordinal number.

{vii) Coding and categerizing devices. There iz still

another use of number in our everyday language and that
iz ecoding 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~numerical one and the number.
words or number symbols are used simply as identifica-
tion names {(e.,g. telephone numbers, football jersey num-
bers etc.) {Fuson and Hall 1883, p.953). This may be a
source of confusion for young children and might under-
nine the child's progress towards 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 éb0ve are
some of the ways numbers are commonly used. It was in-

vestigated whether studeats had mastered these meahings
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or whether lack of clear understanding of these meaniﬁgs
prevented stuodents from solving certain types of arith-
metic problems. Students' knowledge of the number line
was also invegtigated. Lastly the Tswana language it-
self was analysed for its number vocabulary in order to
find ount if it is possible for Tswana students to

abstract number conceptr 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 look 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 teook place in
four stages:

Stage 1: Pre-counting. Children in this stage have
mastered the cardinal aspect of numbers up to £ive but
do s0 by a pattern of perception rather than counting.
In Piagel's stages of development of conservation of
numnber arising out of experiments done in the 1930's, he
referred to a firat stage of "global comparison" which

corresponds to Schaeffer et _al here (Dickson et al 1984,

P 184y,
Stage 2: 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 number
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 weve al-
ready counted.

gtage 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., B.174). _
Stage 4: Relative size of numbersg. children could tell
which number from 1 to 10 was larger than any  other.
This would seem to be similar to PiagelL's 3rd stage in
which one-to-one correspondence with lasting equivalence
hae been reached i.e. c¢hildren 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 §-haeffer
et al given abave.

biaget found the under 7 year old pre-operational c¢hild
couldn't do the tests on conservatién correctly because
of what he ocalls "decentration" by which he méans the
pre-operational <¢hild still centres on one patrticular
property {(length for example) whereas the older child
has "decentred" and can focuz on more than one properhy

simultaneously. There are some general criticismz of
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investigations deseribed in this section which could
apply egually well to BPiaget or to Schaeffer et_ al.
Firstly they were all verbally administered and hence
language may have been 3 problem (Donaldsen 1978},
Secondly it has been aileged that the sgituation pre-
disposes children to answer incorrectly (ibid). FTinally
using two sets of different objects introduoces the con-
cept of transitivity and therefore is nol a good test
for the invariant property of number {(Dickson et al
1984, p.186). There is however agreement Lhal in order
to really understand and apply natural numbers, an ap-
preciation of both cardinal and .ordinal aséects is

needed, together with the necessary relationships be-

tween them (Resnick 1283, p.Jl47).

3.3.,4, Arithmetic operations

All the research available for the preseni survey con-
siders addition, subtractic.. multiplication and divi~
gion to be the four basic arithmetic operations. Piaget
however suggests that cdngervation, seriation and class
inclusion are more fundamental still. and the last named,-
clasgs inclusion he sees as a step from mere countinyg to
number manipulation. By class inclusion he understands
the simultaneous recognition of a total class and one of
its sub-classes as for example & objeéts can  he
1,2,3,4,5, in its own set and when added on to a met of

4 obiccts this old set of 5 will now be §,6,7,8,9.
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These three operations Piaget regards as essential to
handling numbers and he thinks they are achieved simul-
taneously at about age 8 éDickson 1984, p.188). Resnick
{1983) calls this a part-whole schema whereby children
can think of nnmbers as comﬁositions of othzsr numbers
(e.9.2;5;7) in thisg group 7 i.. the whole and 2 and 5 are
the parts. Thia enables the child to solve a series of
problems liks: Sam had § apples, Sarah had 2, how many
is thisY, and even very difficult ones like: Peter had
INme marbles" Dav gave him 5 more for a gane, now
Peter has 7 marbles{ how many marbles did Feter have at
the start? Resnick believes childreﬁ nove away from the
"mental number line" (see 3,3.2, above) to the part-
whole schema at about age 7 or B years {Pesnick 1983,
p.115}.

Cafpenter and Moser (1983) quote a lot of research which
shows that the development of bésic nunber concepts in-
volves the integration of basic guantitive skills, such
as counting, estimating and subitizing, by which 3is
meant the direct perception of numerosity. Thega
authors =zay most of the current research in this area is
‘ooking more at the processes ck’ dren uge to srolve
arithmetic problems (P.14).

What follows here is a review of research into the mean-
ing of addition, subtraction, mwultiplication and divi-
gion and then the strategies used by children in these

operations, the reasons for this concentration on the
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operations is the phienomenon observed by the present re-
searcher that among Tswana students there is a fair
measure of ability in cowoutation skilisg but théy are
often at a loss Lo know which operation Lo usé. Several
authors like Carpenter (1981l), Vergnaud ({1882}, Prown
(1981), Carpsnter & Moser {1983) claim some of
childrest’'s difficulties in ma .. 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.). The meaning of the 6neratinns

Dickson gt al (1984) provide <the fdllowing stages of

development according to Grossnickle {1959): children
first grapple with a meaning of the operations .in con-
crete terms, later they learn sim;ie computation and
finally arrive at an understa, . ng of the structural
propertaes of the operations {(P.221}%,

Brown {1981) investigated childsren’s nnderstanding of
the four basic operationz by testing the uhildren's
ability to s=elect the correct operation in a given
problem and by asking the chaldren to supply a word
rroblem for a given operation. She noted "‘at for éulte
a number of her sample understanding was limited L¢ “key
words": altogether (=add)}, share (=divide), times
.{=multiply} and the children used these ag 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 Sinary
operation. In the former case (i) adding-on is a unary
operation ¢.g9. I had 5, I got 7 more.’ uow.many now? As
a binary operation there are {ii} union e.g. I have 5,
you have 7. How many? = {iii) comparison e.g. I have 5
mote than you, if you have 7 how many do I have? and
then other variations such as directed lehgths in op-
posite senses and mixed variations of adding-on, union
and comparisen mey occur. The direct adding~on type
problem proved eagiest for all the sample Gtested by
Brown (1981, F.27}).

(b} Subtraction:t There are two unary models: (i) take~
away e.g. I had 13, I removed 5, how wmany left? and (ii)
complementary addition e,g. How many do I add te 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 I
have than ven? Brown found the take-away model eausiest
for the chiidren Lo manage (P.29}.

Dickson et al (1984) present just two models for addi-

tion and subtraction:

1i) discrete objects as in fig. 3.9. and {ii) continuous
lengths as in fig. 3.190.

Both of these models can enable children to visualise
probiemna of the following types: 3 + 2 = 5; 5 - 3 = 2; §

g = 3. These authors say very little research has

been done intoe the ohildren's abhility to asnlve word
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problems {(P.221). The classification of addition and
subtraction problems done by Carpeunter & Musér (1979)
and Vérgnaud {1982) shows that simple “adding~oﬁ“
problems are eagieaat and vectorx subtracticn_the nost

difficult. .

Fig 3.9. [lsdel for addition based on discrete obijects-

hnw

i +
Wt
oy
LN

(Dickaon et _al 1284 p222Q:

Fig 3.10. Meodel for addition lased on _conkinue.is

(T 3+2=5
17D 5-3=2
§5—=2=3

{Dickgon et al 1984 p222)

Vergnand {(P.39} reports a success rate ags 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 wmorning John lost 2 cars, at
tea time he had 3 more than he had at breakfast, how
many cars did he find this afternocn?: These findings
are similar to those o£ Brown guoted above (op.cit.
P.223). Now to return to Brown's models:

(¢} Multiplication: Brown presents four models:

(i) wultiplying factor e.g« X have 7, you have 5 times
55 many, how many do you have? Thig i 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 medel is shown in fig.
3.12. ' '

{iii} rate e.g. there were 5 peocple, ‘each had 7 apples,
how many is this? Brown giveg a diagram, illustrakted in.

figl 3.13,
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Fig 3.12, Repeated addition wodel for multiplication

{Brown 1981}

Fig 3.13. Rate model for multiplication

&

7

.

-~

(Brown 1981) .~

{iv} cartesian cross product e.g. 7 different Lypes 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. cCartesian crass preoduct model for multiplica-~
tion
TYPES OF APPLES
v —_— e
(AN
N V— — —— A — r—— p—
i~y
m — — m—— et S —— i

{Brown 1981)

Model for division based on shating

?

Fig 3.15

//

I

{Brown 1981} _

Ag Lo be expected the repeated addition meodel wag the
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easiest for the children to manage (Brown 1981, P,30)}.,
{d) Division: Brown has three wmodels for division which
are!

(1) ‘sharing e.g. I had 35 apples and shared equally.
with 7 people, how many each ? In this mwodel we are
focusging on the number of apples in each group as shown
in Fig 3.1i5

(ii) grouping e.g. I have 35,_1 want to give 7 to each
pergon, 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

(7

{Brown 1981} .

{iii) continuous guantity e.g. 7 pcople is an ekample
of a discrete guantity whereas 7 metres is continuous,
g6 dividing a measured gquantity where the resul:t may be

a fraction or a decimal introduces a new level of
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difﬁiculty. The easiest kind of problem was the sinmple
sharing. o .uchl sriudents used a strategy of repeated
addition which anablyd chem to get the right amswer but
Brown says they didn‘. really understand multiplication
or division (P.33}. Dickson et al {1984) present three
models as alternative concrete interpretations for mul-
tiptication and division thus: 3 x 4 could be visualised

in ‘any onz of the wodels shown in Figs 3,17, 3.18, 3.19.

Fig 3.17 Model for mnltiplication based on discyete

cbiects

{Dickson et al 1%84 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-
ampie of a chiid comparing a one hlock arrangement with

a four block arrangement as shown in Fig 3.20.
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Fig 3.18 tlodel fn?fmultiplicatioﬁjbased cn continuocus

{ickson el _al 1964 P.234)

Fig 3.19 Model for multiplication based on_cvariesian

product

@ - ® & or

{Dickson et _al 1984 P.235)

The c¢hild will mentally buiid on three more blocks and
he is unlikely to consider the larger one as being four.

times as long as the smaller one (Dickson 1984, P.2311}.
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Fig 3.20 One bleck compared to four block arrangement

o

{Dickmon et al 1984 p..31}

Hart (1981) £found that over 30% of secondacy schonl
children chooge to add rather than to multiply when
solving ratio problems (P.21). Drown (1981) found that
most 11 year olds were unable to make a story to mateh
the expression 84 x 28. She goes on to compare the
results of her studies on the four operations ~nd says
the order of difficulty was: +; ~; -; %; multiplication
being the hardest for children to comprehend. Aﬁ 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 nuwmber operatiﬁns;
20% are fairi& good but have difficulty making stories
to match multiplication and division; 10% have a very
poer understandiny of the operations multiply and divide
but they can use addition based stategies to get
solucions; thae remaining 40% are at various stages in

between (ibid P.42). Dickson ek al (1984} also report
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that research shows div sion may be easpier for children
than multiplication (P.235). Thege aubthors also high-
light the importance of children being able tﬁ recognise
which of the four common number operations is- ap~
propriate in solving.a givén number pgqblem since many
children have not achieved this abiliﬁy on entry to
secondary school {(ibid P.23%7). Brown {1981} 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
exterded 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 would
be congistently able to press the buttons on a cal-
culator in the correct order for division (Brown 1981,
P.47). Karplus st al report similar findings about the
relative difficulty of basic operations for adolescents
solving proportion problems except that they found divi-
sion to ba the most dQifficult (Xarpius et al 1983,
P.46),  The understanding of the L ur basic arithmetic
cperations in an African context may be further hindered
by language problems as described by Gay & Cole (1967)
in theilr Liberian study:
++s« 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 recoghise nho
abstract arithmetic operations as such. They pui ob-
jects together, take objects away, put like sels of

objects together, oxr share objects among sete of
people; they have no occasgion to work with pure
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nunerals., All arithmetical activity is tied to con—
crete situations (Gay & Cole 1%u7, P,50).

It was necer ary in the present research to exanmine
whether or not Tswana students could seléct the co;teaﬁ
operation to solve the given problem as reported in
Chapter 6. From the discussion above it appears that
pany children latch on to verbal cues Quch as
"altogether" for "add or multiply“; Therefore the use
of such words had to Ee avoided as far as possiplé. The
first step thén was to establish whether or ‘not a stu-
dent could select the correct operation and .the secbnd
step was to find out if there was a significant cc rela-
tion between  this ability and performance in

mathenatics.

3.3.4.2. Strategies used by children

thig is an area whach 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 environment but since the ‘work
of Piaget it is now generally accepted that internal
cognitive processes must also be ipvestigated {Carpenter
& Moser 1983, P.11). These authors say that modern re-
gse rch 1is on the processes {i.e. how do children solve
ariﬂhmetic problems}. There are three approaches used

in such studies: (i) individual interviews (ii) response
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latencies in which the time for each step is measured
and {iii) analysis of error patterns {(P.18). Ginsbury
et al (1983) distinguish between the clin.¢ = ‘inierview
of Piaget and the talking aloud method used by flewell &
Simon {1972} where there is very little interinrencc by
the researcher (Ginsburg et al 1583, P.8), Carpenter &
Moser (1983} agree that the interview provides the most
direct measure of the processes that the childr 4 use
but they alsc mention several drawhacks like: children
nmay be unzble to explain the process used; interviewer
may exert undue influence on the child; the metheod

relies greatly on the subjective judyement of the inler-

viewer etc. (ibid P.19}. Some of these criticisms are
upheld by Lesh et al (1983, P.2B2) but they alsc agree
about itg usefulness, as do Ginsburg (1%83) and Lester
{1983, who advocates a variation which he describes as
"thinking aloud” (Lester 1583, P.231}). bickson et al
{1984) say that children <reach the stage of strateqgy
duvelopment between € and 8 years of age. They refer to
research done by Carpenter & Moger (1979; 19821},
Ginaburyg (1977) and by steffe, Thompson & Richards
(1982). Carpenter & Moser found the followiny:

(1) counting-all: either with models or with mental
images;

{ii) counting-on: either from first set or from larger
seti

{iii) number-recall: either learnt fact or derived nun=~
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ber fact.,

They noted that over-an 8 month observatibn period there
was a gradual movement away from the counting-all uzing
concrete objects f.0 the more abstract level of recalled
number fact. One very interesting point made by Carpen~
ter & 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) clrassified children info categoriss

as a result of a simple test which involved using discs

as shown in Fig 3.21

Fig 3.21 Covered dis¢ test for counting

‘cover’ O O O O O

(Dickson et al 1984 P.183}

The children were told "there are 3 discs under here -
how many on this toard ?" The categoxies were:

{a} perceptnal counters - depended on presence of con~

crete chjects and were unable to answer correctly in a
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congsistent manner;

{b) figuyral counters - could picture objects under the
cover mentally;

{c) motor counters ~ could count motor actions like
pointing a finger;

td} verbal counters ~ able to count verbally hul always
started at “one”;

{e)abstract countsrs - able Lo count on from eud number
of the hidden discs. {Dickson gt al 1964, P,L92).
Resnick (1983} reports that even pre-schost children
have their own methods of forward and backward counting
to solve simple problems, and that later on doubles likae
2+ 2, 5+ 5 are solved particularly guickly. Sume stu-
dents use an adaptation of this to derive number com-
binations as for example 3 + 4 they work 3 + 3 and add
one to get 7 (Resnick 19F3, P.117).

Carpenter & Moseyr {1983) present the Jollowing
strategies for addition and for subtraction:

{i) addition strategies:

Strategy 1l: Finger c<ounting. The finyers or other
physical objects are used to represent each addend, then
the union of the two sets ig counted starking frow one,
Yhere are three possibilities in this: ({a) physically
join the two sets before counting (L) counting wilhout
joining the sets physically or {(¢) physically construct
one set and then increass this set by counting in Lhe

elements of the second set without actually constructing
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it. This analysis is based on the work of Weaver (1982}
says Carpenter & Moser.

Strategy 2: Counting sequences. The child counts right
through the séts witﬁout the use of physical ohjects or
fingers. Suppes & Groen (1967} note that this rman be .
done by counting £rom "one” each time whereas Groen &
Parkman (1972} note count...s on from the first set is an
advance and counting on from the larger is better still. -
Strategy 3: Recall of mumber combinations., This is what
we know eé "tables" or other memorised facts. children
may use the memorised fact itself or the, may use
memorised facts to derive new facts (Carpenter & Moser
1983, P.20}. Fuson (1982) remarks with referzncc 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 firal
count word for that colleciion (Dickson etal 1984,
P.196).

Catrpenter & Moser algo list six subktraction strategies:
remove from, remove to, adding ¢n, matching, choice
{i.e. counting up or counting down}, and recalled number
facts, Regarding the stages in the development of
levels of abstraction these authors regard as a primi-
tive stage where children model the action or relation~

ship using physical objects or Fingers., At the next
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level they use_cauntiﬁg seg.enceg and research indicates
that even up to the 7th grade 30% to 40% continue to use
this strategy. Recalled numbar facts or derived number
Facts is the highest level- ﬁf ahstraction and the
authors claim: .
To learn nunber facts at a recall level remainstﬁ vie-
akle. goal of the mathemdtics curriculum, and most’
gtudents eventually attain this leval (Carpenter &
Moser 1983, P.31). _
Fuson & Hall (1983} poiﬁt out that there is stili . a
higher level namely the idea that addition and subtrac-
tion are inverse operations. This of caursa_conﬁributes
more flexibility to children in their solution of addi-
tion and subtraction problems (ibid - P.99). Weaver:
(1982} claims that the inverse process asserticn is er-
roneous {P.62)}, Howevur Weaver's definition of addition
and subtraction (?.&l).is much too tHeoretical Lo shed
Iight o the preseéent: research. Hence both
additions/subtraction and multiplication/division sve
treated as invexse procesgses. _
There is still a great deal of material reviewed by Lesh
& Landau (1983), @Ginsburg (1983) and Dickson et -a}
{1984) on multiplication and division but sufficient lLas
been presented above to indicate the generai 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 obsexved and recorded
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during perscnal inté:views and results-.are given 1in
Chapter 6. The previvus research indicateg that various
levels of abstraction can be deduced from the strategy’
used api it was important for this reséarch'to find out
if thergy were aignifiéant v ¥relations between. the

strategizi used and performance in school mathemalics.

3.4; Thiré world mathematics research

In the thiy< world countries social reform brought about
by efforts aﬁ economic expansion and desire for a better
living stylelforced people to look &t the schools in
terms of  investment and to begin to meazure output.
fhis “input-~output" model.is uged by Alexander and &im-
mons (1975) in their analysis of 3rd world reseaxch into
determinants of school achievement. .

At the same time academics tried to apply psychologicail
measures such as I.Q., R.F.T., Embedded Figures, Conzer-
vation Tests and so on te m.derdeveloped societies and
noted bhow badly their subjects fared in comparison to
Western subjects, Okonji (1962 and 1951) worked in
Uganda and Zambia using Plaget type tests and he applied
Witkin's ideas using African subjects. Wober {1966 and
1267) experimented with the Rod and Prame tests and Em-
bedded Figures, in Nigeria. Dawson {1967a énd 1976b)
examined spatial perception in Sierra Leone. #or a tine

where seemed to be a spectre haunting the wings -~ par-
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haps people in these non~technological cultures just
couldn't 8o maths ?

Ir the foreword to Cole 2£t_al (197%) G.A. Millar speaks
~about  a  persistent myth that pervades Western culture,
Many westerns seem Lo think that non lilerate peoprle  in
less developed cvountries posméss a "primative menladily”
which is inferior Lo their own advanced or highly
developed mentality. By comparison bthe Lorwmer would be
concrete rather thanm abstract, rote rather than gener. l,
llogical rather than logical, childish and emotional
rather than mature and rational (ibid P.vii).

Il. was then %hat Lhe researchers began Lo examine the
agsumpbions which underlay Lhe besting and they began Lo
note how cualture bound they really were (8iann & Ug-
wuegbu 1880), (Serpell 1975}, (Michau 1978).

Tesks developed in a weslern context and appld ied
directly in a very different cultural context may lead
Lo false conclusions and the poor perlormance of Lhe
primitive people has been interpreted as a siygn on Lheir
inferior mental abilities (Millar in Cole et al 1977
P.viii).

The work of Cole and associateg (1967 and 1971) wilh the
Kpzlle and Bishop (1983) in Papna New Guinea opened up
while new vistgs. for they discovered chal when local
materialg were used and meahingful test items wiive in-
cluded their Lhird world sutjects performed as well as,

and in several insktances betler than, thelr Westuern
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counterparts.

The %Tswana people are not alone in poor performance in
mathematics - it seems to be a universnal prohlem. Cex-
tain dinvestigations have been cafried out to Lry to un-
derstand why students in non-technological cultures have
difficulties and to examine whether there ar cultural
reagons for thié. Two such works, namely those of Cay &
Cole {1967) and Bishop (1583}, are summarised in 3.4.%.
below. There have been a number of makthematics projects
started to try to reduce the huge percentage of failures
in achool mathematics in developing countries. fwo of
theze are reviewed in 3.,4.2. from evaluations carried
out by Cundy (1977 and 1978}. cundy reporks apne 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 smtate of mathematics in scie English
achools, because it shows Lhat the difficulties as~
gociated with mathematics teaching and learning are not
unigue to undeveloped countries. What is howe;er unigue
iz the reliance in these countries on imported ideae,
imported tests, imported models, It ig clear that there
is a need to begin to develop theories based on their
oawn real experiences and before this can happen there
must be accurate description of malhematics teaching and
1earnin§ and especially of the cognitaive processes

taking place. In South Africa & start has alrceady heen
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made by the Human Sciences Research Council and MATIP, a
branch of the Research Unit for Education Systems Plan-
ning in the University of the Orange Free Stale. . The
#.5.R.C. reports on mgthematics and the MATIP work are

reviewed in 3.4.4.

3.4.1. How culture and mathematics are interrelated

This topic is  receiving more attention in moderan re-
gearch as can ke seen frowm such reviews 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, IL was found
that the work of Gay, Cole and tvheir fellow workers in
Liberia and the work of Bishop apd nthers in DPapua New
Guinea  were very helpful for guiding Lhe present

research.

3.4,3.1, Liberia

say, Cole and others have undertaken some very fundamen—
tal research among the Kpelle of Liberia who were £ound
to experience a great amount of difficulty with tbe
western style wathematicg and the object of the research
was to find out what kind of mathematics existed in the

Kpelle culture, The £indings were published in two
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major volumes:one in 1967 which was more tentative and
éﬁploratory} the other in in 1971 which is more analytic
and assumptions and methodoliogy reveive deeper

treatment. Both of these are reviewed below.

-{a) The rew mathematics and an old culture

This is a study of learning among the Kpelle of Libetia
by John Gay & Michael Cole (1967).  The ;iuthors
demonstrate_how the traditional Xpelle culture, ﬁésed an
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 antecdedents in their culture. Et  high-
lights the areas of conflict hetween Weslern~type
schooling and local belief anu practices and it . tries to
arrive at arn understanding of how Ethese affect the
learning of mathemnatics. ' _

The authors give a very exhaustivefaccount of the Kpelle
language vis “a vis Weatern mathematics and they point
out that many words and terms "missing” from thal lan-
guage.which lead to learning difficulties. On the ohher
hand they show vertain atrong points of the Kpelle when
the subjeewv matiter 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 nunber of.cups of
rice in a bowl and the }ery poor performance of an
american sample when preaented with Lhe same problem

(P.65}),
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Gay and Cole used Piaget~type problems in ovder Lo try
to identify mental structures and visuwal patterns and
they describe some of these in Chapter 6. The aulhorsg
conclude: .
Kpelle students who encounter mathematics .in Western-
orientated sgchools misuse the English language, learn
by rote memory and guessing, do not use logical
patterns, and have pno use for what they learn ...
school mathematics has largely failed v His
teachers know something is wrong, but they do not un-
derstand encugh to propose a coherent course of ac-
tion (P.35). 3 '
One difficulty about the experiments using the interview
technigue 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 preblem.
Skenp (1979, P.,175) proposes a framework which. might
apply to this situation when he speaks about intuitive
and reflective functioning of intelligence (see FPig.
3.2, in section 3.2.4. above). The Kpelle diffiiculby
may be underutood 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 autherity are the dominant valuves (P.88).
Some attention is paid to how the Kpelle learn new ideas
and the authors relate fast leafning to the ability to
nse 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 c¢onstracts such as

concrete and abstract thought processes, are inap-
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‘propriate fou rit 'ratanding the Kpelle because Lhe tasks
used to provaeuy oata may verxy ﬁall be méaninglags for
. these people, One example.given concerns a sorting ex~
perimént {Pp 36-40). The task.was constructed Lo teét
tie ability to form sets % objgété éccording to the at-
tributes of coloﬁr, numbef and form. Subjects were
given sight cards on which were pictured triangles and
squares either red or green and :there were gither 2 or 3
on - each card. The subject was asked to sort them into
two groups (P.38). The results were astonishing. The
task was ailost impossably difficnlt for all erlle éub—
jects but very simple for Americans, The authors sug=
gest & posgaible explanation lies in the wéy geks of ob-
Jects are hormaily categorize.. and cléssifiad_in thé
Kpelle language and culture (P.39}. There is no ac-
tivity among the Kpelle for c¢lassifying “nonsense
materials" such as coloured shapes and cards bearing
nunbers of these shapes (P.40}.

Twa different models of mathemaktics can be deﬁect&d_
throughout the research. The firgt one has been

deseriked in the previous chapter, .secltion 2. as the
_"reifieation nodal®. This is .the model the Kpelle
teachers and students seem to be working with (Pp 33~
34). The second has beern described in chapterIZ, sec—
tion 2. as the "interaction model®. This is the model
regarded by Gay and Cole ag the ideal ta be aimed at

{(P,83).
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{b) The cultural context ol learning and thinking

Gay and Cole co-authored this book with Glick and Sharp
(1371).  The research topic is the same as that of the
previous work discussed above nameiy “the problem of
mathematics in Liberia. Their approach was o find out
what mathszmatical structures and concepts existed in the
Kpelle language and culture:
ve. 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
childyen the kind of mathematics we wanted %o teach
them ? (P.xi).
In discussing the influence of culture on thinking the
authors draw on three disciplines viz. anthropology,
peychology and linguistics and they attempt to abstract
the basic concerns of these three _disciplines in  the
study of culture and cognition. From anthrapelogy they
came to realise that ¢ognition cannot be studiell iso-
lated £rom its cultural context and the inyestiqator
muast not impose his own categorigs of exparience on the
phenomenon being studied. In pgychology the precess of
cognition and not the mere content, is what is studied
and therefore in their reaearch the emphasis must be oun
ways of classifying revealsed in experimental situations;
thinking is defined in terms of new combinationz of past
experiences and is always goal orientated. Linguistics
indicates the cognitive capacities of the individual arc¢
reflected in his language and the cognitive procesmes of

the speaker are as complex as the language. he speaks
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{P.18 ££f). One of the assumptions guesticned by the
authors is that based on an evolutionary mnodel of
society which can be stated thug:
++»  Society is evolving and simaltaneously progress-
ing toward a literate technological state like that
of the weat ... 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
procesgses identified in primitiﬁe cultures are not at
some lower stage in the development of the human .ming.
Instead they represent different strategies by which men
make nature accessible to rational enguiry. 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 wexe thus led to a statement of

an important principle for their remearch: they believed

they were always dealing with normal human keings whose
behaviour is organised and meaningful within iteg natural
contaxt.. Whenever therefore they . encountered
"inappropriate behaviour" they have wade this the sub-
ject of further investigation and not simply judged it a
proof of inferiority (P.24). '

The rest of the book recounts the resmearch into what the
authors congider to be the most fundamental cognitive
structure in any culture namely phe classification

system. They adopted a two-fold approach to the study
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by looking first at the Kpelle language and focussing on
the classgification of natural-world objectk in ths
Kpelle noun system; and then they devised a series of
experimental gitnations in order to observe what
criteria wefe 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
clasgifications tﬁat occur when real objects are present
are not always the same and (ii) the c¢riterion most of-
ten used by the Kpelle was that of function and use
whereas western children normally relie& on some visnal
attribute such as colour, shape etec. (B.79),. A8 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 ﬁtimulué materials;

¢) the experiences of the subject population

(P92},
The investigators then proceed to explore hu@s lass-
ification affects learning, memory and logic in chaplers
4, & and 6, ihe nmajor conclusion of Cole et a3l is Lhat
cuitural differences in cognition reside more in. the
sitvations to which particular cognitive prdcesses_are
applied than in the existence of a process in one cul-
tural group and ita absence in another (P.233).
There are some very important implications for the

present research into mathematice among Lhe Bafokeny
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that arise from the brief discussion given above.  As
regards methodology it is c¢lear that the research would
have to follow the lead given by Gay and Cole (1657) and
Cole et al“ (1971) in their use of experimental
anthropology as a broad approach. This approach can be
summafised ag consisting of multiple experimenﬁs emn-
phasising patterning of results; locating the experi-
~ ments within cultural contexts; always Keeping in mind
that the subjects are nermal human beings with well
developed hypothetical thinking and méntal strateglies
(P.282}. Ag a result of the research into 1the Kpelle
cultnre“ great care would have to be exercised in the
present research among the Bafokeng when using testé 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 des
necessary to explore the Tswana language to see how it
deals with number and to find out if wathematical ﬁnn—
cepts exist in that language. This material is reported

in chapter 7.

3.4.1.2. Indigencus mathematicg project - Papau New

Guinea
The original project iz described by Lancy: in the Papua

New Guinea Journey of Bducationno. 14, There is a sum~

mary aecount in Lesh & Landau {edm} {1983). alan J.

~ Bishop spent three months working at the University at
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lLae, New Guinea where there is a thriving mathematics
education centre. Bishop concentrated on the ﬁroblems
surrounding the students' difficulties with geometric
and spatial jideas in mathematics and science. This item
ig included becauge it can be seen as 5 development of
the visgwval perception discusasion in 3.2. above where
Wober compared the American visual sensotype with the
African sensotype which was more proprioceptiée and
auditory. Here Bighop distinguishes between the visual
as interpreting figural information and the visual as
processing and he found his subjects to he much stronger
on viéﬁal processing than Westerners. o

Bishop administeréd a group lLest of problems involving
diagrams and other visaal representations in mathematics
but with very little mathematical knowledge reguired in
their solution. The tegt contained a lot of 2-d pio-
tures of 3-d situations using conventions like dotted
lines for hidden edges, perspective} cross-sections,
nets for selids et.c. His subjects consisted of 250
first year students at the University of Techrnology. In
order to deal with the problemz the students had to: fi)
read +the words and understand them (ii} read and undefr
gtand the diagram (iii) imagine the situation thus
described {iv) iwagine what changes if any, needed to
take place (v) représent the results either in symbols .
or im a diagram. Generally the test was found to he

very difficult. A sample test item given by Bishop
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{1983, P. 187) shows 60 stacked cubes on a base 5 x 4 at

an angle as showr in Fig 3.22.

Fig 3.22 Stacked cubes test

?1|is is & dgram of & cobdid made uf sl vubes, )f dhe {}U'ISIﬁ!E af the cubatd ¥
piitited red, fusw niany cubes will have ey une face painted? (% of (e dudents were
succeseZut) {See Schema 6.1,)

SCHEMA 6.1

{Bishop 1983 P, 18?)
It was accompaniéd by these words:
“This is a diagram of a cuboid made of small cubes.
If the outside of the cuboid is painted red, how maay
cunbes will have only one face painted?
Only 14% of the students were successful in Lthis. item.
Tt was then decided to intexview a small sample of 12
students to éxplore the difficulties experienced in the
test, 4 students from each of three different cultural
environments were selected. Al!l were male. Bnglish was
usged throughout. Bishop says his research was ex-
ploratory and hypothesis generating. During the intexr-
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; ' ) .
¢) spatial vocabulary translations‘-iﬁ.g. transléte
"space” words like: ahove, below near et.c. into hﬁme
language) - only 15 out of a total of 71 words could bé*if
tranglated by all twelve subjects:

d) construct models from drawings - some had difficulty
in reading perspective cues;

e) imagine a figure like a triaﬁgle. 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 cireles 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 .or
many because they were unfamiliar with cameras and
photographa; .

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 degign for_45 veqonds -~ 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. Bighop comments on the visual
memory displayed here and he noted that they worked
slowly and deliberately. In corntrast Bishop claing:

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

Other tesits were: block drawings, embedded figures, word
completion et.¢. AThe results were aznalysed by Bishop in
terms of the comstructs, abilities and meaningg. Bishop
{1980) had proposed two different types of ability con-
structs namely:

(i} Interpreting Figqural Information {(IFI) which re-
lates to the férm of the stimulus material such as
graphs, charts, diagrams ei.c. IFYI concerns the reading,
_unéerstanding ané interpreting of guch 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 pﬁotograph tasks}). Bishop
suggests this 4is due to lack of experiense with many
types of visual conventions and representations ‘common
in Western culture. Bishop quotes Lean {1981} who
thinks 3t is a relatively simple task to train for IFI
since it is mostly convention.

(ii) Vigual Processing, {vP) which relates to the
process of dealing with images and not the form of the
gtimulus itself. It involves visualization and the
translation of abstract relationships and nun-figural

information into wvisual teruns. Bishop fouud his sub-
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jects to be strong generally on VP measures like maps,
'imagination and visual memory . Bishop Suggesfs they
solved these problem tasks wvigually and not by any vex-
bal or symbolic coding and they tended to use a4 very
visual Gestalt-like approach rather Ethan an analytic
gtepwisge one. Bishcp again guotes Lean {(1981) who says
it ig 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 bhaving rich spatial languages.
Gay & Cole (1967} had made similar observations. Bishop
(1982) qives a transcript of an interview showing this
language difficulty - he asked a guestion ‘about a garden
“ thinking it was a simple area problem to be solved by
nultiplication bhut the subriect had a different
conception. Bishop asked which of two gardens the sub-
ject would prefer und he showed two rectangular drawings
on paper each with len¢th and width matrked: 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. size of garden was a problem embecded in
one context, rich in tradition, folklore and iLhe
skills of survival. The other problem - area of a

rectangular piece of paper was embedded in a4 totally
different ecultural nontext. How could they involve
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the same concept {Bishon 1983, P. 186).

In this project Bishop has - highlighted some ©»Ef Lhe
problens of teaching mathematics in less techneloygically
orientated cultures and he has provided a very useful
ingight into visual perception studies by distinguisﬁing
between IFI and VP.

From the above discussion it will be seen that the
present research nmnust include visual material and Lhe
students; response to this material musi be
investigated., It seems that many conventions used in
drawings and diagrams are not properly understood by
non~wastern subjects and these conventions have to be
learnt at some stage. It may well happen thal a sltudent
who 1s not successful in school mathematics wmay simply
Le suffering from a lack of knowledge about {- « to in-
terpret figural information, Ancther 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 subjecis. Again these re-
searchers have highlighted the effect of culture on per-
ception and how this ¢an lepd western investigators into
false conzlusions about intellectual akility of non-
western subjects. -This research wust 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 Mathematizs Project {1977)

This. nppears to have been a highly successful project as
.1“ -<ted , by H.M. Cundy. The emphasis was on Lraining
the teacher as the agent of reform in order to renew the.
" maths curriculum of the Junior Séccndary schools. The
strategy was to train tike teachers by invelving them in
curriculum development. In order to idantify whare ithe
students' mathemaﬁlcal need was greatest, fLive tests
were given to the pupils ~ these were:

{a} survey test of arithmetic fundamentals;

{b) pattexn recognition test in numbers and spatial
figures;

{c) maths achievement test;

{d) mathg attitude test;

{e) guestionnaire relating to pupils' and parents’
education,

The result of these tests showed that the need was
everywhere, but at least the project started by knowing
something of the real situation.

There 18 no apparent overall model of inkelligence, no
model of  learning, only a model of curriculum
development, namely social interaction. It is assumed
mathematics is 2 body of knowledge fas in Lthe British
maths for the majority project) and an accumulation of

skills in wanipulation and artificial problem-solving.



3.4.2.2. The Lesotho Mathenatics Work~card Broject

{1978)
The sunmary of this projact is based on an evaluation
report by .M. Cundy, pubiished by the British Counvil

and occagional references ta it in HERC Report No. 0.96

{1980). Neither the worii~cards thewmselves nopr the
teacher manuals have been studied amd hence everything
written here must be regarded as tentative.

cundy gives the following as reasons why the projecl was
started: bad teaching, pootly motivaled teachers, high
failure rate in maths, overcrowded syllabus, studentls
craaming too much maths withoul any real undevstanding,
L= It was decided that some form of individualised
l2arning would help to remedy thig situation and wokk~
cards of Lthe SMP were imported and given Lo sclecled
g¢’ s in Swaziland in 1972 and to hesolho and Bolbswana
in the following y=ax. In 1974 a batlery of lasts was
given to the worke-card classes which consisled of an in=
telligence test; Ltest on maths content; word problem
test; a five~dot teost designed to evaluate whether the
work-card students have increased Cheir abilily to use
knowledye in auw and slighbtly different situalions. Na
statistioally significanl differenves could he found be-
lween the work-card classes and Lhe control groups other
than in the five-dol Lext. Cuudy lists Uthe Tollowing as
fundasizntal prohxéms militating againsl Lhe snceess of

the project:
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{a) Examination system

(b} Teacher shortages and changes

{¢) Lack of adeguake accommo. :bion and resources

(d) Weaknesses in c¢lass teaching

(e} Weaknesses in individoalized learning

{£) Uuman nakture - laziness, avoidance of hard work,
at.c.

Cundy claims that human beings are the same lhe world
over -~ in England, Chipa or Peru (?.9) and that virtues
like honesty, hard work, punctuality, integrily, are
commen to all mankind - he implies thal these aro  laclk-
ing in some of Ethe achools opr abt least Lhal they are
subordinated to good examination vesulbs. Oun lhe credit
side it is noted that some stondents have benefited -
some weak pupils have becn encouraged by theinr success
at the cards and some of Lhe abler pupils have enjoyed
the faster rate of progress now open to them (P.22}.

van den Berg (1960) ip Chapter 5, was highly critical of
the project because it consiated chiefly of inported
rather than home~desiyned material, as in the care of
the Caribbean project, and secondly beecause it runs
counter Lo the Afriecan way of life which is bol in-
dividualized but commanal.

No model oy Lheoretical framework for learning is
presented nor does Lthere appear te be one assumed  other
than that the doing of exercises 1n mathemailes is a

worthwhile activity in ibtself and CLhese exercises
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gshould, as far as possible, be related te the lecality.
aAll the projects studied concern mathematics learning at
the Junior Secondary level, all of them tackle a problem’
which seems tc be poor performance of students in
mathematica. All the students are required to do mathe-
matics at this level and it Qould appear that some just
cannot succeed. This raises several guestions such as:
7o they feel they don't nged maths? Do they perceive
maths as a school activity and not related to their
lives? None of the projects have developed a theoretbi-
cal framework which might be used in Uthe present
research., Gay & Cole (1967) quesbtion certain assump-
tions which are often underlying mathematics projects
designed to improve the situation in the schaols. These
authors emphasize the importance of culture gseen as
traditional valuea and attitudesg arising out of a cer-
tain economic way of life. They explore these in depth

using small samples and the interview method.

+3., Problems in Western schools

3.4
Mathematics for the Majority

British Schools Ceouncil Working Paper No, 14, written by

Mr. P. Floyd. The pupils studied were those of avervaye
to poor maths ability and Lthe aim was Lo assist teachers
in degigning a meaningful maths course for juniur secon~
dary aschool pupils with the stress on prepared teaching

materials. In describing the situation at the time of



the investigation, Floyd notes among the drawbacks to
effective waths: - ‘

{a) poorly gqualified staff;

{b) lack of any equipﬁent apart Erom chalk board and
text book:

{c) harmful effects on classroom work due to pressure
imposed by public sxaminations;

{d) very little subject interp:ay resulting in 1sola-
tion of maths not only from other snbiecls but
from everything outside of the maths class.

He mays the effect of all thig on students is that very
few experience a stimulating maths environment and they
don’t have any great interest or enjoyment of maths...
"mogt aﬁow dullness, dolorcus docility and even apathy”
{P.10},

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, ruleg, formulae, et.c., which wust he

mastered as was discussed in Chapter 2 segtion 2.3.

3.4.4. South aAfrican mathematics ‘esearch

-

3.4.4.1. Buman Sciences Research Council (HSRC)

A considerable amount of investigation has been carried
ont by the HSRC into the problems faced by blacks in the
RSA which they deseribe as "a technologically oriented

Western type world", using the words of A.L. Rotzee,
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President. of HSRE, in "Preface to Groenewald® (L9786]) -

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 iatelligence. The
method was by analysis of the exigting literature in or-
der to identify aspects of black cultu‘e which hinder
intellectual development (¥.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 codeg of behaviour;
4. emphasis on memory;
5. harsh discipline in the relatianship to
authority:
6. ineffective intellectual activation of the child
by the parents;
7. lack of visible affective sharing between parenis
and children.
The author further claszifies 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 trabe (P.23);



c. The simplicity and concrete directed nature of
the traditional way of life (P.24).
Chapter 3 has the main ¢ore of this report and it dealsg
with the actualization of intelligence by the black
child seen against the background of pnis tyaditional
world of culture. Among thoge aspects of the tradi-
tional culture which may affect intelleclual dGevelopment
are
i poor material environment;
ii ineffective orientétion towards intellectual
environment.;
1il ineffective dissgociation gualities;
iv closed learning situation;
v connection between learning intent and intellec-
tual drive;
vi vimual perception is hindered in the black
culture;
vii dual nature of the relationship belLween school
.and wider cultural world -~ the ore 5 not based
on the other;

viii langnage of the school different £rom home.
Questione that arise from Groenewald's reporit which are
appropriate Lor this research are centred around success
in mathematics®: is it related to SES of parents? (e.q.
income, nuaber of children per room, et.c.}; is it re-
lated to western ovientation of the Ffamily? (more

individualistic, more objective attitude to life)d.
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It is easy enough to understand what the aulhor means by
the traditional world of culture of hlacks, 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 Zuiun fighters
of Shaka and the friendly peaceloving Tswana and the
diplomatic negotiatory of Moshoeshoe's Sotho people.
Groenewald further makea no effort to analyse how the
economic and social forces at work in RSA over the past
150 years have combined to hinder black deavelopment in
structures like land tenure, droup identity, unsophisti-
cated commerce, For example, in this contexi Davenport
and Hunt (1976), quote an extract from 8Sir Teophilus
Shepstone giving evidence to a commission in 1883,
Shepstone speaks about the

+++ adaptability of blacks in Natal ... able to es~

tablish cc-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.¢. ., (P.38).
Certain strong points of blacks are also referred to by
Groenewald (1976} like:

(i) highly developed audio perception (P.47);

(ii}  group identification (£.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 11878} followed up ob
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Groenewald's work with his study of the black man's
mathematical ability f£from a pedagogical perspective.
The need for such research is the difficulty esxperienced
by blacks in mathematical, technical fields and the
prevalence among blacks of rote learning as against
learning with insight and wnderstanding which lewds them
to being unable.to apply their knowledge in practical
situations. This reseayxcher has noted the same dif-
ficulty in his years spent teaching mathematids to
Tswana students.
In Skemp's wmodel of intelligence, "rote" would cor-
respound to "instrumental® and "ingsight” to “"relational"
and thug present a structure within which data concern-
ing the above problem can be organized in a theoretical
framework.
van den Berg attempts to describe thosge factors in {a)
the education and (b} the traditional culture of bhlacks
whieh <c¢ontribute +to the tendency to rely on rate
leaxning. In Chapter 2 he refers to Groenewald's wark
and concludes that:

{i) Dblacks have a great difficulty in thinkiﬁg

abstractly:;

{ii) language compounds this problem.
In Chapter 3 mathematical concepts and concept formation
are treated, Van 8en Rerg quotes Lavell {1971} P.1l4 as
proposing that adults sometimes have concepts which Lley

cannot define or verbalize but which may nonetheless be



20%

adequate for everyday technical or professional use. 1In
coptrast to this, however, teachers are often deceived
because children are abkle to uze the appropriate verhal
term while they have no idea of the concepl involved.
The reason for this error is because adults tend to iw-
pose their own coghitive strucltures on children,

In two other reports,; No. 0-44 (1977) and Repori No.
0-96, Van den Berg discusses methods by which the lack
of success in mathematics among black children mway be
rectified = in the former report he suggesis cvrilteria
for the sele:tion and orderly arrangement of subject
matter in mathematics and in the latter he deals with a
croup-orientated method of teaching as a means of
promoting black pupils' insight inlo mathematics.

The research method in these reports is largely litera-
‘ure survey filled out with some interviews of overseers
at certain gold mines and discussion will Lhe training
staff of Mamelodi Inservice Tralning Centre, There are
no school-based data presented in these reports.

Any critigue of Van den Berg's work musl recoynise that
in hiasa own words it is merely "an exploratory sbLudy"

{Report No. D0-75: (P.80G). However, there seem to be

certain assumptions in these reports Lhat need to be
questioned. for example, the author assumes Lhe silaa-
tion in RSA to be equivalent to that of other countries
like 1India, Chiha and especially the Afvican counbries

Nigeria and Ghana. But this researcher posits Lremesn—
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dous differences - due to the politiﬁal 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 indépendence and now faced with the realities
of economic rrowth. An example of this difference can
be detected in one of the slogans comuon in Sowebo in
the eighties; “freedom first, education later' (Chraskie
1585 p.245). Van den Berg assumes that educalion is a
training that will £it the bhlack worker / clerk /
manager intc the South African cconemic¢ and industrial
structure. But, the whole thrust of black school
children gince the 1976 unrest iz a rejection of  the
status guo. 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 mathg projects, Buk, il has often
been pointed out, e,g. Hart (1981 P.209), that teachers
tend to overestimate studenta' exiygting ability and fur-
thermore students might view such a step as aunother ex-
anple of the paternalism which has such negative as-—
soviations For blacks because of its use in designing
the hated Bantu education system.

There is still & need to meet individual studenis and to
find out how they view mathematics and how it happens

that some succeed and some don't. van den Perg has
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raised manf issues - chiefly cultural - which are impor~
tant for this research, However, it is the opinion of
this researcher that mach more has formed the minds of
present black gtudents than simply braditional culture,
There ig a gstate of erisis in the schools and the effect
of this on values, attitudes and Ehinkiny of the stu~
dents and how they cope with school subjects and par-~

ticularly with mathematics has yvet to be investigated,.

3.4.4,2. Mathematics teacher in-service traininy

Project (MATIP)

The serious problem related to mathematics teaching and
learning in the black states in R.S.&. has been recog-
nised by the Research Unit for Education Systems Plan-
ning at the UOFS in Bloemfonitein. after discussions
with the authorities in these devéloping states and
after some reseavch it was decided to establish the
Mathematics Teacher In-Service Training Project (MATIP)
which would concentrate on wathematics for standards 5
to 10. The main components of this scheme are:
regearch, teacher in-service and material production.
The main focus therefore is on the teaching of math¢~
maties in the secondary schools. 3 lot of uwseful data
has already been collected, especially aboul: the
teachers, for example Wilkinson (1981) shows Lhe lack of
performance in Bophuthatswana schools where Lbe average

length of experience is only 3,55 years for std 5 mathe-
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matics teachers (P.25). In the same study Wilkinson
presents the views of teachers about their siudents as
having a poor grounding in mathematics, 1iLhey cannot do
basic calculations, they dislike mathematics and they
have linguistic problems (P.27). In the analysis of
pupil’'s difficulties this author investigated:

i} typical errors nade by pupils in the s=td 5
public exam;

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

iii} ability of students in basic fractions and
degimala.

These three investigations were done using larye samples
fxom the black states - the test on fractions and
decimals involved almost 1 200 stu&ents. Wilkinson
notes the time lag in cognitive development in black
children but adds that many researchers questioh the
suitability of Western concept formation tLtests for
ioter-cultural stedies. 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 clianical method relies upon.
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3.4.4.3., Loczl maths proijscts

Only two maths projects which might be desecribed as
"local" were uncovered, one by Bauer (1984) Lhe other by
Murphy {(1988). They are summaried here.

{a} Tlhabane miracle maths project

In the Bafolkeng region is one College of gducation ~
Tlhabane. There young men and women ave prepared for
primary (P,T.D.) or for secondary  {S.T.D.) teaching.
Someé reorganisation wasg needed when the calleges of
education in Bophuthatswana discontinued 'taking std 8
pupils for admission and insisted on a minimum of std 10
pass. With the new courses it was realised that there
wag an appalling lack of understanding of very banie
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 but 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 w&rk through a lot of drills graded
from easy to bard. The staff were faiily sure about the
good results of the project but for some reason or other

the project has not continued.
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(b} Lebowa oral mathematice proieét

The director of this project had experienced the
probleme his students bad with basie arithmetic while
working in Tebowa middle schools 1986/87. He came to
realise the poor performance of the studénts was related
to weak .- ching styles in black classrooms and decided
te try to design and implement a radically differeant ap-

proach which he outlines in the February issue of

Educamus 1988, The project was two days of oral arith-

metit in & private school for girls in Lebowa in March
1987. There was lote of group wark, outdoor movement
and dimmediate 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)
muitiplicataion tab}es 3 to 12; {c) adding and subtract-
ing with the aid of diagrams such frackinns au halves,
guarters and three guarters; (d) commercial operations
applying the gkills 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
menmbers. The tasks were written on A4 paper and mounted
outgide on~gables, walls, windows and doors. The ingut
by the directer was very short: during about five
minétes "classe peried” he stated the objective very
eclearly to the entire class and gave examples where

needed., The children displayed great enthuaiagn, cause
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no doubt by the novelty and freedom to muve about and
talk with friends.

Pre-test and post~test scores were anaiysed and showed a
25% gain but Murphy considers this to be the least im-
portant of the outcomes. Students had experienced
suceess  in mathematies - some for the first time in
their lives - ag a result tney now had a more paositive
attitude to maths which revealed itself in more willing
participatien in regular clasé work ejther by asking
more questions, or bv veluniteering to explain difficult
concepts to their fellow students who had probhlems
{Educamns Feb. 1988).

Bauer and Murphy both showed considerable imérovements'
in arithmetic caleculations (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 stimuluy of Qorking in small groups
{(Murphy) provided the momentum for ceontinuing with the
drills wuntil students achieved mastery. Class visits
and observetion of maths lessons being taught in the
schocles were included in the present researdh to see if
any of these features occur and findings are given in

Chapter 8.

3.4.5. Determinanis of school achievement in developing

couatries

In the preceding sections the relationship between math-
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esnatics and culture, some mathematics projects and the
state of mathematics resesarch in South Africa have bpeen
touched on, but there is a considerable body of educa-—
tional research in developing countries . . is not
rooted in'psychelogy or pedagogy. Schief. .*ein nd Sim-
mons (1978} have carried out a review of twenty~six
studies on the determinants of student cognitive
achievement in developisg 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 pos-ible ‘influences o.:: learning including
extra-scheool influences;

2} using multivariate or "systems" analysisg to sert out
the relative importance of a number of the possil..
"determinants"; .

3) applying the concepk, taken from economics, of the
"production function®.

Research of this sort has been carried out in South
Afiica by Verwey who has done national manpower surveys
for several .o£ the black independent gtates {(Vervey
1978, 1981). Other workers associated with R/.U.E.P. in
U.0.F.S. like Nyikana (1982) and #Mdinli (19805 have alsn
used this general approach but without Lhe detailed
statigtical analysis of Verwey or Schiefelbein and
Simmons. 2 major question facedl by the research

review: 3 by these latter authors is why <om children



learn more in school than others, and this is very
closely linked to the title of the preseht. research.
Their findings helped to shed 1light on success and
failure in Bophuthatswane schools.

The authors grouped the possible determinants of student
achievement into three categories: school resource; and
processes, teacher attributes and student traits’
{Schiefelbein & Simmons 1578, P.9). Student ééhf e onk
waes. measured by both statistical estimations and .. ...ins-
room learning (ibid). The 26 studies are 5 from afrjca,
6 from Asia and 15 from Latin America.

The findings of the survey were as follows:

A) School repources and proceasges; Variableg identified
were: class size; availability of fextbooks; homework;
and expenditure per student. In 9 of the 14 studies
relating the effects of calaas size to  student
achievement, larger class gize was associatad.'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
relatienship. This is explained by pestulating poarly
degigned textbooks or sugyemting that oral or blackboard
presentation of the information being tested is suffi-
cient and textbooks are not needed. In 6 of the B8
studies which in.egzigated homeworl: effect on achieve-
men£ there were gignifican® findings ~ students whe do

homework do better in school. Righer exprnditure per
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student was fouﬁd by 5 out of 8 studies on this variable

not to be associated with higher studenlt achievement.

B) Teacher characteristics: Visiables identified were:

teacher certification; experience; and training:. In 10.
out of 32 siudies, teachers without certificates had

students who performed as well as those whoe had

certificates‘ Only 7 of 19 studies indicated that years

of teacher experience is a gignificant determinant of
ac. :vement. Dastly more years of Lraining is not re-
. i te higher student achievement in 5 ouk of 6
st.. ies.

(s3] Spudent traits: variahles here are: SES; health;

rwoetition; and kindergarten attendance. As expected,

47 cnges 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
af achievement. SES is usually a compogite of parerts!

occupation, 1ncomex and education. Health is a gig-
nificant Ffactor in 8 out of 11 cases, it being higbly
correlated with SES.

Repetition of clasgsses showed the mora repeating the stu-

dent did the lower his score in 7 out of B8 observations.

only 4 obgervations about kindergarten attendance were
made and 3 showed it had a significant impact on
achiavement.

The variables - identified by Schicfelbein and Siwmong,

Verwey and others provide a sound basis for the present
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research. The variableg can be grouped under (i) Home

. variables such as socio economic status and degree of

westernization of the home {ii) Schoal variables such as
furniture, eguipment, pupil-teacher ralbic, teaching
style et.e. and {iii) Personal variables such as age,
sex, self-concept, homework patterns, yrade rapetition
et.e. 3l) of these were investigated to find out if they'

are gsignificantly correlated to performance in mathi.

3.5. What emerges from the Literature

From the reviww of the psychological movements in 3.2.
above we see that for successful learning a shild must
integrate new knowledge into already existing schemata.
Second order woncepts can only be formed from existing
first order ones. Levela of abstraction are progressive
in the sense that one must proceed from familiarisation
with concrete objects to more abstract levels jiavolwving
computation, measurement et.c., and if soweonc 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 bagic operations of arithmetic are fundamental
and yet it appears a lot of secondary school children
are unable to do Buccessful conputations and a great
deal more are unsure of their meaning and are unable to
select the correct operation when faced with a sinple

word problem. Even more basic than the operations is



the ability teo count. The research has shown that
counting is no easy task and it may lake several years
for a child to master even simple whale numnbers up to 9.
The ordinal and c¢ardinal aspects of number and the
relationships between them enable uwg te dgain some in-~
sight inte the difficulties faced by c¢hildiren at Lbhis
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 Lo poinl o lack of adequate counting
skills. No research about Tswana children's abitity in
these areas has been found by this rescarcher.

Furthermore in more advanced use of Lhe four basic
arithmetic operations several strategies have been
identified, for example in the case of additinn il may
be simple counting of two sets consecutively at an early
slhage and build up to more complicated strategy of
raecalled or derived pumber bonds alb a higher level of
abstraction, We know nothing of the sirategics cmployed
by Tswana students. The litevrature strongly condemns as
beiny counterproductive the teweaching of an  advanced
strategy nol based on intuitive methods nol used by the
students. This may sometimes be Lhought of as  laeeping
up  high standards but il should rather be recognised as
wrongly forcing the pace beyond Lhe child's readiness.
Teachzrs  in black schools claim they have no option hul

to teach algorithms whether the children are ready or



221

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 problens enccun-
tered by students in high school who must now adopt &
personal style in mathematics whereas their former ex-
periences in the subject encouraged rote learning,
without sufficient emphasis on understanding. The feol-
lowing guotation from Hart 11981} refers to poor mnathe-
matics achievers:
+»> a child canncot assimilate the type of mathematics
which is essentially abstract until he is ready - he
must have an adequate knowledge base and build on
that ... & child who has been taught a rule for which
he is not ready cannot use it in new situnations and
he will experience failure repeatedly and bhecone
discouraged. After a history of failure at decimals
or fractiong 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-
gsociated with mathematics in the secondary school (i.e.
middle and high schoel for Bophuthatswana) and in
develeoping countries the problem is aggravated by role

learning and memorisation.

2. Regsearch method The clinical interview method as

developed by Piaget and adapted by many other research-
vrs  would ‘appear to be aost suited ot the purposes of
thig research. The interviewer's role is that of oh-

servey and interpreter of a contrived and planned situa-
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tioen and he 1is tc be in no way directive. Ginsburg
(1883) says a mtill more objective proteeol is to invite
the subjects to falk aloud as they work through a
problem,. Sometimes the interviewer used materials and
observed the child's manipulation of them ag well as
listening to their talk; other interviewers used only
Paper and pencil material.

3. Mathematics model In mosgt cases, especially Lhe

mathematics pfojecta, the anly model assumed was that of
an external body of knowledge and computation skills
which had to be mastered by the child. some of the
cther 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 ouk 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
guantification, Dewey has ideas about democracy and
self~davelopment which might be usable in black schools
for social reorganimsation, Piaget's developmental
stages of cognitive abilities were gseen to stimulate a
lot o©f the recent research into school mathematles but
much of his work iz too abstruse for this research.
Skemp has desgeribed jintelligence as a goal-directed
process and he has included the whole person,:'and not

just his "brain" in the learning procens. Much of his
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distractor effects which he calls “noise” et.c. sheds
light on the Tswana understanding of mathematics. His
digcugzion of instrumental as opposed to relational ua-
derstanding seems to apply here. However it is not posg~-
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 bow thase
children learn mathematics nor what are their preferred
modes of, thinking. Witkin's theory of personality based
on field dependence/indepenhdence seems to have been well
and truly laid low by the severe criticism of its cul-
tural bhias and it was nceted much of thig crilicism cane
from African studies. Nevertheless this method of ex-
plaining individual differences in terms of cognitive
style seens to be an avenue well worth exploring. Rave
the Tswana people o style which may be described as a
preferred mode of *thinking which is based in and
fostered by the culture? This c¢ould be investigated in
such areas as language, senge madality, perception et.c.
Is mathematics as taught in our schools based on a west-
ern mode i.e. in an analytical manner suilable perhaps
for field independent people bub unsuitable for field
dependent ones?

5. Focus We don't know enough aboul Tswanz children to
asik guestions about succees or failure 1in nathematics

directly in terms derived from the theories gresented in
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section 3.2. But the kind of school based research
reported in section 3.3. of this chapter suguests a pns-
sible line of apprcach. fThe focus of this study musL be
the child doing mathematics. The study must seek to
know more about the child by lookinyg first al his home,
hig 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. Fipnally
some personal charactevistics such as listed in sectilon
3.4. above must be investigated to <£find possible
relaticnships between them and guccess in mathematics.
Generally the foeus in the empirical research 1is on
failure and the investigators are concerned with dif-
ficnlties experienced by children, Thete is con-
siderably less altention given to why some children
succeed in mathematics. It is possible thal a study of
Tswana children of average and above average performance
in mathematics might reveal strengths (or indecd
weaknesses!) in how bthey handle simple arithmelic word

problems.
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' CHAPTER 4

PILOT STUDY

4.1l. Intreduction

The pilot atudy presented in thia'chapter wag conducted
in 1986 after a considerable amount of reading of
literature related to the topic being studied had been
done but it was obvicus to this researcher that the
review of related literature was far from conmplete at
that time. The material surveyed up to then had pointed
to & correlational type of research design which would
seek to identify factors which were velated in a statia-
tically significant manner Lo success in mathematics
among Tswana students. The findings of Lhe pilot study
strongly influenced thé later work on review of the
literature and changed the structure of that chapter and
also the remgearch design of the main research. It bhe-
came ¢lear during the pilot study that a correlational
regearch 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. Initia)l investigavion

It is clear from the review of literature presented irn

chapter 3 that thera is a great deal of research into



the learning of mathematice f£rom the standpoint of
educational psychology. It is also ¢lear that most of
thig material comes from Amerivan and European sources,
But from the limited research that has been carried out
in non-technological societies many doubtg arise about
the applicability of this first-world research to the
third-world situation. Schiefelbein and Simmons (1578)
have summarised a number of studies on factors related
with cognitive achievement in third-world schools and
surprisingly they found the faollowing were not sig-
nificantly related to student achievement:

alass size

availability of textbhooks

higher expenditure per student

vears of teaching experience

teachey certification

training of teachers {(ibid P.10 - 12).
The following factors were found to be mignificant:

amount of homework done

socio~econanic status including

perents' occupation

income

education and health of the students (ibid).
It was decided not to replicate these studies but to
follow the methodeclogy and use correlational technigues
te btry to identify ¢ther factors which might he statig-

tically wsignificant in rxelation to atudent ashievement.
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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
guccegs and failure in mathematics among the Tswana
students, both in his capacity as mathematics
teacher and educational researcher;

(ii) students ~ numercus 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 - upecifically South Afriecan literature

. concerned with education in black schools. The Buman
Sciences Research Council (HSRC) has published guite
a number aof repa¥ta dealing with this issue and the
Regearch Unit for Eduacational Plaaning of the
University of the Orange Free State also has publi-
c¢aticpns of research in this area.

The facteors which seemed te¢ recur with sufficient

Erequency to warrant investigation were:

{a) attituder - "most of the Tawana peopie think mathe-
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matics is difficult" "they are afraid of doinc
mathematics"” "they do badly in mathematbics because of
their attitude;" (interviews and RUEP)

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

{c? language - "the medium of instruction is English and
most students are not able to follow English

properly” '"they speak only Setswana at homne" - "if
they know English well they could do much better in
mathematicsa;" (interviews and HSRQ)

{d) perception - “many students don't unaerstand simple
drawings and figures™ "they do uot perceive in a
diagram what the teacher wantg them to see;"”
(interviews)

te) self~image - "students easily become discouraged
when they fail mathematics' tests” "they lack con-
fidence in their ability to do mathuwatics" - "they
think they are useless in mathematics and that is why
they f£ail.” (tinterviews and MATIP!

Five nunl}l hypothezes were formulated on the basis of the

above:

There will be no statistically significant correlation

between:

1) student attitudes and guccess in mathematicy,
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2} degree of westernization and success in malthe-
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 Bafokenyg region of

Bophuthatswana.

4,3, Regearch design for the pilot study

Dependent variable: success in mathematigs among stand-
ard 7 students in the Bafokenyg region of Bophuthatswana.
"suceess in mathematics® was discussed in chapter 2.
Independent variables: attitudes, degreé of western-
ization etc as above

Extraneocus variables: age, sex, school, mathematics.
teacher, general school abkility were controlled by
matching as deascribed helow.

Measuring instruments: thege congisted of
questionnaires, written péragraphs, paper and pencil
tests and interviews and ave described below in sections
4.5. to 4.9. Each student was interviewed personally by
the researcher in order to provide gualitative data that
couid be wused to egtablish reliability for the written
tests., Twenty~gix interviews were done, esach lasting

abhout 15 minutes,
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The sample was composed of four matched groups and
selected in the following manner:

two groups of boys: successful and unsuccessful, and two
groups of girls: successful and unsucecessful, in mathe-
matics din the standard 7 examination. The criteria for
success were: the student obtained symbol £ (i.e. 40% to
49%) or better in the standard 7 examinaticn 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 ohtained -
in standard 7 public examination in November 1985. The
original sample of 32 was made up of four groups of
eight, in all 16 boye and 16 girls. #However some of the
girls dropped out of school befere ;he pilot study was
completed and data for only 10 girls was used. Once Lhe
matching had been completed as described then the marks
obtained in mathematica were taken from the school
regords, A summary is given in Table 4.1.

A computerised analysis of the scored responses in each
instrument was plotted against the mathematica mark
ohtained. The Pearson correlation coefficient was cal-
culated to test the statigtical significance of each
hypothesias separately. . In general the purposzse of the
pilot study was to help to focus the research design and
to indicate what avenues were worth exploring further.
In particular the aims were:

{1} To test the design of the measuring instuments for
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clarity of instructions, wording of guestions,
presentation of material, tine requireq, validity and
reliability.

{ii) To provide —idelines for analysis cf data.

(iii) To identiry important areas which might help to
typify successful as compared with unsuccessful math-~
ematics students.

{(iv) To explore triangulation technigues for verifica-
ticn of data.

(v) To identify possible procedural difficulties.

Table 4.1, Mathematics attainment mark

B O Y_S GIRTLS

SUCCESSEUL |UNSUCCESSFUL | SUCCESSFUL| UNSUCCESSFUL
B 8 8 5* 5
Total Score 192 232 225 165
Mean Score 49% 29% 455% 33%
g.d. 5,2] 7,4 o 4,5

*Bach of these 5 girls were awarded a symbel E {mark
range 40 - 49}. For this table each was assigned a
mark of 45%., Hence g.4. is 0.

4.4. Procedure
The pilot study was carried out in Aprii, 1986. a1l the

students were gathered together in one classroem and ail
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received the same instructions. All the tests were doue
on the same day with a gshort break after each test.

The perscnal interviews were conducted the following
week by this researcher in English.

Before distributing the test questions brief instruc-
tions were given about how to f£fill in thg answers.
Pupils were encouraged to be open in their replies and
were assured of confidentiality. By way of explanation
they were to!ld that their rezpanses could help is
teachers to uanrderstand the problems the students had in
mathematicey and maybe help their companions to do better
in mathematics in the future. As they were waiting for
the first guestionnaire they were given some sweetg Lo
help put them at ease. Tn spite of this there was an
air of tension and pnerveusness as a-own by A hushed si-
lence unusnal for a group of students in Bafokeng 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
ninutes te complete thig first page. However nobody
asked for help or said he cr she did not understand a
word ér sentence on the paper. There were very few om-
misgions to any of the guestions. Four students did not
answer the guestion asking about the gualities of & goou
maths teacher, otherwise all the students answered all

the guestions.



4.5, Attitudes

"wo instruments were designed to test | the fitst
nypothesgis that there would be no statistically sig-
nificant correlation between success in mathematics and
attitudes of stfdénts towards mathematics. One of these
conzisted of seven open~ended guestions aad the other
consisted of 28 closed questiors. The studernds spent a
lot of time at the open-ended guastiouns, wost tosk over
half an hour to compiete it, but '.ey went Lhrough the
closed guestions very quickly and had finished all 28

guestions in just over § minutes.

4.5,1 closed gquestiong on attitudes

This instrument was made up of 28 statements which the
atvdents were asked to answer by ticking one of the
headings:

(i} Yes, I agree

{1i) I don't know

(iii) No, I disagree,

for each statement. The selection of stalements was

bagsed on Husén (l967) International study on_achievement

in mathematica and adapted for Bophuthatswana hy this

researcher. A pre-test consisting of 40 questions hed
been administered to the standard 10 mathematics class
in Bafokerng High School in November 1985 and as a result
)2 guestions which proved ambiguous were dropped. In

the pre-ftest a § voint scale was used and this was
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proved cum
response;

response.

bersome.

0 for

neutral
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response;

-1 for

the

other

The gcoring wag +1 for a positive

nagative

The decision about what constituted a posi-

tive or negative response was made after discussicn with

two colleagues in the mathematics department of Bafakenyg

High School to increase both reliabilitv and validity.

No

Q.17 and Q.21 and these were onmitted from the

Hence the
{positive
atiitude).
100%.

are given i

scores could

attitude)

Marker

The boys' and girls'

n Takle 4,2.

to

a mninimumn

agreement on

range from

af -26

agreement could be reached by the markers concerning
scoring,
a maximum of +26

{negative

items used was then

gcovres obtained in this

test

Pable 4.2. Scores obtained in attitudes gquestionnaire

BOYS GIRLS
SUCCESSFUL | DNSUCCESSFUL | SUCCESSFUL aNSGCCESSFUL
N 8 9 5 5
Total Score +1o4 +45 +96 +39
Maan Score +16,8 +5,6 +19,2 +7,8
s.d. +2,4 +3,7 +2,2 +5, 1
It can be seen from 7Table 4.2, that the successful

students, both boya and girle have strongly positive at-
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titudes towards mathewatics ags measured on this
instrument. The unsuccessful boya and girls are much
less positive in their scores.

The Pearson correlation coefficient rLor attitudes te
mathematics against mathematic's attainment mark = 0,578
tp < 0,01)

Care must be exercised in interpreting the results be~
cause these students had already exzperienced failure in
mathewmatics 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 snall to
allow for generalisations to he made but the results do
indicate that this dinstrument ecan provide .information
concerning successful students namely that when compared
with the unsucdessiul ones they have 2 more positive at~
titude towards mathematica. It was decided to keep this
ingtrument for the large scale field work but to build
in a consistency - of Yresponse factor by repeating one

question.

4.5.2. Open questions on altitudes

Thia instrument consiunted of 7 open ended guestions such
asg: Why are you doing maths? What ¢gualilies do you
think a good maths teacher should have? The purpoge of
th.s set of guestions was {0 provide alternative
evidence which e¢ould validate the closed guestionnaire

using tyriangulation. To quote Cohen & Manion {(19801}:
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In its ofiginal and literal sense, triangulation is a
technigque of physical measttrement : maritime
navigators, military strategists and surveyors, for
example, use {or used to use) several locational
+  markers in their endevours to pinptint a sinyle spot
or obljective, By analogy, triangular techniques in
the social -guiences attempt to *ap out, or explain
more fully, the richness and co. slexity of human be~
haviour by studying it firom more than one standpoint
and, in doing so, by making use of both guantitative
and gqualitative data. (.208)
The responses on the open guestions support the findings
from the oclesed questions. This test shows the two
groups of succegunful students, both Loys and girls, to
be strongly pomitive in their attitudes towards
mathenatics. These studants used phrases like "it is
easy” ... "I 1like it" ... -"it can help me in my
career"..., "maths helps me to plan better" ,..etc. The
group of succeszful boys are very dynamic in their
responges and they are aware of benefits tao themselves
e.g:, "maths helps me in mental developmwent". By com-
parison the successful girls are much more limited in
their view of mathematics and they only mentiun mathe-
matics as gomething which can help them in £irding a
good job or enabling them to avoid subjects like historvy
which they don't jike. '
The two groups of unamccessful students, both boys and
girls are very negative towards mathematics. - They usge
phrases like ..,"it is @difficult™ ... "1 don’t like

matha" ... "I don't underatand maths" ... "I am not.in-

topested in it" .., "1 hate it" ... etc. Several of



these mention failing in the examination and it is clear
this expertlence of failure has been damaging to their
gelf-image in relation to mathematics. In spite of this
8 gf the 13 unsuccessful studenté say everyone should do
mathematics up to standard 10 for the purpose of getting
good Jjobs after school,

another distinetion between successful and unsuccessful
studenta that emergea from the.r replias to thig instru-
ment iz what they think about mathematics teachers. In
reply to the guestion about what they think are the
gualities of a 4ood mathematics +teacher most of the
guccessful ones wish the mathematics teacher to have
personal qualities such as ... “good ideas" veor
"determination” ... "patieﬂce“ e "well organised" ...
eta. on the other hand the unsuccessgful students men~
tion only professional qualifications like ... "he nust
be gualified” ... "have a degree® ... "he well'trainad"
¢ee etcse It must be remembered they are not talking
about different teachers becaunge these students were

matched for this variable.

4,.6. Deqgree of westernization

In the literature, especially in H.S.R.C. reports there
‘ig great stress on the effeck of culture on the perfor-
mancé in mathematics among black people in Sounth Afvica
{e.g. Groenwald (1976) and Van den Berg (1978) as 1lis-

cugsed in Chapt.:r 3, section 3.4.4.1.) Others like Gay
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and Cole {1967) in their studses on the Kpelle 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 wmore ap-
propriate for survival, and the Kpelle far 6ut—$core
their western matched groups in estimating such thiags
as duantity of rice in a given containex., They suored
highly in problems relevant to themselves and poorly in
the mofe ordinary ﬁathematics. Okonji (1969 and 1971}
has done research on the effect of culture on a people’s
thinking, although in his studies, c¢rude physical en-
vironment seem® to be the dominabting factor and he re-
lateg lack of ceftain necegsary nutrients with perfor-
mance in intellectual tasks% For these reasons it was
hypothesised that there could be a correlation betweaen
degree of westernization and performance in mathematies.
Diagramatically it was assumed traditional Tswana cul-
ture and western culture could be gquantified and these
would represgent the two extremes of a continuum as shown
in Fig 4.1,

It was expscted that the four matehed grvoups of students
would be sitvated at different points along the con-
tinuum ~ those who were good at mathematics were ex-
pacled to be far to the right, and those who weyre poor

in mathematics were expected to be towalds the laft.
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Figure 4.1. Degree of westernization ceontinuum

TRADITIONAL
) LA A T T
TSWANA

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

a) child rearing

b) political behaviour

c) religion

d) leisure

e} work

£} death

g} general
‘Phese seven categories were used to cohstruct the
neasuring ilnstrument by designing questicns 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 ohe
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 f%swana person, to 3 possgible +70
which would indicate an extremely westernized Tswana
person.

The scores obtained are shown in Table 4.3,

Table 4.3, Degree of westerrization

HOYS GIRLS

SNCCESSFUL| UNSUCCESSEUL | SUCCESSFUL {UNSUCCESSFUL

N 8 8 5
Total Score ~27 -28 -32
Mean Score -~3,4 -3,3 -6.4

5
+25

+5,0

The sccres show no significant difference between the
twe groups of boys but the girls' scores not only showed
a very wide divergence of valfes but were guite the
reverge of what had been anticipated.

The Pearson correlation coefificient for degree of west-
ernization against mathematics attainment mark was: boys
0,123 (non significant}); g¢girls =-0,648 {p ¢ 0,01}

as a result of the pilob study certain items need Lo be
redesigned, others needed to be reworded. 8till others
yielded no clear information and were omitted.

The instrument itself was judged Lo differentiale be-
tween successful and non successful students, al least
in the case of the girls and it was decided to include

it in its modified form in the main field study.
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4.7. English lanquage ability i

According to Dickson et al (1984) thare_la very little

research literature available on the role of language in
mathematicas 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
thoeught . On the one hand psychologists like Bruner
claimed linguistic development precedes abstraction " and
at the other extreme Piaget considered thought to com-~
prige “internalized actions" and therefore cognitive

development comes Efirst, .Dickson .t ai (1984) quote

Piaget (1972):
bLinguistic progress is not responsible for logical or
operational progress. It is rather the other way
round. The logical "t operational level is likely to
be responsible for 4 more gophisticated language
level.
Despite Dickson et al's claim that little research has
been done, Skemp (1971 and 1979) deals with language and
nathvmatics learning. Skenp distinguishes between a
conaept and its name:
a concept is an idea, the name of a concept is a
sound or a mark on paper associated with it. Thie
aggoclation can be formed after the concept hag been
formed oy in the process of forming it. Skemp (1971,
P23} .
Dickson et al {1984, P.331) refer to Choat {1974} and
Vygetsky (1962) who appear to agree with Skenp's posi-

tion that thought and language, while not to be confused
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with each other are nonetheless inte?dependent.
Gay and Cole {1967) put forward the extra problems in-
troduced by.lgnguage in the teaching of mathematics when
they showed that some languages don't have names for
certain neceggary mathematical concepts. Bishop (1983}
reports the same difficulty: _
1anguage is a.confounding variable. in a placé like
Papua New Guinea it is difficult to separate concep-
tual limitations from linguistic confusion, (Bishop
1983, P.195)
Bishop goeé on . to diacués the problems that arise in
teaching mathematics in less technelogically oriented
cultures. Be notes that home life culture tends to be
socially ofiented and scho¢l culture more abstract and
analytical.
Serpell {13%76) qguotes Perguson {1959) as defining High
and Low language accordiﬁg to agpects of cualture nov-
mally discussed in each language. Home life is
generally thounght of as low culture, school life is
regarded as high culture. Siann and Uguegbu (1930}
found the same to be true elsewhere and they quote the
work of Young (;977) who researched attitudes of edu-
cated Papua New Guineans towards "village" knowledge and
school knowledge. As a whole, Young's .suhjects werse
favourably disposad to the type of knowledge tha£ they
thought was typically taught in schools (Siann and Ug-
wuegbu 1980, P.209). The cultural conflict that arises

is desaribed_by thess authors thus:
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Within Western frames of cognition, wher a proklem is
put, say, in a school situation, ... the subject is
assumed to be aware that in answering that probiem he
must confine himself only to what is given in the
problem. He mnust not venkture outside the problem set
by reference to any specific knowledge he may have
about what happens when thal type of problem occurs
in everyday life. Instead he must = "dizemhos- the
problem (ibid P.206).

2 fuller discuésinn of language and mathel © will be
presented later in Chapter 7 when the issue of bilinguél
teaching will be dealt with.

In order Lo examine the relationship betwsen language

and mathematice attainment Skemp's definiticn of lan-

guage was used. Skemp defipes language as:

A set of symbols with their associated cor 3 such
that for certain relations between the ¢ -1 there
corresponds certain relations beiween thr cepts.
In a verbal language the relations bet symbols

include order of words, punctaation, and infliections.
So the concept "meaning of x word" c¢an now be ex-
panded to “meaning of an crdered and punctuated group
of words and their inflections” (Skemp 1979, P.159).
Two tests were uged to mepsure Bngliash language ability,
one a dJdictation exercise which depends largely on the
ability to hear and comprehend. spoken Englisk and the
other a written womprehension passage which tested the
ability to read and comprehend, Many authors distin~
guish between féading akills and comrehension of content
{e.g. Minkowich et al 1982, and Watson 1980) but it was
decided thaﬁ for the pufposes of this study it wounld be
sufficiént to compare oral and written understanding and

tu examine the relationship between each of these and

mathematice attainment.
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Michau (1978) has reviewed some of the research inta the
connection between languaga and matha achievement among
Zulu students and she has identified two crucial are#s
" viz the effects of culture and the effects of language

on the developmnent of mathematical proficiency (Michau

1978, P.21).

4.7,1, Bictation
all of the mathematics teaching in the BalfoReng 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 waz a
paragraph from a standard 7 career guidance book, The
test tock just aver five minutes, the students swemed to
£ind it very easy and the scores were gencrally high as

zeen from Table 4.4.

Table 4.4. Scores on dictation test

SSTUL

BOYS GITRTILS
SUCCESSFUL (UNSUCCESSIUL | SUC SSSFUL| AINSUCCE
N 8 8 5
Total Score 242 ' 236 le4

Mean Score - 30,3 29,5 32,8

3
163
32,2




The pasgage was read by'tha researcher slowly in short
phrases and was repeated just once. The scoring was
done on the basiz of Skemp's definition of language
quoted apove. From a maximum score of 40 there was
deducted one point each for mistakes in:

(i} pgnctuation and spelling

{ii) order of words aud

{iii) meaning of each sentence

The results show there is no statistically gignificant

correlation  between dictation and mathematics
attainment. Pearzon c¢orrelation coefficisnt = +0,116
(N.S.}

4.7.2. Reading gomprehension

The comprehensicn test was one chosen by the seniox
English teacher in Bafokeng High School from the text
book used by the standard 8 students. The scoring given
in the text bogk was used without alteration. Maximum
scotre was 40 points., Buring 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
pasdsage, then they sel about answering the questions,
constantly referring back to the passage to find the
answers, One student finished in 30 minutes, three took
40 mninutes five took 45 minutee and wmost of the others
reguired a full hour to Einigh,The passage was typed on

A4 paper_and each studernt received a copy of tﬁe Ragsage
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together with the guescions.

The scotes were as shown in the Table 4.5.

Tabie 4.5, Scoreg on the comprehension test

BOYS ' GIRLS

SUCCESSFUL |UNSUBCCESSFUL | SUCCESSIUL jUNSUCCESSFUL

| N 8 8 5
Total Score 19 156 66
Mean Score 23,9 19,5 13,5

5
95
19,0

The results here show no clear pattern. for the boys
those who were successful scored'higher, an average Lhan
those unsucceséful in maths but the opposite w#s 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

1t twas decided that language and wmathematics learning
probably does need investigation but that the dictation
and comprehension testg used here yvielded no useful in-~
formation and would not be used in the wmain field study.
A number of'ﬁmall scale language tests would he degigned

ingtead along the lines suggested by Michau (1978),
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Bishop (1983), Gay and Cole (1967) and focué on the
Tswana language itself., .

There is no need to give a separate comprehension test
as the marks obtainéd by the students in the standard 7
publié examination could be used fo establish possihle

correlations between maths and English attainment marks.

4.8. Perception

The recognition of patterns and the ability to copy thenm
as in the Koh's blocks test has been used for many years
in intelligence tesis. At the Bafokeng platinum mines
training centre one of the test batteries used to selecl
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 abpility
in the sense of being able to break down a complex
figure into its simpler components. Serpell naoteg the
similaxity between the Koh's block test and the EFT
{Serpell 1976, P,3%) sgince 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 bedy language has up to now
remained the dominant mode of communication.

In 19690 Budson sparked off an avalanche of research by

bie article on pictorial depth' perceptien in sub~
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cultueral groups in Africa. His findings were shallenged
by Dawson {1963 and 1967), Wober (1966 and 1967), Okonji
(1969), Berry (1568} and Deregowski (1968 %nd 15872}«
The outcome of all fl.ig research was a deepening of ouf
understanding of pictorial perception and the raole of
schooling, It was found that perception of, for example
depth or again, movement, in a picturs depended on a
number of visual cues which were learned by expusure to
pictures. Serpell guotesgs Miller {1973):
If an individual has never learned that a picture may
represent some object he will nut be able to perceive
any object when £first presented with a picture
{Serpell 1976, P.99) .
Verster.(1982) found white males scored higher than
btack males in the area of video-spatial thinking. The
regearch was done in R.S.A. and ﬁse was made of tasks
invalving perceptual disembedding of a figure from a
groand (P.2675. Skemp observes that director systems,
within a person, have no direct access Lba actualily, the
outside, and depend on mental mode's which are activated
by seﬁsory input among other things. In perception in-
ner reality and actuality fuse dinto a combined ex-
perience in which each is modified by the other. He
defines percepticn as "becoming aware" (Skemp 1879,
p,32). Elgewhere Skemp discusses how needs ete. may
selectiveiy.sensitize one's perception {(ibid P.139)
From the discussion presented here it seemns people 4dif-

fer in wvisnal perception according to their upbringing
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)

and training. The guestion must be asked whethet there
is a link between pevceptual style and matnematids
attainment, ugrtainly Witkin <laimg there is a strong
correlation ‘etween 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 ralatively simple picture or diagram
has been a real stumbling block for Tswana students.
The whole teaching of science is based on diagrams in
many black schools due to lack of science equipment and
one wonderm at the difficulty faced by secondary schoal
students who must Iearn electricity from circuih
diagrams etc. To recount just one instance from per-

sonal experience:

Elliot M. is the head student in Bafaoken  High
School. He is studying maths and science. » also
nelps to org. .ise educational outings for his class.
One day bhe accompanied his maths/science teacher to
Rustenburg to hire a bus for the cuting. 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 mathine and inserted 15 cents and
pressed the button and noted the machine had begur to
give out a tieket which had date, month and time
printidzon it using small “z" letters as shown in
P.Lgb vl .

The teacher told Elliot to take the ticitet and wait
in the zar while he himself did the bank business.
When everything was completed they drove to the bus
depot and finalised arrangements there, Gn the way
back to school Elliot began ta laugh and the teacher
looking acrozs 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 jumbie of "little z leltters”
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which were on the paper. Just noaw  he  recog ised
their meaning.

Fig. 4.2, Maghine printed parking slip

2¥2 217 X2
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> 2
222 2
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211§ %2122 L%

2zZ
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™
™

NN NN
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Z27 Z2z 2z
zZ <
z
z
z

z ;ZZZZ %Z‘Z?_Z 2Z2Z

NNWNNNN
X3 x¥
N

z

On reflzction, +this incideni seemed to poiﬁt backwards
to the work of Koffka, Kohler and Wartheimer in the
early decades of this century in Germany. They were op-
posed to the analysis of consciousness into elements and
“hey helid that a conscious ceomplex experience cannot be
constructed Lrom aﬁ associative composition of separate
element.s. They used the word "gestall" meaning “form
and organisation" for the stractured meaningful wlala
which an individual ‘ives from the separate clemunts
{Jordaan & Jordaan 1%.3, P.16). Their law of percertual
grouping states that the individual is inclined to £ind
the best possible form of figure (= gestal!} so Lhat the
Gestalt may adguire the maximum neaning (ibid P, 363).

It was hypothesised that the ability to fure a gestalt
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related to mathematics attainmeut and the ex-

perience of Elliot referred to above was used as the
The students were presented wilh a vcopy of
ticket and asked what they could sce, Thay

Lhe parking
were given
write their

was done by

five minutes far the Ltest and were asked fo

\SwWers on a

sheet

the researcher.

provided,

The

scoring

30 points awavded for - AUG 28 12,26
25 points awarded for - AUG 28
20 points awarded for - Month and numbers
15 points awarded for ~ Big lelters hade with waall -w
‘letter
10 points avarded for - .Jekter 2z only
The results are given in Table 4.6.
Table 4.6. Scorex on the perc-vlion test
B Y S GIRLS
SUCCGSSFUL-UNSUCCESSFUL SUCCESSFUL (UNSUCCESSIENL
N & a 5 | 5 )
Total Score 159 154 8l 839
Mean Score 19,9 19,3 16,2 17,8
Ther: is some differvence betweer the wea, worer of Lhe

pirls

compared with the boys hnt

no

significant

dif-



ference between the successful and the unsuccessful
groups. Thers 18 no statistically significant correla-
tion between maths scores and percaption scvores. The
Pearson correlation coefficient is 0.08 (N.S.}. Ag a
result of the pilot study it was decided to pursue this
line of enguixy on a small scale basis but .t to use it
for the main field study. Two follow up studies would
be undertaken:

{i) embedded figures fest and

{ii) the concept of rectangularity among Lthe Tswanas.

4.9. self image

4,9.1, Literature backaround

Terminology in the literature can be confusing in rela-

tion to this topic of "self". Authors use terms such as
"self—cdhbept", "self-esteen”, "self~image" and.
"attitude to self". Here no distinctions will be made

and the term used will simply indicate the view that the
individual has of himself as an individuul (Jordaan &
Jordaan, 1%75 5.32). In the following discusuion use
will be made of the working definition presented hy
Siann and Ugwuegbu (1980} who say:
vooself may be defined as the knowledge we all have
of ourselves that embraces our past history, our
present. existerce and our expectations of cur future
life .,.. {ibid P.71}.

Another difficulty which ariszes concerning self-image is

how te measure it, the most popular being an instrument
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which is8 a gquestionnaire composed of a large number of

questions ascored on some form of Likert scale. One such

instrument was constructed £for use 1in Bophuthatswana

schools by Kiely (13883, P.224) which consisted of 60

guestions and used a 5 point Likert scale. Siann and

lUgwuegbu (19581- address this issue of how to wmeasura
self-image and they report from their study of empirical
| research that the best predictor about how people would
behave under certain circumstances was:
«.+8imply asking subjects themselves how they thoughn
they would behave. In other words, dinsight into
other peecple can be gained by asking them how they
view themselves (ibid P.71}.

For these reasons it was decided go ct llect qualitative

data only in thaz section ind two instruments were used:

{i) personal interviews, carried out a.?d recor«md Ly
the reseacaner and

(ii) written paregr: phg entitled 'myv. .1£" 'ritten hy

. each student in che form of a letter to the re-
searcher. :

During the interviews, each of which took approx 15

minutés;ﬁhe reseafcher focussed on:

(a} genersl] impression based on: dreas, facial
expression, gestures, language ability in English
which included the ability to understand the question
asked as well as to reply in an intelligible manner;

(k) answers to specific guestiony clustered around

(1) student himself
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{ii) parenks and home
{iii} friends
{iv) school and mathematics

{v) plans for the future.

4.9,2. Results and findings of self image questions

Firgtly regarding (a) general impression, the dgroup of
successful boys cannot be differcntisted from the group
of unsuccessful boys con Lhis basis, All of the hoys
were found te be very friendly, responsibie, thoughtfuld
in their replies and very pleasanl Lo talk with. nly
three of the total of 16 boys interviewed could br  gard
to be poor in speaking BEnglish and two others were a bil
frightened by the interview ordeal,. Gne boy (from the
successful group) positively resisted being guestianed
and had to beg literally "captured" by his cumpanions
having eluded the researcher's atlewpls to inbterview him
- he said bluntly that he did not believe this interview
was for research purposes but refused to say what he
thought its purpose was. He was "released” withouw. [upr-
ther pressure to answer.

Similarly there were no elear differences belween tihe
successful and unsuccessful girls emerging from this
part: of the interview. Two of the ten girls (one from
each group) were shy and had wvery limnited English;
otherwise they seemed to be well-mannered, hard working

and €riendly and they tried at all times to answer in snh
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open strajghtforward manner.

Secondly in their answers to (b} {the specific questions
part of the interview} there was little to digtinguish
the successful £rom the unsuccessful students. . Sone
slight differences did emerge and they are given in the
appropriate section below,

(i) students themselves -- during weekendsg most of the
boys spend their time working around the house, playing
saccer, studying, going to church, télking with friends,
watching TV or engaged in other forms of relaxalion.
More of Lhe successful boys mentioned work around the
house and study than the unsuccessful cnes 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-tines. It was clear from their school uniforms and
shoes that all the students interviewed wevre £from a
fairly low eocio-economic background. This was cuon-~
firmed by their answers to "How would you spend R103 2V.
Most said they would buy food, groceries, candles or
other items reguired at home or else they wonld buy
school clothes, shoes or textbooks. Just one or two in
the group said they would use¢ the money Lo buy new
fashionable clothes for themselves and only one person

out of the 26 interviewed said he would spend it in Sun



gity. Only four of the 26 have electricity in their
hones.

{ii) In theixr replies all the students shpwed 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 ZLamily. 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 Johanuesghurg and L0 of the
26 have their mothers working lo¢ .ly. Two of the 8
successful boys say thelr mothers are not married. It
also appears the parents of the unsuccessful boys are
better educated than those of the successful boys which
seens strange, The opposi..: is the éase for the girls -
2 of the 5 succezmful girlsg 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
inte the house. All the students have some kind of
radio and 17 say they listen most often to Radic 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 sometbing wrong, including many of the
girls, although mostly the girls said they are scolded
razther than beaten for wrong behaviour.

(iid) When talking about friemnds vn interesting point

emerged. The groupsg of successful gtudents secemed 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~
gsuccensful students who seemed to he nore sociable.
Three out of tha 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 tirouble.
It appears the successful nathematics students are
characterised as a conservative: group, very highly
motivated to succesy in school, and a bit fearful of
being led astray by companions. These characleristics
are generally the result of home life and the urgings of
parents for their children to do well at school. Thisg
parental pressure also emerged from the replies about
puniskment. 8ix 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 unsuccessfal
boys.

tiv) Nothing very clear arose from this part of the in-
terviews to distinguish successful from unsuccessful
students. 41l the students attend scheol so that they
can get good Jjohs 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 guestion: "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 distinetion between the gronps. The two qroups of
successful . & wnte - both boys and girls -~ prefer
science-orientated ¢ technical careers like engineer-
ing and medicine, whereas the unsuccessiul boys and
girls prefer more social-type caregers like teaching,

law, and social werk.

4,9,3. "Tell me aboub yourself" letters

The purpose of this ianstrument was to complement the
interview. The student was given a page which had writ-
ten at the top:

I don‘t kpow you please tell me about yourself,
Write a short varagraph here about yourself.

This instriment was based on Jersild (1952) who used

unstructured vompositions to explore self~
conceptualizations. Jersild categorized the responses
into fourteen groups such as: physical appearance,

ability in sports, personal character, social attitudes,
parents etce. (Gordon, 1975 P.264),

There are vesy clear differences between the boys and
the girls in their letters about themselves as one would
expect from 1lswana children, where the cultnve still
distinguishes very sharply men's roles from women's
roles. For example the boys are more con~.rned about
physical characteristics, personal character and human
reiations. The girls are much more itimited in what they

have to say and speak mostly about schoel subjects,
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their homes apd future careers.

In comparing +the matched groups of boys i.e. the
successful against the unsuccessful it appears the lat-
ter are nmore out-going and they list more activities
such as playing soccer, visiting friends, making jokes.
The successful boys are more concerned about school sub-
jectz and the difficulties they have in school. The
gsame 18 true for the girls and éhe unsucceasful ones are
more sociable than the successful ones.

In general the letters confirmed what had been. emergiﬁg
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 unsuccessfnl students are more sgociable
and ount-going and are interested in suhjects like his-

tory and literature.

03

2.4, Results df self-image investicstion

Na quantificationéof data was attempted here but the
findings do indeeé'indicate a strong correlation hetween
selfi~image and achievement. It wag decided to use the
self~image variable in the main study but to revise the
instruments in %the light of the work of Minkowich et
aliisaz;. This would facilitate & quantification of
data fox this variable. At the same time gualitalive

data could be collected in a shorter form during the
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personal interview which would focus more specifically
on mathematics and the student's own perception of him-

self in relatien to mathematics.

4.10. Findings and conclusion

Not much useable data were collected from the pilot
gtudy and t! . reasons may be listed as (i} small sample
of 26 (ii) main purpose of the study was to test the
nmeasuring instruments ot to collect data {i.x) the
rigid ‘"over-objective" approach of the researcher which
was a wmove away from anthropological to sow-called scien-
tific research iwhiceh has proved inadequate to deal with
the real nhature 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 &
"proygress veport” in Qctober 1986. It was agreed that
as it stood'usiﬁg a scientific design, it really did not
serve the main purpose «f this research. It was agreed
that it was necessary to look for insights and that the
anthropological appreoach 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 buwmics ~ what is this regsearch
about?

step 2: What use is Skemp's model for this research?

step 3: Can any empirical data be collected as a

regult of step 1 and 2 7
step 4: Can tkis data be structured in a meaningful
manner?

This regearch 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 makched groups,
the rest of the "successful"™ students obtained spabol E
140 - 49%), On invegtigation 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 meaat that many of the “successful
group nad 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-
bos D or better",
This research has set cut to look for differences in
preferred modes of thinlzing that may enable a student to
reach that high level of abstraction which is aecessary

in order to succead in mathematics - and Lhis does not
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include merely to scrape a pass.

Skemp (19797 develops a model of intelligence hased on a
goal-orientated director system. In his build up to the
model in Chapter 1 to 4, 8Skemp 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
mathe examination.

{ii} Skemp discusses the role of emotions in hi over-
all view of intellige‘ice. Intelligence is the ability
to learn and its function is the development of director
systems which are adaptable and successful (ibid p.10).
tiii) 1In his presentation on consciousness, Skemp Jdis-
tinguishes between an “outer world" called actuality and
an "inner world” called realicy. We direct our actions
and experience the result of thki.se actions within the
limitations of our own inner realities.. The *tiens
themselives and the obiects of these actions exist in ac-
tuvality {ibid P.21)}.

{iv) The £fit of inner reality to outer actunality is

carried out by a process Skemp -alls reality testing.

TI ve are Lhree modes of such reality testing:
mode 1l: experiment - testing expectaticns with

facts;



mode 2: social - testing againsgt knowledge and
beliefs of other people by discussion:
mode 3: internal consistency {(ibid P.34).
Bmpirical data can indeed be collected as wi =soown in
the pilot study. The instruments on aktitudes, degree
of westernization, and an adapted form of the self-image
were usé& 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 Yresearch design based on an
anthrepologizal model had to be devised and this wiil be
degcribed in the next chapter. For the stracturing and
analysis.of the data it was decided to use Srewp's model
of intelligence as a framework for problem solving
precedures., But this model 1is limited because too
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 anthors who have built up other frameworks was
also used for analysis of the data of this research he-
cause of its flexibility and also because of {he amount
of research already done in this area by Okonji, Wober

and others using aAfrican subjects.
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CHAPTER 5

RESEARCH DESIGN

5.1. Introduction

Ag a resulf of the pilot study described i1n the previuﬁs
chapter a major redesigning of this research was
necessary. The <orrelation study proved incapable in
this instance of uncovering the real nature of the
problem. The field of research being undertaken hore is
largely unknown territury and a great amount of ex-
ploratory work must still be done before the stage of
hypothesis testing can be xeached. It was decided Lhat
a design based on the anthropological model rather than
that of the natural sciences was called for and thal the
unigueness of the Tswane students must be explored in
depth. The purpose of the resze; reh design iz  cwwofold
according to Kerlinger (1986, P.280), to provide answe .
to research questions and secondly to conkrol vaxiancé.
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 sccial structure in the Bafokenyg region
which is characterised by rapid social <change as
reported in chapter 1; indeed the changes wers evident
even as this research was in progress. There has been a
population explesion during the past tw*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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froa 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 reéegion was.
incorporated into the new state of Bophathutswana. In
the schoals the response to technology has been to
heighten' the interest of everybody in mathematice 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 difficoelties
which have been summarised by Serpell {197G):

{i} Regarding theory, the tendency is to apply Lheories
developed in the West and to force them ﬁnto the non-
western society in order to establish how general these
theories are {P,212}, 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-éthnic bias of the researcher who is an out-
sider tends to shape the significance and definition of
problems and in the s frican context it must be acknow-
ledged that there does exist a deep seated belief in the

myth of Western racial superiovrity (ibid P.115). Berry
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{1969) according to Serpell ({1976 P.116) acknowledges
this problem as a serious one fotr the validity of Lhe
research. He says the best that can be hbped faor is
that the researcher may achieve a "derived outsider's
view concept’ which may be "functicnally equivalent" to
the "insider's view concept®. This may come about only
if the researcher is \ >ascio' : 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 estabQ
lighed tests naturally, but most of these have been
designed in the West. Most researchers are unable to
consider radical alternatives because they are unable Lo
see the behaviour they are studying within its own

unigque cultural context (ibid P.117).

The design presented in the following pages therefore
attempts to unravel the guestion of success and failure
amonyg the Tewana students of th: Bafokeng region by
using participant observation and clinical interviews as
the major research tools. The theoretical background is
discussed in 5.2. below and the structure is set out in
5.3. The rest of this chapter fills in the dekails of

the plan to control variance.
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5.2. Regearch methodoloq%

5,2.1 General approaches

There are two major approaches in educational research
which may be described as normative and interpretive
{Cohen and danion 1980, p.21). The normative approach
follows the method used in the natural sciences. Usin§
this method to explain human bhehaviour requires of the
researcher:
to adopt the perspective of a detached oulside ob-
gerver intent upon classifying what hz sees and hears
th the light of some theory he holds about the way
society is structured... (ibid p.22.7}.
This approach can be conceptunalised in terms of Dewey's
analysis of a complete act of thought a&s outlined ian
Chapter 3 section 53.2.2. 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 mwmwan has the unique ability of heing able to inter-
pret his.expefiences and represent them to hinmself.
Katz (1953, .p.591 pointed out this method of interpre-
tive anthrﬁpology has been . widely uged by
anthropologists in conducting fieid studies, Accovrding
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 therc and then

from the f£indings may come knowledge aboult impeortant
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relationships betwszen variacles which later must be
tested (ibid P.74)., The work of Gay and Cole (1967} and
Cole et al (1371) which was discussed in Chanter 3 sec-
tion 3.4.1l. above could be sesn as an example of this
type of field study. Kerlanger (1986) refers to this
type of research as "non-experimental” which he defines
as a: N
.o« systematic empirical enquiry in which the scien-
tist does not have direct control of independent
variables beczuse their manifestations have already
occurred or because they are inhecently not
manipulable. Inferences about relations between
variables are made, without direct intervention, from
concomitant vaviation of independent and dependent
variables (P.348).
Nisbet (1980) notes the facl that many educational re-
dearch workerv are growing more disillusioned with the
results of traditiornal empirical research and ue advo-
cates the anthropological model because it enables the
researcher to sees the educational process from the view-
point of the learner. He continues:
The descriptions used by different participants Lo
explain their experience provi<des an explaratory tocl
(P.6).
hry et al (1985} uge the term "research method" as
referring to the general strategy follawed in gathering
and analysing the data necessary for answering the gues-
tion at hand. These authors list four categories for
classifying educational research:

1) experimental, in which variables are manipulaled;

2} ex post facto, in which the variables cannot be
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directly manipulated;
3) descriptive, which describes and inferprets what
is present;

4) historlcél, in which the historian attenpts to

tell what was {P.26).
Before this section is brought to a close attention must
be paid to an important caontribution nade by Skemp
{1982) on this guestion of methodology. Skemp discusses
two categories of thecry in relationship to mathematical
learning. Type 1 theories are thoge typical of the
natural sciences. A Type 2 theory on the othér hand 1is
a model of regqularities in the ways by which dvpe 1
theories are constructed and'by which plans of action
are derived from thease theories. Each of these hag iis
own methodology. Type 2 methodology is concerned with
constructing models of hcw Type 1 theories are
constructed. The word "constructed" iy explained as the
building and testing by one of three modes: (i) experi-
ment {ii) discvssion or {iii)} dinLernal consistency.
Skemp then stresses the importance of this distinclion
between the two methodologiea if one is to avoeild Lhe
anomaly of building a Type 2 theory bul using a Type |
mode of testing. Mathewatics is a Type 1 theory but re-
seargr aimed at understanding how people learn wathe-
mativs is a Type 2 theory (P,183~188),
Skemp then gives the following practical guidelines:

trom the foregoing analvsig, diaghostic interviews
and teaching experiments both emerge as methods ap-
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propriate for the construction of a Iype 2 theory.

In a diagnostic interview, Lhe cxperimenter saels  up
internal Lentative images of whal migyht Hoe in Lhe
child's delta-one ... he tries to gel inside bhe
child's mind ... the experlmenter may hope: Lo con-
struct images of the thinking ... and ... ol the waye
in which Lhey construct plans from their available
schemala., F'rom these, regulari'ies may possikly ho
abstracted and p:t together inle a theory. ({(jibid
p.189) .,

(1474)

Snowlﬁin reviewing research in education for 1976 re‘ers
to research which soughl Lo distingnisa (ield indepen-—
dence from dgeneral intelligence and then relate il to
mathematicys achievement bul failed to isolate the cogni-
Live style factor. The mathemav.os score miy represond
either or both of two abilities or a more basiv one, and
corvrelational analysis alone, he claimg, wiil uever
_ () (1782
solve this problem. Snow like Skoemg calls far process
dgsceriptions of how students solve the ptoblens repre-
gented in different tests and Lhig calls for intlrospuec~
tive interviews as well as much experimental analysis
(P.80).

In the light of Lhe absve discussion it war  secided o
construct a research design which could be desaribed as:
{3} anthropological in terms ©f Nisbel and cohoen

and Manion;
{ii) nonexperimenlLal in terms of Kcr‘inger;
(iii) deseriptive in terms of Ary et al;
{iv) field study in terns of Kata:
{v) Type 2 in terms of Skewp.

The research question wag: What favtors are amgociated
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with success and failure in mathematics among standard 7
students in the Bafokeng.region of Bophuthatswana?

The research method used was "illuminative" in character
and by this is meant the researcher became dimmersed in
the situaﬁion itself,; while malintaining an openness to
the total situation yet was tuned inLo whalever emerged
in the investigation; by graduvally deepening the ztudy

the researcher attempted to zero in on c¢ritical areas.

Statistical analysis was used as appropriate. Trian-

gulation technigues 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 cliear that the field of mathematics educa-
tion was indeed a very broad one and it would ke impos~-
sible to pursue all the leads thalt existed. For example
Alexander and Simmons (1975) and Schiefelbein and Sim-
mons (1978) have reviewed determinants of school alLtaine-
ment research in developing countries and the number of
variables investigated runs to more than fifty. There-
fore certain delimitation decisions had te be nmade in
order to make the present research feasible.

i} Regarding the focus of the research it was decided
to focus on the studenis in preference to teachers or Lo
mathematics, It is the belief of this researcher that

the problem in schoacl mnathematics for Bophubhaiswana
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lies in our_lack of understanding of the Tswana scheol
child. We don't know enough about his cognitive
structures, his language difficulties, his attitudes to
mathematics cr the effect of the culture on bis
learning.

ii) For a theoretical framework which could be used it
was dsacided te use Skewmp's (197%) mode! and to adapt it
for the present research as described in seclion 5.3,
below. The adapted model would gerve for ordering the
empirical data.

iii) The study would involve one high school and its
.three feeder wmiddle schools as comprising one educa-
tional unit in Phekeng. 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 gaﬁhered viz information
from the whole population by means of guesticiinaires and
then in-depth interviews would be carried out with a 10%
sample wusging the clinical interview mehhod. Personal
observation and informal interviews would also be used
to pravide more background and for validation purposes.
v) only basic arithmetic word problems would bhe used
for the interviews. No attempt would be made to cover
other sections of mathematies such as algebra, gyeromelry
or even the more difficult parts of arithnetic 1like
fractions and percentages. The reason for Lhis decision

was two~fold: one, it was felt better to work at some
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depth on a limited content Lhan to do superficial work
on a broader surface; and two, it was felt that the stu-
deuté who were having éroblems in mathemalics had never
rea}ly nastered the basies suoh as the four arithmetic
oprrations, and this needed to. be investigated.

vi) The main investigation would be carried out on jusi
ona group of standard 7 students namely those present in
the schools in June 1987. It is well known to ex-
perienced teachers that students dJiffer from vyear to
vear and what is true for 1987 group may nof be true for’
1988 or any subseguenl group. To control this factor
examination results for several years were analysed and
no obvicous differences could be identified in the per-

formance of std 7 groups over the years,

9,2.3. Limitations and generxaltizations

Every research sims for generalizalion of its findings
to a wider popuiation. From the discussion in the pro-
vious secticon however, it is clear no overall exiension
of the present research findings can be claimed to all
of Bophuthatswana. Furthermore in view of point wi
above it is not even possible to apply the findingy Lo
other sgtandard 7 groups apart from the 1987 group
investigated. But research must begin somewhere and the
present gtudy locked at the Bafokeng region in
Bophuthatswana and selected the Phokeny educational unit

of that region for analysis. Xt is reasonable therefore
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to extend Lhe conclusions ¢  the Tlhahane wircuit of
education which includes vhe Bafckeng region which has
Phokeng as its capital,

Phokeng 1is nelther an urbab Lownship ner a  rural
viltage; in some senses it is anique an Bopluthat swana,
being a traditional African village which 1is siluated
beside the wvery rich platinum mines. This ¢an he
regarded as an advantage or a disadvantage vis a vis She
generalizability of the research findings. From aone
peint.  of view the findings cannob be applied to any
olher district because of DPhoxeng's unigque features, bul
this researchetr rejects such a limited approach.

The Bafokeng belong to Lhe layger c¢lass of Tswana people
wilh whom they share the same languadge and casloms,
Clearly tneir tribal history and the manner in which
they have reacted teo change are peculiar to themselves
as was shown in c¢haplter 1. on the ather hand the
economic pressures of the nineteen eigblies amnd the
political groupings and so on are simlar to those faced
by other groups in Bophuthatswana. Seen from this view-
point the findines of Lhe presenl rescvarvh into success
and failure 1in wmalthematics can be accepbed as shadding
Jight on the wider Bophulthatswana area, providing a
deepsr nnderstanding of mathematics for Lhe whole
country., It ig certainly fair to extend Lhe conclusions
te the Tlhabane circuil and with a greast deal more  cau=

tion some of the findinags c¢an be extended Lo
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Bophuthat.swana as a whole. The sections which wmay b
generalized include the analysis of the Tswana language
and degree of westernization deallt with i1n cbaploer 7 and
the teaching styles given in chapter 8., The same degree
of certainty cannot be claimed for Lhe sgodio-economic
findings of chapter 7 and the makerial reported in chap-
ter 9. The findings of chapter & on Lhe perlormance of
60 std 7 students in the picture problems can reasonably
be generalized to the whole std 7 populaltion of the
aducational unit studied but. no claims of wider
generalization can be wade.

in orderv to extend the findings of Lhe present rescarvch
to all Bophuthatswana several studies alony the tines
proposed here would have to be andertaken - al leasl vne
in each of the seventeen educalional virenits. Purther-
more statistical precautions to ensure proper randomiza-

Lion would have to be taken.

5.3. Thenretical framework

.

Az noled at the end of the previous snctian Lhe focus of
this research was on the student and Lhe main aim was Lo
compayre successful and unsuccessful mathemal ivs siudents
within the Tswana culture. Romberg {1982} speaks aboul
research into the learning of mathemalics operalions as
suffering from the serious drawhauk of nol having a
generally accepted paradigm {(P.2). fhis has led ta a

qreal: proliferation of facts but no Lbeory Lo make sense



of the facts. In this regearch Skemp's {1979) theery
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 f£for this selection were firstly,
Skemp's own interest in the teaching and learning of
mathematics, as a teacher, a researcher, and author;
gacondly because this nodel provides a structure ap-
ﬁpriate for the study of the Tswana way of doing
mathematics.
Skenmp 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 itzelf ko
the attainment of goals. In order to do this the system
mugt have some means of identifying its present state
vis a vis the demired goal ztate and some way ko compare
the two. The other components are a part which is sen-
gitive to the environment, called a sensor and a part
which determines what happens when the object is not in
itg 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) £ills 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



sort of cognitive map which he <¢alls a "schema”, as

gshoawh in Fig 5.1.

Fig 5.1. Qoanitive map of pregent gtate and goal state

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

Ouy schemag are at the core of viability, in any
universe of dircoursge: be it literally f£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 meang of a similar diagram Skemp conceptualises the
idea of "understanding", He says the achievement of un~
deratanding iz the waking 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 poini which
is not connected ta any existing schema in the person's
mind. Since he cannot therefore move from this iselated

srate to the desired geoal state (G} we say understanding




hag not been achieved.

Fig 5.2. Cognitive wap to show the state of “"not-

understood”

Skemp (1979, P.145})

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, Cagnivive map to show the state of

"undergtanding”

Skemp (1979, P.14%)
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Furthermore  the emotions gignal "not-underastood”
{unconnected P) as frustration and anxiety whereas they
signal "understanding" (connected P) as confidence and
security (ibid).

As remféxed already Skemp's model was given in section
3.2.4. of chapter 3 above. For the purpeses of the
present research this model was adapted as shown in Fig

5.4‘

Fig 5.4. Model uged for picture problem tasks

() P

PLAN (i) | ] {v) cHECK

() &

{i} P: present state as perceived by the subject, iden-
tified and disembedded from the picture problen

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

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

(iv) Chenk: the manner the subject checke that the goal
hag been reached and no errors have been made, rep-
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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 2z questioﬂ 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}l! Check which con-
giste 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 witli éach picture problem. This enabled a scoring
system to be constructed. Furthermore comparisons could
now be made between subjects on the basis of their pexr-
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
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Little work has been done in order to understand how
cultural inflvences operate in the develapmenl of
schemata among the Tswana. This was researched Uy in-
vestigating the following:

{a) Tswana language;

{b) organisaticn of data by both groups of stadents:

{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
gtudents 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 m;thematics.
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 us to deepen our understanding of

how the students perform mere generally in mathematicse.

5.4. Research instrumeants

In this research the emphasis was on gualitative data
due to the exploratery nature of the study but gquan-
tification was done wherever possible. Throughout the

research period, observation, non-formal interviews and



small scale tests were used to further deepen our under-

stahding of the problen. The guantitative materizl) was

collected by means of four guesgtionnaires administered

to all 600 ‘standard 7 students beinyg studied and one
written pavagraph from each student. . The qualitative
material wasg collected by conducting clinical interviews
with a 10% sample of the situdents i.e. approx 60
students, Personal cobservations etc. were recorded to
augnent the qualitative data and where appropriate small
scale tests were used to augment the guantitative data.
In the collection of essays dealing with research into
addition and subtraction from a cognitive perspective
2dited by Carpenter et al (1982}, Remberg (1982) dis-
cusses the difficulties deve to lack of a snitable
paradigm for arganising the facts gathered by research~
ers in this field. Be does point out however that the
data gathering toels are pretty well e=ablished:
«ca one feature of an emerging consensus or a
paradigm iz agreement on methods of inguiry into the
gquestions of critical importance. In the research
presented in thig volume, <¢linical interviewing of
students is th= predominant methodology. Carefully
designed tasks and probing questions presented to a

small sample of children are accepted as appropriate
procednres (P.5).

5.4.1. ouantitative data gathering instruments

{a) Questionnaires:
Four guestiohnaires were designed for this research and

these were tested in the pilot study as described in




Chapter 4, sections 4.5., 4.7., and 4.Y., where the
development of these instruments was also dealt with.
(1) Attitudes to mathematics were measunred using the
questionnaire of 35 closed statements (Appendix &) to
which the students were asked to reply: agree; don't
know; disagree. 7hese guestions were based on Huseén
(1967).

(ii) a set of open ended guesticans on attitudes to
mathematics provided further data and allowed Lhe students
to expand on this topic {(Appendix D}. thig ipstrument
was also tested in the pilot study and while it did not
provide much gquantifiable material 1t proved very useful
for cross checking the scores on the closed instrument.
(iii) Another ¢uestionnaire was designed to arrive al a
score for cultural beliefs, It conzisted of 35 c¢losed
ended questions based on McClelland (1975) who presented
categories for an analysis of national character. These
categories wére applied to the Tswana character and
reported by White & Kiely (1985) this was tested 3n the
pilet stndy and redesigned as shown in Appendix E.

{iv) Data on socio-~economic status were gathered using
another questionnaire of 23 guestions as given in Appen-
dix P. This instrument was based on Kiely (1983) whe
developaed it for a study on students in the Bafokeng
region of Bophuthatswana.

(b} Paragraph:

Each of the 600 standard 7 gtudenks was invited to write




284

a shert paragraph to tell the researcher about himself
or herself. The categories for analysing this paragraph

were based on the work of Minkowich eit al {1%82) who did

an evaluation study on success and failure in Israali
schools. They analysed self image in terms of: locus of
centrol, anxiety, perceived affection ete. (ibid Chapter

8},

5.4.2. Qualitative data gathering instruments

The major instrument here was the c¢linical! interview
which conzisted of twe parts:

{a) A general discussion with the siudent 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 difficuit situation for the
standard 7 c¢hildren ‘o 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.

(L) The students were presented one at a time with five
picture problews as described in Chapter 6. These were
based on the work of Hart et al (1981} ard consisted of
gimple addition, swbtraction, multiplicaticn and divi-
sion together with a number~line problem in counting.
In each picture there was the figure of a person speak-

ing some BSetawana words and uaderneath was wiitien a
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guestisn: The inforpation given was contained pgectly in
the words spokan by the figure in the picture and partly
in the d;,“'.g itself, Everything the student said and
did was'iﬁégrded. At the start as little direction as
possible was given aparl 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 ornly 1if necessary.
After the student had arrived at an answer or failed to
do so in a reasonable time the researcher prohed deeger
to find out what steps were taken,. methsed used, pos=~
sibtlity of checking answer etc. The researcher was
sensitive to the fallowing:

What does the student perceive ? Has he the ability to
carry out the operation reguired ? Does he know what
the goal state is in the given situwation ? Can he
devise a plan for achievi. the goal state ? How aues
he carry out thas 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 methed that was followed, the study was
continually deepened by gathering other data as it
emarged. Small scale tests ?as one way in which this
was done ag described here: -

(1) Organisation ¢f data ~ samplegs of good and poor
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maths sgtudents were given a number of small woloured
counters of various shapes and asked to sort them into
groups. How they did this task was recorded e.,g. by
trial and exror, by counting, by division etc, It was
noted how they sorted the counters e.g., by shape or by
colour., The differences bhetween good and poar 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 =aw. Groups doing maths were compared
with groups doing gqeography and aroups doing biology to
disgscover Lf they differed in their perception of this
figure. The '“group embedded figures test" (GEFT] was
administered to samplez of students to measure their
ability to disembed a simple figure from a complex obe,
and to ! 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 get in Engligh and the third set using
only numbera and arithmetic symboly. Samples ~f stu-
dents and some old pecple were asked to translate words
and give Setswana words for various geometrical fiqures
in order to axplore how well the concepts of circularity
and of rectangularity are developed in Setswana.

(iv) Error analysis was done on the arithmetic test

described in (iii; above.



Finally the gualitative instruments of personal obgerva-

t. on and informal interviews were continued Lhroughout

the research period with attentiva te the following:

{a) language used by students doing mathematics prnblems
in groups during class.

{b) language used by teachers at morning assembly

f¢} problems encountered by students in maths classes

{d) observation of ocne maths lesson taught by each

standard 7 maths teacher in the three mniddle schools

covered by the research.

5.4,4. Summary of instruments

The factors outlined in section 5.3, above in the dis-
cugsion of the theoretical framework using Skenp'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 Bafolteng region af DBephuthatswana. The
Bafokeng region consists of the area to the north of
Rustenburg in the Transvaal; it is approx 40 kmn long by
25 km wide; its population is estimated to be 97 12Q;
number of children attending primary schools 1is 16996
for the school year 1982 {Coertze 1987, P.55). The
people live in traditional villages as opposed to

townships or locations, the more important ones being



Phokeng, Luka,

Kana,

a:2:]

Tzitseng,

all of which were well egtablished by 1832 {(ibid).

region is administered by the Bafokeng Tribal

under

the control of Chief E.L.

Molotlegi,

Tlaseng and Photsanenyg

The

Authority

and one of

the responsibilities o»f this authority igs 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

Senae modaiity none Observation & interview
Perception emall scale tests Observation & interview
Reasoning small scale test Observation & intecsview
emotional drive none Observation & interview
Reality testing small scale test Ohgervation & interview
Language small scale tests Observation
Organisgation
of data small scale test Observition & interview
Self-image short paragraph

small scale test Observation & interview
Attituden guestionnaires Interview
Cultural beliefs questionnaire Observation
Socio-~econonmic T
status guegtionnaire Observation
Strategies amall scale tests interview
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For many years the only secondary school was Bafokeng
High School, although in the paét ten years Yive new
high schools have been set up in the region. Bafokeng
High School was built as a community secondary schosl in
1940 and moved to a new building in 1963 {Kiely 1383,
P.19). Bafokeng High School now serves only the Phokeng
and Chaneng villages and it draws its students from the
three mwiddle =schuols in thesc villages namely: Keledi,
Matale and Mafenya middle schoals., In 1987 the total
school enrolment of Bafokeng High School! was 7852

students., The enrolment in the middle schools wasz:

Keledi Middle School {Phokeng) ..sv2an.s 1 021
Matale Middle Scheool {Phokeng) 1ivevoven 672
Mafenya Middle Scliool {Chaneng) «c¢eeasvan 357

TOTAL casersaes 2 050

It must be noted these figures which were gathered £rom
the school Pringipals in March 1987 may not be ab-
solutely accurate because of high drop-out rakes and
absenteeism. %he numbers could only be finalised by the
nunbeyr 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
midle schools Keledi, Matale and Mafenya and to focus

especially on the standard 7-.students,
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Fig 5.5. Bafokeng reqion 1968
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The reason for concentrating on the standard 7 students
were {a} it ig the last year in school when all students
are doing mathematicg; (b} it is the year when studenis
git for the standard 7 public examination; (¢) it is the
final yvear of middle school cyecle; (d) it is the year in
which ztndents must face the decision about their future
~ whether to continne 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 | number of std !number of std | number of maths
school 7 classes 7 students teachers
Keledi ' 4 346 3
Matale e 4 190 2
Mafenya 3 132 2
TOTAL 11 668 7

It was decided that guantitative data wonld be conllected
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 wvisit that particular schoel in June 1987. The




instuments tested in secLion 4.4.1. above were ad-
ministered to each student prasent. IL was decided that
a sample of approx. 10% would be suitable for the in-
terviews in order to collect gqualitative data as
described in section 5.4.2. above, \wwerage onrolment
per clags is just above 40 and it was determined Lo take
four students from each standard 7 class excepl. for
Keledi where the numbers were almost double this average
and B students per e¢lass were intervieved Ffrom Lhis

school.

Table 5.3. Sample drawn fram sach std 7 class

School Number of std Enrol.ment Number of students
7 classes intervieved

Keledi 4 346 32

Matale 4 180 16

Mafenya 3 132 12

Total number of students ;;;;;;iewed tevesenranas 60

The following sampling procedure was used:

half the sample was boys half girls 3e. 30 boys 30
girls.

The maths Leacher wax asked to classify the students
into three categories according to (i} good abt maths

{ii) fair at mathg (iii) poor at maths. One boy amd onc
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gir!l were taken randomly from each group (ftwo 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 c¢ontinu-
ing with this group and it was henceforth omitted. The
firast 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
neaningful exchange about the picture problems through
the medium of English. This indicated a close correla-
tion between English fluency and maths achievement.
Tiis finding is further developed in Chapter 9.

It wag decided to administer the small scale Lests
described in section 5.4.3. above to students drawn £rom
Bafokeng High School and te avoid using the same sub-
jects for more than one test. Ohservations were re-
corded by the researcher when visiting the schools to
collect the -data. Informal interviews were done with
the principals and thé mathematics teachers and notes
made afterwards. Bach std 7 teacher of mathematics in
each of the three middle srhools was observed teaching

mathematics for one complete class period.

5,6, How the data were goliected

Data were collected from the population congisting of
the educational unit composed of Bafokenq High School

and its three feeder middle =gchocls 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 coliection wag 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 inker-
view a sample of the population to determine their level
of mathematies abhility and the difficulties they ex-
perienced as well ag the strategies used in solving
simple arithmetic problems.

A procedure of random sampling gave a group which con-
tained so wmany 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 egual number who were "average”..
The enrclment in Matale and Mafenya was about 40 per
vlasa 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 stadenta {(four boys and four
girls) were taken from each class for interview. The
interview consisted of talking the students through each
of five problems jnvolving separately the four opera-
tions of addition, subtracticn, mulkbiplicaticn and divi-
gion and one number line problem. 1t took between half

an hour and one hour for each interview. The whole ex-
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ercige took four weeks to complete. The findings of the
interviews are reported in Chapter 6 below. A FElow
diagram illustrating the procedure is given in chapter.
10 Pig. 10.1., and Fig. 10.2. Three sets of variables
are generally recognised in the literature eg. Alesander
and Simmons (1875 , Schiefelbein and Simmons (1878) etc.
as having important bearing on academic -achievement:

{i} home variables

(ii} school variables

{iii) personal variables
Pata 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 but (i) to examine these vari-
ables for possible correlation with mati »atica ability
and 1{ii} to situate each of the sample of 60 students
interviewed vis a vis the population. These data are
reported in Chapter 7.
The sachool variables stndied were: (a) physical environ=-
nment of the school and the clagsrooms {b} relationships
between the teachers {c¢) teaching style of the mathe-
matice 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-
gearcher as they were observed or heard in informal in-

terviews with the teachers. These data are reported in
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Chapter 8.

Personal variables (a) age (b) sex (¢} smelf-concept were
collected from all the poéulation by asking each student
to complete a form. Pour other areas were explofed for
possible correlation with mathematics ability: (d) com-
mon mathematics errors (e} language used by teachers and
students in mathematics clagses {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 chservation, by informal inter-
views with students and by some more struchured inter-
viewg with selected stundents. The data on the personal

variables are reported in Chapter 2.

5.7. Validity and reliability

There are two criteria which measuring instruments in
behavioural research must satisfy according ko Ary et al
(1985, P.213); these criteria are validity and
reliability. Other writers agree e.,g. FKerlinger (1986,
P, 391) defines measurement asg “the assignment of
numerals to objects or events according to ruleg"” and
says that while this works well in the natural sciences
two major problems must be faced in measuremeni where we
are not able to observe the objects direetly but must
rely on inference; the problems of mzasurement now are
reliability and validity {(P.404). Peak 11953, P.248)

discumsses a third criterion which she calls "functional



