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unity" but points out that it is sometimes difficult to
digtinguish this from validity and in this gection only
validity and reliability will be discussed. There are
many . difficulties in egtablishing validity and
reliability for the instyuments designed in section 5.4,
because behavioural research by its very nature must in-
vent ir lirect means tH measure psycholegical and educa-
tional properties. These means are often so indirect
that the validity of the measurement and its products is .
doubtful (Kerlinger, 1986, P.416). However the problem
must be faced because as Katz (1953) shows an impertant
characteristic of field studies 4is the degree of
measprement they represent and this can vary from
"the extreme of the interpretative anthropological
deseription" to *an investigation employing standard-
ized quantification of data collection in the form of
observational scales for recording behaviour and at=
titude =cales for the measurement of beliefs and
feelings" {P.59). :
It is a basic scientific assumption that when cénditions
are constant the results must be the same (Peak 1953,
P.292) but the field of the present research is very far
from the stage of being this well developed
gcientifically. The ingstruments cutlined in this chap-
ter have been designed specifically {or this research
because no suitable instruments were available in the
literature. Apart from the guestionnaires, the gqualita-

tive data were gathered by observation and interviews

and this makes it:
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difficult to confirm conclusions by other inves-
tigators hecause 5f£ the difficulty of duplicating the
exact procedures on which the conclusions were based
{Katz 1953, P.62).
Kerlinger (1988) speaks of the "molar-molecular problem”
in aﬁy measurement procedure in the social sciences by
which he means taking large behavioural units of obser-
vation as opposed to taking smaller segments of be-
haviour as units of observation (P.490)}. The smaller
the units studied the greater is the precision and
reliability but it is only by using broad areas of study
that a large degree of validity can be achieved (ibid).
The usual way out of this dilemma is to <¢ompromise but
some authers take the more drastic step and reject the
whole discussion as being meaningless in the kind of re~
search which is undertaken here. For example Cohen and
Manion (1980) quote Kitwood®*s unpublished doctoral
thesis (1979) in which it is claimed that Lhe use of in-
terview as a research tool generates a conflict between
traditional concepts of validity and reliability and in
some resaarch these become "redundant notions" (Cohen &
Manion 1980, P.253). f%he present researc¢h cannot accept
this extreme view and both validity and reliability are
held to be important issues, In sc far as possible the
usnal statistical procedures for these criteria were
used as desctribed below, Aan extra check viz. triangula-
tion for both validity and reliability was also used

where appropriate.
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5.7.1. Validity

By validity is meant truthfulness of the instrument in
measuring what it purports to measure {according to Ker-
linger 1986, P.417), this is the most commonly accepted
definition, There is is however no one validity - a
test ox gcale .. valid for the scientific¢ or practical
purpose of itg user and in a different situation it
might or might not be valid (ibid). Several kinds of
validity are presented by different writers on research
methodology e.g. Cohen & Manion speak about external and
internal wvalidity (19806, P.164) while Kerlinger says the
most important classification of types of wvalidity is
into: content validity, criterion-related validity and
construct validity (1986, P.417); Peak (1953, P.283}
discusses three kinds of validity as: (i) face validity,
(ii) prediction to a criterion validity, and (iii) test-
ing predictions from theory. According to Siann & Ug—
wuegbu (1980} the biggest threat to validity in a cross
cultural setting is personal bias of the researcher
{P.233) and Cohen & Manion ({1980} elaborate on the
gsources of bias in the interview situation which they
ligt as: the characteristics of the interviewer, those
of the respondent and the substantive content of the
questions (P.252).,

In this research into success and failure in mathematics
amonyg Tswanha students the following methods were adopted

in order to control wvalidity:



~ UV

(a) Participant observation - the researcher immersed
himself in the situation. This was made casier ‘because
the researcher has lived in Phokeny for 11 years during
which time he has taught mathematics in Bafokeng High
School, has participated in adult education programmes
in the village, has helped * ovrganise and conduct in-
service courses in mathematics for standard 7 teachers
in the Bafokeng region, is a member of the high school
teachers commitee to promote better mathematics teaching
and learning, has had c.ose contact with geveral Tswana
teachers doing £further studies at Teacher COllegé or
University, and hasAa moderate knowledge of Setswana.

Some authors say participant observation is not really

possible but Cole et al (1971) reject this standpoint.

{b) Personal bias on the part of the researcher is al~
most impossible to control but by stating one's personal
position the researcher can at leagt become aware of
possible bias. This researcher recoqnises that he likes
people and can easily "onver-encourage" some stndents
especially if they respend in a friendly manner; he does
not like reserved shy peop’s; he can easily establish
vapport with students « the inkterview sitnation but ex-
pects studentz to take him: eariously and gets annoyed if
they show signs of boredom or fidget: the researcher
likes behaviour which shows Tawana scudents to be
similar in manner to what is regarded as “Irish"; he

thinks the Tsewana students can be very successful in
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mathematics if they are taught in a way consistent  with
their own cultura.

(c) The third method used is to base the meast <ing in-
gtruments as far as possible on the work o {her
researchers. This method was employed by maki., . ¢ of
the work done by Witkin, Huszn, McClelland, Skemp and
Hart among others.

By wvalidity in the present research is meant thab cach
instrument measures what it is stated to measure
{Guilford 1950 P.512). In the present veseavch validity
was established for each instrument separately and the
particular aspect LI validity measured is given in Lhe

appropriate section.

5.7.2. Reliability

Reliability bhas been variously defined as: stability,
dependability and predictahility; or as: congistency of
scores produced by éﬂ instrument cver pime; or ag: the
accuracy or precision of a measuring ingtrument
.Herlinger 1986, r.405). An unrelzabdle measurcment
therefore is overloaded with error and while reliabilily
is a necegsary condition for scientific rescarch it as
not of itself sufficient to establish the value of
reseach resuplts, It is a fairly simple matter to estab-
lish reliability fer the quantitative iastrumenis designed
for this research by:

{a} using the split halves reliabiliky ocoefficient



302

dagceribed by Ary et al (1985, P.231), This is done by
dividing the items into odd and even numbered ones and
test the correlation between them,

(b} Building into the guestionnrires a reliability con-
tral by repeating one guestion in an alternative form.
fhose respondents who fail this control will be counted
and a ceonsistency of response percentage calculatzi.

{c) Assign individual responses to a category by two v
more independent scorers.

The qualitative data on Lhe other hand preseht more
serious difficulties and in this research the triungula-
tien technigue of gathering data from differemt sources
and cross checking to arrive at o reliable result was
used as has been described in the pilot study in seclion
4.5.2, The other technigque 1is that teferred to as
"gontent analysis" as described in the next section and
it was used hand in hand with triangulation to check

both reliability o3 well as validaty.

5.7.3 Summary
The controls on validity and reliability used are set
out in Table 5.4 The manner in which each research in-~

strument wag controller i+ aiso indicated.
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Table 5.4 Summary of resgeaych controls used for each instrument

Instrument Validity ReliabiliLy

based on Dusén(1967) split halves test
.triangulation

repeated guestions

1) attitudes
guestionhaire

2} cultural beliets based on McClelland{1975) de

3) socio-economic
atatus

based on Kiely(1983)

do

4 g if image para-
vy ph

based on Minkowich(1982

~—

two scorers as-
sign to categor-
ies content ana-
lysis

5) interviews

participant ohserv-
tion

personal knowledge
based on Hart(1961)

2 scorers for
categories

focus on process
rather than 2n-
swer contenl
analysis

6} observations

participant observer

triargulation
content analysis

7} non-forpal
interviews

participant obguerver

triangulation
content analysig

8) small scale tests purpose of these was to despen cur under-
standing and it was largely exploratory
and no clai-s are made regarding the
reliability or validity of these,

5.8 _Analygig of data
Two major procedures were used to analyse the dakta in
this research:

{i) statimtical significance of correlation coafficient

was established for the three

yuestionnaires

and the
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small scale erperiments where appropriate. Spearman'’s
correlation coefficient (Guilford 1950 P.310) was used
to caleculate thé correlation bLetweep attitudes and
success in mathematies; and between SES and success in
mathematics.. In some instances the chi squared test was
applied.

{ii) Content analygis of the communication data gathered
in the self image paragraph, the interviews, the obser-
vations and the non~formal interviews. Content analysis
ig a technique fregquently used in behavioural research
in order %o make discussion about qualitative data pos-
gible in a secientific wmanner, or simply pot: to convert
recorded raw  phenomena into quantifiable  datn
{Cartwright 1953}, The most acceptable definition of
content analysie 1is that provided by Kerlinger (1986),
Content analysis is a method of studyipg and analysing
communications in a systematie, objective and guantita-
tive manner to measure variables (P.477), This defiini-
tion includes most of Bereslson'’s original definition as
guoted by Cartwright (1953, P.424)} wikh simply the addi-
tion of "measuring variables® given as

the purpose of content analysis. The object of study in
content analysis is no longer the individual buk tone
comnunication. Cohen and Manion (1989, P,259) note that
this technigue can be applied to interviews and is espe-
cially useful in a focussed interview where Lhe impor-

tant elements have bheen previoualy ana yzsed by the



regearcher.

One important aspect of the content analysis about which
there is «considerable debate is the breakdown unit of
the recorded communication. Kerlinger (1986, p.479)
quotes Berelson who lists urits of analysis including:
wordsg, themes {(which may be phrases or =senlkences} and
items (which are one persion's full recorded interview or
an essay for example).

Cartwright (1953) uses the term “recording unit" to mean
that segment of the content which gets labelled when Lhe
analyst codes the content and this may also be taken as
the enumeraticn unit but it iz not always appropriate to
do so {P.441). Here the term "unit &£ centenl" is used
te signify what was counted and it was generally a word
or phrase. There are three steps in contenc analysis.

i) Select the variables or the concepts to be re-
corded and the unit of content that will be cmployed.

(ii) Develop a category system for classifying units
of content ~ this enhances the scientifiec validity by
making the analyais wore objective and systematic.

(iii). Quantification is linked to the categories in
cne of two ways:-

{a) enumeration of recorded occurences of each
cartegory;

ih) simple binary index Yes/No of whether the
concepts in the coding scheme are present or ab-
gent (Polit and Bungier 1$83, P.344 - 348).

The dala collected from each instrument were therefore

analyged in the following mannes:
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1, OQuesticnnaires

Three gquestionpaires, those on attlitudes, cultural
beliefs and socio~economic status were administered Lo
all the standard 7 students. These were scored as
described in chapter 7 and chapter 9. Frequency dis—~
tributions were constructed, together with means, maxi-
mun  and minimum scores and standard deviations.
Reliability scores were ¢alculated by doing a split
halves reliability test where appropriate and by cal~
culating interscorer reliability and percentage consis-
tency of response. Correlation coefficients between the
scores and the mathematics ucore test marks on the one
hand and between the scores and the picture problen per-
formance on the other hand were valculated. Stahistical
gignificance was measured and reported. finally the
data were studied carefully for items which distin-
guished between students good at maths and students who
are not good at maths. Where it was appsopriate the
variable was futher studied by deepening the investiga-

tion uéing a small gcale test as desecribed below in 5.

2. Self-image paragraph

The paragraph was divided into units of content.
Categories were designed based on Minkowich et al {1982}
ag reporxted irn chapter %. The units were assigned to
the categorieas. Pwo independent scarers were given a

sample ¢f the paragraphy and the categories for scoring;



307

an interscorer coefficient was calenlated. The swcores
were tabulated and a frequency distribution constructed.
Mean scor;s, maximom and nirimum and standard deviation
were calculated. Correlation coefficient between the
self-image scores and each of the two criteria for
success  in mathematics were caleunlated and statistical
gignificance measured. Students good at maths and stu-
dente net good at maths were compared and findings
reported in chapter 9.

3. Interviews

There were two parts in the interviews. £irst there was
a general discussion about mathematics, with each sub-
ject which explored topics such as perceived view of
themselves as maths students,their attitudes to maths,
what characterises a good maths teacher etc. all this
wag recorded and subseguently broken down into
categnries as shown 1in appendix G. Some of this
material was used for triangulation purposes to check on
validity and reliability of the questionnaire material.
The second part of the interview consimted of talking
each subject through each of five picture problems, as
shown in Appendix B. The interview was recorded and 3
transcript prepared for each student. In general what
was being researched was to find out if there was a cone
r.ection beliween how a student performed iﬁi the picture

problems and his ultimate success in giving the right
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angwer in a reascnable time. Units of contenl wers
selected from the transcripts - wsually a phrase or a
sentence as shown in chapter 6. Cateyories were
designed based on Skemp (1879) as deccibed in chapler 6.
Scores were awarxded in cach category Lo nake g maximum
of 10 points., These sceres were then used as Lthe second
criterion for success in maths as discussed in chapter 2
and correlations were calenlated between this score and
the independent variables ag reported in chapters 7,and
a. Comparisons and similarities belween the shuwdents
who secored highly in the piciure problems (i.e, score of
7 or more) and the studenis who gcored low marks (i.e.
store of 4 or less) are discussed and reporbted in chap~-
Leyr 6,

4. Observatiapns_and non-formal inlevrviews

Because of the position of the rasaavrcher as a Leacher
in Phokeng it was possible to record a great nnmber of
observations and non-formal interviews throughoul the
research. Anykhing which was thoughft of as shedding
light on the research question was noted such as com-
ments at meetings, langnage uged by sbtudenbks when work-
ing maths probklems in _roups, common errurs in doing

maths exercises etc.

5. Small scale tests

As the research progressed it became necessary to further
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deepen the investigation into some of the wvariables
being studied. In chapter 7 the small sc¢ale experiments
used te deepen the knowledge about socio-ecanomic status
and about how the degree of westernizaltion affects wath-
ematics performance are described and the findings
reported. Because of the illuminative nature of the
present research it wax not possible to plan these small
scale tests beforehand and hence they were carried out
on samples of students dyrawn from the schools in the
education unit being investigated but not on the same
standard 7 group used in 1 to 4 above. 1In some cases it
was gtudents from std 5,6,7,8,9 and even matric studenty
who provided the samples, In each case a group of stu-
dents who were good at maths was ¢oupled with a group
who were not good at maths using the school wmaths wmark
as critexion.

In chapter 9 two other small scale experiments were
carried out, one on the ability to Jdisembed a simple
figure from a conplex one and the other to establish
locus of control in self-concept. Fcr these two tests
the groups were standard 7 students who were matched
for: age, school, standard, education level of father
and father's occupation. The variable being inves~
tigated was how the performance in the test was related
to schoql maths mark. The rezults of these uwmall scale

tests are reported in chapter 9.
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CHAPTER 6

INTERVIEWS

6.1. Backaground information

6.1.1. Introduction

The interviews were carried out, in so far as thig was
pessible, under uniform condiltions. The subjeckts were
collented at the middle school and brought by the inter-
viewer in his car to Bafokeng High School, a distance of
a few kilometres, as shown in figure 6.1. During this
time the interviewer asked each one his or her name and
whexe they lived and something about f:hemselves in order
to get them used to hiz voice and accent and to lessen
their anxieties, Since the interviewer was a frequent
caller to the schools and well known to ihe teachers no
stoudent refused to be interviewed and none showed
vigible sighs of stress. On arrival at the Iligh School
the subjects were brought directly to the science roon
and given some magazines and picture baeoks to occupy
thenm while waiting for their turnm. Attached to the
science room is a small preparation room 5m x Im and it
was in thie reom that each subject was interviewed in~
dividually by the researcher., Both interviewer and sub-
jecl were seated at‘a small table gitting side by side.
There wag a piece of paper for rough work to be used at

the subject's discretion. All thirty two subjects from
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Keledi and the sixteen from Matale were tfeated in this
manner. The twelve subjecte from Mafenya were inter-
viewed in a house situated near the school since it was
too far to ferry them back to Bafokeng High School. The
change of venue did not seem to affect the interview.
When the subjects completed the interview they were
asked not to discuss the preblems with their companions
and they were not allowed to stay in the science room

where the others were waiting.

Fig 6.1. 2Approx distances between the schools surveved
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As Far as the interviewer could observe the subjects
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honoured this promise but there was no possibility of
controlling what happened once they returned to ;heir
own schools. No clear evidence of coaching was observed
ailthough two subjects did produce ready answers to one

of the problems without being able te explain bow they

did it.

6.1.2. BAssumptions

The interview technique is based on certain
assumptions:

{1} subjects have sufficient fluency in English to
express themselves;

{ii) subjects have sufficient reflective ahility teé
enable them to describe what they are thinking;

{iii) interviewer has the ability to establish rap-
port with the subjects so that they are willing to
be truthful in the interview;

{iv}) the procedure for recording the progress of the
interview wonld bea objective in presenting an ac-
curate record of what took place.

Other assumptions only becane c¢lear during the field
work:

{v) when a subject did not answer it was assumed he
or she did nolL know the answer;

{vi} a friendly subject who smiled and looked
directly at the interviewer made a favourable im-

pression and was more likely te be helped solve
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the problem than one who was shy;
(vii} the picture would assist the subject in under-
standing the problem.
These assumptions will be dealt with again in the con-
clusion to this chapter and the findings in relation to
cach one will be presented then, as well as gsone of the

more serious difficulties encountereqd.

6.1.3. Procedure

The subject was seated at a table beside the interviewer
and some general information concerning himself, his
hone, family, school, mathematice was obtained by direct
guestioning. Everything was recorded in longhand by the
interviewer. This was a rather slow laboured technigue
buf: it was decided on after trials during the pilot
study proved that using a microphone and casette re-
corder inhibited some students while others tended to
put on an act using an artificial accent or tried te im-
itate some popular radio announcer. after the subject
had settled down the interviewer said he wished to give
some problems in mathematics and he wanted the subject
te tell him everything he or she was thinking as they
worked. The inierviewer placed a blank piece of paper
and a pen on the tabkle near the subject and told him or
her that they could wuse it for rough wovk if they

wished. The problems were presented in the form of 25 x
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Mem cards which had hlack and white line drawings. In
each case there was a hoy who was shown as speaking 1in
Setswana - he gave his name and what be was doing. “Than
underneath the drawing was the question in English. all
Lhe tequired information wes on bthe card. The subjects
were presented with these cards one ab a time and always
in the same order, The cards ave given in Appendiy B
mimmbers 1 to 5.

Some subjecls went d}rectly to the question in English
and worked on lhe answer while others hecame occupied
wilh Lhe picture and ignored ihe quesLion. In gome in-
stances subjects gpent up Lo 18 minutes tLalking aboul
the pilecture and made up a story about it, The inter-
viewer allowed Lhem to continue until they finished -
thié was usually indicated by Lhe subject saving sowme-
thing like: "Lhat*y all I see here". In guch cases the
inlerviewer asked them to read aloud the gquestion and
soimelimes it was also necessary to ask them whai was the
answear.

The Interviewer avoided direching Lhe sabject by ques~
t.ions and made conscious efforts nolt Lo show by Ffacial
expressions, nodding, or any other means Lhal he ap-
proved or disapproved of what the subject said. #While
the subject wag busy wilth Lhe problem the TInterviewer
recorded eye movement, gestureg, facial expressions os
well as everylhing spoken and wrilten and Lhe time taken

by Lhe subject. On some oncasions ik was necessary to



315

ask what the subject meanil: by such and such a symbol orv
how the subject arrived at an answer. Once  an  answer
was arrived ab the subjeclt was asked whether he or she
thought it wasg correct or not and how they knew or how
Lhey conld ::heck. The sane procedure was used for each
of the five problems with each of the sixly subjects buk
the aclual course of the inkerview depended on the in-
Leracltion between the subject and tLhe particular problem
and the inlerviewer. Each section was consideraed com-
plet.ed when Lthe subject either gob Lhe right answer and
was able to check it or could explain it elearly or else
when L(he interviewer became ¢ ,vinced thal the subject
did not understand the problem and was unable to be
helped to understand wilLhin a reesonable Lime. In some
cases a subjacl spent up Lo fifteen minutes on ane
preblem bul generally eight minutes was regarded as the

reasonabile magimum time for any one problen.

6.1.4. cConlenl

The categories designed for the analysis of the inler-
view transcripts were haged on Skemp’s moadel of intel-
ligence (Skemp 1979, P.40). Skemp  describes  intel-
lijgence -~ as discussed above in section 3.2.4 - in lLerms
of thal mental function which enables a person Lo move
from a recognised presenl stale La a desired goal slale.
This provided the raliorale for the picture probiems.

1The presenl stale was given as a picturs which provided
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all the data required to work the problem. The goal
gtate was given by means of a question written in
English une ..neath the picture. The interviewer wag
then able to obaerve how the subjeot dealt with eseh of
these and how he or she moved from oune to the other.

The categories are as follows:

Category 1 PERCEPTION

The subject understood the preblem presented to him in
the picture which included both 4irawing and words.
Category 2 OPERATION

The subject was able to decide which was the correct
operation to use.

Category 3 STRATEGY

The subject used a correctly recalled strategy for car-

rying out the operation or else the subject was able to

develop one,

Category 4 REALITY "TESTING

The subject had some method of checking the answer and
determining whether or not it was correct without

recourse 1o authorilLy.

Category 5 TIME
The subject could carry out all that was required and

arrive at a morrect answer within a reasorable time.

In each category provision was made for those who while
unable to carry out the steps themselves nonetheless
were able to be helped by the interviewer and they

demonstrated that they underatood what was being
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Table 6,2, Scoring system for picture problems

CATEGORY SCORE DESCRIPTION
1. Perception 2 subject tackled the gquestion directly
1 subject could he helped to uwnderstand
0 subject unable to understand the problem
2., Operation 2 subject used correct operation
1 subject could be helped to do so
0 subject unéﬁle ta gee which operation to
use or persisted in using wrorg one
3. Strategy 2 subject used a correct strategy
i snbject could be helped to develop one
0 subject unable to work osut a strateyy
4. Reality 2 subject us~ed the inverse aperation to
testing check the answer
1 subject repeated the original steps
[ subject unable te check for himself
). Time . 2 subjec§ toek less than four minutes
1 subject toolk up Lo eight minutes
a subject took more than eight minutes

The secoring was

done by awarding two points in ¢ -h

category making a total of 10 points as shown in table

6.1. above.

In this manner each subject was awarded a score out of

10 points and the result was expressed us a symbol and

o

interpreted as shown in table 6.2.
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Tahle 6.2, Meanings asgigned to pictnre problem scores

SCORE SYMBOL INTERPRETAVION OF PICTURE

PROBLEM STORES

9 or 10 A very good at this test
7 or 8 B good at this test
5 or 6 c fair at this test
3 or 4 D poor at this test
0, 1 or 2 B very poui at this test

6.2, Pioblem Number 1

6.2.1. Description of problem

Problem number 1 consisted of 3 simple addition sum: 36
+ 16 = B2

It was based on Hart (1981). The problem was in the
form of a picture as shewn in figure 6.2,

There is a boy sitting under a road sign which indicated
Rustenburg 16 km ta the right and Sun City 36 km to the
left. The boy is saying in Setswana: "I am Tshwaro. I
have come from Rustenburg and I am going to Sun City.*

Underneath the drawing is the guestion to be solved.
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Fig 6.2. Picture problem No.l, {addition}

Problem 1 (1(‘;:)

SUN CiTY
36 KM

RUSTENBURG
16 Kn

%04 O‘Kﬁ(: TSHWARD

KE TsWA Kiwh RUSTENBURG
KE YA KwWA SUN CITY

How FAR FroM RUSTENBURG To SuN CiTY ¢

6.2.2. How the students performed

Thare were yreat differences hetween the performances of
students in this problem. Some were able to do it
readily and after a short pause of as little as 1 or C
minutes Lthey could give the answer 52 km.

0lga Molefe 16 years old is in 7C at Mafenya:

S: I calculate this diskance {(Pointirg to the sign
board for Rustenburg) and this one (pointiny to
the sign board for Sun City) and 1 get 52 km. The
distance from Rustenburg to Sun City is 52 km.

I: Is it correct?

3: (sighs) ... {pauze} ...{hands tcgether} ... ¥Yes
I'm correct.

I: Bow do you know?

§: Because I - alculate the cwistance frem Rustenburyg
to Sun City.

1I: Can ycu check?

8: Yes ... (pause} .., I calculate 36 with 16. TFirst
6 plus 6 it gives me 12 then I carry that 1 and go
with that 1 ... thig 3 and this 1 -~ it gives me 4
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and I carry it with that and it gives we 5.
Interviewer notes that all the ‘ove description refers
to what was going on in the subj=ct's head ~ she was not
writing anything on paper throughout this explanation,
Olga took only 3 minutes to explain all the above but
she had arrived at the correct answer in 7Jjust under one
minute. She wag scored 10 pointsg and given symbol A for
this problem.

There were 6 students in all who were scored symbal A
and they were the only ones who added from the start,
the others all subtractad at first. A further 22 stu-
dents realised their misbtake readily and understood with
a little help that they had to add the two numbers.
None of these had any problems with the actual strategy
but onhly 2 seemed to realise you coald check addition by
subtraction using Lhe inverse operation, At the other
extreme 21 students were unahle to do this problem or in
10 cases even Lo comprehend what was required. In
several cases after as much as 15 minnkes the Inter-
wviewer failed to bring the subject to <comprehend the
problem and zince the aubject'a confusion seemed to be
getting worse moved on to the next problem.

Elizabeth Tsatsane 14 years old im in 72 at Keledi:
Subjest took five mint'ws to describe the picture, Lhen
withont any reference to the gquestion underneath the
picture continues:

¢ se¢ that's all I cenl 3Resceribe ...
¢ A go na le potso? ‘T L here a guestion?)
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§; Eee .. (Yest ... {silent} ...

I: Ga go na araba {there is no answer)

S: Bee ... (Yes) ... It is 20 km £rom Rustenburg to
Sun City

I: Can you check your ai ver?

§; (silent) ... I have subtracted 16 from 36.

There followed an exchange about position and direc-

tion and distance to Rustenburg and Sun City.

I+ How far from Rustenburg to Sun City?

g: 16
I: flow far from Sun City to Ruslenburg?
s: 36

Since this séemed not to be leading anywhere Interviewer
tried to explain wusing anokher diagram showing a boy
gitting whom subject identified as Tshwaro and to the
right a boy walking ard "R" beside it. Subject takes a
pen and writes "austenburg i6 km" as shown in f£fig 6.3
{a} Interviewer makes a dot tu the left and draws an
ariow. Subject writegy "Sun City 36 km" on this line as
shown in Fig 6,3 ({b) Interviewer asks "How far from
Rustenburg to Sun City?" (Interviewer draws a line Z£rom
dot marked "R" to dob marked "Sun City" as shown in Fig

6,3 (o) ).

Fig 6.3. Method used to expiain picture problem No,l

{a) Fi

0
e
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5 16 km o
X: flow Far from Sun City to Rustenburg 7
I: 36 km
I+ Tf I go this way ? (indicating left to right)
S: 36
I: And if I go titis way ? (indicabing right teo lefl)
S: 16

This bad taken 12 minutes and the inter?iewer decided
subject was not making any progress and moved on to the
next problem. Subject was scoved one point hecause had
a alear knowledge that Tshwaro was in between Rustenburg
and Sun City and not in either place, bdut no points
could be scored in any other category for CLhis subject,

Sevar students spent geverat minutes describing the pie-
ture and more time was taken up with the description by

thoze who scored symbol E for this problem than by any
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others.

~

Gertrude Nameng 14 years old is in 73 at Matale:

8: Most people go to Sun City and den't do their
homeworks ... and when they come to school she
tells teacher she didrn't do the work and when she
fails she says the feacher doesh’t teach them and
its really themselves who make a f2ult ... {pause)
«+. that's all ... {silent) ... placves like Sun
City, recreational places, you must go there on
helidays and not go there always ... you can go
there once a month, that's ok ... The best way is
to read ... before you go there ... {(gilent) ... T
end there,

The subject had spent just over three minutes talking

like this and still had not come ¢to the gquestion

about how far from Rustenburg to Sun City. The in-

terviewer had to intervene:

I: Is there a question on that card ?
Subject looks at the question at the bottom of the card
in a surprised manner as if seeing it for the first time
and then 1reads it aloud in English, pauses and then
continues:

S: It's approximately 30 kilometres.

I: Why do you say 30 km?

S: Becauss ik is written on the board at the houndary

between our village and Lhe town.

Interviewer realises that subject is nol referring to
the drawing but to the real life situation with which
she ig familiar al home, and Lthere is indeed a gign
board at the Phokeng boundary which gays Sun City i= 30
km. Later on this subject says Rustenburg ie ap-
proximately 5 km in answer to a guestion and explains it

iz hecause Rustenburg is not ag far g Sun City which is

alao true in real life if one is situated at Phokeng.
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6.2.3. Ccmparison between good maths studentg and paor

maths students

The results of the scoring for each scheol are given in

Table 6.3.

Table 6.3. Scores for picture problem 1 for each stu-

dent
SCHOOL SYMBOL TOTAL
A B c D E
Keledi 2 16 4 4 6 32
Matale 2 2 3 2 4 16
Mafenya 2 4 1 4 1 12
TOTAL 6 22 il 10 11 &0

From this table it can he seen there were 28 who scored
A or B and are described as "good maths students" for
problem number 1. There were only two who =scored Lhe
maximum of 10 pointa, the other 26 scored 7,8 ov 9
points. The "good" students saw that they had to add 36
and 16 and they were able to do so readily withoul using
the rough work paper provided. They knew they were cor-
rect and they could check either by repeating the addi-
tion on paper or by uszing the invarse operation. They
showed a clear understanding of Lhe picture and they
took less than 4 minntes to do the preoblem. There were

21 students who performed poorly in problem number 1
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scoring 4 points or less. This group subtracted instead
of - adding and they c¢ould not be taught in the time
available that this was incorrect. Three of these were
unable to do the subtraction properly. Preoccugation
with the picture and a tendency to ignare the dguestion
underneath wasg ancther characteristic of this group.
When they were made to read the guestion by interventiﬁn
of the inlerviewer they tgnded to decide quickly that
subtraction was what was reguired and they stuck te this
throughout the interview, showing that premature closure
was a tendency of moor performers.

a total of 15 students did not understand the picture
and 11 of these =aid the post supporting the sign board
was the tar road from Rustenburg to Sun City - all but
one of this eleven are in the group of poor perfarmers.
Tt sgeems from this that one of the causes of difficuliy
for poor maths students is incorrect perception of 2-d
drawings. Another perceptual problem for this gvuup was
theily apparent difficulty in distinguishing between the
names of the places Rustenburyg and Sun City printed on
the sign board and the places themselves which were sup-
posed to be somewhere to the left and right wany
kilometres away. The goed students pointed off to the
left and to the righlt when asked where these places were
and used words like "to the east/to the west". Buk the
poor maths students just pointed to the names printed on

the sign board. They seemed limited to the concrele, to
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what they could actwally see in the drawing and seemed
not to have been able to visualise the places off the
drawing.
The adding oxr subtracting itself was neot a serious
problem for the majority of students interviewed.
Checking the answer was a big problem for the poor per-
formers and they tended to trelvy on authovity of the
teacher (or during the interviews on the interviewer) to
know whether or not they were correct.
Good studenls were able to deal with the problem in the
abstract. Poor students confusr | between real life and
the picture problem.
eg. Gertrude Nameng told a real life story ahout Sun
gity and how students wuse it 3s an excuse for no
doing their homeworlk. This student alsce insisted
that Sun City was 30 km from Rustenburg even though
the picture problem showed 36 km on Lhe sign board.
She gaid on guestioning that there is a sign board at
the adge of Phokeng village which says Sun City 30 km
from Phokeng.
Good students explored possible ways of finding an
angwer, Poor students tended to decide guickly that
subtraction {incorrectiy) was the right thing to do and
were unable to consider alternatives., Premature closure
and persistence in answer first attained was a charac-
teristic of the poor students.

Good students could readily interpret the picture and
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showed no difficulty in visnalising places not actnally
in the picture but only indicated by a sign board,

Poor students had problems with 2-d perception and
nigsinterpreted the drawing - they thought the post was a
tar road and they could not visualise +hat Rustenburg
was off the picture to the right. They insisted on
pointing tc the name Rustenburg printed on the sign and
seemed not to realise Rustenburg was not on the gign but
was somewhere to the right.

Finally it must be remembered that only students class-
ified by their teacliers as "good" or "averade” in mathe-
matics were in the sample interxviewed and none who would
be classified as "weak mathz students" by the teachers
were included. Therefore it can be said there are huge
gaps in the mathematics achievement of the =std 7 stu-

dents sampled.

6.3. Problem numbex 2

6.3.1. Demcripticn

Problem 2 was a multiplication sum: 6 8 8 = 48, It was
presented also on a card with a line drawing which
ghowad an apple tree with six fruit and standing beside
the tree was a hoy saying in Setsuana "I am Thabo. I
have eight trees just iike thig one."” Underncath was

the guestion wrilten in English as shown in figure 6.4.
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Fig 6.4. Picture problem No.2 {maltiplication)

- 2rahlem 2 [x ¥
7

NN B THABO
k LE DITLHARE
TSE & FankA
LE SE

G
b

How MANY APPLES DOES THAZBO IMAYVE ?

6.3.2., How the students performed

The categories for the analyeis of problem number 2 were
the game as used for the previous prablem.  In general
the performance was similar to that for problem number 1
with regard to the numbers who were able to de it and
the time taken. One very obvious point of difference
was that while selecting the right operation was the
major difficulty in problem number 1, this was not so
for problem number 2 and almost all the students ltnew
they had to combine 6 apples eight times in order to

find the answ.r regquiregd. The biggest difficulty here
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wag in the strategy - only 17 of the 60 students inter-
viewed used the recalled nurber fact: 6 x 8 = 48 and
five of the 17 got it wrong saying 6 x 8 = 42, 80 or &4
and they were unaware that it was wrong and could not
check it. Many others wrote on the rough work paper: 6
X 8 = and left it blank while they went to another part
of the paper and added up the multiples of G or whataver
and only afterwards returned to the original place aund
completed: 6 x 8 = 48, $ix students were unable Lo un-
degstand what was reguired to do the problem even aftaor
lengthy guidance by the intevviewer. As wilh problem
numbev 1 the difficulty for these six seened Lo be a
perceptual one in the sense that they were unable to
vigualise other trees similar to the one shown in the
pleture even when the interviawer rade drawings of uvther
trees they insisted that these extra trees had no
apples.

Jan Ntsimane 19 yvears old is in 7B at Keledi:

S: I see a man ..., he tells us abont the trees ...
{Subiject looks closely around the picture - eye
movement to tha pigh* and to the lefl zs subjectl
examines it in detaii}) ... his nane i% Thabo ...
he has eight trees ... {subjec pauses ... arms
folded) ... eighl applesr ... I see the tree and
the grass (subject points Lo right hand gide of
picture) ... {(silent) ..

: What is the guestion?

§: Now many apples does Thaba have? {subject reads
aloud} egilent

I: and the answer?

5: 8ix apples

1: is the answer corvrect?

: Yes its correct because I have add these apples
{subject taps the apples drawn in the picture with

his pen}
Interviewer draws a tree ok the rough work paper
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I: Here is another tree

8: Yes

I: How many apples?

8: X don't know because there is no apples

The problem was abandoned after & few more exchanges
like this one. Thisg subject was given the symbol E, for
problem numbey 2,

A total of uleven students got symbol A compared to only
six who got 3 <for problem number 1 although only two
scored the maximum ten points in probiem number 2 the
same number as scored maximum points in problem number
1: One of these was Godfrey Matshana who is 14 years
old and is in 7B at Matale:

§: I think I'm going to multiply this six apples on
the tree and see how much the answer is geing to
be ... (pause) ... Hm ... Hm ... forty eight
apples (silent)

I: I8 it correct?

8: Yes

I; How do you know?

S: I have multiplied six apples by eight and I got
forty eigiit, Subjeot writes 6 x 8 and draws a
line underneath and writes 48, I can divide 6 by
48 and I get 8.

Subject writes 48 and draws a line underneath and writes
6 and then to the right hand side writes 8 and under-
scores it,

Godfrey had taken just under one minute to get the right
angswer and one mihute to explain to Interviewer how he
checked it, He was given a szcore of 10 points and given
symbol A for this. Just as with probiem number 1
several studentg spent time describing the pacture

sayving how the boy "was proud of his trees" or "he had
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worked hard to grow these trees”.
Jairus Mothusi Seketi is 17 years old in 7C at Reledi:

S: This boy says my hame is Thabo. I have eight
trees as this one. Now I have only got five
apples ... those apples I sell to the people ...
but I found just a little profit from these
aprles. (pause) ... (coughs) ... (sighs) ..., thesge
apples are very sweet ... all people need them ...
some people steal them but I don't Kknow why they
make thig ... I found two bhoys on top of ane of
these trees they were eating while I was coming to
them they thrsw me with those apples which were
not ripe ... (panse) ... Out of thoge eight trees
I was left with one tree ..., Those peogie who
stole my apples I tell the police and take them to
the Jail ...

Interviewer noted subject bhad finished and was not

prepare&‘to say anymore, This story had taken just over
four minutes and the subject had still not gol started
on the question to be solved, With help E£rom ircer=~
viewer Jairus wasg able to arrive at the answer 48

apples., He was scored 4 and given symbol D.

6.3.3, Strategies used in working Problem number 2

The students differed considerably in how they went
about the task of £finding an answer to thé question
posed in problem number 2. The greatest number used the
multiplication tables, generally the six-times tables
and usually they were able to recall 6 x 8 = 48, Four
different strategies emerged from the analysis of the

transcripts which can be identified as: (a} simple
counting, ({b) repeated addition, (¢) applied anumber

fact, {d4) recalled number fact.,
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Each of these is now described using illustrations from
gubjects résponses and drawings on the rough work paper.
{al simple counting: .

Subject made  a drawing of eight tree§ and on each tree
sketched gix apples as shown in fig 6.5. and then sub-
ject proceeded to count i, 2, 3, 4, 5, 6, ton the first
tree and moved to the second tree) 7, 8, g, 10, 11, 12,
{then to the next +tree until all the apples had beern

counted) .

Fig 6.5, Solving picture problem 2 by drawing trees

1

Oonly one subject used this strategy - a girl aged 17
years. Thig subject when asked to check the answer
wrote down 48 and under it wrote 8 and then a line and
under the line the number 6. When asked what she was
doing she replied:

S: I'm trying to divide ... this (pointing to 8}
timeg this (pointing te 6) is 48.

{b) repeated addition:

There were two varieties of repeated addition - some
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relied on drawings of trees and counted in nultiples of

six, ag shown in fig 6.6. otherd gimply used numbers.

Fig 6.6, Sclving picture problim 2 by counting in sixes

79T

: '

(i) counting in multiples:

Subjecta made drawings of eight trees and then counted
6, 12, 18, ... up to 48

(ii) repeated addition:

subjects wrote down 6 + 6 = 12 then 6 + 12 = 18 etc un-
til they got. 48. They wuswally did this addition
vertically.

(c) applied number faect:

There were algo two varieties of applied number facts -~
subjects applied the number fact_ of two-timesg tables
previcusly learned or else they applied the facts of

structure of numbers in terms of smaller numbers.
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Fig 5.7 Solving picture problem 2 by use of .two times.
_ 2l
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{i) application of two times tableg:

step 1: subjects wrote a serieg of sixes:
step 2: subjects wrote number 12 underneath
step 3: subjects wrote number 24 under these
step 4: subjects wrote numker 48 under these

Fig 6,8, BSeolving _pigture problem 2 by use of applied

. 2
numper fact G
1
G
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//’&/ ] L;
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g {a iz
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{ii) break down of biu numbers into smaller numbers:

step 1l: subjects wrote 18
step 2: subjects wrote 18 again and drew a ‘ine

step 2: subjectz added 36
step 4: subjects wiote 12 underneath
step 5: subjects added 48

In such cases the swbjects had seen that the number "8"
could be broken down into 3 + 3 + 2 ther thef multiplied

3 x & = 18 and repeated this and then added the two
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eighteens and then multiplied 2 x 6 = 12 and added this
to the 36 to get 48 :
{d) recalled number fact:

Usually the subjects Eould recall 6 x 8 = ff but some
subj?cts had to worxrk up through the tables from 6 x 1
are 6, v x 2 are 12 etc till reached 48. Some subjects
had a difficulty knowiny when to stop and one subject
had te go as far as 80 and work backwards to 48 to cheuk
the answsr.

The numbers usinyg these different strategies were as

follows:

{a) Simple counting civessnancsssnaarass 1
(L) Repeated additicd veosurvvsvenaneree 20
(¢} Applied number fact ssssvevasnvsones 1D
{d) Recalled nomber fach «secinavassaasarl?
54
The remaining 6 were unable to do the problem “ecause
they could not conceive of other trees with the same

number of apples on them.

6.3.4. cComy ' n__ hetween good gmaths students and pour

Qgghg_studentﬁ

The main differences between good and poor math stu-
dents as seen from the analysis of problem number 2 was
that the level of abstracticn shown by the yoeod maths

studants appeared to be much higher than that shown by
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the poor maths ntudents.

Table 6.4, shows how the twe groups performed usiug the
cAatenories given in 5;3.3. and again using Lhe symbols A
and B fcr_ goed &nd the symbols D and E for pobr maths
studenta}

The stra;egies used demonstrate diffarent levels of
abstra.tion. Those subjects undble to devise a skrategy
for this problem seem not te bhe able to work ail Ny
abstrack level at all - even that of visualising ¢thes
trees with sirilar numbers of apples.

In {(a) below the subject seems limited ta lhLe drawing of
EPPIGS‘WhiCh can ‘e counted. Tn (b} the subjecls
demonstrate the ability Gbto deal wilh number instead of
apples or Arawings of apples. In (¢) the subje<ls are
dealinyg with structure ol numbers and are no longer con-
fined to apples or drawings, and they c¢an recognise pai-
terrs v ain the numbers. In {(d) the subiects can apply
previously learned number facts. Studenks who scoraed
symbol c in p}oblem 2 are not included in PTahle 6.4.
Good students could recall the number fact 6 x 8 = 48,
Paor students sometimes wrongly recalled 6 x 0 = &4 ebe.
and were not able to check the answer in any way.

Good situdents had o nrouble understanding therce were 8
trees cach with 6 apples, Poor studenls had Jifliculvy
in imagining trees which were not shown in Lhe drawing.
Good students dealt with the problem abslractly -« used

minbers and reeallad or applied manaer l[acly.



Table 6.4. Comparisen of students by strateqy used

STUDENTS | STUDENTS

STRATEGY . GOOD AT POCGR AT
MATHS MATHS
{a) simple counting ¢ 1

(b} repeated addition:

(i) multiples 5 4
{ii) repeated addition p 4
(e} applied number fact
(i) two times tables 2 4
{ii) number structure 3 G
(d) recalled number fact 14 1
Unaklez to do the guestion 0 6
TOTALS 2€ 20

Poor students limited to the picture or other drawing of

trees made by themmelves or researcher.

6.4. Problem number 3

6.4.1. Description of pruoblem

Problem number 3 was presentad just like number 1  and
number 2 in the form of a picture which showed a man
standing looking at a sign board on which was written

"Villiers 168 km Durban 420 kn". the man i8 shown




speaking in Setswana: "I am Rapula. I am going to

Durban”.

Fig 6.9. Picture problem nuomber 3 (subfiraction!

Problem 3 (m £)
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6.4.2. How the students performed

roblem numrber 3 provea tc be the most difficult of the
five problens for the sample of sixty students
interviewed. In all, 19 students failed to arrive at
the correct answer even after a lot of help from the
interviewer.
Johannes Nong 18 years old is in 7C at Keledi:

8: I see a man here ... his nane is Rapula ... he is

going to Durban ... and Durban is 420 kilometres.
{subject writes on rough paper as shown in PFig

6.10.) from Villiers to Durban is 588 kma.
I: What does this board tell you? (pointing at road
sign}

8: 420 km to Durbqn



I: v¢rom where?

8: From Villiers.

I: #What else does the board tell you?

S+ 168 km to vVilliers

I: From where?

S: From Durban. ({Subject again writes an paper}
Interviewer again challenges subject whether it is cor-
rect and repeats the same line of questioning as before
and after another 5 minntes unable to change subject's

thinking abandens this problem. Scored 0; given E,

Fig 6.10_Solving picture problem 3 by addlition
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this subject had decided early on that addition was the
correct pracadure and he maintained this position
thyoughout. This is an example of premature closure and
persistence in the wrong plan which was a charateristic
of those whe performed poorly in the picture problems.

The usual method used by Interviewer when btrying to help
students understand the problem was to use three pieces

of ¢halk or pens one each to represent Rapula, Villiers



and Durban. It was found that some students were able
to understand the problem when they could manipulate ob-
jects and it i possible that the trouble they had with
the picture was the inability to interpret correctly 2-d
drawings. Some however were still unable to do the
guestion even when simple numbers were used.
Cleophas Kgamphe 15 years old iz in 7C at Keledi:
8: This boy is Rapula ... he went to Durban ...
{pause) ... he ... (subject's eye movement ind-
icates searching ail over the picture) ...
{silent) ... (hand at forehead) ... (milent for
one minute) ...
: What ig the question?
P een (silent) ... {fidagets with left hand) ...
;+ What is the guestion?
3 (reads aloud in English} How far from Villiers to
Durban?
I: wWhat is the answer?
S: Tt's 588 kilometres (subject had calculated this
in his head)
When challenged subject remained silent - prasumed by
interviewer that subject did not understand the problem.
Interviewer then placed a piece of chalk on the table
and m=aid this is where Rapula is standing, then invited
subjeet to indicate where Villiers and Durban were
respectively which he did successfvlly and with renewed
interest. on hia face. When asked about discanves sub-
ject could identify correctly 168 km from Rapula te Vil-
liers but struggled with the 420 Kkm <{rom Rapula to
Durban. B3ubject appeared to have fixed in his mind that
420 km was distance from Villiers to Durban and was un-

able to change that. Interviewer then made marks op tha

rough work paper as shown in fig 6.11. And marked 5 and



2 as shown below, When Ssked how far from Vv ta D sub-

ject remained silent and it wag presumed he did not

know.

Cleophas was scorea ( and giveﬁ symbal E, This

had taken nine minutes and Interviewaer moved on to next

problem.

Fig 6.11 Solving picture problem 3 using simple numbers

Four students scored maximum points for this problem and

they had no difficulty with it and were able to explain

the

answer as being correct because they could use the

inverse operation to check it.

Catherine Pilsoe 13 years old ig in 7B at Keledi:

In this picture they want to know the distance
from where -the man is ta villiers ... No .,. to
Durban ... On the board they show distanve fromn
this man to Villiers and from this man to Durban
«++ here (subject points at picture) is Villiers
+»+ here is purban {(subject points at the place
Durban) ... ®the guestion is how far from Villiers
to Durban ... (subject takes rough work paper and
pen writeg 420 and underneath 168 draws line and
subtracts and gets 252) ita 252 kilometres.

Interviewer notes all this had taken Jjust two minutes

and subject was very confident about answer and was able



to explain easily how she had arrived at the answer and
why zshe had subtracted and how 16 use the inverse opera-
ticn to check:

S: When you add 168 km to 252 kms it will give you
480 kms which is the distance to Durban from
where Rapula is standing.

Catherine was scored 10 poi~’' s and given symbol a. As
with the other problems the picture in problem number 3
distracted several students and twelve students spent
time describing it or making up stories.

Magdeline Diale 17 years old is in 7B at Leledi:

S: fThis man ... his name is Rapula ... he is going
to Durban and Durban is 420 km from Villiers and
villiers is 168 .,. I think Durban is not far
away from Villiers because he can go there by
foot. I think Villiers iv a rural settlement and
he is going to Durban to relax becauge it is an
urban settlement. I think it is summer time be-
cauge many people go to Durban in the summer be-
cause they can swim there. ... (pause) .., and
the distance is 588 from Villiers to Durban ...
and T think he is going to suifer because it is a
long way ...

This subject was able +to be helped to understand the
problem and eventually got the right answer. She was
scored 4 peoints and given symbol D.

There were Jdifficuities in both the operation and the
strategy in this problem. Over half the students ~ 31
of the 60 - added first instead of sublracting. Eleven
students made miztakes in the subtraction sometimes in
the tens sometimes in the hundreds,

The role of the interviewer also aot confused during the
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interviews, 4., this problem and in a few instances ro¢le
of interviewer and subject bhecame yeversed.

Jeanette Setshwane 15 14 years old in 7D at Keledi:

S: from Durban to Villiers its 352 because 420 sub-
tracek 168 is 352

T: 1Is there some way to check your answer?

8: (silent) ... (finger pulls at lips) ...

I: what do you think?

S: I think nothing

I: Iz 352 correct?

S: Yes

I: Can you check it?

S: (silent) ...

I: iIf I tell you that vou are wrong what will you
say?

S: I say give me the correct one

I: 252

S: How did you get it?

I: I subtract 148 from 420

Jeanette was scored 4 poinkts and given symbol D.

6.4.3. Strategy used in problem numbeyr 3

Oonly 5 stuadents did the subtraction in their heads all
the others who subtracted used one of two methods:
which will be referred to as {i) decomposition and (ii}
equal addition respectively.

{i) Decompogition

In this method the subject wrote 420 and underneath 168
2nd made & line, Then subject stroked ocut the 0 and
wrote 10 for the unitg and subtracted 8 from 10 and
wrote 2 under the B; next the subject stroked out the 2
in the top line and wrote i1 and then sublracted 6 from

11 and wrote 5 under the twenties column; finally the
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subiject stroked ouf, the 4 in the top line and wrote 3
and then subtracted 1 £from 3 and wrote 2 for the
hundreds column., One example of this method is shown in
Fig. 6,12.

Amanda Morokwane 17 years old is in 7C at Matale:

S: I take one from here from two and put one here
from naught and it will be one here where was two
then ten minus eight is two - here is one I take
one from four is eleven minus six the answer is
five ... three minusg one is two,

289 gtudents used this method.

Fig 6.12 Solving picture problem 3 by decomposition

nethod

3o,
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{ii) Equal addition

The method used here was nni essentially different fram
the one above axceplt in the manner of “borrowing" and
"ecarrying”. The subjects did not stroke out numbers in
the top line but simply wrots a2 small "one" to the left

of the zero in the units column and another small “oue



in the tens column to the left of the 2. 1In working
gubtraction they carried one from each column.
method iz shown in Fig. 6.13.

Only five students used this method.

the

This

Fig 6.17, Solving picture problem 3 by egual addition

method

6.4.4. Comparison betweell good maths students and poor

maths students

The symbols scored by each schocl are given in Table

6'5.

Table 6.8, BScores for picture problem 3 for each school

SCHCOL S$¥YMBOL TOTAL
A B c u] E

Keledi 4 6 7 3 12 32

Matale 3 4 3 2 4 16

Mafenya 3 4 2 0 3 12

TOTALS 1c 14 12 5 19 &0
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As can be seen frow this table the performance of stu-
dents in the different schools varies considerably.
Mafenya stndantg 4id much better than the others -and
Keledi worse than the others. When the scores for the
separate classes were analysed this difference became
more evident.

The symbols scored by each class are given in Table 6.6.

where the average score for each class is given.

Table 6.8. Scorez for picture problem 3 for each class

SCHOOL CLASS AVERAGE

7a 78 ¢ 7D
Keledi 6,4 5.0 1,8 4,1
Matale 7,0 4,8 3,5 5,5
Mafenya 8.5 5,0 3,8 -

Iz can be seen that Class 74 Mafenya had the highest
scurre and Class 7C Keledi had . v extremely low average
score by comparicon with the other classes. The wvari-
ables involved in different classes are not simply con-
fined to having different teachers (which is true), nor
different numbers of students in the class {(which is
also true) but the selection process within the school
itself - some schools put only their best students in a
given class and others put all the repeaters together

and 36 on so that it is diffiecult to find any simple ex-
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planation for such different averages as shown above.
Some school variables including heaching style of the
teachers are discussed in chapter B below.

No clear differences between good maths students and the
poor maths students could be found in the time spent
describing the picture nor in the numbers who made mis-
takes in the subtraction.

There was a clear difference between the two groups in
their ability to select the right operation. Most of
the good maths students went straight te subtrseotion and
only thres of the 24 good maths students 2 ded first.,
On the other hani, out of the 24 poor maths students
sixteen added first and onrly five of these could be
taught that they mugt subtract in order to do the gues-
tion correctly. The ability to understand the picture
correctly and to recognise the positions of Rapula, Vil-
liers an® Durban r‘as another serious difficulty for the
poor waths students and nineteen »f them were unablie to
comprehend it even after help. This seems to be the
same perceptual problem as was enccuntered already in
problem number 1.

Good students selected Cthe correct operation and
subtracted.

Poor students added first and it proved very difficult
to change them from addition to subtraction in the ¢time
available for the interview.

Good students understood the picture readily. Poor stu-
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dents had great 4ifficulty in: abstracting from the pie-
ture to a line and understanding they were being ‘asked
the distance from Villiers to Purvar + . 2y could say

the words but they coculd not relate the dislances 'given

to the words spoken.

4.5, Problem number 4

6.5.1., Descripticn of problem

Like the others, problem number 4 was presented on a
card 25 x 20 em. ‘There was a line marked off in 10 sec-

tions and labelled as shawn.

Fig 6.14, PRicture problew number 4 (number line}

Problem 4@{;)

WUAT WuMaER 1S SHown AT AP AT BT
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At the boitom of the card was uritten the question:
What number is shown at A 2 at B ?

Thié problem differer frum the others in that twere was
no real pacture as such and no drawing of a man speaking
something ii, Yetswana. This problem was included to
test the students ability to identify correctly number
intervals other than unit intervals and to observe how

they wonld handle such a problem,

6.5.2. How the students performed

Problem number 4 seemed to be the easiest of the five
problems and eight sindents scored the maximum 10 points
and another fourteen score’® 9 pointg which meant al-
together 22 students got an A symboi for thia problem.
Most of this group were able to give out the answer
directly and guickly either knowing it intuitively or
elge working out the answer in a systematic manner.

Dolphine Letshedi 15 years old is in 724 at Keledi:

§: I see the number line .., the numbers 30 and the
A .nd stroke shown at the point and the 40 and
the stroke at B and the number at the 50 and the
question ... I think the number at A is 34 be-
cause it is the second point from 30 to 40 and
there are five points ..,

When challeng:d and agked if A was 32 subject replied
8: No because here {subject points to 40) is not 35

+«: I start by counting the even numbers from 30
to 4¢ and it is the second onse.
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Al) this took under three minutes.

Dolphine was scored 10 points and given the symbol 2.

Eleven students were unable to deal meaningfully with
this problem even after help from the intervieswer. Five
students interpreted the gquestion litsrally and said
{correctly) "There is no nunmber at A". Thra2 of these
ware able to work out the guestion after some guidance
but the other two refused to recognise the possibility
of any other than "no number at A"

The major difficulty which this group seemed to have was
associating egual length intervals with egual numbers.

Gertrude Nameng 12 years old ig in 7A av Matale:

§: On this paper ’ were is a number line ... (pause)
+»+ and the guestion reads thus (subiject reads
aloud in English) What is the number at A and at
B ? ... {fiddles with pen) ... (pause) ... and
the answers ... the arrow thalt points ... there
igs no number here and here {(pointing at A and
Bl ... (silent) ...

I: What nunber should be there ?

S: ({(pause} ... (pointg pen at A} ... I think it's 25

¢ Is it correct ?

: (smiles) ... I don't think so, because I have

guessed ... I said 30, 206, 25 ...

I: Wwhat are the numbers batween 30 to 40 (pointing
to number line)

S: 30, 32, 33, ... {subject frowns ... not satisfied
with answer) ...

i: Wnat is the next number after 30 ?

s: 31, 32, 33, ... (interviewer points to marks be-
tween 30 and 40) {subject continves to count un-
til reaches 40 and is now saying 35) (subject
skips back and says 39 in place of 34 and now
counts thus:

S5: 30, 31, 32, 33, 39, 40... {subject pauses not yet
satisfi:.d)

s: 30, 35, 36, 37, 38, 40 ... {subject frownsg) I
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have a problem here. Interviewer helps by point-
ing to spaces in between the marks while subject
counts 31, 32, 33 ... etc up to 40 which is now
correct)
I: wWhat is at A ?
S: 34 and at B is 48 (subject shows how to £ind
answer s8till counting in ones.)
There wele no storiss made abcut this problem and most
students recogn sed it as a number line, those who did
spend time at it generally gave a straight forward

description of what they saw.
Daniel Mckoena 17 years old is in 7B at Matale:

§: Here is a number lipe ... here is & straight line

and an arrow showing at A and an rrrow showing at
B ... (subject takes the rough wurk paper and
draws a line and puts in five little lines and
marks 30 and 40 and makes an arrow labelled A ete
jusk as in the guestion) ... so here at A its 34
..+ (places pen to forehead) and at B is 48.

This took two and a half minutes. Subiject was akle to

explain how to get the answer by a trial and err-r

technique. Daniel was scored 9 points and given symbel

a.

One boy mistook the picture for a lever avd fulecrum that

he had learned about in physical science clasg -

presumably the rsason for this was because of the

arrows, since in gcience diagrams the levers are often

represented as shown in Fig 6.15. in text books.
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Fig. 6.15, Illustration of action of forces for ccmmon
lever

F2 =

v !
y )

FuLcCcruUM

Matale students scored much higher than the other twe
gchoolg in this problem and Keledi again had the worst
performance which can be at least partially explained

from the overcrowded classes of up to 80 studernts per

FGOM.

6.5.3., Strategies used in working problem number 4

Only twu stralegies were used by the students in working
problem number 4 that cnuld be observed by the inter-
viewer which will be referred to as (i} systematic and
{ii} trial and error. Many students did the problem in
their heads and were unable to explain how they arrivegd
at the answer -~ they are listed in the table below as
(iii) intuitive and the fourth group ({iv}) <¢onfused,
didn't wunderstand number intervala and were not able to
work any solution

{i) Systematic:

Those who used this strategy subtracted 30 from 40 to
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gel 10 which they recognised as the number of units be-
tween these two marks. Hext they counted the number of
strokes and got 5 strokes or 5 intervals. The third
step was to divide the ten units by five intervals to
get two units petr interval. Finally they counted two
inte;éals from 30 to reach point A& and this gave them 34
as the answer. They were ab:e to check by centinuing to
count and the fifth interval should bs 40 and this coin-
cided wich tbe information given on the number line
provi?g they were right. They used the same strategy
for finding B.

{(ii; Trial and error:

The students using this strateqgy concentrated only on
the .30 and counted in ones up from 30 and thought A wag
32. Similarly B was 44. Usually they were satisfied
with this answer - although some did check for them-
gselves and found Lheir mistake. Most however had to be
forced by the intervi-swer to couilinue their counting
through A until they reached the point marked 4f and
found themgelves saying 35. At this stage most students
went back again to 30 and this time counted in twos and
found they were counting 48 when they reached the paint
marked 40 and hence they said that A must be 34 not 32,
Similarly for B = 48.

{iii) Intuition:

The students who gave ocut the correct answer may have

been using one or other of the ahove stralegies or some
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othe: one - they could not or would not explain how they

got the answers.

{iv}) Confused:

This group included students who counted in ones as far
ags 34 and then gkipped all the number= in between and
said the next number was 40 - in one instance actunally
tapping the space between what they called 34 and the
poiat marked 40 five times saying 35, 36, 37, 38, 3¢,
Another student insisted A was 30,5 and B was 40,5.
What gseemed common to all of these was a lack of under-
standing of the idea thal equal line intervals must rep-

resent equal number intervals.

Table 6.7. The numbers using each strategy in picture probiem 4

STRATEGY SYMBOL SCOREL TOTAL
A B C D E

(i) Systematic 7 2 2 n 0 11

{ii} Trial & Ervor 5 6 7 7 0 25

(iii) Intuition 7 3 3 G 0 13

{iv) Confused 0 6 [t} ] 11 11

TOTALS 19 11 12 7 11 69

6.5.4., Comparison between good and poor waths students

O0f tithe strategies described in the previous section,
gtudents using the systematic approach were regarded as

warking ai. a higher level of abstractien than those who
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relied on the trial and error method. tine of the goud
maths students used the systematic strategy and eleven
used the trial and error method. None of the poor maths
gtudents used Lthe systematic strategy and seven of thenm
used the trial and error method.

The good maths students took much le~s time in arriving
at the right answer - usually twa to fhree winutes as
compared to the poor maths students who took almost
twice as long.

The group of poor raths students seemed, as noted for
the other problems, to have difficulty in viswalising
anything other tharn what fhe drawing showed. Some could
not imagine any number at a or B. Others could nat im-
agine any numbers in beween the linesz shown. and
otherg could not piclure egunal intervals of length to
correspond with equal number intervals.

The group of good mathsg students could check whether the
answexr they gave for A and {for B was conslstent with the
given information but Lhe group of poor maths students
didn't seem to realise there was a contradiction or if
they did then they conelnded citat the 1nformation given
was wrong and that where the diagramw indicaied: 40
should have been 35, It was interesting to nohte Lhat
they accepted the given information that 40 was 44 when
they then came to saying what B represented - they said
it was 44 and then concluded that where the diagram had

50 was incorrect and this should be 45.
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Good students experienced no trouble in this picture
problem. More students scored 9 and 10 points in this
preblem (numher line) than in any other problen. Some
got the answer intuitively and were unable to explain
how they arrived at it but were quite certain they were
correct. Others answered systemqtically: 18 npumbers
{integers) and 5 marks therefore each mark represents a
jump of Ltwo integers. Poor students simply counted in
ones for each mark even though there were not enocugh
marks to fit with the information given. They had a
probiem in apprehending that 30 to 31 must be the same
length in this number line as 34 to 35 and they saw neo
apparent contradiction in saying 30 to 31 interval was
the same length as 34 to 40 interval. .
Good studenis had no problem playing the game of the
picture problem and dealing with the question "what num-
ber is shown at A" when in fact no number was shown
there. Poor stundents sometimes replied literally that
"ne number was shown at A"

Good students used systemabic or intuitive strateqgy.
Poor gtudents took the easy approach and counted in ones
- they were abhle to check but gdidan't do it by
themselves. However when forced to continue counkting
through to the last written number which was given in
the picture as 40 they found themselves saying 35 and

only then realised this error.
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6.6. Problem number 5

6.6.3. Description ¢f problem

Problem number 5 was a simple division 28 § 4 = 7

It was presented in the form of a picture showing a boy
cutting a plank. " rhe length of the plank was shown by
means of dotted lines from end to end just as is common
in mathematics text Dbooks. The boy was saying in
Set.gwana: "I am Thomas. 1 wish to cut pieces which are

4r long."” The student had to determine the present

state from the information given.

ig 6.16. Picture problem § (divigion}

Problem 5 fth)

i

pamas

KE BATLA Ge

How MANY 4m PieceS CAN THOMAS GET From THiS BonRo?

All the data required to deal with the guestion were
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given in the picture or else ia the words. There were
thres pieces of information given which the suhject had
to be able to extract in order to deal with the guestion:
(1} Thomas had a plank which wag 28 m lungj

{ii) He wisghed to cut this pilank into pieceai

{iii) EBach piece must be 4 m long,

6.6.,2. How the students performed

There were more students classified as "good" on their
performance in this problem than in any of the other
five. altogether 37 students scored 32 ocr B for this,
which indicates that many of them fond it very easy.

Johannes Moteane aged 17 years is in 7D at Keledi:

8: There is a boy cutting a bovard ... how does this
{subject points at the 28 m) ... is 1t 28 n? ...
the guestion asks how many pieces ... (pause ,..
1ocks upwards .-. thumbk on chin) I think the
answer is 7. .

I: why do you say 77

5: Because I divided 28 metres hy 4 ... in order to
gek how much can Thomas get pieces from this
board ...

I: dow did you get the answer ?

S: It is in my head.

i+ Can you check it to find out if it is correct?

S: Yes I divide and to check I multiply 7 by « and
it gives me 23.

The other 23 students struggled with this problem and
while some like the eight who scored a symbol € were
able to understand after help from the interviewer,
others like the ten who scored a symbol E were unable Lo

do the problem even after coaching, and failed to arrive
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at any ro.-3cnahle answer.

Mariha Selshoane aged 17 yea s is in 78 at Mafenya:

S: I see a boy ety ... fsubject describes picture} ...
pause ... {eventually subject gets te the guestion at

the botiem of thu picture) ... He can get six p
in this board ... fszilent)

I+ Is it correct ?

5: Yes

I: How do you know ?

S: I divided Z8 metras by 4 metres

J: ¢Can you check ?

ieces

5: Yes ... (subject takes pen and writes on the rough

vork paper and then writes 4 and under it 6 and
T maltiply 6 by 4 ... when I multiply 4 by 6 it
me 2P ..., and 6 into 28 goes 4 times.

Iinterviewer asks subject to write down 4 and under

says:
gives

it

another 4 unktil subject had six of them all in a2 row and

then asked the subject t add them which she does and

wrote down 25 and then stroked out the 5 and made it a
so she had added the six fours to get 24 as shown ia T

6.17'

Fig 6.17. Snlving picture problem 5 by repeated addi-

— br—g
Vo8

e

N

/

-

R

I: How many 4m piecas can Thomas get from this 28m

board ?

S: 6 {subject sticks te her original answer in spi
of just having added six fours and gol 24)

I: 1Is it correct ?

5: VYes

4

ig

te
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I: How do you know ?

S: T muitiply 6 by 4 and I get 28 (subject writes 4
and 6 and a multiplication sign and a line and
says} six times four is 28 {(subject writes 28 as
in Pig 6.18.

Fig 6.18. Wrong nultiplication in selving picture
probiem 5
L3 .
L g
pYA L
-
Fiem

All thiz had taken just over eight minutes and the
problem was abandoned since the subject did not seem to
understand the connection between addition and multi-
plication and saw no contradiction hetween saying on the
vne hand that 6 x 4 = 28 and on the other hand adding up
4 s1%x times and getting 24.

Thig is another example of premature <¢lasure which
characterised the students unable to do the picture
problems correctly.

The subjecl was scored 0 points for this problem and
given symbol E. Fifteer students had problemns under-
standing the picture. Usually the "28m" showing the
length of the plank was the dQifficulty and several
thought the plank was 56m long, but some thouyht the boy

wanted to cut the plank into halveg hecause the drawing
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showed him working at the middie, and still others were
confused about the question at the bottom which asked
about 4m pieces and they only saw the “4" and the word
"pieces" and thought the boy wanted "4 pieces” not "4
metre pieces". After the dicussion with the interviewer
these difficulties were sorted out but not always.

Magdeleine Riale aged 17 is in 7B at Xeledi:

S: Thig man says he is Thomas and he says he wants
to take off a piece founr metres long off this ...
I think it is a bench ... (subject points to the
stool supporting the plank) ... this small plank
belongs to this 7 .,. {(pause) ... No .., each
must be four metres lang and he has a tape under
it to measure it ... I think he is wrong because
where he cuts ig equal to 28 metre and he wants
to cut it four metre long not 26 metre ...
(gilent) ...

J: What iy the length of the plank ?

S: ¥From here to here (pointing to each end in turn)?
+ve or end to middie (subject points from end teo
centre) ? ... {pause) ... (subject counts the
dots showing the length of the plank and seems
confused - stops and starts a few times) ... when
subject comes ko where the dous disappealr behind
the body of Thomas subject hesitales ... I think
its 48.

T: Why ?

Fig 6.19. Convention of showing length using dotted

lines / \
' AN
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§: Because these small lines {subject point to
measurement to the left of Thomas' bhody) is 4 and
when I add them they give me 28 from the end to
the middle ... {(subjecc counts the small lines
and skips the part hidden behind Thomas' body)

I: Here is the plank (interviewer draws a rectangle
on the rough work paper) ... What is the length ?

Fig 6.20, Subject‘s interpretation of dotted line con-
vention

%‘H v 2

S: The length is 56 metres {subject has written 28
and under it another 28 and added to get 56)

I: Hew many rieces can he cnt ?

8: (Subject works out on paper and writes 56 Lhen a
line under it 4 and then below it writes 14 ,..
It ig 14.

I: Is it correct ?

8: Yes ... (silent) ...

I: Can you check ?

S: (long pause) ... I multiplied the quotient by the
divisor and I get 56 (subject has written 14 and
under it 4 x and then a line and underneath 56)

Some students did neot know how to divide the board into
pieces but when they saw the numbers 28 and 4 then the
number 7 seemed Lo be related to these two othar numbers
and they often said "7" is the answer but did not know
if it was 7 pieces ar 7 metres. Four students were un-
able to divide - having decided that long divigion was
the thing to do they started with the unitas at the right

hand gide as is correct for multiplication and having
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wtrititen on the rough work paper 28 and under it 4 and a
division sign and a line then wrote 2 because 8 divided
by 4 is 2, but then they were unable to proceed because
4 would not divide into 2. at this stage some stroked
out the 2 and wrote 7 having realised they must divide
28 by 4 starting from the left hand side.

Three studentg used the wrongly recazlled number fact in
their strateqy saying 28 divided by 4 is 6 and they
*proved” they were right by saying 4 x 6 = 28

Japhté Seabe aged 19 years is in 7B at Keledi:

§: ({silent for over a minute while eye movement
showed studying the picture) ... This picture
wants me to multiply ... (silent} ...

I: What is the answer ?

S: 6 times 4
I: what is 6 times 4 ?

§: 28
i Can you check ?
8; (wichout speaking takes rough work paper and

writeg 6 + 6 = 12 etc ag shown in Fig 6.21,(a)

Fig 6.21. Solving problem 5 by repeated addition

ta)

EAE=1D Al 2VC 4 .= 29 &

i

-l

i
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{b)

- “

57
7 JHX =t s ’1'\\-\-\.5 ~Qg

I: What is the answer ?

5: 6 :

I: why ?

8: Becaunsge 6 times ¢ is 28

I: (pointing to where subject has wrltten 24} wWhat
did you write here ?

S: {strokes out 24 and writes 28) no ... 24 ...

(whispers) no .., 28 {subject starts writing

again as shown in Fig 6.21.(h)

What is the answer ?

28

What is the gnestion ?

{reads aloud in English) How many 4m pieces can

Thomas get ? The answer is 8 pieces ...

I: Why 8 7?

S: Because 8 multiplied by 4 is 28

HWNnMN

This subject was scored 0 pointa for problem nuomhar §
and given E sywbol,. There wasg guile a hit of confusion
about the proper use of terms like "from" in place of

“into" and "I multiply 4 by 28 and it gives me 7".

6.6.3. Strategies used in problem number 5

The strategies used in problem number 5 show different
levels of abstraction. AL one extreme, regarded as the
highest level was (i} recalled number faclk, then ({il}
the so-called derived number fzct and at the lowest

lave]l of abstraction, (iii) repeated addition. In the
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analysis of the performance of the students in this
problem what is understood by recalled number fact is:
either 28 + 4 = 7 or 4 x 7 = 28, What is meant hy
derived number fact is the manner some students tackled
this problem by using previously learned knowledge about
multipleas of 4 e.g. they knew § x 4 =~ 20 and 2 x 4 = 8
and that 20 + 8 = 28 and from all this they derived the
answer which was 5 + 2 = 7, Not all who are classified
in this group used the same technigque ~ some remembered
that 4 x 4 = 16 and worked from that and still others
used 4 x & = 24. By repeated addition in this problem
is meant the way some studentsz added 4 + 4 = 8 and then
added another 4 and so on until they had arrived at 28
and then they counted how many fours they had added
together to reach 28 and this was the answer. Of course
chose students unable to determine any answer were work-
ing at a lower level still and presumably if they were
presasnted with 28 counters they would be able Lo sort
them into bundles of 4.

From this table it seems what distinguishes the good and
the poor maths students is the former are able to make

unse of some strategy to find an answer and the latter

are not.
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".Pabhle.$.89. Numbers of students using the strateqies

STUDENT'E STUDENTS
STRATEGY GOOD AT MATHS POOR A" MATHS
(i) Recalled number fact 28 3
(ii) Derived number fact 3 2
tiii) Repeated addition 5 4
{iv) Unable fo work the problen 0 190

6.,6.4., Comparison between good and poor makhs studerts

From Table 6.8, it can be seen that Matale sturients
performed better than either of the other two schools in

problem number 5.

Table 6.%9. Scores fcr picture problems for each school

S8CHOOL SYMBOL: LOTAL

Keledi 1| 417|146 32
Matale 14 2| 0; 0} 1 i6
Mafenya 7101171143 1.2

TOTALS 32} 5{8[5]10 60
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The good maths student understood the picture and
realised the 28 w plank had teo be cut irto 4 m pieces.
He 4did not delay in describing the picture bat was able
to identify the impertant (in this case the relevant)
material from what he was given and then went directliy
te the guestion at the bottom of the card. He knew the
operation required to find the answer was division and
he was able to recall correctly 28 ¢+ 4 = 7 and that this
could be checked by using the inverse operation i.e. 7 x
4 = 28. Firally the gond maths student could do all
this in less than 4 minuies.

In contrast the poor maths students had difficulty in
understanding the picture -~ often they did not know if
the plank was 28 m or 56 m and they were unsure if the
boy was cutting the plank in half or into 4 metre
pieces. The typical poor maths student spent a lot of
time describing the picture in detail - it seemed he had
difficulty in deciding what was important and what
wasn't and ir some cases even the window above the bay's
head and the stosl supperting the plank were sources of
puzzlement since the poor maths stpodent couldn't decide
if they were or were not relevant te solving the
problem. Generdally he did not go to the guestion at the
bottom of the card by himself and had to be asked by the
interviewer to read the guastion and someiimes this was
not enough and he would remain silent and not attempt to

answeyr the question until the interviewer asited him what
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was the answer. The poor maths student didn't know what
operation to use and nad to be helped by the inter-~
viewer. He could seldom recall the number fact 28 ¢ 4
= 7 and generally used a strategy of repealted subtrac~
tion and he had no idea how to check his answer except
to rep=at the same process agaln. Finally he took more
than eight minutes to come up with a reasonable solution
o the problem.

Irn summary the findings for the picture problem number §
were as follows:

Good students used vecalled nurber fact 28 & 4 = 7.
Poor onas sometimes used an incorrect number fact 28 + 4
= 6 and once they said 6 it was difficult if not impos~
sible to change their answer - occasienally under pres-
sure from the interviewer they gave another answer but
if the opportunity presented itself reverted tao their
original answer.

Good students were able to abstract the given informa-
tion guickly from the picture and deal with the numbers
28 + 4. Poor students had a lot of trouble with the
picture, for example some

~ thought the plank was 56 m long

thought the boy wished to cut the plank in half

thought the boy wanted 4 pieces instead of four

metre pieces

thought the dotted line showing the plank to be 28m

represented intervals of same sort
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- were puziled by the picture and unable to abstract
relevant information.

Good students were able to divide in their heads or wuse

derived number facts eg. ¢ x 5 = 20, 4 x 2 = 28, 20 + 8

= 28. Poor students used long division and started

wrongly with the units eg. right to left as must be done

when multiplying but in division should start left to

right.

6.7. CONCLUSION

6.7.1, Difficulties

There were difficulties experienced by the subjects aand
others experienced by the interviewer. First the
problems which the interviewer had were due to the reacl
school sgitunation in which the interviews were carried
out, Teachers were working, students were taken Efrom
cilass zand brought off by the interviewer in a car for
gseveral hours, and when they arrived at the local high
school some of them thought they were being tested for
admisgion for the coming year. To put it wvery mildly
the research was not carried out in what cculd remotely
be called & clinical situation. The environment could
not bé properly controlled and even interruptions during
the interviews could not be prevented completely. on
ane accasion - daring an interview there were five in-
terrvptions ranging from telephone calls, to a lady

gelling sheets, to a . teacher borrowing keys of the
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interviewer's car to bring a sick student to the clinic.
On some occasions arrangements which had been maue with
‘the schoels to have some students available for inter-
view had to be abandoned but, as anryone who has worked
with the Tswana knows, they -“re very courteous people
and the teachers and students could net have heen more
obliging throughout this research.

The difficultizs experienced by the subjects c¢an he
listed as:

a} perception of 2-d drawings inadequate. There
were in all 59 cases of perceptual problems :den-
tified in this research. Altogether 300 cases
were studled i.e. 5 each for 60 students. Thus
almost 20% of the cases had inadeéuate perception
of 2-d drawings. If must be remembered that all
the ~ftndents interviewed had heen graded by their
teac. .rs as "average or above average" in maths
ability.

b) Students don't know their "tables” well and make
many mistakes in the recalling of nunber factu:
sometimes they have to fall back on a cumbersome
gtrategy to work multiplication and division.
There were only 31 cases of correctly recalled
number facts out of the pousgsibla 300 i.e. a mere
10%.

o) Inability to abstract, many are limited to the

concrete.
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d} Not able o identify properly what information is
given the problem.
e} Some don't seem able to see the problems as gues-
tions that reguire some manipilation of numbers.
f} Reliance on authority of the teachers for check-
ing answers.
g} Take a long time in getting to what they are
required to d¢ in a given problen.
h} Overhasty decision about which operaticn to use
before fully comprehending the given data.
There must also have been difficulties which the sub-
jects felt within themselves, but the interviewer was
not able to ¢ :¢ any information on this even though each
subject was asked at the end of the inlerview how he oxr
ghe felt about it. Invariably the only reply was to the
effect that they enjored it very much and that they had

learned & grea. deal from it.

7.7.2. Assumptions

In section 6.1.,2, certain assumptions are listed and
those dealing with (i) fluercy in English (ii) reflec-
tive ability (idi} vrapport and ({iv} euitability »f
recording method; did nob, as far as could bhe ascer-
tained by the researcher interfere with the interviews.
Regarding the othér three assumptions the following cér-

recticns must now be recorded;’

{v) silence on ithe part of a subject means not Iinowing
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the answer; thiz was true in a number of instances where
subjects actually admitted this when the interviewer
pressed them to reply after a silence; Hut this was not
always trué and when 2ome subjects remained silent after
being asked a question it meant ihey were thinking about
the question and weighing up mentally Cthe possibie
:hswers.

(vi} the effect of friendly and shy personality on the
interaction bhetween subjscet and interviewer became ob-
vious after the first few wessions. Once the inter-
viewer became aware of it he tried te control facial
expression, nodding or any other gestures which might
agssist the subject

(vii} the picture would asgsist in the understanding of
the problem was the last of the assumptions set oul at
the beginning of thi~ chapter. What emerged from the
interviews doss not support this claim for the reasons
set out here:

The pictures clearly introduced a new difficulty for
gome students. This may be understcood in terms of Skemp
(197% p.123) who discusses the affect of “noise” in the
learning of concepts. another approach is that of Wit-
kin llB?i; E.F.T.}) who discusses the disembedding
process which i$ reguired to extract the relevant infor-
mation from a given situation.

As a result of the prasent research it hag become clear

that four levels of abstraction exist im Lthe presenta-
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tion of a siaople number problem tnat standard 7 students
encounter and are expected to marayge in their school
mathematics, The four levels are:

level 1: concrete objects which may be regarded as the
real life situation - all the information is vizible to
the subiect;

level 2: pictures or drawings are used to represent the
concrete and not all the information is visible;

level 3: the cvoncrete sitnation is described in words;
level 4: only numbers are used.

This hierarchy can only be offered teuntatively, but the
four levels also corraspond to the steps through which a
person normally progresses in dealing with the world,
First there is a real life situation which is encoun-
tered and @demands a response; second Lhe person must
form a mental image of the situation; third the person
must disembed what is relevant and this is dene mentally
using words; fourth the persen abstracts numbers and
determines which way to manipulate these numbers in oar-

der to find an answer.

6,7.3., Summary

In the analyseis of the five problems presented in this
chapter it emerges that the major difference between the
successful and the unsuccessful mathemaltics students iy
in the level of abstraction at which they can and do

function. The successful group have gone through t(he
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various szteps which then enable them to move guickly to
the highest lavel, namely that of number and carry out
whatever operation is required; |

The successful group have learned how to analyse a given
situvation and they are able to perceive what it is in
that situation that they need to attend to in order to
achieve their goal. This geal is set by someone else in
the case of most mathematics questions they meect in
achool. 1In real life however the goal too must often be
get by themselves.

Having successafully established what information they
need the successful grovp are then able to make a mental
image and formulate words in orxder to think about what
they must de to fing a solution. In the case of the
five problems which were used in thig research thef
merely had to deecide which arithmetic operation was
appropriate. Lastly using numbers anly the successful
students were able to recall a number fact ta £ind an
answer,

The unsuccessful mathematics students were found not to
be able to work their way through the levels of abstrac-
tion described in 6.7.2. They couid be blocked at any
one tevel but the lower the level at waich the block oc-
cured thz worze was their performance in these five
problems.

Those who were able to viguxlise and form mental pig-

tures could generally be helped through the other steps
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and eventually to work out an answer for themselves, It
seems that many of this aroup however have not been
trained in school to move along the levels of
abstraction; they seem, 3Jjudging from their behaviour in
the interviews. to have got used to either being forced
at a pace faster than they can manage or else Cthey arve
used to being given an answer by the teacher or by one
of their companions and agreeing with it without knowing
why. Another habit whieh this group seemed to have
developed is leaving the thinking i.e. level 2 and level
3, to someone else knowing that eventually they will be
transported to level Eour and only be required to carry
out. the number manipulation to find the required answer.
That fairly large group of students who have dif-
ficulties with the 2Z~d drawings are heing hindered £rom
working problems becaunse of incorrect or inadeguate per~
ception of the drawings. It seems a fairly easy matbter
- once this problem is diagnosed - to teach the basics
of correct 2-4 perception.

Those students wha are unable to visualise and cannot
imagine anything other than what they sece before them
cannot veally be said to be ready for standard 7 mathe-
matice and they are in dire need of remedial teaching.
This would not be too serious a problem for the schools
were it not for the fact ithat only "good" and ‘averaye"
maths students were interviewed in this research and

there is a whnle section of each .lass in each school
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which was considered By the mathematics teacher to be
*bad maths students" and estimated by this researcher to
be about 30% of each class. Undoubtedly the gross over-
crowding in some classes has created an impossible
sitnation for the teachers and the reduction of numbers
pexr class and the provision of extra classrooms must be

a priority for these schools.
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CHAPTER 7

HOME VARTARILES

7.1. Introduction

7.1.1. CriLeria of anccess

In rshapter 2 the c¢riteria of success in mathematics user
in thisg research were givan as fallows:

i) malhenmatics mark iﬁ June 1987 examination {(lotal

popnlalion);

{3i} performance in bthe picture problews (10% sampleld.
During the pilob study repovted in chaniec 4 it wag dis-
covered that (he use of Lhe maths murk presented a dif-
ficulty in the sense thal these makhs marks ave so low
as to be almost meaningless fﬁr Lthe purpose of slatisli-
cal analysis. Uowever Lhe averages, sbandard deviations
and linear corrvelaltion tuveflicients have been caleulated
For the tolal population and are presented later. Tn
chapter 6 ways reported how the 10% gample performed in
cach of the five piclure problems. From this perfor-~
mance an average score was caleulaled and the twa groups
were dislinguished. One group; "gnod at malths", con~
gisls of Lhose who hail an average score of 70%  ar maore
in the Five picture problems; there were fifteen in this
gronp. The olher gronp, "not good at maths", was made
up of Lhose. wvhose average score in the picture problems
was less than 50%.

the question po.ed in Lhis chapter is: Are Lthove vari-
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ables associated with the students' home background
which can help to explain the different performance of
those students who are "good at maths" and those who are
"not gooed”, success being defined separately on the

basis of the two criteria given abave?

7.1.2. Jiome variables

Based on the literature a great number of variables has
been studied in relation to school achievement, Over 70
are reportéd by Schiefelbein & Simmons {1978) and in one
research study carried out by Carnay & Thias {1974)
about B0 variables were tested (Alexander & Simmons 1975
P.21). These researcherg divide the wvariables into
three major blocks, usually those variables associated
with home background, pupil characreristics and schoal
vartahles, Each of the three groups of variables were
investigated in the present research and are reported in
the following chapters thus:

Chapter 7 - Home variables

Chapter. 8 -~ Schoal variables

Chapter 9 « Pupil characleristius

Moiit. of the research studies on achievement in third
world countries includa sociceconomnic status as one of
the variables and several have alsa investigated
"modernity” e.g. Holsinger {1973) as well as Cayvnay &
Thias {1974} as reported by Alexander and Simmons (19875

P.61 and P.21 resp.}.
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It was therefore decided to limit the home variables to:
{i) socioeconomic status (S.E.S,)
{(ii} Degree of Westernization

The first of these, nanely, S.E.S. regquires no jus-
tification for being inaiuded in this kind of .research
and the general content of material considered ap-
propriate is fairly well agreed upon in the literature
referred to later. Such items asg parents' education,
income etc. can be combined Lo make an overall seore on
a scale. The present research is nol a cross-cultural
one but is confined to the Bafokeng region of
Bophuthatswana. There are two inplications from this:
One, it was necessary to devise an instrument te measure
8.E.S. among the Bafokeng and Lwo, it does not matter
whether or not this instrument has applicability ountside
of this area because what is required of it is to com-
pare "good” maths gtudenlts with "poor" maths students on
sociceconomic measures within Bafokeng. 8.E.§. iz dis-
cussed below in section 7.2.

The second home variable is cultural belief. In trying
to understand the different performance of students in
mathematins in the light of the discussion about the na-
ture of mathematics and what is meant by "success" in
chapter 2, it seemed necessary to explore the degree of
wegternization ameng the students being studied. For
the Bafokeny mathematics is an imported way of looking

at the world.
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As it is taught in the local schools it is not based on
the Tswana traditions or language or way of organising
their thinking, it is a western mode of thinking. Hence
it was hypothesised that the degree of westernization
would be positively correlated with performance in
mathematics. It was decided an instrument measuring
cultural beliefs would be the most satisfactory methad
of classifying students on degree of westernization.
Nothing of that nature could be found in the literature
and hence an instrument bhad to be desighed to measure
and szet up a scale for this. MeClelland (1961) and
(1975) provides a basis for stundying natiocpal character
based on customs practised among the people and Kiely
(1983) has applied this method to the Tsawarna people.
The instrnment used in this part of the research 1is

based on that work and is described below in sention

7.3.

7.1.3. Vvalidity

Both of the home vairiables which are Lhe subject of this
chapter arve expressed in guantitative terms and
reliability and validity are dealt with here also,

Research is a systematic attempt to provide answers to
quesltions and basic research is concerned with the
relationship bhetween two or wmore variables. In the
clasgical experimental desiyn the researcher attemps to

control bthe envirenment 3in such a manner that the
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relationship betwean the given variables can be isalated
from other varishles and assassed, and a stated
hypothesis accepied or rejected. This process of can-
trol contributes to what most authors call "internal
validity™ (e.g. Cohen and Manion, <1980>, Tuckwan
{19725 . By internal validity is meant that what is
studied is in Ffact producing Llhe outcomes attained
{Tuckman 1972, P.4). At the same time such control aof
the environment simulfaneously decreases the so called
Yexternal validity". In other words Lhe greater the
control of the environment the less the Probability that
the conclusions will hold in the veal world where no ex-
perimental manipulations are carried out (ibid).

In chapkter § (section 5.2.) the design for the present,
research was described as being an anthropological, non-
experimantal, descriptive, field study aimed at under-
standing how the Tswana learn mathematics. There is no
attempt to contrel or manipnlate variables and ne quan-
titative measure of internal validity is regquived. This
is notbt to say that the research here underktaken lays no
claim Lo wvalidity =~ it certainly does elaim such
validity as was discussed in chapter 5 where Kelinger's
{1986) definition of validity in terms of truthfulness
was quoted.

Three stepy were taken to ensuve validity of the
measurement of the home variables:

(i} Each instrument was based on work done by other re-
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searchers in the same or related fields of study.

{ii) Data were vollected frowm several sources - from
the students themselves, from their teachers and from
their friends.

Furthermore the students were asked to complete bhoth the
closed ended questionnaire as well as Lo answer open
ended questions. Finally a 10% sample was interviewed
to obtain information on their home, family and beliefs.
all this was done as part of the triangulation process.
{iii} Scoring of answers in the questionaires was done
only after lengthly discussions with a team of scorers
composed of the researcher with two others as follows:
S8.E.S. -~ G. Boswell, B.a. (Cur) Sister tutor at Bafokeng
Nursing College and G, Mompei, B.A. {Hons} Registrar at
Tlhabane College of Education.

Cultural Beliefs:; A. Segodi, B.,A. (Hisk) Principal of
Bafokeng iligh School and R. Khutsoane, B.A. (Psych)

Brincipal H.F, Tloua iHigh School.

7.1.4. Reliability

Reliability refers to the consisteney with which an in-
strument produces equivalent scores when administered
twice to the same subject ar when admninistered to twe
subjects of eaguivalent talsnt and experience {(Cales,
1985 P.124, Bailey 1978 P.73, Tuckman 1972 P.160). In
this section the reliability of the instruments measur-

ing S.E.S. and Cultural beliefs, is discussed.
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Tuckman {1972, P.161) gives four approaches for deter-
mining reliability: test~retest, alternate forms, split-
halves and an expansion of the split-halves using the
Kuder~Richardsen formula. In mathematical terws these
are expressed as coefficients of reliability and Cates
{1885) givas formulae for caiculating these
coefficients. In this research two measures of
reliability were used for both instruments namely (i)
inter-rater reliability and {ii) consistency of
response behaviour. Ry inter-rater reliabilily is meant
the degree with which the three raters agreed on the
gscoring of responses. The figures for each instrument
are given below in the appropriate sections.

By consistency of response beshaviour is meant the degree
to which Lhe subject is consistent in responding to
similar or identical guestions. This was done by
repeating items in the guestionnaires, e&.g. T like doing
maths homework (as item number 2) and T dan't like doing
maths homework (as item numbher 32}. This methed is of-
ten criticised in the literature but it has been used in
the case of unsophisticated subjects and it was deemed

approprialke for the present research.

7.2. BSociceconomig status

7.2.1. Introductien
In chapter 4 {=ection 4.2.) reference was made to the

analysis 4one by Schiefelbein and Simmons (1978} on fac-
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tors related to school achievement in educational re-
search carried ent in third world countries. They
reported that socioceconomic status, including parents’
occupation, income and educatian, were found %o he sig-
nificantly relat to student achievement. in schools.
This finding is also supported by the work of Muarphree
and asgociates (1975) in Rhodesia* and Auerbach (1978)
in South Africa. Many others have investigated. the ef-
fect of socio-economic factors on learning of mathe-
matics (e.qg. Ginsburg and Russell <1981>, Fuson and Haljl
<19835)., Hughkes (1981) found Lhat at age 3,5 years
children from better-off families were already a full
vear ahead of working class families in their level of
development of the concept "number®”. Although S.E.S.
was nok tested in the pilot study it was included in the
main field work because of these reasons.
So the purpose of the present esxploraltion of S.E.§. is
two-folu:
(i} Lo investigate if there are significant correla-
tions belween S.E.S. scores and success in maths
using the twe ecriteria for success separately, as
discussed in section 7.1.1. ahove;
{il} to try to understand the extent and the nature
of the relation between S.E.S. and performance in
mathematics for std, 7 students for the Bafokeng

region,

* Rhodesia changed its name to Zimbabwe at a later date.
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7.2.2. S.EB.S, Instrument
Rosier proposes that a composite index of souio-econcmic
level could be constructed from fathers' occupation,
parvats® education and various measures of material
resources (1978, P.60). The home f. “ors usad by Auer-
bach {1978) to construct a "pupil prafile index” Lo pre-
dict the probability of dropping out from school in-
cluded Fathers' and mothers' ocaupation and education
{1978, P.203). Kiely (1983) vzports that a survey was
carried out by the nurses at Phokeng clinic in 1982 to
determine the extenl and the causes of malnutrition in
the area. Two hundred and £ifty ycung wothers were in-
terviewed over a period of one month and data collected
concerning: education and occupation of parents, family
income, number of occupants in the house, kind of food
eaten, agricultural activities, water sources, latrines
and hvuse description. In Bophuthatswana, Lawrence and
Roedt (1384) used parents' occupalkion and education to
estahlish the socio-economic stalus of pupils in schools
in the Mmabatho area.
after studying this material it was decided te facus on
five clusters of itemg relating to:
1} Parents' education - both fathuir and mother
2) Parents' cccupation - kind of work done by each
3) House Jes¢ription - type of house, number of rooms,
latrine

4) Basics such as fuel, light and water
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5} Luxuries such as post office box, radio, newspaper,
television.

Qther items commoﬁly incgluded such as family ir .me,
type of food caten were omitlted afler a close study i
the guestionnaire used by Kiely (1983) to measure S.B.S.
among students in Bafokensg High Schonl. It was decided
to award B poinls in each of 1he clusters given abhave
but since the literature placed such emphasis on
parents' education an extra 2 points were given for it

making a teotal of 42 points as given in Table 7.1.

Table 7.1. Scoring for each cluster in S.E.5. instrument

Cluster Items Scoire

1) Parents' education .eeriveancnnas 10

2) Parents' ocoupabion seveviceserns 8

3) flouse description ..c.cviearacean 8

4) BaSiCS sevierrorrcorvronnsrasanvon 8

5} LUXULIES svesnsncrionsenascnnanns i}
TOTAL SCORE vvsvevsvorsnsnvssnaes 42

The higher the score the higher the level of socia-
ecconomic status of the family. Maximum score was 42 and
mininum was 0. The questimnaire used is given 1n  Ap-

pendix PF. Item 4 asked whether parents were alive or
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not and Item 7 asked where the parents live. Neither of
these wag included in the scoring because the scorers
could not reacli agreement on the marking of these items.
Item 22 asked who ig the hreadwinner of the family and

item 23 asked who is paying the school fees. These
items also wers not scored hecause a considerable numbi -
of students misinterpreted the questionz and gave such

answers as "brown bread", "my little hrother” and other

apparently nonsense answers respeclbively.

7.2.3. 8coring of answers

The three scaorers met together and after conciderable
debate agreed on the followins system of scoring for

each cluster.
cluster 1: Parents' educalion -~ father and mother
scored separately with 5 peints each bo pake o waximum

score of 10.

Tabie 7.2. Scoring for parentg' education

STANDARD Score
10 (makrig, Linal year of high school} ....... 5
8 (old junior certificatue) siviceriesnrviares 4
f {0ld primary certificate) .vevveeasscersian 3
4 {final year oﬁiprimaryi crrtseassrs et eenn 2
no schooling .,........;..~..................... 0
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In the present system of education 1in Bophuthatswana,

standard 4 is the last year of primary sclu

7 is the last year of middle schoal and standard

1,

standard

10 1is

the last year of high school. The system was only in-

troduced in the cighties and mosl of the parents

woutd

have done their schooling under the old system in which

primary . nshed oL #tandatrd 6 and junior

finishe . standaid 8,

secondary

Cluster o3 Parents' occupation - father and mother

gseored separately with 4 points eazh.

Table 7.3. Scosing for Parents' Ocoupalion

OCCUPATION SCORE -
PROFES3ION: purse, Leacher, supaerviso)ry,
self-employed as shop owner, taxi owner,
witchdeotor elc. ] 4
WHITE COLLAR: «lerk, secretary, cashier,
galesman, librarian, security 3
SKILLED: mechanic, driver, carpenter et;:m—v—w""~— h 2
.mSEMI—éQILLEQ: mine~worker, bakery,>;;otnvy, o

garage worker eta. 2
LABQURER: domestic, garden bay, farm worker,
petrol attendank, kitchen girl steo, 1

. )

UNEMPLOYED:
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This classification wag easy in the sense Lhat the list
of occupation categories is fairly standard in research
of this kind. For example Lawrence and Roodt {1984, P.5}
used the same categories in another part of Bophulhat-
swana. But the difficult part was assigning actual worxk
done by the parents to the various categories. - Meanings
of terms such as "garage worker", ‘“mechanic”, "pehrgl
attendant” are specific to particular kinds of -jobs as
the laocal people use such terms.
The criteria used by the scorers in the above cd¢lass--
ification were:

ti) respect within the cowmunity

(ii) salaries earned in thal job

{iii} education level reguired
There were 3ome Jjohs that .did not Fulfil all three
categories but if kwo of the three were satisfied then
it was regarded as sufficiant. A case in point is the
work of the "witchdoctor" which was eventually given a
seore of 4 because of the money earned and the respect
of the local community. There was a number of awm-
bignities in the ans.ers such as “taxi man", this conld

4 points, or, driver = 3 points; and

mean ownex
"builder" conld mean brick-layer = 2 gpoints, oY,
labeurer = I point.; and "mine~worker" could mean a great
variety of jobs from clerical work Lo sghovelling rock

undergronnd. In many instances Familiarity with the lo-
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cal scene enabled one cr other of the scorers to inter-
pret some answers; as for inslance, the bay whoe wrote
"mine-worker"” for his father who is really the principal
of the Mine Nursing College, and therefare was awarded a

score of 4 instead of 2.

Table 7.4. Sgoring for family house

I

CUESTION [ ANSWER SCORE
Q.12 Type of house: brick house 3
mud hut 2
gin shack 1
no house 0
Q.13 Numbher of rooms: 8 or mare rooms 3
5, G, or 7 rooms 2
2, 3, or & rooms 1

just one room ov

curtain divides ]
R.16 Kind of lairine: . adoor flush lLoilet 2
pit latrine 1

none 0
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Cluster 3: Home in which the family live. There were
three items in this category ~ type of house, number of
rooms, kind of latrine. Eight points were scored, 3
each for type of house and number of rooms, and 2 only
for latrine because almost all had pit latrines.

Again this classification would not be suitable for
othar areas. There is nu sewage sysktem in.Phokeng and
ajimost all houses use a pit latrine. The number of
rooms is very large and it reflects the African tradi-
tion of having a compound of many smazll huts used mainly
for =sleeping; while the cooking, washing and other
chores were done outside in the yard ("lapa"). In a faw
cases even these straightforward questions were not un-
derstoocd by some students as in the case of one girl who
claimed her home has 2861 rooms! In all cases where the
question was not anhswered then 0 pointsg were scored for
that gquestion.

Clugter 4;: Basics for a house, Three items were con-
sidered to be basic for any house namely water, light
and fuel. Eight points were scored, 3 each for fuel and
water; 2 for light, because almost all used candles for
light.

There were very few problems with this category, Some
students did not properly understand the term “fuel” and
thought they were being asked what they used for cooking

and answered "sunflower o0il" or some such.
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Table 7.5. Scoring for fuel, liqht and water

QUESTION NUMBER ANSWER SCORE
0.14 (Fueli Electriciky 3
Coal or Gas Stove 2
Paraffin/Primus Stove 1
Wood fire 0
Q.15 {(Light) Electrigity/Generalor 2
Gas lamp/Paraffin lamp 1
Candles ¢
Q.17 (Water} Indoor running walter 3
Qwn pump 2
village punp i
River 0

Cluster 5: Luxuries for family. Four items were scored
in this category, with two points each, to make a total

of 8 points.

There were no disagreements between the scorers about

the scoring in this cluster.
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Table 7.6. Scoring for luxury jtems

ITEM ANSWER SCORE
Q.18 (P.O. Box} Yes, and can give the nurmber 2
Yes, but don't give the numbe: 1
No, or blank 0
Q.19 (Radio) Listen, and can name the station 2
Listen, hut can't name the station 1
Doen't listen to radio (¢]
e 20 [Rewspapen } Family huys aue cvery day 2
Family buys one weekiy i
Don't buy a newspaper 0
Q.21 {Television)| Wateh T.V. every day 2
Watch T.V. sowetimes 1
Don't wateh T.V, 0

7.2.4. Validity and Reliability

3
The instrument wag designed to measure socia-economic

status of the families of Standard 7 students in the
Bafokeng region, The categories were designed specifi-
¢aglty far this research by the researcher using sources

described earlier. The scoring was done by the
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researcher, G. Boswell and G. Mompei. Interascorer

agreement was 100%. 9.4, n.5, .6 and Q.7 were used to
measure consistency of response behaviour.
The number of students who gave self-contradictory
responges Lo these guestions was counted and expressed
ag a percentage of the total number of students.
The validity of the S.E,.8. instrument rests on bthe tri-
angulation technigque used to collect materiz from a
numbey of different sources. Three saurnes were usged in
this section:
{3) tﬁe 8.E.8. gquesticnaire as shown in the appen-
dix F
{ii} the interview of the sawmple of 60 students
during which they were asked about their homes and
families; at the same time observations were made by
the researcher on the guality of clothes, shoes,
watchesg of the inkterviewees which provided clues as
Lo their economic status.
{(iii} the knowledge which the three scorers had in-
dividunally of certain families - approximately 10% of
the population were known to one o¢ ather of the
scorers and the resuits on the questionnaires gave a

true picture of the S.E.83. ¢f that family in the

opinion cf the scorers.
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is given in Figure 7.1.

Fig. 7.1. Freguency Distribution of S.E.S. scores for

the total population.
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wWher we consider

Only 65 ie. 12% scored 29 or above.

how tihe scoring was done Lhis shows that the population

as a whole could be described as "not well off”.

being scored ingluded house,

Ttems

light, water, electricity.
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toilets ete and in these ikems the students® hones are
far below what might be expected for a centre like
Phokeng on whose tribal lands the richest platinum
deposits in the woarld avre mined. Tu fact it can he
stated that the populatiorn in general vrepresents third
world conditions.

Again for parents level of edugcation and employment the
standards are low and the parents of many stundents have
had no schooling and are presumably illiterate. The
majority of the mothers who work outside their own homes
are employed as domestics or “"kitchen girls". A large
number ot the fathers work as “semi-skilled" (ta’
euphemism for builders mates, petral attendants,
¢leaners ete) or, as labourers or "garden boys". There
was some difference between Lhe schools on the S.E.S.

ingtrument.

rable 7.8. Average Scores in S.E,S. far each school

SCHOCL N AVERAGE SCORE STANDARD DEVIATION
Keledi 301 19,6 6,2
Matale 157 24,5 §,1
Mafenya 126 20:0 4.6
Total 584 21,0 6,2
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The averages are given in Table 7.8. The students at
Matale have the highest S.E.S. of the three schools and
those at Xeledi the lawest. A partial explanation for
this is to be found in Lhe geographical location of
these two schooly as dicussed in chapter 8 and shown in
Figure 6.1, of chapter 6. Matale school is in tLhe
centre of Phokeng and surrounded by well established
families. TIn contrast Keledi is at the eastern houndary
and nearby are the "poor" settlemenks of Lefaragatle and
Bobuantsha whose people are for the larger part not
belonging to the Bafokeng and might even be classified
as squatters.

The difference between the schools in S.E.8. will be
taken up again 1in the next chapter. The correlation
coefficients were calculated using Speavman's corvela-
tion covefficient:. The coefficients for $.E.8. and maths
marks for each school and for the total population are
given jn Table 7.9. The coefficients for S§.E.5. and In-
terview scores taveraged for the five jicture problenms)

are given in Table 7.10.
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Table 7.9. Spearman Carrelation Coefficient for

maths/S5.E.S

SCHOOL N r SIGNIFICANCE
Beledi kikE 0,055 none
Matalae 157 -0,014 none
Mafenya 126 0,122 none
Total 584 -~0,029 ) none

There is no significant correlation hetween maths wmarks
and S.E.8. scores obtained from this instrument. This
finding runs contrary to previous research in developing
countries quoted in chapter 5, section 3.4.5. Schietel-~
bein and Simmons {1978) fowad that out of Ethirteen
gtudies on 8.E.S. ten found it a predictor of scholastic

achievement.

This finding raises guestions abeut the validity of the

+

measuring instrument for S8.E.S. and of course the
validity of the maths marks. It has been pointed out in
section 7.1. above that Lhe maths marks of the total
population are too low {(mean mark = 28,6%) and the dis-
tribution is so skewed (median marlk = 26%) that meaning-
ful analysis for correlation purposes using these marks
ig guestionable. A total of 266 out of the 584 students

scored less than 25%. In Bophuthatswana all such mavks
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are given symbol B and are not counted towards a

candidate’s aggregate mark.

A second set of correlation coefficients was calculated
using the picture probhiem score as the criterion of

success at maths.,

Table 7.140, Correlation coefficients for picture

problem scores/S.E.S.

SCHOOL N r SIGNIFICANCE
Keledi 32 0,4582 p < 0,01
Matale 16 0,4720 p ¢ G058
Mafenya i2 0,3951 n.s,

Total 60 +0,433 P < 0,01

Using the criterion of pieture problem score a positive
correlation significant at the 0,01 level has heen es-
tablished between S.E.S5. and success in maths.

Lastly a conparison belween vhose students who scorved
high in the picture problems and those who scored law
was made by calculating averages of their S.E.S. scores
and this is given in Table 7.11. The overall average of
the group who are good at maths is 26,1 compared to 19,3

for the group who are not g .od at maths.
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Table 7.11. 5.E.8., Scores nf the twe groups on picture prablen

criterion

SCHOOL GOOD AT PICTURE PROBLEMS WREAK AT PICTURE PROBLEMS

N Mean S.E.S. sd N Mean $.E.S. sd
Score Score
Reledi 5 24 6.2 15 190 6,2
t

tatale ) 32 a.1 0 - -

Muafenya 4 21 4,6 4 24 4,6

TGTAL 15 26,1 5,7 19 i3 5,9

The “good alk maths" group has a higher 8:E.S8. average
than (he "notl good at mathe" group, except in the casc
ul Mafenya school. The conflict situalion degscovihbed in
chapf.er 6 befween tlhe mathg feacher and Lhe head of Lhe
maths depariment in this school way be Lthe mwajor con-
tributing factor to Lhis unespecled resuli which shows a
higher S8.E.8. score for students who are not good al
matlis using e picture problen eriterion, when compared
Lo students whu are good at matlsa using the same
eriterion. Tn gpite of Lhis discrepancy there is gtill
a 17% difference overall between the two groups. 'The
higher fhe 8.16.8. score fhe belter chance a stuwleunt has

of doing well in picture problemns. The iaplications of
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this are discussed in the next section.

7.2.6. Comparison of "good” and "poor" maths perfor-

mance on S.E.S, sgoies

When the students who scored & or B on the picture
problems were compared to those who scured D or E hy
taking the average for their S.B.S. =scores a mean dif-~
ference of 6,8 paints was noted. The average S.E.8,
score for those students who scored high marks in the
pictura problems was 26,1 whereas those who scored low
marks in the picture problems had an average S.E.S.
score of 19,3. The S.E.S. score was caleunlated from
patrents® education, parents' occupation, and ameneties
at the home. The good malls students came from better
off families, as indicated by these scares. The results
show that the "wood at maths” students are woconomically
advantaged  when compared Lo the '"poor al maths"
students. The influence of better 1living conditions
such as having more space in which to work, beiter
light, better cooking facilikies and the possibilitry of
greater stimulation from better educated parents all af-
fect how a student learns in school.

By comparison the students who performed hadl: in the
five picture problems came fyrom poorer and less well
educated families. Not only do they suffer from the
lack of stimulation provided by newspapers and

television, but their parents are less ednucated they are
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snable to understand what their children are learning in

school.

7.3. Dagree of westernization

7+.3.1, Introductiaen

Because of findings in the literalure rcferred to -
chapter 4 section 4.6. it was hyupothesised that _degree
of wegternization would cor.elate significantly with
mathematics attainment and therefore would shed some
light on success and failure in mathematics among the
Bafokeny, In the pilst study this was tested for a
small sample using performance in the standard 7 mathe-
matics examination as the criterion for success. The
reaulﬁs showed a high correlation for the matched groups
of girla but not for the boys. It was derided to
redesign the ipstrument in the light of regponses in the

pilot study and ke acfminister it to the whole

population.

7.3.2. Description of irnstrument

The categories suggested by McClelland (1975) for
analysing national character are: child rvraring,
political behaviour, religion, leisure, work, death, and
general . These were used to design kthe instrument used
in the nilot study. When the results were analysed it
was decided to redesign the instrument using eleven

categories as follows: Tswana name, discipline,
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religion, leisvre, role-identification, death, warriage.,
child-rearing, domestic work, government, and %“rivial.
Eleven clusters ¢f items were used relating to:

1) NRaming of new-born children with a "Tswana name"

2} Control and authority in the home

3) Religion as it refers to traditional medicine and

the ancestors {= badimo)
4} Leisure and how students spend their free time

Men's role and women's role

8. ]
——

6) Custowms in relation to funerals and death
7) Practices connected with marriage
8) ¢hild rearing
9) HBabits of ealing, washing and carrying
10) Government and 1role of the Kgotla (= local
government)
11} Trivial matte~s like how to walk and about danc-
ing )
It was decided to sceore 1 paint for each answer: thus ~1
point for what the scorers decided was a traditional
Tswana answer, and +1 for what was considered a wescern
style answer. These scores were then adjusted so that
the tﬁtal for each cluster would bhe the same as shown in
Table 7.12, abovs,
The scores could range from a minimuw of ~88 which would
indicate an extrewely traditior 1 fTswana family to =a

maximam of +88 which wonld indicate an exlremely west-

ernized family.
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Scaring in _each cateqory in the degree of western

ization guestionnaire

SCORE ADJUSTNT»T]
CT.USTER ETEMS {MAX/MIN) | FACTORCS.
1) Tswana name A's 1, 3, 5, 7 14/-4 X2
2) Authority Q9 +2/-2 X4
3) Religion o's 11, 12, 13, 14 +8/-8 X1
4) Lelsure Q's *5, 16 +2/-2 X4
5) Role Tdentification Q's 17, 18 +2/-2 X4
6) Death Q's 21, 22, 23, 24 +4/-4 X2
7) Marriage Q's 26, 27 +2/-2 X4
8) Childrearing Q's 29, 30, 31 +3/-3 X2
8) Domestic Q's 25, 33, 34 +3/-3 X2§'
1) Government Q 35 41 /=1 X8
11) Trivial Qs 28, 32 +2/-2 X4
E. Ttems

The full guestionnaire is given in Appendix

number 2, 4, 6,

the zcorers ware vnable Lo agree on whatl

"tradit.ional® as opposed to "weslorn

a,

10,

Y response.

19, 21, were nob scored because
constitnted a

Naone of

the grestions wag mis~interpreted; however some students

showed lack of consistency in their vesponses to Q.6 and

0.7 saying
Tywana name

¢hildren to

contradictory responses for some of the

have onpe.

and then sayidng they do

L wish

ilems

t. eir

on the one hand thal everyvne should have a

s

Own

Several students also wmarked two

numbered
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21 to 35.

7.3.3. Scoring of answers

The researcher and the other two scorers agreed on the
system of scoring for each cluster ag given in 'Table

7.13 and following,

7.3.3¥1. Cluster 1 (Tswana name}

In the Tswana culture the so-called "Tswana name" ig a
very important tradition and is linked with ancestor
worship. In the families the new-born child is named by
the parental side and this is the name by which the
child will be known. This is not the case with other
tribes wha name the child from the wmaternal side.
Hovever even with the Tswana the maternal grandparents
will often give their own name and use this name when
talking to the c¢hild. Unless the husband chocres not to
exercisge his right tc name the child after his own side,
in which case the maternsl grandparents will gselect the
Tawana nawe, otherwise it is the +tradition for the
husband's parents to give a name {Appendix A No.6). The
name is seen to be effective in linking the child to the
ancestors, Most of the hnmes used in the Bafokeng
region are very beantiful. Some examples are "Mpho"
(¢ £t), "Pumelo” {Blessing), “rshepo {Hope},
"Letlhogonolo" (Happinegs). Some however are notk so

uplifting, for example "Matlakala" (Rubbish), "Gadifele®
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(Problems). One can cnly guess at the effect such a
name must have on a child,
Table.7.13e Scoring for Clugter 1 (Tswana name)
ANSHWER
ITEM QUESYTION =X ¢ +1
g.1 [Bave a Lswana Repeat

nane?

Yes & give it

Blark

English name

Q.3

parants to putiish the child Jy beating,

parents

not the Tswana tradition to talk aboui the wrong

although

just get angry and shout at the child.,

Who gave it? Grandparents Don’t know Anyone else
0.5 |Like it? Yes bon't know No
0.7 [Wish it for
own children? Yes ven't know No
PTable 7.14., Scoring for Cluster 2 {Authority)
l
ITEM | QUESTION STORE FOR ANSWER
-2 -1 0 +1 +2
Q.9 what happens corporal anyger blank { advice| deprived
when you do punish-~ . of pocket
wrong? meht money
7.3.3.2, Cluster 2: (Authority)
The traditional way for exercising authority is for the

some
It is

oxr to

discuss it with the child and this i=s geen to be a west-

exrn

cugstom which

families nowadays.

is however wmore coemmon among certain




Things like withholding pocket money or depriving the
child of some treat are seen to be ways of dealing with
an offence which some people have learned from the

television or from magazines.

7,3.3.3., cglugter 3: (Religion)

The witchdoctor's business is very prevalent in Phokeng
when the people seek solutions to problems. A mild form
of il is "go bereka lapa" {= to bless the house). In
this - exercise the wiltchdoctor visits the home and for a
small fee blesses the premises and the children as a
gort of protection for exanple before a child starts
going to schooi. For more serious trouble a traditional
ritual is carried out which may include the slanghtering
of a beast and ritual cleansing of all the family
members, Fewer people do this nowadays hecause they say
they are westernised. Estimates abont ghis are dif-
ficult to establish with reliability but the scorers
con ider 30% of families in Phokeng still practise at
lecast the wild form of witchdocotor's business. In the
regearcher's own experience the more drastic rituals
have been quoted as reasons for "ritual murder" of

children aud students in several instances.
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Table 7.15. Scoring of questions dealing with religion
ITEM QUESTION SCORE FOR ANSWERS
=3 -1 0 +1 +2
0.11 Who are the Dead Don‘t No such
badimo? Spirits people | Blank | kncw thing
9,12 Consulted .
-witchdoctor? | Often Yes Blank No Never
Q.13 Powex of Tell about Can Don't Cannot
witchdoctaor cnemies help Blank | know help
Q.14 How fawily Grand- church
deals with witch- parent Social~-
problems? doctor Kgotla | Blank Friends | worker

7.3.3.4., Clugter 4: (Leisure)

There is a greal contrast between students judging from
their replies to these guestions. One boy says he
spends his tiwe working with his father mending wooden
fences on the f£arm, another spends his time playing soc-—
cer and watching TV, One girl says she works around the
house and another girl says she spends her free time at
a disco drinkinyg coo) drinks. 'The former were judged to

be "traditional®™ and the latter "western”.
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Table 7.16, Sgoxing on cluster 4 (Leisure activities)

ITEM QUESTION SCORE GIVEN FOR ANSWERS
-1 o 0 +1
Q.15. How you spend Discussion Blard Reading,TV,
your free time? with friends, Play soccer,
Q.16. Pavourite singer? Sitimela.Sank { Blank | Brenda Fassi,
One, who sirgs Chicco, Western
traditional style pop singer

7.3.3.5, Cluster 5: (Role identification)

There was disagreement between the researcher and the other
two scorers about the.scoring for this category.  The re-
searcher considered anytning which was thought of as "hard
work" or work away from the home to be traditional for men,
and ‘“easy work" or work about the home to be traditional for
womean « The scorers disagreed and insisted that only work
such as building, cattle herding, fightin; and hunting were
traditional for men and only work in the howme was traditiomnal
for women. They considersd all formg of profeasional wark,
like nursing, teaching, shop keeping, clerical work, etc to
be nun-traditional and that was adopted for the scoring of
Q.17 and 4.18. A score of -1 wasg given for "traditional
work*; and +1 for "non~traditionai”, and 0 was scored when-

aver the guestion was not answered.




7.3.3.6. Clusters 6: to 1l:

Death, Marriage, Childrearing, Domestic, Government and
Trivial were preéented on the guesticunaire in the form
of fixed responses where the students selected a
response: -1 (it is good); 0 (don’'t know), +1 (it is
old-fashioned) as shown in Appendix E. The items were
given in the form of statements of customsg which are

common in Phokeng,

7.3.4. Validity and Reliability
Thig instrument was designed to measure cultural beliefs
in order to establisk the degree of we.ternization of
the students' fawmilies.
The sctoring was done by the researcher, with A. Segodi
and R. Khutsvane both local high scheol principals.
Only itemz on whic, the scorers could agree distin-
guishad between traditional and non-traditional were in-
cluded in the final scoring, The inter-scorer agreemeni
100%. The consistency of responses was based on
replies to Q.6 and 9.7 together with 0.21 to .35, If a
stndent wawn self-contradictory in any of these items it
was taken az unreliable and calculated as a percentage

as given in Table 7.17.
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Table 7.17. Congisteney of respongcs for degree of westernization

instrumant

5CHOOL CLASS NUMBER OF | SELF-CONTRADICTORY [ PERCENTAGE
! RESPONSES RESPONSES CONSISTENCY

Keledi | 7a 79 7 915
7B 73 13 82%
7€ 74 12 05%

70 74 G 92% ;

Matale (s 39 3 92% :
70 47 7 85%
7¢ 28 i 96%
702 40 0 100%
Mafenya 7A 44 6 B86%
7B 43 12 . 72%
7C 39 10 74%
TOTAL 584 77 87%

7.3.5. Results of the degree of weshernization

questionnaire
3ltogetner 584 students answered the guegtions on degree

of westernization although wnok all answered every
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guestion., The scores range from -54 to +56 while 43% aof

the scores lie

have negative

replies, which

Figure 7.2.
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A negative score indicates a traditional Tswana set of
cultural beliefs. A much smaller ngmber obtained posi-
tive scores on this test - in all 170 students, which
represents 29% of all those who answered. Positive
scores indicate a greater degree of westernization.
This shows there are considerable cultural differvences
within the population and that while the society is in a
statelof transition from “traditional” to “modern" the
old customs and beliefs are still deeply embedded in the
people. The freguency distribution is given in Figure
7.2.

The averages for each school and for the total popula-

tion are given in Tabie 7.18.

Table 7.,18. Averages and standard deviations for degree

of westernization .

SCHOOL N AVERAGE SCORE STANDARD DEVIATION
Keledi gl . ~9,7 18,1
Matale 157 -6,9 19.6
Mafenya 126 ~9,3 21,1

Total

Population | 584 -8,9 19,2
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In this test, just as in the S.E.S. Matale and Keledi
schools are mogt unlike. Keledi has the most negative
average i.e. students are more traditionally Tswana than
the others. It will bs recalled that in 7.2.5. above,
it was shown that Matale had the highest S.E.S. average
scores and Keledi the lowest. Dsing the modified for-
mula for standard error of difference given by Allan
{1982 ?,141) the mean scores given in Table 7.18 are rot
statistically significant at 5% level, and ne otper cor—-
relations can be érawn from these figures. Spearman’'s
correlation coefficient was calculated for the degree of
westernizaltion scores using separately the criterion of
maths mark and the criterion of average scores obtained
in the five picture problems. These coefficients are

given in Table 7.19 and Table 7.20 respectively.

fable 7.19. Spearman _correlation coefficients for

4
maths/westernization

SCHOOL 2} x SIGNIFICANCE

Keledi 3901 ~-0,072 none
Matale 157 ~0,001 none
Mafenya 126 +0,070 none

TOTAL 584 +},005 none
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Table 7.20, Spearman_corxelaiion coefficients for

picture problem scores/westernization

SCHOOL N T SIGNIFICANCE
Keledi 32 0,4954 p < 0,01
Matale 16 0,5023 p < 0,05
Mafenfa 12 G,3724 NS,
TOTAL 60 +3,4979 p< 90,01

There is a correlatioq {significant at the 0,01 level)
between degree of weskernization scores and picture
problem scores.

When the two groups of "good at maths" and "not good at
wmaths” students were compared using their respective
scores on the degree of wegternization t&sg a clear dis-
tinction emerged. Those who were good at maths scored
+9,1 average which is well to the right of the neutral
point and shows they are more westernized than other
members of total population for which the average was
~8,9 as shown in Fig 7.3. Thase who were not good at
maths on the other hand, averaged well to the left of
the neutral point with an average score of -16,8 showing
they are more traditional than the average of the popu-
lation and very much move traditional than the group of

good maths students. The {igures are given inh Table
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7.21,

Table 7.21. Average Scores of "good" and "not qgood at '

maths” on deqree of westernization

SCHOOQL GOOD MATHRS STUDENTS NOT GOOD MATHS STUDENTS
Total west Total West
ernization ernization

N Scoxe Average N Scare Average

Keledi 5 +27 +5,4 15 ~253 -16.9

Matale 6 +68 +11,3 0 - -

Mafenya 4 +42 +10,5 4 -56 -16,5

" Total
Population| i3 +137 +9,1 19 -319 -la,8

The Qdifference between the two groups on the degree of
westernization scores is statistically significaent at
the 1% level. although Mafenya students‘differed from
Keledi and Matale in their S.E.S. scores they followed
the same pattern as the other two schools in their
degree of westernization scores. The "good at maths®
students £from all three schools are more westernized
than the “"not good at maths" students.

The degree of wezternizaktion scores for the two groups
of students who (i} scored A or B {(i.e. 7 or above) in

the picture problems and who (ii) scored D or E (i.e. 4

or below) in the picture problems were compared using
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the chi sguarsd test.

Positive scores (= westernized} were ftaken as high
scores and negalive scores (= traditionai Tswanal were
taken as low scores for the two groups.

Since the esipected frequencies ware less than 10 in
three of the cells,Ulls Yates's correction as given by
Levin {1973 £.194) was applied. fThe result yielded X* =

11,4 which is significant at 1% level (p < 0,01).

7.3.6. Comparigon of “good” and "poor” maths perfor-

mance using culture scores

The scores of the 15 students scoring A or B on Lhe pic-
ture problems were totalled and averaged and the same was
done for the i students scoring D or E. These figures

are given in table 7.22.

Table 7,22. Aaverage of culture scores

MATRS PERFORMANCE SYMBOLS N TOTAL SCORE | AVERAGD

“good" A or B 15 +137 +9,1

“poor™ Dor E | 19 -319 ~16,8

From this table it can be seen that there is a con-
siderable difference between the two groups when com-

parcd on their sceores obtained in this questionnaire.
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The degree of westerunizatian was being measured in this
gsection. The maximum pog cive score was +88 which would
indicate a non-traditional and more western set of cul-
fural bheliefs. The minimum negative score was ~88 which
would show an opposite set of beliefe, described hers as
traditional Tswana. The chi sguare& valne for correla-
tion between degree of westernization and picture
probiem gcores was 14,0 for N = 34 4f = 1., Thig figure
ig significant at the 0,01 level.

This figure shows that the "good at maths” students are
gituated to the vight of the neutral point represented
by zero and they are more weuternized when compared with
the “poor at maths" students. The latter are situated
to the left of the neutral point and are more tradi-

tionally Tswana in their beliefs.

1}

figure 7.3, The continuum of cultural beliefs
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Point X on this line shows the position of the "good at
maths" students, Point Y shows the position of the
"poor at maths" studentz. It was decided at this stage

that the investigation had to be deepened in order to

~understand why students with good waths performance in

the plcture problems were more westernized Lhan those
who perf~.med orly in the picture problems. This 4is

Jdone in .4. below.

7.4. Relationship ketween culture and performance in

mathenatics

7.4.1. Introduction-

It has been established above in gection 7.3, that cul-
ture as measured by the degree of westernization instru-
ment  is significantly vrelated to mathematical
performance. The question now arises as to what id the
nature of this relationship. The ﬁetho&ology of this
research is illuninative and pursuing ihis line of re~
gearch it was necessary at “his stagr to return to the
literature in order to find gui.: .nes for deepening the
investigation. Two major lines of approach were thus uun-
covered as to how culture might affect mathematics
performance: (a) language and (b} perception.

In +he analysis presented here these two aspects of

Trwanra culture were further investigated. In the sec-

“+ian on language Setswana was first examined for words

nsed to name mathematical concepts and secondly the use
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of Setswana by students and teachers when studying math~
ematics was looked at. The results of this investiga-
tion intn how language may affect mathematics perfor-
mance is given in 7.4.2, and perception is dealt with in

7.4.3.

7.4.2. Language

Language is sometimes thought of simply in terms of its
communicative function between individuals kut Skemp
{1979) arong other: reminds us that w . has to be com—
municated must first be Dbrought to conciousness in
reflective thought apd for this we need not just a col-
Jention of words but a language. {Skemp 1979 Bp.159).
Bernstein has carried out sone deep investigations into
the functions of languége which he claims include:
regqulative, instructional, irter-person:il and imagina-
tive (1971, P.15;. FHe was soncerned with the scciology
of language and he couceptualived the fuauctions in terms
of ecritical primary socializing contexts. He used the
term "code" for the regulative principle which centrols
the form of the language (ibid}!. Sone of the literature
concerning lunguage has been reviewed in section 4.7. as
part of the pilot study, In the present. gection only
the influence of language on mathematics will be dea’

with.
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7.4.2, 1. Literature

In order to understand the connection between li) guage
and perforpance in mathematics it was necessary to
return te the literature and te look at whakt other re-
scavchers had found.

In a study on Zulu children, Guma (1882, p.3) notes that
language is a problem for educators in South Africa be-
cause of the overcrowded language curriculum in tha
schools where three official langrages must be taught.
1l'e cousitrizting effect of this requirement was recoq-~
nised in Bophuthatswana wbere the national DCducation
Commission of 1978'recommended that only two languages
be gompulsory (p.72 Arvt. 2.:.), Over ten years later
the common practice . in the high schools is still 50% of
class time given to language teaching. In the middle
schools it ig a little less and varies somewhat from
schonl to schoodl. But time spent at Tswana, afrikaans
and Bnglish takes up not less than 4u% of class teaching
time., .

in spite of the considerable time spent on language,
certain reseavchers nuch ag Guma (1982, p.7) apd Michan
(1978, p.22) can still claim that wost African students,
and zZulu children in particular, perform poexly in
schosl due ta lack of language proficiency. Vigser and
other writers in Matlbasedi ~ the cducation bulletin of
UNIBO - state uneguivocally that a poor mathematics

reading ability is one of Lhe biygest drawbacks to
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success in mathematics in Bophuthatswana (1988, Vol.7,
p.28}.
It would not be true to say, however that there is
general agreement in the literature that the use of more
than one Yanguage i school is aitogether bagd
educationally. Diaz (1982) revisws the research into
the impact of bkilingualism on cognitive development. He
lists. the beliefs that have arisen either through
popular notions or based on poorly designed research
that failed to control for confounding variables such as
actual knowledge of language »r £.E.8. status. Diaz
lists these heliefs thus:
that children who are instructed bilingually fx<n an
early age will suffer cogn.tive or intellectual
retardation in compariten with their meno.ingually
instructed counterparts; they will not achiwe the
same level of content mautery or z.oceptable . .ngus e
skills; the majority witl become anomiv individua.is
without affiliation to either ethnolinguistic group
{Diaz 1982 p.25).
Diaz rurther claims that in the literature there is con-
siderable support for the opposite view that instead of
hindering, bilingualism actually promotes cognitive per-
formance and that childyr:n's bhilingualism ig related to
pusgitive cognitiva gains.
One of the most active workers in the study of the af-
fects of bilingualism was John Macnamara. He reviewed
22 gtudies in which attainment in arithmetiec which in-

volved computation only was researched (1967, p.74).

Macnamara had done his dogteoral research on bilingual
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problems in Irish schools and he clarified the concept
"bilingual” by distinguishing between the relative
ability of children in each language. In Ireland, fox
instance, most ©of the c¢hildren use English in their
homes but the mediwm of instruction in schools is often
Irish. Macnamara suggests that Bnglish is the
"stronger” language and Irish the “weaker" 1language in
this case. The same situation obtains in Bophuthatsw. a
where Setswana is the stronger language because it is
the home language and the preferred language £or com-
manication in the playground among the students and in
the staff room among the teachers. But inside the
c¢lassrcom the medium of instruction is English which
must be regarded as thel:weaker language in this
sitwation. Prior to 1976, schools had no choice in the
matter of medium of instruction and the official regula-
tions reguired that half of the instructiop be given in
+he medium of Afrikaans and half in English. After the
schoal riots in Soweto and elsewhere this ragulation was
removed and schools are now free to choose eithex
Englisit or Afrihaans as the medium of instruction.

In Bopbhuthatswana the National Education Commission of
1978 decided to use English as the mwedium for all
schools from standard 3 upwards (p.51, Art 5.2,). Mac~
namara (1967, p.125) reports that his own research find-
ings show that the prohlem-solving ability of bilingual

children is poorer when informatior- is supplied in their
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weaker language even though the components of the
problem are separately understood. As already pointed
out in <chapter 4 section 4.7. other researchers used
different classification systems from thalt of Macnamara.
Thus Ferguson (185%) referred to H and L language types.
B signified language associated with high culture and
was usunally used with religion, education and other
aspects of high culture. L onr the other hand referred
to language used mainly in conjurction with evéryday
pursuits -~ the so-called low cnlture {Serpell 1976,
p.639), Serpell adds that L code is what a child first
learns at home and only at school does he learn the H
code. This observation led Young (1977) to use the
texrms "village knowledge® and “school knowledge”. In
the case where the school medium is a s=cond language
then a tremendously complex situation arises and there
is often an enstrangement between th% culture of a
child’'s home and what he learns at school {Serpell 1976,
p.64). Siann and Ugwuegbu (1980, p.208) put forward the
hypothesis that one seriouns resnlt of the lauguage con-
fusion is the creation of two seperate realms of
knowledge. They used the terms coined by Young 1977,
p.25) guoted above:-

(i) "village knowledge" which covered things like family

and traditional eccupations about the home
{1ii) “school knewledge" which concerned arithmetic,

science and how people lived in other countries
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Young (1877) found his subjects were favourably disposed
to the Lype of knowledge typical of scnools because it
enabled people who gained it to be free of the con-
straints of locality, tradition and village iife. This
favourable attitude to mathematics, becawvse it held the
key to freedom from drudgery and hard physical work, was
also fcund ia the present research among the standard 7
students in the Bafokeng region. From 584 repl s to
the question: why do you wish to study maths? 374 gave
reasons associated with yood jobs, easy work and future
careers.

Another interesting claim made by Si.an and Bgwuegbu
{1980} is that school knowledge is based on "disembedded
thinking® which can be measured by an embedde} figures
test as described in <chapter 3, section 3.2.5..
Donaldson (1978) suggested that c¢hildren from homes
where such a style of thinking is encouraged are given a
good preparation for the coénitive and legfning tasks of
school (Donaldson, 1978 p.24). This latter peint sheds
some light on the relationships found in the present re-
search and presented in 7.2. and 7.0.3. of this chapter,
Both socioeconomic status and degreas of westernization
had positive correlations with mathematics performance
in the picture problems. These firdings may now Ha un-
derstoad belter when it is realised that cognitive style
promoted in homes of better-off children with higher

S.E.8, scorss than the average, predisposed these
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children to be receptive to school knowledge. on iLhe
other hand, c¢hildren from low S.E.S. groups are disad-
vantaged because their parents have little or no under-—
standing of what goes on in the schools and they may bhe
too tired from their own largely physical labours to
take the trouble to find out. Furthermore the lack of
stimulation Efrom newspapers and television all con-
tributes to the diffieunlties these children from low in-
come families have and all this nelps te deepen the rift
petween home and school. In chapter 6 im  the
transcripts of the interviews, one subject insisted that
Sun City was 30km's from Phokeng although the picture
problem clearly showeé 36kn's. After some questioning
tte Interviewer realised that the subject "knew" Sun
City was 30 ka'g from information gathered outside of
school - there was indeed a road sign on the outskirts
of Phokeng which said "Sun City 30". This subject was
confused by the confliet between schoo; knowledge as
represented by the picture problem and home knowledge as
represented by the real life situation. Other gubjects
did not have any difficulty here hecause apparently they
were able tu shut off their home knowledge and deal with
the picture problem as it was given to them. This is an
example of how these students whose homes promote em-
nedded thinking are advantaged in the school situation
as compared to others.

Another approach to understanding the effect of language



on learning is that of Bernstein. e became interested
in the process of cultural transmission during the time
he spent running boys' clybs in London. This interest
was further deepened When;teaching at City Day College
where most of the gtudents were apprentices. He.noted
the clash in the value system of the studenis and staff
and the lack of interest and short attention span of the
boys ' in most of the school work. On the other hand he
observed that these same boys could listen avidly for up
to 50 minutes to lectures on motor mechanics and other
subjects in which they were interested (Bernstein 1971,
P. 2 ~ 5). These o?servations led Bernstein into re-
search in the sociology of language and especially how
language can operate in social control. He proposed the
first step for linking meanings and their linguistic
realization was to distinguish between particularistic
and universalistic meanings. The f£nrmer are context de-
pendent and tbe latter are relatively context indepen~
dent (ibid P.14}. This important distinction provides a
basiz for understapding the éoor performance of some
students in the picture problems discussed in chapter 6.
Some of these students were nunabls to move away, in
their thinking, from their own lived experience and deal
with the hypothetical problems presented to them in the
picture problens. In his later work Bernstein further
developed the idea of codez {1977, P.136). His major

contribution to education is his work on elaborated and
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restricted codes which characterise the different socio-
economic levels of society and which can help to expléin
the relationship betwaen SES scores given earlier in
this chapter with poor performance in the pictufe
problens. In sections 7.2. and 7.3. above it was shown
that those students who performed well in the picture
problems had significantly higher BSES and Degree of
westerniza.ion zcores than those who performed badly.
It seems the latter group are closely related to
Berngtein's restricted code users., They operate best at
the concretely descriptive and narrative levels of com-
munication since these are more appropriate for their
i{ives than the analyfical and the abstract.

From Bernsfein's theoretical position it wonld then ap-
pear thot improved mathematics teaching and learning can
be promoted by helping studente move away from the par-
ticularistic into the more universalistic use of lan-

L s

guage which is oharacteriéﬁic of the elaborated code.
Abstraction and concept fcrmaﬁion iz seen as a major
step in this move and this must receive much more atten-
tion in maths classes..

The findings of many researchers such as Macnamara {1966
and 1967} quoted earlier, indicate that it is par-
ticularly in that section of mathematics where reasouing
ig involved that poor language proficiency hinders most.
This can be easily understood from the following example

of the difficulty experienced by students in the com-
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prehension of English recorded al: Bafokeng High Schosl
in March 1%88. The subjects were 211 doing Maths and
Science in their matric year. The topic beinrg taught
was aboui electric charges. The subject matter was
presented in the traditional way using the standard 10
physical science text book. Several demonstration ex-
periments were carried out including the one referred to
iR the question below, using a hand operated van der
Graaf generator. The class test on this section of the
science syllabus included one of the guestions taken
from a matric science wpaper (standard grade} as
follows:-
A light conducting sphere is hanging from a long silk
thread pnear the charged dome of a van der Graff
generator. The sphere is pushed against the dome and
released. What happens? Explain,.
out of 48 students who took the test 17 did not attempt
this question. 0f the 31 who 4id attempt it, only 16
showed they understood the phrase ‘'light conducting
sphere’' and 15 showad they did not understand that
'light' meant "rot heavy'. Examples of this lack of un-
derstanding were:~
... when the light strikes the dome the thread shines
+es the light will be burned ... the light is
reflected ...
From this it can be seern that only 33% of one matric

class counld read with adequate comprehension this par-
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ticular guestion taken from a fo;mer exam paper. it is
given here simply to illustrate the magnitude of the
problem students working in a second language esxperience
in their studies in school. For the record 13 of the 16
students who did wunderstand the gquestion were '"good
mathe students' from their matric results, 6 of the 15
who attempted the gquestion but did not understand it
properly were 'geod maths students' and only 3 of the 17
who did ne attempt the questiow were 'good maths
students'. What this example shows is that inability to
comprehend  written English can make it difficult if not
impossible for students to work a given problem simply
because they do nat understand what they are asked ce
de.

The standavrd of achievement in mathematics at high
school level is abnormally low and has given rise tc
grave concern as was pointed out in chaptexr 2 section
2,2.. Discussing problem areas in the acquisiti n of
mathematical concepts by black children in South aAfrica,
Michau (1978, p.22) suggests that it is not at high
school level ho&ever that the grounds Zfor the poor
achievement are established. The roots of the problem
would appear to lie in the cultural background of the
child and in his early school years. Michau goes on to
remark that the obvious way of discovering what maths
concepts exist in a cnlture is to examine the language

of that cuiture for words which denote such concepts
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(ibid}. Caution must be exercised especially by western
investigators who will tend to use the maths f£ramework
known to them and may cverlook maths concepts af a dif-
ferent kind which may exist in the other cnltures (ibid
p.23}). In spite of this warning the present research
must confine itself to the maths concepts used in the
schools since we are dealing with the attainment as
defined in chapter 2. It is necessary therafore to
limit +the investigation here to number concepts and it
must be left tae future research to find out what general
maths concepts exist in Setswana.

Two approaches to theAlanguage question were adopted.
The Ffirst one was to study the Setswana vocabulary and
common usage of words to find cut how numbers are named
and used in the language. The second one was to observe
students and teachers in a variety of school situations

and to record their use of Setswana relative to English.
L]

?7.4.2.2. Maths number concepts in Setswana

The chief topic of interest in this research was
'number?, It became clear in the interviews presented
in chapter 6 thet the group of students whe performed
poorly in the picture problems had difficulties in the
foullowing area<s:-
i) abstraction of number and understanding of the
number line:

)
1i) ability to carry ocut simple arithmetic computa-—
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tions with integers;
iii) selection of the appropriate cperation to solve
the given problem,

It was decided that a series of non-structured inter-
views with people whose home language was Setswana but
who could communicate fluently in English was the best
way to gather data. Ten euch people were interviewed,
the ten included 2 oxdained Church ministers, 3 high
schoel teachers, 2 middle school principals, 1 college
lecturer, 1 nurse and 1 social worker. The results were
cross checked until the researcher was satisfied misun-
derstandings had beeq cleared up and broad agreement had
ﬁaen reached. Consistencies in the replies of the in-
tarviewees was the sole criterion of the wvalidity and
reliabjility in this work. In middle school mathematics
the numbers stndied are those belonging to the system of
integers and rational numbers. .
In Setswana it appears that the number system is very
poorly developed and it would be impossible to do school
maths through the medium of Setswana. The following
facts emerged:-

1) There is a cumbersome system of naming numbers in

Sefswana e.g. six is ‘thataro' {literally ‘'big

three'),

2} Only the pogitive integers have words in Setswana.

3) These words for the positive integers exist only

as adjectives and are used only to gualify a noun and
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nevur on their own. e.g. 'setilo sele sengwe' = 'one

chair’, where the stem - ngwe = one, and ‘monna a le
mongwe’ = 'one man’ using the same ste-; twoness is
indicated by the stem - edi as in ditilo tse di pedi
= 2 chairs and 'banna ba babedi' = 2 men.

4) The same stems are used to translate such words as
‘a ¢ertain man' which is written ia Setswana ‘monna
mongwe ‘.

5) There are no negitive integers in Setswana and the
concept seems a very difficult one for the children
in school. Some attempts have been made to find a
Setswana eguivalent such as ‘nts.a lesome' for
"neyative 10" but all those interviewed 1. .2¢t this
kind of made up word which thevy say means, iiterally,
something like 'remove 10°',

6) There is no acceptable word for 'zerxo' although
'lefela' is sometimes used in school; . this word is
made from the adverb 'fela' meaning 'only' and given
the status of a2 noun by the use of the prefix le-.

If one wishes tn make a statement like ‘'there in no
person in the room' a Motswana will not use "lefela'
but rather 'ga gonna motho mo kamoreng'. Sometimes
"sépe' meaning ‘nothing' iy nsed. You cannot say
tiefela apples' there is no such concept in Setswana
as "zero apples”.

73 Rational numbirs don't exist in Setswana and such

words aa are used like 'utlha nngwe' for 1/2



435

literally mean the 'first part of the one' or "one

side', Others use 'seripa gare® =1/2, from 'seripa'

{= part) and 'gare' (= centre}l.

8) Some of those interviewed suggested that the con-

cept of ‘'oneness' is expressed in Setswana by

"bongwe' but it is not used for ’'one' on its swn., It

can be used in phrases such as:-

'bongwe ba pelo' = wholeheartedly, or 'bongwe ka

hongwe' = one by one.
Prom this discussion it can be sean that children from
homes where only Setswana is spoken have developed very
poor number concepts before they come to school and if
they are taught in. the same manner as children from
English speaking homes, they will hav. sericus dif-
ficulties in mathematics,
The above findings alsc help to explain the difficulties
experienced by some students in the number line problem
of chapter 6; some have not yet successfuily abstracted
the concept number and they saw no contradiction in
counting 36, 31, 32, 33, 34, 40, and skipping all the

integers hetween 34 and 40,

7.4.2.3. Preferred use of lanrguage

Because of his unique position as teacher as well as re-~
searrh:.r in the Bafokenyg region, the researcher was able
to carry out numerous observations of students and

teachers in the school sjituatiors as regards their
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preferred use of language. Two main funétions of lan-
guage have been identified above as communication and
thinking. Of these the first was easy to observe but a
number of occasions did arise when people could be asked
atout the latter also. The wata ¢« - given in tweo
sections: that pertaining to students firstly and then
that pertaining to teachers.

(a) Students' preferred use of language:

Over a two week psriod in October 1987 a group of
mived ability standard 10 students were 1revising
mathematics for 1 to 2 hours daily under the supervi-
sion of the reseacher.
They used a miiture of Setswana and English. The
téchnical vocabulary was English. For example, din
Geometry they used such words as congruent, similar,
tangent; in Trigonometry they always used the English
word for sine, cosine etc; in Algebra they used the
words like y-intercept, x-axis ekc in Engl;sh. But
verbs, prepositicns, commands and such-like were al-
ways in Setswana for example:
Bona! {look} triangle ABC e na le {(has) angles
tseped. two) jaaka {the same as) triangle DEF ... ga
di re {(isn't it so?) ...gongwe {if) X¥Z similar BDEF
then ABC similar XYZ.

There was no difference between good maths students and

students who were not good in maths in the manner of

language preference +that could be detected. During a
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one week period in June 1988 another group of mixed
abi1lity waths students were observed for just over one
Lour each day as they were revig ng for their mid-year
examination. They invariably used English for formal
raths rules but used Setswana when talking to each sthex
and working the question. As with the other group the
technical vocabulary was English. Cne small group of
three (all very good at maths) was observed for sevnral
minutes. They were revising the ’cosine rule' in
Trigonometry. They spoke to each other in Setswana but
they wrote out the proof of the rule in English. The
informal interview Qent like this:
I: What language do you use in talking to eacﬁ
other?
S8: We use Setswana ga ke re ... re e itse sentle
{(because we know it well)
I: Why do you write the probiem in Eng}ish?
S: We must do it that way for the exam.
I: What language do you use while you are. thinking?
8: We think in Setswanpa,
I: How can you write in Engliéh if you are thinking
in Setswana?
8: We are accuztomed to doing that.
all three were very definite in their clain to.be tﬁink~
ing in Setswana. others supported this claim but
qualified it to say they made use of certain English

phrases like "leave the apswer in surd form" but simple
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direct phrases were alwéys given in Setswana like:-

"Ke di 9 e se di A" {iLk is Q, it is not a). Two stin-
dents who were conside:ed poor in matliematics were using
a log book to find the cusine of 79 12%:-

Bona (look)! Cos ya {of) ninety degrees ke lis) zero

.+« mme {bat) cos ya ‘of) seventy-nine ke mo moleng

(it is on the line) o le (of) go lebagana (to look!

le (of} twelve minutes.

Not all the students claimed¢ to think in Setswana and
several - some good at maths and some not good - said
they used English only vher thinking abont maths while
still others said they zwitched from one to the other.
Here is an extract f;om an interview with two very good
maths students, both boys. They bhad been doing a
Trigonometyy problem using a mixture of 3Setswana and
BEnglish as other groups had done when one boy said:-

8: C is greater than ninety degrees

T: Why did you use English now like that?

S: I don't know

I: pid you have some special reason for it?

S: No .,. no reason ... I can say "C ke feta ninety
degrees®” (¢ is bigger than) but I use whatever
language I can understand ... I mix them

I: #Which language do you use when you aré thinking?

S: I use hath .. I mix them in my head

The other student disagreed and said he always thinks in

Setswana.
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From the material gathered it was concluded that as
regards communication the students prefer to use a wix—
ture of English and Setswana - the former for Lechniecal
vocabulary and numbers, the latter for common phrases.
No definite conclusian could be reached as to which lan-
guage the students used when thinking., No differences
were observed which distinguished good maths stoedents
from -poor raths students in their preferred use of
language.

{b) Teachers' preferred use of language:

Teachers as a group use Setswana when talking to each
other in the staff room ard in all exchanges outside of
the classroom, but iﬁside the c¢lassroom they adhere
strictly to the medium of BEnglish for all tle so-called
content subjects such as Geography, Biology etc includ-
ing Mathematics, Whenh addressing the students formally
as al: merning assembly they use a mixture of Setswana
and English but whan teachers ace speaki;g to students
informally or when students come to the Principal's of-
fice all the exc’.angus are in Setswana.,

The language used for morning assembly in Bafokeng High
School during a two week period in May 19688 followed the
patitern which is typical of schoolg in the Bafokeny
region. The Principal took the session for each of the
twa Mondays. He used both English and Selswana; the
formal greetings in Setswana; a pep talk in English;

somu: changes in the school timetable in English; sy -
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gestions and the importance of studying hard in
Setswana. He made fregquent use of some English terms
while speaking in Setswara sv'h as: Biology. week,
page, numbers, academic yvear, dates etc..

It was clear that as a general rule he used English when
making regulations and he used Setswana when appealing
to the good sense of the students and asking for their
cooperation. It was also noted that {he students were
frequently amused and 11ughed at some joke or other when
the Principal spoke in Setswana but never when he used
English.

On the other eight Qays of the two week observation
reriod two teachers used English only - one of these was
the sgenivor Afrikaans teacher and the other the senior
Setswana teacher. Both spoke fluently and were very
confident in their delivery. For the remaining ¢ days
the teachers used only Setswana. Pive of‘these Six were
junicr teachers and may have lacked sufficient self con-
fidence to speak in English. When questioned they =said
either that they were not aware of what language they
had used or elss that the children “could not hear
English niceiy" or "they understand Setswana better than
English“.

The hymns sung at the morning devotions vere sometimes
English, sometimes Setswana. There wag no obvious pat-
tern in the choice.

During the obhperved lesscens described later in chapter 8
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all the middle school maths Leachers observed used
English only, the children replied only in English and
of course the text-books were all in English, The cus-
tomr of using English only inside the ¢lassroom for for-
mal teaching has also been observed in all the lessons
which the observer has attended whether they be of
maths, science or biology by the staff of Bafokeng High
School or of student teachers from one of the Colleges
of Education or the University.

At Lthe in-service courses held in the Tlhabane circuit
of edncatior which have been attended by the researcher
in his capacity of maths lecturer to the middle school
maths teachers it was observed that only English was
used during the lectures whether the lecturer was an ex-
patriate or a Tswana person. As scon as the lectures
stopped, the teachers reverted to Setswana. When ques-
tioned about the possibility of usirg Setswana during a
maths class all the teachers present anéwered with an
unequivocal Not Two reasons were put forward for this:
one the Inspectors worn't allow it and twe, the syllabus

says BEnglish must be used in teaching.

7.4.2.4. How lanquage affected this research

There were three ways in which this research was af-
fected by language: selection of the sample for
interviews, comnunication with the interviewer,

reliability and validity of the measuring instruments.
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{a) In the original research design a 10% sample was to
be interviewed in order to “"talk through" the five pic~-
ture problems. It was proposed these students should be
taken on the basis of 10% of each class randomly cﬁosen
but to include equal nvmbers of boys and girls. in the
first groups randomly chosen it was found that ap-
proximately 30% of the students in the standard 7
classes were not sufficiently proficient in BEnglish to
enable them ko carry out the interviews in a meaningful
manner. Two alternatives suggested themselves:-~

{i) To use an interpreter. This was rejected because
of the new complexities the presence of such a thi:zd
person would introdﬁce, especially as the interpreter
wculd be required only for some of the students.

{ii} Te train a Hilinguwal interviewer, one who could
use Setswana for the interviews but who could be trained
in English and who could report to the researcher in
English. The requirements for such a per;on were not
only fluency in both languages but alsc some eaperience
in post-graduate research in education. Even if such a
person could be found, thexe was no finance available to
pay for a mipimum of 60 hours of interviewing as well as
the time reguired for training and reportinyg on the
findings. Rence this alternative was also rejectad.
Instead it was decided to adapt tie samplinél:procedure
by limiting the selection of students to be interviewed

to those who were either average or ahove average at
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maths and who in the opinion «f their teacher would be
capable of taking part in a meaningful exchange with the
interviewer.

{b) The interviews were conducted throughout in English
but provision was made to eaze the students inte that
language gradually. The persons shown in pictures had
Tawana names, they were represented as speaking about
themselves in Setswana and thus giving the essential in-
formation in BSetswana and only then was English intro-
duced by the question which was written in Engiish un-
derneath the picture. Cccasionally a subject stumbled
over a word or phrase but the interviewer's limited
knowledge of Setsw%na enabled these difficuléies to be
over.ome. Iin a few instances a subjeqt remained con-
pletely silent but opened up readily in English after a
few non—directive gquestions like:-

Ke mang? {(who is this?) O tswa kae? (whﬁfe has ha come
from?). There was no serious break-down in communica-
tion between the interviewer and subject apparent during
any of the interviews.

{c) The third problem presented by the language factor
was the one concerning the reliahility of the answers to
the measuring iunstr>uments administered to all the
population, Efforts were made to eliminate difficult
words @y running a pilot study and rewording whatever
seemed problematic, In spite of this a few words werse

still not understood, as became apparent to the markers
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during the scoring of the gquestionaires. Such instances
were cﬁunted and the figures given as a consistency of
response percentage in table 7.6. for the socioce..bnomic
instrument ana in table 7.12 for the degree of westérn—

ization instrument.

7.4.3. Perception

Az explained above twa aspects of culture were explored
to arrive at a deepey understanding of the relationship
between the variables reported in this chapter viz.
socioeconomic status and degree of westernization ~ with
the dependent variéble viz. mathematics performance.
Language was dealt with in section 7.4.2. above and now
perception is dealt with here.

In the picture problems of chapter 6 it became evident
that some students were unable to understand the
pictures. What they perceived and what the interviwer
intended were not the same. Some subjects were so con-—
fused by the drawings that for exawple in picture number
1 they were unable to do the guestion. In chaptexr 6,
section 6.2.3., it was reported chat 131 of the 60 stu-
dentg interviewed naid they thought the drawing of fhe
poat which was part of the road sign was for them the
tar road from Rustenburg to Sun City. When this part of
the picture is isolated from its context it is simply an
elongated rectangle. It was necessary to return to the

literature to see what other researchers had found and
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to find out if thare were some yguidelines for Ffurther
research which micht be done in the Bafokeng region.
Aunother perceptual problem was the tendency towards
literal interpretation chown especially by students weak
at maths. In the number line problem several responded
to the gquestion "What number is shown at A?" by insist-
ing "no number” which is the literal &ruth. In reponse
to the apple tree guestion, which showed only ore tree
with =ix applzs, several insisted six was the answer,
even though the boy said he had eight other trees just
like the first one.
It seemy this "“literal interpretation” is duwe to the in-
ability of nmany poor maths students to visualise what is
not actwally shown in the drawing,
7.4.3.1. Literature
Perception has been an important topic in educational -
psychology since it was first realised that a given
physical stimulus Aid not invariably prod&ce the same
effect within different individualis. What any one per-
son made of the stimulus depended to a large extent on
their previour experience, Different prople attach dif-
ferent meanhings to what they see or hgar. The word per-
ception can be defined in terms of a process:

Perception iz the name given to the human ability to

process, interpret and attribute meaning to the in-

formation received via the sensory system {Jordaan &
Jordaan 1989 P.329).

In chapter 4 reference was made to CGustalt literatuore
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and in the pilot study an attenpt was made te use this
approach to understand how the Tswana learn mathematics.
No usable data were generated and the tests described in
the pilot study were not used in the main reseaxch,

In chapter 3 the work of Witkin and others has been
reviewed in section 3.2.5. In 1954 Witkin published his
findings relating to perception of the upright and how
this varied am individuals. He soon began to  as-
saciate certain personality characteristics with the
manner of percephtion. Field dependence and field inde-
pendence came to be accepted as cognitive styles. The
relationship of field dJependence with c¢hild rearing
practices whicuh are épecific to a given culture were in-
vestigated by Wober (1366) Dawson {1967) Okonji (1969)
among others in eresscultural studies involving African
subjects., It was found that African subjects were more
field dependent than American or Euvopean subjects and
they scored lower on embedded figures tesés.

When it was found that mathematical aptitude correlated
positively with speed in embedded figures tests and that
field independent persons performed better in mathe~
matics than field dependent ones it seemed as if this
line of research could be fruitful in the present study.
But the research done by Wober (1966 and 1978) and
others in the seventies began to cast serious doubts on
the tests used, by claining they were culturally biased.

Furthermore it has been pointed out that perceptien is
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Just one cognitive function and care must be exercised
in extrapolation of findings in this function +to other
functions.
««s AL can be said that there is a body of evidence
suggesting that cultural differences in perception
may result in some part from adjustment of the
individual*s perceptuwal mechanism as a result of
frecuent exposure to certain types of stimuli.
Whather such an effect also influences psychelogical
functions such as memorization or classification of
stimuli which invelve to a large extent a subject's
deliberate participation is less c¢lear (. uregowski
1978, p.138).
In the eighties there has begun to emerge a new line of
investigation which concerns itself dJdirectly with
children's learning and now there is available a con-
siderable body of research findings on how children
learn mathematiscs., Lesh and Landau (1983, p.xi) could
speak about "a community of scholars which was beginning
to emerge at the interface of several branches of
psychology, mathematics, and mathematics education".
3
Several volumes containing reviews of research in this
field bhave been published (e.g. Carpenter et al (1282}
have uzed the interview technigue to find out how
children understood wmathematical concepts). Ginsburg
{1983) devutes a whole chapter to a discussion of
protocol methods in research on mathematical thinking
which were found to be very helpful iu Jdesigning the
present research. What has been happening is a move

away from educational psychology and a greater emphasis

on the individual learner. Research is now tending te
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focus on how Lthe child copes with a given situation and
the aim is not simply the advancement of theory but more
successful teaching and learning in the school
environment. This new approach can be summarised in the
words of Bishop (1983, ».197) as follows:-
«++ working in the field of mathematics education,
one sees empirical research as a way of shedding
light on curricula and pedagogical issues by collect-
ing data systematically, by interpreting those data,
and by reflecting on their implications in velation
to practice and to other research. The search is not
necessarily for consistent theory. but for alterna-
tive ways of construing phenomena and for ideas that
will enable us to derive  better tests, task
materials, teaching materiais and procedures, and
educational practices to enable more children to feel
successful and confident in mathematics (Bishop 1983,
p.197). ) .
It was therefore decided that for the purposes of the
present reseaxch it would be best to concentrate on the
practical approach in secking a deeper understanding of
what perception means for standard 7 students in the
Bafokehg region g¢:iappling with mathematics learning,
Therefore the work of Bishop in Papua New Guinea and
that of Gay and Cole in Liberia were used as the basis
for further study.
{(a} Bishop investigated the problems which students in
Papua New Guinea experienced with geometrical and spa-
tial ideas in mathematics and science. A special test
of fourteen items was developed containing problens
which involved diagrams and other visual representations

rommon in mathematics. There were included two-

dimensioral pictures of three dimensional situations and
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-the conventions of dotted lines, perspective ete (Bishop

1983, p.187). In analysing the results Bishop claims
that poor performance o:.many of the tasks was due, nol
to poar spatial skills, but rather teo unfamiliarity with
Western conventions. These conventions make the sup-
posedly realistic drawings we use, to be not instantly

recognizable by someone from another culture which does

not use these conventions (ibid P.193). This work has
shed considerable light on the difficultiez of +tisual
perception amoﬁg non-technological people. He iden-
tified one ability among others, which he termed “the
ability of interpreting figural information” and he sug-
gests it depends largely on learxning the conventions as-
sociated with drawings and other figural material {(ibid
P.184).
Deregowéki defines "picture” thus:
A picture is any surface pattern which is such that
it evokes an ambiguous percept, the ambiguity result-
ing from the mutually exclusive noticdns of the pat-
tern as it stands and of the pattern as a repre-
sentation of an object (Deregowski 1980, p.97).
In picture problem number 1 the pattern as it stands is
an elongated rectangle but what it represents is an
upright post,. All but one cf the 11 subjects who had
difficulty in interpreting the figural information were
poor performers in their overall scores for the picture

problems jie. they scored an average of less than four

out of ten for the five problems,
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(b} In Liberia Gay and Cole {1967} noted the link be-
tween the naming of a concept and the existence of that
concept in the Kpelle culture and not unexpectedly they
name only those geowetric shapes in common use in their
culture {Gay and Cole 1967, p.61}. Children are very
much influenced by their home culture and there is an
enormous problem in teaching a concept which is new to
the "culture. One reason for the difficulty must un-
doubtedly be traced to perceptiom. If a particular
visual stimulus, for example, a triangle, has no meaning
in a culture then it will not easily be the subject of a
perception for a person limited to that culture. Gay
and Cole (1976, p.57; state:

Perception in the culture is linked to the level of

complexity of the terms available in the language,
It will be shown in tlhe next section that the Tswana
have a highly developed level of perception of the con-

.

cept "circle" but a very poorly developed one of

Mrectangle".

The authors guoted remark that concept identification
experimen’s show that shapes named by nouns are more
easily recognised than shawes not named, and that learn-
ing invelving these shapes is uswally very difficult
(Gay & Cole 1967, P.6l}). From these considerations they
went on to investigate verbalization and learning by
designing experiments which they call "verbal mediation™

experiments. The apparatus used consisted of blocks
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which had two variable properties ~ length and colour sc
that the blocks could be either long ovr short or either
yreen or white. In the first series subjects were
trained in perceptual identification of colour and in
the second series the identification was shifted to
length. The guestion being studied was by what process
had the Kpelle subjects arrived at the solution to the
problem. The authors propose that it was either {i) by
learning two seperate respounses involving the absolute
properties of the correct bhlock in each pair or {(ii} by
learning a verbal label €for the correct type of
stimulus. The verbal label mediates the move from one
stimulus to the other (P.85/66). The authors refer to
the work of the Kendlexs (1964) who found that among
American children at kindergarten age fast learners
showed the .mediated pattern of verbal thinking whereas
slow learners relied on nonverbal thinking. The use of
verbal labels in the thinking process is‘a characteris-
tic of older children and adults. What the Kpelle ver-
balises and thow he verbalises it depends very much on
the degree to which the topic or problem fits into his
cultural framework (ibid. P.B88).

In order to explore in greater depth how perception af~
fects learning among the Tswana three experiments were
designed for this research. They were:-

1)} Response to a simple visual stimulws;

2} Knowledge of Setswana words to describe geometric
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shapes}
3) Organisation of data in a problem situation,
Details of these experiments and the findings are given

in the next section.

7.8.3.2, Perception Experiments

1) Response to a simple visual stimulus

it was hypothesised that stvdents'pevception of a simple
drawing would be largely influenced by Lhe mipd sek
operative at 3 given time during the school day. It was
further thought\ that students would associate the
stimalus with a given school subject identified with a
particular teacher. The stimulus used was a large
circle drawn on the blackboard in white c¢halk by the
teacher at the start of a lesson. The subjects were 188
gtandard 8 students. The instruction given was to write
on a piece of paper what they saw. The resulls are sum~

marised in the following tablet

Table 7.23 Studenis' reponses to circle stimulus

wWhat? THE STUDENTS SAW
CLASS SUBJECT N LANGUAGE CIRCLE | BaRTH | CELT, | OTHEL
8A v Maths 30 English 38 0 n
88 ' Geography | 53 | English 42 10 0
8¢ TR gy 56 | Gaglish 38 1 16
8D S¢;;;é;;._ 47 Betswana 43 2 1




Tl - -

The replias listed as "other" in the above tLable were
ball, balloon, egq. The vresullts confirmed the
hypothesis - a fairly large number of students thought
the circle was representing the earth att the start of
the Geography class and a somewhat larger number thought
it 1represented a cell at the start of the Bioloyy class
whereas all the students excepl one thought iiL was a
circle at the start of the mathematics class. These
nurbers are not as large as one might have anticipated
and it shows that a teacher cannot take it for granteqd
that his or her very presence in his capacity as the
teacher of a particular subject will be sunfficiernt to
bring the mind set required for the subject into
operation. However it was the replies of the 8D class
that yielded the most interesting results. Five dif-
fernt words were used each of which conld be roughly
translated as "circle" but on guestioning 3% was dis-
covered Lhat each word had a more precise meaning.

Bach word expressed circularity or roundnegs in a spe-

cial context as follows:-

a) round in the sense of a figure on a flak surface
e.g. the drawing of a circle in the sand on the
ground;

13} yround in the sense of a flat disc which can be
picked up e.g. a plate;

c) round in the sense of a ball having three dimen-—

sional properties e.g. stene, lupp of dough, fruit;



d) romnd in the sense of enclosing space e.g. cattle
kraal and even a hoxing ring;

e) round in the gense used in mathematics like a cirice
drawn on the board. This seems to differ from a)
above but not clearly understood by the rescarcher
and not well explained by those interviauwed.

The conciusion which must be drawn from these results is

that the concept of circularity is very well developed

amcng the Tswana,

2) Sebswana names for gqeometric shapes

Regearch into cultoral influences on  perception wes
carried out many years ago in Scuth Africa by Allport &
Pettigrew {1957} who studied how the Zulua language in-
fluenced perception of illusions among the Zuiua people.
Becauge the Zuin language has no wards for the concepis
sgualre and rectangle it was deduced thal these concepts
are unkhawn in Zulu culture. Itence the Zulu people can-
not eagily form a conception of sguareness and rectan-~
gularity ané are thus unable tu apply such concepts o
their perceptions {Jordaan & Jordaan 1989, P.367),

The guestion posed here was abcoul posgible words in
Setswana for various yeometric shapes which are common
in mathematics. Ten shapeg vere drawn on a page and
subjects wers asked to write the name in Setszwana and in
English begide =sach shape as shown in appendix H. These

were distributed to two groups (i) twenty-four male stu-
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d) round in the sense of enclosing space e.g. calttle
kraal and even a boxing ring;

e} ro~ ?ﬁ the sense used in mathematics lie a cirlce
drathén the board., This seems to differ from a)
abuve but not clearly uniderstood Uy the researcher
and not well explained by those interviewad.

The conclusion which must be drawn from these results is

that the concept of cireularity is very well developed

among the Tswana.

2) Setswana names for geometric shapes

Research into cunltural influences on perception was
carried out many vears ago in Scouth Africa by allport &
Pettigrew {1957} who studied how the Zulu language in-
fluenced perception of illusions among the Zulun people,
Because the Zulu language has no words for the concepts
square angd rectangle i ‘as deduced that these concepts
are unknown in Zulu culture. Hence the Zulu people can-
not. easgily form a concepltion of squareness and rectan-
gularity and are thus unable to apply such concepts to
their perceptions {Jortlaan & Jordaan 1989, p.367).

The guestion posed here was about possihle words in
Setswana for variois geometric shapes which are commen
in wmathematies. Ten shapes were drawn on a page and
subjects were asked to write the name in Setswana and in
English beside each shape as shown in appendix il. These

ware distributed to two groups {i) twenty-four male stu-
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dent nurses doing their second year af training at
Bafokeng Nursing College and (ii} sixky niddle schonl
student.s in Phokeng. The responses were scored one

point for each name and the scores are given in figure

7.24.

Table 7.24. Scores for names of qeometric shapeg by

adnli males

FREQUERICY
S8CORE SETSWANA ENGLISH
10 2 5
9 0 1
8 0 3
7 1 3
6 2 3
5 2 2
4 8 1
3 B 1
2 4 3
1 0 0
0 0 2
TOTAL RESPONSES 24 24
AVERAGE SCORE 4,2 6,0

Prom this table it Gan be seen that the subjects have
nore labels for geomatrie shapes in Engligh than in

Setswana.
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However when the Setswana words were examined it was
discovared that there were no specific words for the
shapes and the words were all derived from the single
word "lthutle" meaning "a corner". Thus "Rectangle" =
four corners. It nust be concluded that the concept of
rectangularity is very poorly developed in Setswana.

The same test was administered to a sample of 6C middle
school students drawn from 473 students. The sample was
composed as follows:-

One standard 8 c¢lass was drawn at random from four
classes and then the students were divided by the maths
teacher into students good at maths and students poor at
maths. Ten students were drawn atlrandom from each
group to make 20 sﬁandard 5 students, 20 standard 6 and
20 standard 7 students.

The purpose of thisg test was two fold: first to see if
there were significankt differences between good and not
good maths students at the mwiddle scﬁool level and
gecondly to see if there was any marked pregrsssion in
ability to name geometric shapes in ithe successive
standards.

The test was that shown in appendix H and consisted of
10 common geometric shapes which the subjects were asked
to npame in hoth Setswana and English. Marks were
awarded by giving one point for each correct word. The
maximum score was 10 for Setswana words and 10 for

English words. The average scores are given in Table
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Average scores for names of qeometric

shapes by middle school students

CLASS N SETSWANA ENGLISH

GOoaD POOR GOOB ) POOR
;td. 5 20 16 a0 57 446
std, 6 20 42 48 5l 50
sta. 7 20 32 15 83 43 i
from these results it can be seen that in all standards

for all groups the average scores in Bnglish are higher

than the corresponding scores in Setswana.

In std. 3 and std,

dents whon

§ the students in the group of stu-

their teachers consider to be poor at maths

scored higher averages in Satswana names than the group

3
who were considered by their teacher to ke good at

maths.

This was reversed in std. 7.

difference usgiag x*

average scores in BEnglish names for std.

but there

English names ir the std.

was”

big Jump

There was ne significant

in

7 class with the

S angd

test Dbetween the two groups for

std. 6

the average scores in

good maths

students average 8,3 compared to those poor in maths whe

only averaged 4,9

(p < O,

01},

There was no clear

progression frowm class to clags in the abilify

to name
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shapes.
Eight teachers were interviewed to help in the analysis
of the results and one of these said:-
These figures are not traditiopal among the Tswana
people. The old people wouldn't know any words for
them. In schools we have Just <nined woxds for
square and triangle but generaily we use the English
words (Appendix A No.l}.
In the light of the literature reviewed in 7.4.3.1. it
must 'be extremely difficult for most Tswanas to learn
these concepts because of the lack of these concepts in
their own culture. This is not to say that it is inpos~
sible for that would be to support the so called Sapir-
Whorf hypothesis which state: that the language that
people learn and use determines how they will perceive
reality (Jordaan & Jordaan 1989 P.4C1}. In the strict
application of this it was thought that if the mother
tongue didn’t have a wcertain concept then a person
couldn't learn that concept. in the experience of the
‘
researcher with the Bafokeng this is not true. People
can learn to see what others sea. Joxdaan & Jardaan
rephrase the Sapir-Whorf hypothesis thus:
The people of a particular culture formulate
intersubjectively, perceptual rnles which enable them
to make sense of reality and that these rules neces-
sarily €£ind espraession in the language of the culture
concerned {ibid:.
The fact which has been established in this szection is
that: the 2swana do not have well developed concepts for

rectangularity in their language. This makes it wvar-

ticularly difficult for them to learn these concepts in
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school.

3) Organisation of data

The purpoge of this investigation was to find out how
Tswana stvdents organise data in a problem situation and
to observe if there was a difference between *yood"
maths students and students “weak" at maths in their ap-
proach tn solving problems. Thirty-six small cardbcard
counters - measuring appfoximately 2 cms across were
prepared, three different colours and three differvent
shapes were used. The composition of the counters for
each tsst were as shown in table 7.26.

Other arrangements of assorted numbers of each colour
and assorted numbers of each shape were planned but the
implementation proved ioo ambitious for this research
and was abandoned. A separate sheet for recording ob-
servations for each subject was prepared %nd is given in
appendix I.

The =subjects were tested one at a time by  the
rasearcher. The instructions weret~

Here are some objects. Please arrange them in four
groups. I wish to give them to my four friends.

The subject was asked if the  instructicns were
understood, and they were repeated if necessary. It was
hypothesiged that differerces wonld gﬁerge betwaeen the
students who were good at maths and those who were not

good at maths in the manner they dealt with the problem:
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a) counting in one's, *wo's or some other way

b} s9rting by colour, by shape or some other way

) planning a strategy such as using arithmetic
operations, trial and error or some other way

d) recognising the goal state

e} checking the result by counting or some other way

Table 7.26., Arrangement of counters in the organisation

of data test,

TEST TOTAL NUMBER
NAME COLOUR SHAPE OF COUNTERS
all atl
3 blue squara 36
B blae 12
red 12 all sguare 36
white 12
C square 12
all klue triangie 12 36
circle 12
D blue 12 square i2
red 12 triangle 12 36
white 12 circle 12

It was intended to administer thig test to samples drawn
randomly from the middls schools. A small pre-test was
carried out on four standard 8 maths students drawn ran-
domiy from a class of 39 mathz students. The results of
thig pre-test were surprising. Oonly one subject was

able to do the task snccessfully withont aszistance.
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Two others managed after considerable guidance from the
vesearcher ang@ the £fourth became so fascinated by the
shapes as shown in figure 7.4. that he was unable to
conplete the task. all four took not legs than fifteen

minutes to finigh.

Figure 7.4. Pattern made by one subject in Lhe pre-test

~
-
ot

It was decided to abandon the testing of the mniddle
school studenlts becanse of the time faator and instead
to eoncentrate on standard 8 and standard 10 high schoal
stuwdents, For this purpose 32 sludents were tested.
These were drawn randomly from four groups arranged by
their malths teacher: boyg good at waths, girls good at
maths, boys poor at maths, girls poor at maths - four
students being drawn From each group to make up 16
standard 8 and 16 standard 10 students, The snbjects
were tested by Lhe researcher singly and the results arve

given in Table 7.27, and Table 7,28.
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Table 7.27. Performaﬁce of std. 10 maths students in

"organisation of data” test

GOOD MATHS STUDENTS STUNENTS POOR IN MATHS
BO¥S GIRLS TOTAL ROYS GIRLS TQTAL _,_
Successful* 4 4 8 1 2 3
noé sure ¢ i} 0 2 D 2
not able 0 [t} 0 1 2 3
TOTAL 4 4 8 4 4 8

In the case of the sixteen std, 10 students the task
proved a very simple one for the group of good maths
stndents although only one counted and divided by four.
The others distribnted the counters one by ane or in
two's into each of four groups and checked ab the end to
ensure cach group was the same, Of the eight students
who were Jjudged by their maths teacher to be weak in
maths only three were successful; two more were able to
agomplete the task after guidance from the researcher and
three were unable. These latter sorted the counters
either by colour or by shape into three groups and said

they eould nol distribute tliem to four people because

*Criterion for suvuccess in this task was the ability te

form four groups each with 9 counters.
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they only had three kinds of objects, These students
also took a much longer tine to do the task and they
spent considerable time at the beginning moving the
counters around bhefore dividing them into groups. TE
seemed they were unable to comprehend the problem; they
didn't seem sure of the goal state; and they had dif-
ficulty in devising a plan. None of them checked to see
if the groups were eqgual.

The same general result was obtained when the test was

administered to the sixteen std. B8 students but the

overall performance was poorer. The results are given

in table 7.28,

Table 7.28. Performance of std.8 maths students in "erganisation

of data" test

GO0D MATHS STUDENTS STUDENTS POOR IN MATHS
BOYS GIRLS TOTATL BOYS GIRLLS TOTAL
successful 3 1 4 0 1 1
not sore 0 0 1] 0 0 0
not able 1 3 4 4 3 7
TOTAL 4 4 8 4 4 8

only tLlhree of the boys and one of the girls from those
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good at maths were able to deal with the problem
successfrlly. They all used a trial and error method
distributing the counters one by one or two by two into
each of Four bundles until) finished. The three girls
and one boy unahle to do the task seemed to bhave the
common mwisinterpretation of what was required. Three of
them made nine bundles of four counters instead of four
hundles of nine counters. The fourth had no idea of
what to do. all the subjects in the group of students
poor at maths except one girl - and then only after
coaching ~ failed to make four bundles. The usual pro-
cedure of those who attempted any solution was to make
tnree bundles eithar by colour or by shape and leave it
at that. This group of students poor at maths differed
from Lhose good at maths nol only in their relative
ability Lo complele the task but in the tims taken,
theilr understanding of the instructions, their ability
to express thenselves in English and their apparent dAif-~
fienlty in reflecting an their own thonght processes.
Finally they seemed Lo have considerable difficully in
remenbering what the problem was about and they easily
gol sidetracked, by the colours or shapes or patterns.

In the 1lighlt of these results it ssemed more important
to pursue the difficulties experienced by those posr in
mathg and ton Lry to f£find ont why such an apparently
siwmple task proved so problematic. Scveral informal

discussiong were held with teachers and matric maths




students in Bafoksng High School and the following
peints were raised:-
1) perhaps tne students didn't understand the in-
gtructions in English
ii) perhaps the students were not interested in the
tagk which involved sguares, triangles and
circles - things which had no meaning for them
out-gide school.
The next stage in thes experiment was thevfore ta test
these hypotheses. firstly the instructions were transg-
lated into Setswana and the tesit then administered to a
group of std, 8 students poor in mathematics - all had
failed the std. 7 examinalion in mathewmatics and they
were not doing mathematics as a subject in std., 8, They
ware drawn at random from a class af §7. The results
are given in Table 7.29. Oonly one was successful, two

were unsure and five were unable to do the task,

Takle 7.29, Derformance of std.8 non-maths students

nsing Setswana

BOYS GIRLS TOTAL
Successful 0 1 1
Ungure 1 1 2
Not able 3 2 5

TOTAL 4 4 8




466

The results did not indicate that this line of enguiry
might prove fruitful. the first hypothesis was
rejected, and no further research along this line was
undertaken.

The second hypothesis concerned the nature of the ob-
jects used in the test and it was decided to replace the
three diffesent shapes with three different objects well
known teo the students and presumably of interest to them
- sweets, grapes and sltones were used. The resulls of

this test are given in Tabhle 7.30.

Table 7.30. Performance of std. 8 non-maths students

e e e

uging sweets etc.

BOYS GIRLS TOTAL
Successful 1 3 4
Unsure i 0 1
Not able 2 1 3
TAOTAL L4 4 8

The results show a considerable improvement and half of
the subjects were now able to make four bundles. No one
counted angd divided, One distributed in two's to each
of four bundles, two olhers digtributed ong hy one and
the fourth just made a rough bundle inte each of four

corners, then checked by counting and rearranged several
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times in an apparantly haphazard manner until they got
four equal bundles. The subject counted as 'unsure' in
i.able 7.30. made four unegual bundles ahd even when
gquestioned did nothing to check or alter the buandles,
The renaining three were unable to do the task -~ one
madé six groups and ancther snbject just said he would
divide them among his friends but would not show the re-
searcher how he would do that.

The conclusion™ drawn from the above tests was that the
nature of the objects used does make a difference to the
performance of the students weak at maths., Tt appears
that the improved performance <¢an be attributed to
greater motivation caused by increaged interest. What
is not clear however is whether this interest arises
from working at different levels of abstraction - the
sweets, stones and grapes being conctrete vbhjects when
compared to the sguares, c¢ireles and triangles which
represent for these students a higher level »f
abstraction. Pursuing this line of reasoning it was
realised there was still another abstraction in the test
namely the four friends who were to receive the four
hundles of objects. In real life it has been abserved
by the researcher that when a Bafokeng child receives
anything which he can share, such as fruit or sweets, he
dees so immediately. Now it was decided to see what ef-
fect the presence of four real peoﬁle wha could be

described as 'my four friends' waould make Lo the
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results., Four matric boys were recruited and instructed
on how to behave - they were toid not to saylor do any-
thing which might influence the behaviocur of the sub-
jects - they were simply to receive whatever they were
given and to r¢t .n it if that was requirved, another
eight students were picked al randum from another class
of 48 non-maths studenté ie. students who failed malhs
in the standard 7 examination. They were given grapes,
sweets and stones ~ 12 of each and instructed as before
to make four bundles so thal the four friends (now the
researcher puinted to the four boyu) could each get a
bundle.

The results are given in Table 7.3%1.

Table 7.31. Performance of std 8 non-maths students

uging sweets etc with friends present

BOYS GIRLS TOTAL
Successful 2 4 6
Unsure 2 Q 2
Not able ¢ 0 ]
TOTAL 4 4 8
The results show an extraordinary improvement. all the

girle looked carefully at the objects {seemed to be

classifying them mentally) then looked at the four
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friends and distribnted the sweets etc, directly to the
friends - twe of the subjects must have done a mental
division because they gave three of each of the
sweels,grapes and stones to the four friends while the
oth r ftwo distributed the objects one hy one. Two of
the boys also distributed the ohjec s ane at a time and
were successful. The remaining two boys ignored the
friends and played around with the objents for some Lime
before dividihg them inte four unegual bundles and then
gave a bundie to each friend.

IL was concluded from abuve that a major difficulty in
the earlier forms of this experimenlt had been the in-
ability of the students who were weak at maths to
vigualise four friends present to whom they could d&is-
tribute the four bundles of objects which they were
asked to make. Once these four were phyxically present
there was wo problem in performing the task becaunse now
they could act in a concrete sitnation. The final aab
in this drama was to repeat the experimenl returning to
the comnters of differeat shapes and different colowurs
and this Lime to have fanr friends present to receive
the Four bundles of objects. For this purpose 16 std, §
students were drawn at random from non-maths classes of

58 and 46. The results are given in the Talle 7.32.
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Table 7.32. Performance of std. 8 non-mathg students

using counters with friends present

BOYS GIRLS TOTAL :

|
Succesgsful 5 3 8
Unsure 2 2 4
Noil able 1. [\ 1
TOTAL B 5 13¥

This test was interrupte three times. Qn one occassion
the "friends" broke their rule of silence by telling the
subject whal the researcher wanted. On two other occas-
sions the researcher was called away in the middle of
the test. The khree subjects involved in these three
tests were not counted in the results. Two boys and one
girl ignored the four friends and made four bundles of
nnegual numbers and they were unable to explain what
they ware doing. They were counted as "unsure". The

other girl listed as "unsure" ignored the colour and

*The total recorded was 13 although 16 haid been tested.
The reason for this was-én interruption of the task when
the researcher was called away and three »f the girls
re ..1}ts proved unreliable due to coaching from the "four

friends”.
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distributed the countérs haphazarmliy 1o the four Eriends
and didn't check or seem Lo reélise she hadlmade bundles
of 10, 8, 6 and 12, She was &lso listed as "unsure".
¢ne boy seemed unable to comprelemni ana said he didn't
kuow whal he was supposed la dn The remaining 8 listed
as TsuccegsFul™ diskributed the counlters bo the four
friends one by ane and chenked Lhat the bundles were:
equal by uougting. The results show that the perfor-
nance af students wealk at walls is dramatically im-
prroved when four peoﬁle are present to reneive the fouv
hundles «f counters.

The sevies nff tesbs conducted in the iaveslhigabion inlko
how aluﬁénts organise data in a problem situnation led
the research into unforeseen areas., [ is now clear Lhat
what.  was done was Jargely exploarbory and needs
vertficakbion using moere rigorous scientific technigues
anl invelving larger numbers., None ouf this was possible
in Ihe pregent research dne Lo lack of faciliiies of
t.ime and financial resources. What zppears to he emerg-
ing is Lhat the studenls who are weak al malhs  are un-
able lo solve even a relatively simple problem at a
relatively low level of abstraction. The problem
reguired the subject to count the nunber of counters and
to divide by four Lo obtai: Four bupdlexs of counters.
in the more difficult forms of the leslt the subject  wag
vegurired bo firslt classify the counlers eilheyr by shape

or eoloar and then divide each class into four b .ndles.
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This proved an extremely difficult ask for the students
weak at maths, When counters were replaced by sweets,
stones and grapes there was a big improvement but it was
only when four people were present Lo whom the ohjects
could he physically given that most of the studenty weak
at malths counld do the task snccessfully. IL was cop-
cludaed "“at those who failed al the Lask in Lhe physical
abgene: ¢f cour peopie were unable to visnalise four
people svesent to whom Lthey could imagine themselves
giving the nbjects,

In concluding this segtion we mast return to the link
between socicoctonomic status and degree of western-
ization on the one hand, and perceplion on the other
hand. An important step in perception iz visvalisation.
The ability to hypothesise and to link abstractly
requires a previoua first step of being ahle to form a
mental image.

In the Lesls described above there was a vremavkable im~
provement in the performance of the atudeats weak at
maths when words "my four friends® were accompanied by
ihe physical presence of four people hecause now the
subject. was no longer relying on a visual image of foar
people but ecould deal with four real peocple. When vhese
four were not present a great difficulty was shown in
focussing on  the Lask. NHoth gacicecanonic statug and
degrec of wesLernization have a great offect on visnal

stimulation. In betier ofY hones which are more



westernized, there is a lot of visual stimulation com-
pared o poorer and more traditional homes. Tée visual
stimulation provides ‘he mental images from which
abgtraction can begin. one final word must be added
here about the total lack of pictorial material in any
of the classrooms visited by the researcher as will be
described in the next chapter., Of the twelve classrvooms
vigited the walls were conpletely bare apart Ffrom a
small class timetable in each of seven rooms and one

calender in another room and a small (a4 size page) pen~

cil drawing of a snail in another.

7.5. Conclusion and summary

7.5.1, Conclusion

From the material presented in thig chapter on sacin-
economic status and degree of westernization certain
pictures became clear which enabled us to digktinguish
between those students who performed well in the picture
problems compared to those who performed hadly. In lhe
next two sections the profile of a "good" and the
profile of 1 "poor" wmaths student will be drawn using
the data from the 8.E.8. and the Cultmre responses of

thoge students.

7.5.2. S.E£.8. Profile
{a) B.E.8. Profile of "gnod®™ matha student.:

Both parents are alivw and living at home. Both parents
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attended school up to standard 6 al least (6 of the 15
fathers and 4 of the mothers did std. l0). 7Tt is likely
that the father or the mother iz in a well paid Job such
ag nurse, teacher, supervisor, or skilled work and none
are labourers. The home is a brick house with 7 rooms
and there is a 50% chance that it has running water, an
indooy flush toilet and electricity. There is a fair
chance thal there is televisinn in the house and that a
hewspaper in bought every day (four of the fifteen have
T.V, and get a newspaper daily). There is a radio in
the home and there is wmore than a 50% chance that the
family has a post office box.

A congtanlk reliable source of good light makes it very
eagy for a student to do homework. A student with
electricity in the home is greally advantaged compared
with one who has no electricity and must rely on candles
for light,

{b) &.E.5. Profile of “"poor" maths student:

There is a 20% chance that alb least one parent is dead
or not living at home. It is unlikely that eilther
parent 1reached standard 10 {2 of the 19 fathers and nohe
of the mothers did std. 10) and it is guite likely that
one or other parent did not attend schopl at all (14 of
the 36 parents Qid not ¢o to schonl). 1t is likely that
the father im a labourer or unemployed or in a low paid
gemi-skilled job {4, 2, 9 of the 19 respectively). Tt

iz likely that the mother works as a domestic (8 of the
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19 mothers are “"kitchen girls"). The home is a brick
house with 5 rooms and no indoor running water or indoor
toilet, There is a pit latrine in a small hut in one
corner of the yard described in Setswana as "nktloyana”
which means literally “smwall house".

There is no electricity in the house and usuwally cooking
is done outdoors using wood or coal and indoors cooking
is done on a primus stove. For light they depend on
candles (14 of the 19 homes) and water must be fetched
from the village pump (10 of the 19). There is a fair
chance (7 oF the 19 cases) that there 1is never a
newspaper in the house and the only chance of watching
T.V. is when visiting a more prosperous neighbor's home,
There is a radio in every home and it is listened to
every day and almozt half of the families have a P.O.
BoxX. Carrying water from the village pump and chopping
wood takes a lot of time and these chores are wusnally
done by the school-going members of a family. All this
nger up btime and energy which mighl otherwise have been
used for school work. Coupled to the fact that Lhe
source of light is only candles we see difficult cire
cumstances which Lhe students in this grouwp face if they

wish to improve themselves by doing extra study at home.

7.5.3. Degree of westernization profile

{a) Degree of westernization of "good" wmaths student:

Those students who scored A or B in the five picture
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problems are more weskternized than the ones who scored D
or E. Most of them do have Tswana names but ap-
proximately 30% don't have a Tswana name. This is
regarded as a very signifioant move away from the tradi-
tions of giving the c¢hild a name which links him or her
to the spirit world, The traditional wox;#ip of the an-
cestorg is leas often practised in their.homes and none
of the ‘good' maths growp admit having visited a
witchdoctor for traditional medicine. Regarding role
identification these students think professions such as
doctor, teacher, nurse, mine worker are suitahle jobs
for men, and nurse, social worker, clerk are suitable
for women. What is significant here is that these jobs
involve working outside the home and earning a salary.
Thiz 1is regarded as a western and not a Tswana custom
although more and more of the Dafokeng do gngage in this
kind of paid work. Tndeed the idea of working for money
was introduced as far back as the last century when the
Chief of the Bafokeng arganised squads of young men to
travel to Kiwberley diamond mines to earn money which
was later used bto purchase title deeds for the Bafokeng
tribal lands as was reported in chapter 1.
This group of "good" maths students strongly relect a=z
being old-fashioned certain traditional customs such asg:
{i) shaving the head after the death of & réiative
(ii) making bojalwa (traditional Tswana beer) fox

funerals
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{iii) using fingers to eab from a common bowl
{iv) paying lebola {bride price) for a future wife
(v) children heing reared by grandparents
{vi) reporting disputes to the Kgotla {(tribal
court)
{vii} going to circumcision school
{viii} carrying loads on the head
But. the group as a whole still considers certain customs
to he good such ae:
{1} g6 pepa ngwana (carrying a baby on its mothers
back}
{ii) waiting until properly married before having a
baby
{iii) doing mmino wa setso (tribal dancing)
{b) Degree of westernization of “"poor" maths students:
In g¢general the gtudenits in bthig group are not western-
ized in the genzne thail the group of "good" malhs stu-
dents are, The “"poor" maths students come from a more
traditional Tswana family. all have a Tswana name,
given by tbhe grandparents, which in Tiwara culture 1links
the ¢hild with the badimo {anceslors). There is a
stroﬁg helief among these studenivs in the traditional
healing; according to this view trouble is cansed by
angry spirits, often stirred ub by an evnemy, and the
cure can only he ohtained from a witchdockor. 8ix of
the 19 "poor® maths students zay they have vigited the

witehdoctor,
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" Most of this group have very clear opinions on what type
of work is suitable for men and what is suitable for
women. They say men should look atter the cattle, build
houses and do farm work and that women should stay at
home, take care of the house and look after the
children.

. Ay a oroup, and in this they are not different from
those ‘“good" at maths, these siudents reject circumei-
sion schools, washing clothes at the river, carrying
loads on the head and eating from a common bowl using
fingers, Bt in contrast Lo the "good" maths students
these ones regard the following customs as being right
and proper for everyone boday:

(i} making traditional Tswana beer for funerals

(ii) wife remaining indoors for monthe after her
husband's death

{iii) paying bride price for a future“wife

{iv) reporting disputes Lo the Kgotla

7.5.4., Summaty
The main findings of this chapter are thail bhoth of the

home variables studied are sgignificantly related to
mathematics as defined by the performance in the picture
problems. The figures for each are:

r {8.B.8. and piclture problems) = 0,433(p < 0,01)

r {degreec of westernization and picture problems) =

04879(p < 0,01)
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Similarly it was shown that the variables are not sig-
nificantly related to the maths marks and the figures
were given in the relavant sections. Since this latter
finding ig so different from the bulk of other vresearch
into SES and achievement it casts serious doubks on the
validity of the mathg exam wmark as a criterion for
success.

Also in this chapter the relationships hebtween SBS and
culture on the one hand and performance in the picture
problems on the other hand was explored by investigating
the Tswana language and perceptual mnodes especially
among the group aof students who peirforwed poorly ia the
picture problems. What emerged from this decper inves-
tigation was seen Lo relate to low levels of abstraction

among these students.
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CHAPTER 8

SCHDOL, VARIABLES

8.1, Intreduction

In the research design of chapter 3, three sels of vari-~
ables ware put forward as providing possible answers to
the research guestion. The present chapter is devoted
to the achool variables which were invesligated in ovrder
to find relationships between these variables and the
two criteria of success given in chapter 2. The seores
for each school in the maths examination and in the pic-
ture problems are given in section 8.2. and the dif-
ference between students good at malths and students weak
at maths are analysed. In order to find out what pre-
vious research had uncovered about the effect of schools
on mathematics achievement a search of relevant literva-
ture was undertaken and this is reported in section 8.3,
The purpose of this search was twofold: to £ind out what
previous research had uncovered relative to the effect
of gchools on mathematics achievement and to find a pos-
gaible theoretical framework for the study of the
Bafokeng schoonls, What emerged from the literature was
that several models for classroom observation do exist
but none that could be used or adapted for the present
research given the delimitations of the presenk study.

Neither was there found a suitalle instrumenk for c¢lazs-



481

room observation of the middle schools of Phokeng.
Hence in the present chapter the data is descriptive
only and no attempt was made towards quantification. 1Xn
section 8.4. the school environment, Jocation, history
and relations between the teachers are given. Then what
actually occurs in the classrooms during mathematics
lessong is described. It was hypothetised thal inser-
vice training of teachers in mathematics would have a
qreat effect on what the teachers actually did inside
the classroom during wathemalics lessons. Therefore
gechion 8.5. congists of a reporl on ingervice training
in the Thlabane circunit. The researcher visited each
maths teacher in the study and spent one full mathe-
matics period with each teacher in his/her classroom and
what was observed is given in section 6.6. Since no
suitable maodel for classroom observation had been found
in the literature it was decided to use the model
deve]dped in chapter 5 section 5,3. in order to struc-
ture this data. The focus was on the students learning
mathematics, nat on the teacher teaching mathematics.
The modei ag shown in Fig. 3.4. has four parts:

1. a présent state which must be perceived by the
studenﬁ and involves disembedding relevankt infor-
mation from what is given;

2, a goal state also derived by the student £rom the
given information;

3. a plan by which the student proposes to wmove from
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1. to 2.

4, a checking system which enables the student to
check that the goal has been reached and that no
errors have been made.

During the class visits, both ingervice and std 7 maths
leggons, the researcher concentrated on the above proce-
dure and paid particular attention to identify occasions
when the teaching helped to develop this kind of ap-~
proach to problenm soclving. There was no attempt to es-
tablish reliability for these observations and the les-
sons were taken as Lypical lassons and not special ones
in order to put on a show far the researcher. In point
of fact there was nothing “"special™ about any of the
lessons wilth one notable exception as -iescribed below in
section 8.6,

The chapter closes with some extracts from a diary kept
by a student teacher during Ltwo weeks of teaching
practice. In thig diary the sitndent teacher describes
how he attempted to change the attitudes of a niddle
schoal maths group towards the wubject and how the stn-
dents responded. The students developed a new interest
in maths. This item iy important in the Jight of the
findings of chapter 9 where attitudes to maths is shown
to have a very strong positive correlation with success

in maths.
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8.2, Differences between the schools

8.2.1, How the schools were compared

Two criteria for success in mathematics were used in
this research viz. performance in the std 7 maths exam
and perfoarmance in the picture probleme.

Wuen the pervformance of the students at each of the
three middle schoels wag examined using Gthese Lwo
eriteria of success certain differences emerged. in
this section the schools are compared, first with the
reference to the standard 7 examination in 8.2.2. and
then with reference to the picture problems in 8.2.3.
The differences which hecame evident are discussed in

8.2.4.

8.2.2, Performance in the std 7 maths examination

The standard 7 examination was introduced as an axternal
examination in 1984. Matale and Mafenya had been
functioning as junior secondary aschools fovr several
vyears before that and these schools entered candidates
for the std 7 examination in that year, Keledi on the
other hand had been upgraded from primary school status
and had no standard 7 students uptil 1965, The results
for each schoel are givenm in Table 8.1. together with
the national average for Bophuthatswana for comparison.
The numpbers given in this table are the actual numbers
who passed before marks had been adjusted. The figures

were taken from the computer print out of results sup-
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plied to the schools by the standard 7 examination
board. For the purposes of the standard 7 examination,

pass is considered 33% or above.

Table 8.1, Standard 7 maths results {external

examination}
YEAR KELEDI | MATALE |MAFERYA | NATIONAL
(BopHuriariyana)
1984 Number entered 0 334 93 26 678
Number passed - 60 23 7 279
Percentage ..;8% 24% 27%
1985 Number entered| 184 257 124 | 32 083
Number passed 26 36 27 9 375
Percentage : 14% 14% 22% 29%
1986 Number entered 317 231 108 31 935
Number passed 12 15 ‘17 5 616
‘Percentage 4% 6% 16% 18%
1987 Number entered 317 182 126 34 166
Number passed 126 51 35 | 14 666
Percentage 39% 28% 28% 43%
1988 Number entered 216 1g0 133 34 881 ]
Number passed 47 31 25 g 108
Percentage 22% 16% . 19% 26%

Several points are of interest from these figures.

Firstly all of the three schools had pass rates below



tﬁe national average for the five years. Secondly the
pass rate £figures ax -2ry uneven. Thirdly the pass
rate for Mafenya studenté ig higher each year than that
of Matale. Fourthly all three schools ghowed a blg im~
provement in 1987 (this was the year when the present
research was being carried out and the researcher made
several visits to each of the schoolsl}, Fifthly Keledi
scored higher than either of the other tw¢ schools in
1987 and 1988, For the statistical analysis the 1987
June {internal) examination marks were used and the

figures for this examination are given in Table 8.2,

Tzkle 8.2. Standard 7 waths results {(internal

examipation)
YEAR ' KELEDT MATALE MAFENYA
1987 Number entered 323 . 133‘ 129
Number passed 165 56 42
Percentage 5i% 31% 33%

It can be seen from this table that wvery few students
dropped out of school between June and November of 1987,
The figures 2alse show the same pattern as the cox-
responding figures for the external examination viz
Keledi had a higher pass rate than either of the other
two schools. Lastly students from all three. schools

performed better in the June examination than in the
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November (external) examination. It is impossible to
judge what effect, if any, the vimits of the researcher
might have had on the students' performance because even
though each school gshowed an improved pass rate in the
November {(external) examination for 1987 there was also

a big improvement in the national average ifor that year.

8.2.3, Performausce in the picture probiems

Sixty standard 7 atudents were interviewed as veported
in chapter 6. The sampling procedure was given in chap-
ter §. The performance of these sixty students accord-

ing to schools is given in Table 8.3,

Table 8.3. Performance in the pieture problems

KELEDI MATALE MAFENYA

Number inkerviewed 32 1s 12
Fumber scoring 3 or B {good} 5(16%) . G(38%) 4(33%)
Number scoring ¢ (average} 12¢38%) 10(63%) 4(33%)

Number scoring D or E {(poor}| 15{47%) o - 4(33%}

From. this table it can be seen that the performance in
the picture problems is the opposite to the performance
in the maths examination i.e. Keledi students scored
mich lower marks +than students from the other {wo
schools and Matale students scored higher than the

others. A full 79% of the category "poor performance in
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the picture problems" are Keledi students, none are from
Matale. On the other hand 40% of the <category "good
performance in the picture problems” are Matale students

and only 27% are fron Mafenya.

8.2.4. Comparison of the schools on indepenient

variables
In chabter 7 and chapter 9 certain variables were
measured using instruments designed for that purpose and
described in those chapters. The scores obtained by
each schuol on some of these Qariables are given in

Table 8.4.

‘Pable 8.4. Scores obtained in the i1.dependent variables

VARIABLE SCHOOL _

KELEDL MATALE MAPENYA

N MEAN | s.d4.{N [MEAN | s.d. |3 MEAN | s.d.

SCORE SCORE SCORE _

Age 300 16,7 | 3,2 |154 |i6,2 | 2,3 |125 6,5 |2,0
SES 301 [19,6 |[6.2 |157 {24,5 |6,1 {126 (20,0 |4,6
culture [301 | 9,7 [w8,1 157 [ 6.9 (19,6 {126 | 9,3 [21,3
attitude | 301 |10,1 | 6,6 |157 |11,7 |6,1 |125 | 9,4 |8,7
Self Con {301 | 5,8 2,9 |157 | 7,1 2,9 {126 | 6,0 2,5
English | 297 |42,6 (10,5 {157 |41,9 9,1 f126 Jas,9 | 7.3
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It can be seer from Table 8.4. thét Matale students are
different from the other two groups; the Matale students
are on average younger, have a higher socio—économio
level, have more positive scores on attitudes and self-
concept than the other two. Furtaermore their culture
scorés indicate these students are more westernized than
the othera.

Correlations between the independent variahles ian Table
4.4, and the June 1987 maths marks were calculated using
the Spearman formula and the levels of significance are

given in Table 8.5,

Table 8.5. Correlations hetween the variables and mathsg

mark
- VARIABLE SCEBOOL
KELEDI MATALE MAFENYA
+

Age . n.S. p < 0,05 - p < 0,05
SES NS, n.g. NeSe,
Culture N.gs. n.gs. n.sS.
Attitudes p < 0,01 p ¢ 0,01 p < 0,01
Self-concept n.=, p < 68,05 nN.g.
English < 0,01 P ¢ 0,01 TPE-P

It can be seen f£rom this table that attitudes correlates

positively with maths mark .for_ all three schools,
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English marks also show a strong positive corr lation
for Keledi and Matale but strangely not for ' =nya.
Self-concept is significant only for Matale,

Correlations were alsw calcnlated between these same
variables and the picture problem scoreg and the levels

of significance are given in Table 8§.6.

Table. 8.6. Correlations between the variables and

picture problem scores

VARIABLE SCHOOY,

KELERT MATALE MAFENYA

(N = 32) N = 16) (§ = 12)
Aye p 4 0.05‘ n.s. NeRa
SES p < 0,01 p < 0,05 n.s.
Culture p < 0,01 2 < 0,05 p < 0,08
attitudes p < 0,04 p < 0,08 n.g.
Self concept NeSe a8, ' NeSe
Englisk p < 0,01 p < 0,05 p < 0,01

The three schools show a positive coerrelation between
gnglish mark and piclure problem score and also between
culture (a -gree of westernization) ar? pictuve problem
score. There is no correlation between self-concept
sgere and picture problem score for any of the sghaols.
What differentiates the students from each . oul are:

1, Age: Keledi students have a small ir ..ue relation
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between age and picture problem score unlike Matale
and Mafenya students,

?. SES: Mafenya students have ne correlation between
SES and picture problem score unlike Matale and
Keledi.

3, BAttitudes: Again Mafeaya students have no correla-
tion between attitude score and picture problem
score unlike Matale and Keledi.

It hkas been shown in section 8.2. that although the

three middle schools investigated do have a lot of

similarities in scores obtained in the various
variablies, nonetheless real variables have also emerged.

In order to try to explain Lhese differences a survey of

relevant iiterature wag undertaken and summarised in the

next section. The rest of this chapter then describes
various aspects of each school which were studied in the
regearch in order to explore possible explanatlions for

the differences.

8.3. Theoretical background inﬁo gchool based ressarch

One of the reasons put forward in chapter 1 for the poox
maths performance of many students in the Bafokeng
region was the lack of quality teaching in maths
classes. There is no generally accepted theory of din-
struction in mathematios althouglh many attempts to
produce such a theory have been nade.

In the sixties, classroom research wag dominated by a
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trial and error search for predictor variables but
without nuch success, Gradvally there was a change over
f.0 systematic classroom observation of the deseriptive
analytic type and it was hoped this would lead to a
basic sel of concepts which could be organised and in-
toxrelated by theory (Fey 1970, P.1). Fey, among many
others, condusted such classroom regearch by use of a
system of analysing protocols from recordings and obser-
vations made during maths olasses (ihid P.il). The
Lypical pattern which emarged was:

+++ the teacher solicits facts, the student responds

with a etatement or fact and the teacher veacts by

evaluating the student's response (ihid P.73},
buncan and Biddle (1974} reviewed wore than twenty
studies in classroom research carried out during the
peried 1964 te 1973 (P.202), All of thesa made usa of
andio and/er visual recordings as well ag live observa-
tions and included at least six studieg which were
specifically intn mathematicsz teaching. . In the view of
these autbors the most significant findings have come
from research into the verbal moaves performed in the
classroom. AaAbout $0% of all moves are teacher initiated
and almost ha ! of the pupils' moves are simply

responses to what the teacher says (ibid P,220 ££).

This is similax to the £indings of Fey (op_cit) in his
recearch into mathematics classes quoted above.
in the fLindings of the present research among the

Bafokeng given in sections 8.5. and 8.6. below no guan-
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tification was made of teacher moves compared to sﬁudent
moves. However the pattern observed was most often that
described by Fey and Duncan & Biddle i.e. teacher
solicits ... student responds ... teacher reacts. This
would account for approximately half of the moves, dther
patterns were teacher talks and no student response,
What was found to be unigue however was the low intel-
lectual level at which this exchange occurred. The sub-
ject of the teacher's question was never hypothetical or
seeking for broad based strategies. The teacher was
generally asking something trivial like "four plus six
is what ?" )

In the U.K. authors such ag Morrison & McIntyre' (1973}
and Beanett (1976) focussed on the teacher in the
clagsroom.  Morrison & MeIntyre discuss inter alia
styles of management and control exercised by different
teachers. one model whiagh has been used ,is that of
leadership styles which may be clasgsified as
authoritarian or democratic. But this model, they say
has not proved adeguate for research (ibid P.154). Like
their American counterparts guoted above, Morrison &
McIntyre say the tendency has been away f£from the
avthoritarian-democratic model and towards intefactibn
analysis which relies upon objective recording of verbal

acteg in classrooms {ibid P.155)}. The major ohstacle to

be overcome in thig line nf research is the lack of an

agreed criterion of effectiveness with which to neasure
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teaching styles, The evidence concerning the relation-
ships between teaching styles and pupil achievement they
¢laim has been quite inconsistent uwp to +the present

{ibid P.165}. At the same time Bennet{ (1%76) was busy

with the study of teaching styles and pupil progress.,
From & cwluster analysis of 468 student teachers he
produced a typology ﬁf teaching styles. These are ar-
ranged in a continuum with twelve wajor types grading
from formal to informal (P. 45-47): Bennett reports a
stronger effect of teaching style on mathematics than on
other schoel subjects. Most gain is associated with
formal styles but he'stresses +hat this is not trﬁe for
all pupil types (?.137}. It was particularly diéadvan—
taged children who seemed to show most improvement in
the informal environment (P.137}.

In the absen¢e of a pupil typology for Bafokeng students
(or indeed an acceptable teacher typelogy‘eithar} it is
not possible to apply Bennett's work in the present
research. However it does at least point out :he
dangers inherent in crude generalisations and Bennett
has shown that matching of teaching style and pupil
astyle does affect pupilis’ progress in mathematics.
Bennett iiQ?G) comes out strongly in favour of high work
performan&e on the part of the pupil. This is the
single most important factor related to pupil
achievement; what is learned depends largely on the ac-

tivities of tha studeat and the teacher must previde op-~
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pertunities for a pupil to study a given coatent (ibid
P.158). Other researchers also found a high correlation
between work related activity and achievement e.g. Holt
{1964) Fleming (1980) Beritage (1980) etc. It was found
that the time wpent on a tagk was the crucial factor in
attainment especially in mathematics.

In the classroom obgervations given below in sections
8.5. and 8.6. there was little time spent by pupils
working at mathematics by themselves or in small groups.
Most of the pupils’' time was spent looking at the
teachey solving problems. Little homework was given and
it Adid not geem to pe congistently corrected. only a
few pupils in each class were observed to be workihg ex-
ercises in their own books while the teacher worked at
the blackboard.

It is widely accepted in the literature that attending
school does make an inmportant contribution‘to a child's
devalopment particularly in the cognitive domain e.g.
Good e al (1875), Husen (1979), Rutter et al (1979,
But in spite of a great deal of research there is still
little agreement on what processes inside the schoql
contribute +tou what a student learns. One exception is
the work level of the student referred to above. One
approach to identifying factors which contribute to stu-
dent learning is based on the process-product model
which ig well developed in Duncan & Biddle (19874 P.36-

50},
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There is also in the literature a lot of criticism of
gchools and of formal education. Holt (1964) is criti-
cal not so mach of the schecol per se but of the way some
schools are run and the way some t{eachers allow their
own humanity to be submerged by the regquirements of cur~
riculum and examina.ion. He recounts cone incident of a
child stiruggling with the seven-times tables and how he,
"as'a iteacher, failed to help,
This poor child has been defeated and destrevred by
gchool. Years of drill, practice, explana..on and
testing - the whole process we call education - have
done nothing for her except help knock hex loose from
what commen sense she might have had to start with
(Rolt 1964 P.148).
Helt is wvery eritical of testz ' grading of children
aceording to their performance on sets of Juestions
devised to categorise them into "pass" and "f£ail" groups
and he advocates mastery learning. What he says is im-
portant for the present research which he Jhag found a
highly significant correlation between attitudes and the
suacess in mathewatics.
Coleman collectéd data in 1965 in a survey in the U.S8.A.
and concentrated only on school characteristics. He
found that out-of~school factors, especially socio-
econohni¢ ones are more important for scholastic achieve-
ment than what happens inside the school (Coleman 1966
P,22). He also noted that the gap between the attain-
ment of low SES pupils compare with high SES pupils in-~

creases over the usual twelve years of schooling {ibid).
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Other authors such as Iilich {1970} take a more extreme
view and condemn the whole notion of institutional
schooling. Illich distinguishes between education which
ig a trait »f human kind and schooling which, he claims,
ig an institution emtablished by society to maintair the
status quo. In his view the school .system servex a
power function in the modern world (P.43). Sharp and
Green (1978} concur and they analyse the problems of
powsr relationships within the school and especy lly the
role of the teacher in the social structuring of the
pupiis' identities (ibid P».23). Pauloc Freire (1972)
condémns the banking concept of education which he also
. sees;as an instrument of opprgssion {(P. 46 f£). Re does
not condemn schools neacessarily, although in the 1872
beok he 1is uddreésing himself to adult education
programmes for illiterates. He sees education ag a
liberating force provided it is entersad into as a
dialegue between teacher and student and provided there
is not Qdichotomy «f roles in the educational process

{ibid P.54}. Since the start of the colonial peried

formal schoeling has come to be seen as desirxable in
African countries. ., All the newly independent states of
the opresent centuxy have set the bailding of schooly as
one of their maisr political guvals (Thompson 1981 P.33).
The current trend, however, <in Africa is more critical
of thé schoolg. . Up to now the need for certification

{and hence the pass/fail categoriey) has dominated the



497

schools {ibid P.201). Schools have not served the need
of the whole population for example in South Africa, nor
has socieiy made any serious efforts to leook at the al-
ternative ways of meeting these needs, In Liberia, Cole
et _al (1971) found that.in spite of all that was wrong
with western type schooling in that country, nonetheless
students who had more than three years of suc'_achooling
showed considerable gaing in abstract thinking when com-
pared to those who had not attended school.

In Bophuthatswana, the guestion about the need for
schools is an academic one and has aot yet been raised
amony the Bafokeng. The expressed wish ¢f the people is
for more and more schools. However it was pointed out
in chapter 1 that parents and others are now beginning
to question the ability of the school aystem to providg
their children with good jobs. Some of these isspes are
recently being addressed in the education wagazines of
Bophuthatswana e.g. Matlhagedi, the education journal of
UNIBO and Popagano, the journal of the department of
education. . Writing in the November issue of Popagaho
Lehobye (1987) discusses the authoritarian-democratic
nodel of classroom management referred to earlier. He
iz making a case for small group instruction and he
notes that modern yoush in Bophuthatswana no longer sub-
mit to ungqualified authority and one way instructionm
{P.9), Lehobye's call for a study of teacher types and

pupil types reminds one of Bennett's (1976) work in
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England. Muorphy (1988} describes the styles of teaching
in the normal Bnphuthatswana schools as “cramming by the
students and authoritarian by the teacher" (P.17). Ac-
quath (1987) wrote about problems in maths teaching in
Bophuthatswana high schools. He urged that maths les-
sons must always be of the discussion Lype and not the
lecture type, He continued:
Maths must not be taught in the £fixed traditional
way, the teacher must develop his own unigue approach
and he nmnust encourage originality among his pupils
(P.15).
The implications of the foregoing theoretical discussion
for the present research are clear. Two possibilities
present themgelves: either to investigate c¢lassroom
teaching in the Bafokeng schools along the line of Ben~
nett (1876) or Duncan and Biddle {(1974) or else to ig-
nore completely what takes place inside the c;assroams
and confine the research to the analysis of variables
presented in Chapters 7 and 8. The first option was not
feasible due to the constrictionsg of timé and finance
and the second opticn seemed. irresponsible. HBence a
compronise was made. In the research designed in Chap-~
ter 5, section 5.2,2, it was decided to focus on the
students rather than on the teacher or the schools,
Hence in the present chapter the material is presented
from the perspective of the student learning
mathematics. The schools are described, the inservice

training i=s analysed and classxocom observations are made



in order to record what was happening to the students.
The aim here was to try to find similarities and difi~
ferences between those who were good at mathematics and

those who were not good at mathematics.

8.4. The schools described

8.4.1. ({(a} Phygical layout

all three niddle schools are built in the form of an
open square with a stoep running along the inside.
Mataie is situvated in the middle of Phokeng village,
Keledi is at the edge of the village about 4 kms in the
Rustenburg direction and Mafenya is about 16 kms in the
Sun City direction and built in the bush away from any
settiement. Matale ig about 50 metres from the main tar
road on a property adjeining a new O0.K. shopping
complex; Keledi is about 200 metres back from the tar
road on a rocky outerop but no road neises intrude and
the view of Tshufi mountain firom the scheol grounds is
very beautiful; Mafenya is about 3 kms from the tar road
and about 400 metres back £rom the gravel road to
Chaneng village which is apnother few kilometres away.
The relative positions are given in Pig 6.1.

all three schools are clean and the grounds are tidy but
there is little landscaping and while there are some

flowerbeds there is no grass or lawn and very few trees.
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Because of the location of gach school the student en-
volment is drawn from different parts of the Bafokeng
region. Matale is nearest to the old section of Phokeng
and the people living there have a proud sense of iden-
tity as Bafokeng. The houses are well built and indi-
cate better off families. This is confirmed.by the SES
analysis given in Chapter 7 and referred to in section
8.1. 'of the present chapter. Matale students have a
higheyr SES average score than Mafesnya or Keledi.
Mafenya might be described az a rural school being
gitvatad approx 20 kms from Phokeng and a few kms bhacl
from Rustenburg/Sun City tarred road. The 8BS average
for Mafenya is 20 compared to 24,5 for Matale. Keledi
is situated at the edge of Phokeng wvillage adijdining
sone of the poorer sections. Over 20% of the std 7 stu-
dents live in tin shacks and the SES average is 19,6
which is the lowest of the three schools., ’As was dis-
cussed in Chapter 7 Jlow SES is associated witi, poor
academic achievement and it is not surprising te find
performanhe of Keledi students in the picture problens

to be worse than that of Matale and Mafenya.

8.4.2, th) Classrooms

The classrooms are big and airy with plenty of light.
The size of the classrooms is approximately 8m x 7m and
the'éeilings 3.5m high. The windows in Keledi are large

3m x 2m along ane wall, those in Mafenya are smaller and
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are in both side walls with many broken panes of glass

and in Matale there are windows in bhoth side walls but

they are very much smaller, The floars in all the

classrooms axe cement - they are in good repair in both

Keledi and Mafenya but cracked and broken in Matale.

All rooms have large blackboards 2.5m x 1.2m in good

condition. The walls of the classrooms are brick up to

1.2m and plaster above that; all are in npeed of

painting, The ceilings are white and have strip light-
ing but there is no electricity in Mafenya although the
gchool ig wired; the other two schools have electricity.

Only Matale has a telephone in the principal's office;

the other two schools have no telephone.

Table B8.7. Numbers of roomg in each school:

STHOGL CLASS | ENROL~ | AVERAGE OFFICE { STAFF |BOOK HOUSECRALT
ROOMS | MENT PER ROOM ROCM STORE RODOM
Keledi 12 1020 85 1 1 1 [H
Matale 19 672 67 1 0 1 3
Mafenya 9 452 50 2 2 1 i
What serves as a staffroom in Matals is a tin shack in

the school grounds which was originally a storercom and
scill has a lot of broken furniture and garden utensils,

it has no ceiling and it is very hot and stuffy during
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the summer and extremely cold during the winter scvason.
None of the schools has a library or science raor. or
other special purposes rooms and none has a hall. " As-
sembly takes place in the school yard between the
classyrooms. There are toilets situated away ffom the
main classroom blocks, in each schoel; in 1987 th?se
were dry toilets although a start has been made in
Keledi +to install £flush toilets and this work was in
progress durinyg the researcher's visits to that school.
There are no charteg, pictures, maps or diagrams ox
visual stimuzlation of any sort in any of the <lassroons
apart from the class timetable and in one Keledi class-
room there is a diagram of a snail on a piece of a4
paper ani in one Mafenya <¢lassroom there was a 1987
calender on the wall.: In each room there is a wall
cuphoard; in Keledi there are shelves inside and stu-
dents use them for their books, in Matale ;th. shelves
are broken and the cupboards are nct used, in Mafenya
the cupboards are locked and are used by the teachers
for keeping exercise books belonging to the students.
The best furniture is also in Mafenya where there are
double tables and plastic chairz for each student. In
Matale the furniture is domble desks, quite a few of
them are broken and there are not enough te seat all the
students so they are sitting three at a desk, In Keledi
it is mostly double desks and there too students have to

sit three at a desk. In all rooms there is a teacher's
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table and chair. To summarise, tLhe oldest building and
the one most in need of repair is Matale and it has the
worgt furniture as well, ' . herwise the schools are very
much the same. Matale students did best in picture
problems but the physical layout of this school is least
attractive of the three ~ it is the oldest building,
classgrooms have smallest windows and most broken panes
of glass, floors cracked and in need of repair and worst
furniture, There is no proper staffroom and teachers
use a tin shack for doing corrections, preparing classes
etc, We must conclude that the condition of the build~
ing and the state of repair of the classrooms is not a
factor in determinjngAaucuess ond failure in mathematics
at the std 7 level. This finding iz consistent with
pravious regearch for example Bennett (1976} agrees that
although the quality of the ehvironment in which the
c¢hildren work is important,. nﬁvertheless its effect may

be relatively marginal in fosturing learning (P.160).

B.4.3. {c¢) History

all the middle schools are community schools, built and
maintained by the Bafokeng Tribal Authority. Teachers?
salaries are paid by Lhe Bophuthatswana Government., The
oldesi. of the three is Matale which was built as a high
school in 1945 ({(Kiely 1983} to serve the Bafokeng
reglon’'s second level educational needs. In 1963 a new

school was built 2 kms away and named Bafokeng High
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Scheol, and the old premises used as a hostel for
several vears., Matale Junior Secondary School was in-
stituted as the demands for secondary education grew in
the sixties. Keledi was bﬁilt as a primary school in
1872 and named Kgale Primary uf*~r the location of the
building. Mafenya was built in 1975 and began function-
ing in 1976 as a Junior Secondary school. The first Na-
tional =ducation commigsion {(Republic of Bophuthatswane.

197 P.62) w .e a roposal te instiktute a new kind of
junior secondary school to be called "middle school"

which would have standarda 5,6 and 7. The report sug-
gested that the existing Jjunior secondary schools be
réorganisad accordingly, which meant the transfer of
standard 8 classes to sneighbouring high schools and
standard 5 clazses frowm the primary schools to the new
middle schoals. The report also foresaw Lhe necessil:

of converting somc of the higher primary schools into
middle schools (ibid). %he date set for the iwplementia-
tion of this scheme was lst January 1981. In fact the
operation took much longer Lo complete than the report
could have foreseen becanse of h-- lacal people and
egpecially teachers and princips} iooked on the
changes, Existing schools could either be ‘“upgraded”

i.e. Erom primary to middle schaol or from junior secon—
dary to high school or alternatively they could he
"downgradsd” i.e. from Jjunior secondary to middle

soimnl.
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Hence in the reshuffle both Matele and Mafenya losh
their junioy secondary statws and became middle schools
whereas Kgale rrimary was "upgraded” and became Keledi
Middle School.

It is clear from the brief history presented above that
the tiiree middle schon).  have very different
backgreunds. Matale has a long tradition and served’
Phokeng as ihe only secondary school for more than
Lwenty years: it lest its secondary school status in the
eighties but maintains its aura with the leocal people.
Mafenya was built in the countryside to serve the needs
of Chaneng in the capacity of a junior se .ondary school
and it is very highly thought ¢f there. Keledi has only
recently come into the?piature and it was only in 1985
that it éntered its firsﬁ group of cendidates .for the
standard 7 public examiﬂatior Very little change was
made in the staff of any;uf the schools and sa in Matale
and Mafenya the teachers had been used .o secondary
school work. for a leong taine the teachers in Keledi
were all primary school teachers with no oexperience of
secondary school work. The Natiopal Education Comqia—
sion made certain suggestions to deal with this par-
ticular yproblem as discussed in the next section below.
By reason of its history as an upgraded primary .school
" Kaledi wonld tend to he least well able to handle secon-
dary school classes, There had never been g3condary

school studeats attending there and the teachers and
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principal had no previous experience of secondary school
work. .By comparigson Matale was for almost 20 years the
gsite of Bafokeng High School and some of the traditions
have lingetred an. Mr Pitsoe, the man who was principal
of Matale during tLhe change over iIrom secondary to
middle swchool status had been himself deputy head of
Bafokeng hefore being appointed principal of Matale. It
#eens then that Matale school was wel! able to cope with
secondary school students due to many years of practice.
Mafenya had been built as a Junior Sencoaday school and
the principal and staff were experienced in teaching
stadents up to std 8 level, thevefore they would not
have experienced anything new when Mafenya was converted
to a middle school. Marrison and McIntyre {1973) dis-~
cuss differences between primary and secondary schools
which would gupport the findings given above. Drimary
wchools are child centred, secondary schools ave more
subject centred; primary Leachers tend to he lezs formal
and direct in their teaching sbyles, secandary teacliers
tend 1o be more formal and authoritarian (P,157}. This
wmay help to explain how Keledi studenls differed from
the oLher two groups as a result of the Ekraditions as-—.
sociated with primary teaching inherited by Lhe teachers

of that school.

8.4.4, {d) Relationghips between the teachars

This is a delirake igsue in any school and a diffigult
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one for an outgider to probe, In talking with the prin-
cipel: it became clear that they generally used two
criteria when forming an opinion about one of their
teachers: knowledge of mathematics and how the teacher
gets on with the students. In M tale the relationships .
between the principal and the maths ted shers seems to he
good and there was no indication of Jjealousy or rivalry
between the mathematics teachers themselves. These
teachers geemed Lo be respected and left alone. In
Keledi one of the teachers wasg described as very good
boecanse he knew his mathematics and gob on weli with the
students, a second one was still new in the school but
had been spoken very highly of by her former principal
while the third was seen as something of a problem sinece
“g].= knows mathematices alright but deesn't get on well
with the astudents". In the reseatrcher's own experience
of secondary school teaching in the Bafokeng region this
i=g a very serious matter and has sometimes led to school
riots, burnings, Dboycotts and dismiswal ofF teachers.
all of these are important for any principal in the run-
ning of a school | In Mafenya Lhere was only ona full
time mathematics teacher for the standard 7 c¢lasses bul
she was a young female and telabtionships Dbetween herself
and the departmental head were nol good. The senioy
male teacherg in the schoal did not have much confidence
in her. Several of them Lad experience of teaching

mathematics or at least arithmetic and they felt she was
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not doing things properly. Some of the things which had_'
upset the mathematics teacher were the changing 6£ ax-
amination guestions without consultation and the bring-
ing in of a matric student Lo teach the Geomekry section
of the standard 7 syllabus. The nmost stable relation-
ships were recorded in Matale and the worsf!in Mafenya,
Keledi had good and bad.

Taking tLhese obsgervations in conjunction with the his-
tory from {¢) ovver leaf it seems Keledi 1is suffering
from inexperience on two oounts: one the school
autherities are nnable to prevent gross overcrowding in
the way Matale and Mafenv~ can and secondly Keledi
teachers use difrerent standards both for promoting and
for passing students in their int arnal exams than do
Matale and Mafenya beachers. The rag-archer hag noted
that i~ the sezondary -wneols the public examinations
tend to dominate many aspects of aschool organisation and
especially the pase and failure rate and consequently
the promol.ions and the number of years students repeat
clasages., Teachers try te proteci themselves from public
and education department: criticism hy controlling ithe
pumber of students sitling for the public examinations
and only allowing through, those students whom thay
think have a reasocnable chance of passing. From the
teachers' own experience of thege exams mogt students
would Ffail if a policy of ore year one lass was inple-

mented and hence the high failure rate and the large
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are faced,

every

standard below that in

When the Jﬁne 1987 exam

are examined it is clear that the sample inter-

viewed in ChaplLer & does not represent the lower hulf of

each class of students.

Table 8.8.

Studentz from each quartile interviewed;

based on June exam results.

SCROOL SAMPL.E INTERVIEWED
1st 2nd 3rd 4th
quartile guartile quartile quartile
KELEDI i9 6 5 2
MATALE 12 2 1 1
MBFENYA | 5 1 3 3
TOTAL, 36 9 9 6

It car be seen that the sample is 'heavily weighted

favouy

of the average and above average students.

aof the students interviewed are from the Firsi quarkile

- the reagons for this were explained in Chapter 6.

8.5,
The

Bophuthatswana has long been recognised as «an

Inservice training

importance

of teachers in the education system of

be - seen

from the treatment given to this matter in wLhe first na-

tional education commission repnrt which devotes a whole

in

60%
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chapter to this topic (Republic of Bophuthatswana 1978).

It hag been brought foreibly to the attention of the
Commission throughout iLs sittings that whatever the
aspect of education it might be discussing at any
particular juncture it has always come bhack ko the
teacher. The character, personality and professional
competency of the teacher are alwayg the key to the
problem or sitwation that is being discussed.
Proposals for a new structwring of education, amended
curricula, revised syllabuses, necessary as they are,
will be of little avail anéd will remain recommenda-
tions on paper without the complete commitment of the
teacher to their implementation in the classroom.
The whole machinery of education fyom head uffice
down to the inspector and the local anthorities con~
cerned with the sgchool, exists not far its own
purposes, but Lo enable the teacher to do an effec-~
tive job of work in his everyday face-to-~face contact
with children in the teaching-learning situation.
tibid p.74),

Elsewhere the report gives figures to show there had
been a five-fold increase in secondary school enrolments
from 12,328 in 1969 to 64,650 in 1977. But there was no
corresponding increase in the number of qualified
teachers and the report says:
Summing up: there are not sufficient gradnate
teachers to provide even a principal for each of the
schonls engaged in secondary work; one-quarter of the
teachers have acadewic qualifications of standard 8
or lower; only one-thivd of the teaching staff are
professionally gualified to +take secondary schoel
subjects {(ibid P.78}.
Commenting on the larger R.S.A. scgene, Profegsor white
speaks about the same problem of poorly trained teachers
and he saw a two-fold task facing those invonlved in
teacher education napely to provide massive in-servioe

npgrading coursas and to increase greatly the ourpnt  of

trained teachers (White 1983, P,240),



In Bophulhabswapa the first national edugation commis-
gion report recommended the selting up of oﬁé skrong in-
service organisation, the use of teacher training «ol-
lege sgtaff so that all teachers have regular ecourses,
workshops ela. (Republic of Boplhuthalswana 1978, D.87}.
*he programme Eor upgrading teachers consisted of two
parts (a) academic, whicd meanlk in practice providing
courses to enable those le Lers with only standavd B
certiricates bto matriealale and (b) professionat, five-
tday live-in courses in specialised subject areas like
methemalbics, geography etce, Sponsorship was securcd for
hoth kinds of courses and the plan worked well in Lhe
early ecighties. flowever ilhie Ffunding eventually ceased,
at leaskt for the malrie classes and round aboul the same
Lime there was a nolicable fall off in Llhe subject
courses ag well., TInstead of having, For examnple all Lhe
wathemal: iy  teachers attend special live-in conrses,
only one or lwe from each circunit attended Lhese courses
in 1907 and they veve Lhen expected te conducl  courses
for {he «Lher Leachers in btheir respective cirguits.
While Lhis sheme miasi undoubtedly have saved a  lof of
money bthe burden laid on the gelected lcachers was very
heavy.

In the flhabapre c¢ircuit Lhese tearhers had (o do all the
organising, secretarial work ehn; themselves in their
own free time and sometimes bear the cost of btravel,

slal.ionery, postage frem their own pockels. The present
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researcher attended one snch course for high school
mathematics teachers held at Ailpha Centre in 1987.
There was no money payable from any of the 30 teachers
who attended - two from each circuit in Bophuthatswana;
the sponsorship covered the food and accommodation at
the centre and the expenses of the lecturers. Travel
costg were met by the schools. There were lessons given
in the new sections of the standard 10 syllabus. There
was no time allocated for discussion of the new sections
or whether teachers thought they were appropriate for
their satudents or noti:. There was no training in how te
organise other mathematics teachers in the ecircnits
other than the instruction that it must be done a2z scon
as possible. 1In September 1987 as a result of a similar
week-long course for middle school maths teachers a two
day mathematics seminar was held on the 1st and 2nd Sep-
tember 1987 for all standard 7 mathematics teachers in
the Tlhabane cirenit. The programme was circularised to
the schools Just one week beforehand and a number of
high school mathematics teachers were invited to assist.
The programme planned for tﬂe seminal is given in Table
B.9. It can be seen from this table that there was nv
time get aside for discussion of teaching methods and

the stress was on mathematics content.
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Table 8.5. j;rog: amme for middle school mathematics course:

DATE TIME TOPIC LECTURER

Sept 1 8.60 to 10.00am Statistics Middle school
maths teacher

10.00 to 10.30am Breakfast

10.30 ta 12.30pm Buclidean iligh school
Geomelry maths teacher

12.30 to 13.30pm Lunch

313.30 to 15.30pm | Factorization Middle school
maths teacher

Sept. 2 8.900 to 10.00am Linear ergualions High school
maths teacher

10.00 Zo i0.30am | Breakfast

10.30 to 12.30pm Word sums Righ school
maths teacher

12.30 to 13.30pm | Lunch

13.30 to 15.30pm | Letter symbols Middle school
maths teacher

15.30 ko 16.,00pm Year plan for mabhs courses for 194

During the course the mathematica organiser from the in-
service office attended some of the lessons and had in-
formal discussions wilh the lecturers. Some points
raigsed were the purchase of reference books for these
kinds of courses, the payment of travel expenses etc.
While he listened politely and included these itewms in
his report nothing was ever done about it.

This course was attended by 17, which iz just over half

of the standard 7 mathematics teachers in the Tlhabane
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circuit. 7The expectations of all the attending teachers
were very high and in genefal they huped it would help
improve the pass rate in mathematics at the standard 7
examination. A breakdown of the lesson on statisiics is
given below as o sample of what happens at these
sessions. This material was recorded by the reseavcher
during the presentation of the lesson. The lecturer in-
troduced the day's programme after a prayer and a hymn
and“then said that the first lesson wonld be a review of
the standaxdéd 6 work on statistics, He used English
through the lesson and all answers etc. were in English,
however during a 15 minute interruption whien there was a
discussion about Jood for breakiasy and Iunch, only
Betswana was nsed. Four topics were covered as follows:
topic 1: pictograms énd scales ... .s400000.- 20 minutes
topic 2: Bar charts and tally charis ....... 25 minutes
topic 3: Fie charts and proportion ........, 18 minutes
topic 4; Ehine graphs ........;}............. 16 minukes
There was - no introduction to relate statistics to any-
thing else either in the mathematics syllabus or in the
world outside of the classroom. The lecturer tosk an
exerc¢ise Lrom the Lext book to start with and il-
justrated it on the blackboard and askcd aloud the ques-
tions exactly as they were written in Lhe lext book and
this was the pattern throughout the whole lesson, mov ng
from one question to the next in Lthe tesl book; in fact

the only time the lectunrer lefr the bext baok out of his
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hand was when hoth hands were required Lo draw something
on the bward. The following extract from the Lravscript

concerns Lhe teaching of bar-graphs:

Teclurer: Now a bar-graph like it says consislkls of
bars. lience we wish tn represenl. data coocerning at-
Lende re on certain days (he refers to a quesfion in
tie text book, all the teachers look abt the text bhook
heiefly). There are certain poinls we nust nnte:
painl one, width of hars musl be Fhe same; poinl Lwa,
widlh of spaces Lusl be Lhe same bul pol ecval 1o Lhe
barg; point tbhree, we must labe) the  axes: poinl
four, he graph mast have a title [(lecturer tfarns to
the blackhoord). gence I wish to vepreseslt one  bae
graph  (lectarer jproceeds tn deaw lines on 1 he hoard
using data frowr one of The ¢guestions in Lhe test bhook
il doesn’t say which one, All  the learhars are
Jopking and Llrying Lo find out wiich qguedtiaa the
leolarer ig dealing wilh, There is no talking duving
this Lime ~ over fotr minutes). Now woe see widlh of
bars are equal, width of spares are egual, we have
labhellad the axes and ¢given the graph a title
(lecturer reads the yuestions, one ab a Lime from the
text. hook and the teachers answer in «ahoras), Ro
problem upniil le reaches Llthe ouestion: How many
periods are  Lhere per weck? No anawe .«.. No help
other Lhan repeating the duaestion ... evenlnally
someane says "48" and the leclurer says "aorrect, now
do you al) sce the answer is 482" chorus “"yes”.

There was no explanation of bow to do Lhe guestions or
howv to Leach words or how 1o mild wp  concepts. When
the leclurer was treating ple-charks he inl raduced it as
fal lows:
Leciurer: "fhis diagram jg calied a pie~chart boecause
ik lonks like a pire, whatever that may be and I have
nevar geen a pie so Lhare il ig."
The leciurer and, presumahly the teachers, had pod as~
gnciated Cthe gpin-charl in the text book wikh the meat
picy which are sold in the shops, Anolblier exampic of

how isolaled Crom real life experience Lhis lesson was
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became evident when dealing with tally marks as a method
of counting freguency. The lecturer told the teachers
that in statistics “there is a special method of repre-
senting data, like for example in this guestiaon” (he
reads a guestion gnncerning socecev, tennis etc. from the
text) "we have tally marks Lo show tLhe numbher who piay
each game" (he reads instrunctions from the book on how
te £ill in the tally marks, even the instruction about
drawing a line across four ljittle lines to represent 5).
There was no vaference to tally sticks used by some
herdsmen to count cattle or to anything outside of the
textbook.

At least six of the 17 teachers present were nnable to
draw simple lineayr graphs but when the lecturer dealt
with line graphs the only thing he did was to worlk
quickly through some examples taken from the text beoks
by drawing these on the blackboard and asking what does
each arrow represent. In one such example the
lecturer's explanation consist d of the following two

statements:
"Here 10 divisions represent 100 and 20 Qdivisions
represent 2NC, Now that place mark of the arrow what
does it represent?” chorus answer: 120, Lecturer
says “correct because each division represents 10 and
so we get the answer.”

This item is important because of pinture problen number

4 which was used 3in rhapter 6§ for interviews, The

teachers had no teaching abeout this topic during the in-
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gervice course and one must conclude that they would
present the topic to their own students in the manner in
which they themaélves learned it during this ccarse.

To summarise, it appears that during the insevvice
courses there is little or no attention paid Lo the
teaching of new worda or +the building up of new
concepts, There is no linking »f the mathematics
material to the real world and no use is made of the
lived experiences of the participants. There 1is no
reality testing and no checking of answers other than
authority of the lecturer. There is no rer ,gnition of
perceptnal problems which might or might not exist among
the students. Finally there is no time for fundawmental
thinking about how to approach a given problem, the lea~
turer explains to the class haw the problem must be
solved andéd he makes all the important decisions, the
role of khe participants is reduced to answering - often
in chorus - trivial questions like what 1is the answer
for 7 plus 15,

After the lesson desoribed above was completed the re-
searcher asked & number of particirants for their
evaluation and in all céuas they expressed conplete
satigfaction: "It was £ : and T found it wvery useful®
«»s "1t was excellent becanse previously I wasn't clear
about pie charty and now it's clear” ... "I could follow
everything because of its simplicity®™ ... "I will teach

it to my students exactly like thal with some improve-
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ment if possible and wy students will kKnow it well".

8.6. Observed Lessgons

As a follgw up on the inserxvice study descriked avove it
was hoped to observe the standard 7 maths teachers each
e acting a Iesscﬁ in their own.schnols on the topic
"gtatistics”. The purpose of thic was to learn what in-

' ¢lass

fluence the ingservice courses had on Lhe teachers
presentplian, It was hypothesised that the manner in
which +Lhe tearhers Laught mathematics greatly affected
the guod or bad performance of the students in the five
picture problems of chapter 6.

Much work has been done on the field of classroom fe—
search eg., Woods (19080}, Ruttler 2t al (1979), Good et
al (1975), Duncan & Biddle (1974), Bennett (1976}, dor-
rison & McIantyre (1973). No attempt was made in the
present research to analyse teaching styles or to corre-
late students' maths performance with teaching style;
what the researcher did was simply to sit in op a maths
lesson in the capacity of one maths teacher observing
another maths teacher in action and recording what he
saw. It proved impossible ta have all teachers prement
a lesson on statizstics because they claimed they were
very far behind in the mathematics syllabus and were
rushing to complete the year's work bhefore the final
examinations. In all, six mabhewmatics lessons were oh-

served as follows:
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SCHOOL: STD TOPIC
Keledi 73  Geometry theorem: the sum of the angles of
a triangle is 180 degrees

7B Algebra: simple eguations with one urknown

70 Algebra: simple eguations with one unknown
Matale 7B Ratio and proportion

7 Ordered pairs and linear graphs
Mafenyx 7A  Statistics: frequency distribution
The researcher visited the schools for the observations
having first made arrangements with the principal and
teacher concerned. WNone showed any hesitation about al-
lowing the researchex into their mathematics classes and
there was no evidence of iLress on their part during the
lessors.
No report was asked for by apy of the teachers and no
report was given. The researcher made detailed notes
during the observation lesson on everything said and
done by the teacher and by the students. There were
geveral good features common to all six lessons. all
the teachers had the material vary well prepared, there
were no mistakes in the mathematics. Bach one knew ex-
actly what he or she was doing it;the lesson and did it
competently. It was clear that each teacher was ex-
perienced in dealing with the subject matter. All the
legsons ﬁere based divectly on the syllabus and the
teachers used only examples which wexe available for all

the children to study because they were f£rom the
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textbook., Discipline was good in all the classes even
where there were up fo 80 students present. No corpoFal
punisbment was wsed. The students wefe co-operative and
respectful all the time and the spiril of work in the
classroom was good. Natﬁrally it wag iapossible to say
how the researcher's presence influenced the classroonm
atmosphere but there were no signs of "putting on a
show".for the visitor.

Those features which the researcher regards as being
"bad mathematics teaching” and which were ohserved in
the lessons include (i) lack of homework (ii) no in-
dividunal practice (iii) making decisions about general
approach to problems ‘iv) new words and concepts {v) in-
tegration with previous knowledge (vi} checking answers.
One lesson of the six observed was quite exceptional in
the sense that hardly any of these criticisms applied to
this 1lesson and@ while 41l the other. lessons were dull
and uninspiring, this lesson was lively and exciting.
{i) In general there was no evidence oflhomework done or
controlled on a systematic basis. Two of the lessons
started with the teacher discussing homework, the othey
four lessons had no reference to it although four of the
six teachers gave the students gpecific work to do as
"homework™ at the ead of the lessons. It is the ex-
perience of the researcher that homework control 1is a
serious probiem in the schools in the Bafokeng region.

Unless the work set is collected and marked by the



teacher then it simply is not done by Lhe majority of
the students. Teachers with very large classes are un-
‘able® to cope with the sheet volume of corrections which
this entails. In the two instances where the teacher
did start the lessu.. with reference to homework the
pattern was like that described in the following extract
from the transcript of one lesson.
There were 72 gtudents present at the start, a few
others arrived late. The teacher told the class to
open their homework, a few students had -t done bhut
most had no copies in front of Lhem and presumably
kadn't done any homework. The teacher showed the
class how ¢to do the questions on the board. Most
students paid attention to what the te:cher was doing
but not all, They answered questicas like "three
divided by three?" _.,. in chorus. The teacher did
not go round the class to see who had and who hadn't
done the work and simply told the students to correct
their own work from the medel on the board. This
took fiwve minutes.
{ii} There was no opportunity during any of the lessons
observed for the students to practise working Ly then~
selves or in small groups. At all times the, whole class
was engaged in the same ac%ivity which was usually fol-
lowind what the teacher was doing on the blackboard and
occasionally watehing another student working at the
blackboard under the guidance of the teacher. Apart
from +that the only other activity of the students was
chorus answering of simple questions asked by the
tearher. in one class where the topic was “eguations"
there were 44 students present: and having revised the

general formula for the eguation of a line by asking

“the general equation is y egualg what?” and getting a



chorus answer "mx plus c¢” the teacher continued:

Now the lesson for today is firding the equation of
the line (teacher writes ordered pairs (-2;-6), {0-
6), (2;41 oun the blackboard). We only hi 2 to use
two pairs {(he points to the vrdered pairs) we can use
this and this, this and this and so on. We have the
general formula y = mx plus ¢. Lets take the ordersd
pair {-2;-6), what do we call the first component?
{he points to one child who answers "x comporent")
and what do we call the second component? (ho points
to another child who says "y"}. Now what is the x
component? and the child ancwers “-2" and the y com~
ponent is what? "~6". The teasher the: rereats theze
questiony and addresses them Fo the whole c¢lass who
answer in chorus. The Lsacher now shows how te get
the value of ¢ by substituting -2 and -6 in the
general formula and then continues using the second
oxdered pair (0;0). During this time which takes 2
and a half minutes the class is silent, only six stu-
dents have exercise books open in front of ther: and
of the six only thres are busy writing in their
hooks.

{(iid) The method of tackliing any probliem was always

given by the teacher. For example in the geometry les-

son the teacher started by writing:

in

"ANGLES OF A TRIANGLE" on the blackboard then under
it wrote "THEQREM 4" and under that "The sum of
angles of a triangle is 180 " and the:, said to the

class "we are going to prove this theorem". The
teacher then made a triangle on the blackboard,
labelled it and wrote the words "Given, RTP,

Congtruction” wunder each other. Thea teacher asked
the class "what must we do?" two students raised
their hands but the teacher simply proceeded with the
construction by extending one side of the triangle
and gave a running coamentary on what she was doing.
When the teacher was doing the proof she asked gues-
tions such as "we must have statements and what?" to
which the class answered in chorus “"reasons™. In
another lesson in ~lgebra the questicns asked were:
"6 + 0 is what?" "2m is equal te 6, what is the value
of m?" "x over § egua) to 2,% is what?".

the statistics lesson the teacher built up a tally

table on the blackboard with the help of the students -~
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she asked some individuals guestions but usuvally the
students answered in chorus. All the thinking was done
by. the teacher, the pupils worked strictly under her
direction - adding or cout ing as they were told:
Iww we will represent the data on a histogram ({this
was the teacher's ide i} but first we must have the
clage boundaries. A class boundary is +the widdle
vali2 of the end values we have here (teacher pointed
to the tally table) what is tile number that comes
beforve 207 {class chorus: 19) what is 19 plus 207
{cl~ss chorus: 39) divide 39 by two - two into three
goes? (class chorus: 1l).and two inte 19 goes? {class
chorus; 9) and wvhat is ovexr? {(c¢lass chorus: half} now
we are going to construct our graph here.
We see from vhis extract, which is typical of the les-
sons unserved, that the students were only concerned
with simple arithmetic and were not allowed or en~
couraged to do the basic thinking of how to work a
problen or even to identify what. the problem was.
{iv) There was no effort to teach new words or
concepts, for example in the previous extract the
teacher simply told the students that a "class boundary”
{and this seemed an important concept for the work in
hand) was "wniddle value of the end values”. In the
geomeltxy lesson when giving reasons for angles being
equal teacher asks "why?" and gets the answear
"alternate" or “corresponding” and she simply writes
down these words beside the statement. The only ex-
planation given was to draw a diagram in another part of

the blackboard and pointing to {wo angles say: “"these

angles are corresponding”.



524

{y) None of the teachers made any effort to link the
lesson material with previous knowledge and there was no
planned organisation or adaptation of the subject ma ter
in a Piagetian sense. If assimilation and ac¢commodation
did take place {chapter 3, section 3.2.3.) then it was
purely accidental on the teacher's part. There was a
lot of reliance on rules of thumd and the promotion vf
instyumental rather than relational learning as was dis-
cussed in chapter 3 section 2.3.4. During one leasson
the following "raleg" were guoted by ‘he teacher several
times during the lesson:
With positive and negative numbers youn don't add them
but you subtract them and the sign is the sign of the
bigger snumber.., In solving the eguation you Jjunp
this number over to that side and the sign changes..
{vi) The aunthority of the teacherx was the only manner
of testing the sightness of any answer. If the teacher
gaid it was correct it was so and if the teacher said it
was wrong then another answer had to found and so on un-
til sneh time as the teacher said it was correct. For
example here is an extract from the lesson on ratio and
proportion:
The teacher had written on the blackboard: 3, 6, -,
12, =~ and asks for the missing numbers. One student
answers “maltiples of three" and the teacher replies
"no" and leooked around for another student to answor.
This time the student asked said ‘15" to which the
teacher replied "no" and looked for another answer.
Eventually one sktudent =aid "9 and 15" and the
teachey said "yes that is correct:", and then moved on
ta the next part of the lesson. In the lesson o©n
egnations after 12 minutes work (mostly by the
teachey) an equation y = 3x is arrived at and written

on the blackboard. The teachey then anncunces “this
igs the equation we are looking for". No effort wasg
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made to check by putting in the ordered pairs which
were given in the first instance and for whic¢h the
equation was supposed to be the answer,
If we think in Skemp's termws of intelligent action, as
being goal directed enabling one to move from a per-
ceived present state to a desired goal state, then ounly
the teacher could be said to be engaged in such activity
throughout the lessons which were observed. The stu-
dents were not given time to grapple mentally with the
questions to find out for themselves what data was given
or to examine what was required to be done in the ques-
tions given.
There was one lesson which did not fit into the pattern
described in the previous pages and was different from
the other five in the manner of checking answers, making
decisions about general approach to problems, teaching
of new words and integralion of new knowle3ye. A few
extracts from the transcript of this legson will il-
lustrate these points:
In this lesson we are going to deal with Equations
{teacher writes this word on the blackboard) and from
this word we geit another word Equal, {(the teacher in-
vites two girlis to stand in front of the class and
hags a lively discussion about "egual” and distin-
guishey between "the same" and "egual”™ by referring
to their height, their ages, the amouni of money they
have and so on. The teacher has prepared a flannel~
board and cut-outs for this lesson and one card has
an eguals sign with two lines roughly drawn as shown

in Fig 8.1. The teacher says this sign means “equal"
or "similar” or "the same as",
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Fig B.i. Illustration of'égualé‘sign

One student, a girl, objects that this sign is not
correct becanse one of the lines is longer than the
other one. The class enjoy this’ joke and so does the
teacher).

The teacher invites the students to make an eguation
using cut-outs and eventually the students arrive at
the arrangement shown in Fig 8.2.

Fig 8.2. Eguatibn built vwp using cut-out: cards

X1 |+ 16| =7

The teacher then says: "The guestion is what does the
letter "x" represent?”, bhe pauses and the sotudents
are busy talking to one another about the problem.
Then the teacher contiiues: "There are two ways of
Finding "x* - 3just look at it and see that zome num-
ber has 6 added to it and the result is i7" (there is
a forest of hands up and one student says "it must be
11" {the teacher shows that when the Jletier "x" i=
replaced by the npumber 11" the statsment is
"halanced" and explaius:

"we have the left hand side always equal to the right
hand side, that 1s what it meant by "balanced”. The
teacher now says: "the guestion is how does that boy
get °11"? let ug ask him, the boy tells the class: "I
subtract 11 from 17" the teacher then addresses the
class: "this bey has his own rxeasons for what he
says, how would you do it yourself?" ... pause while
the students consider this ... another boy explains:
"1l plus € is 17" ... another girl says: "I start
with 7 and I count up to i7" ... the &r Ther makes a
nunber line on the blackboard and & .¢ the girl:
"which is the starting number?® ... the girl replies:
*7" and the teacher counts with her from 7 and shows
that would give an answer 10 not 11, the girl sees
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that i% is not correct and says "no it saould start
at the number next to 7 and not at 7.

This lesson as c¢can be geen from the above was one in
which there was real thinking on the part of the stu-
dents and checking answers was not dependent on the
teacher but was shown to depend on the internal consié—
tency of nuabers and the operations done wusing these
nunbers. No claim is.being made here that what con-
stitutes good teaching for one teacher automatically is
good for every othexr teacher. It would be ve}y easy to
siip into such a false assumption but that is not the
point being made in the above extract. -Bennett (1976)
makes a plea for a variety of teaching methods to suit
individual differences between students (P.10}. He
states there is no single bést way of teaching although
the implicit assumptions in many studies of cglassroom
behaviour is tkat there is one best way of teaching
everything to everybody (P.18). Professo; White has
given the basics of what is required in any “competesnt
teacher" as guoted below in 8.8. ({(White 1983). How an
individual teacher applies these gkills depends on his

or rer own teaching style.

8.7. Diary of a middle school mathematics teacher

The researcher is responsible for student teachers doing
teaching practice in Bafokeng High School and an oppor-

tunity presented itself in 1987 to deal with some who
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were doing their practice in the middle schools. The
researcher asked one of these studenft-teachers who was
doing mathematics for two weeks to keep a diary of his
experiences. The notes made by this student~teacher are
very revealing and des=sribe how one teacher was able to
transform a class from "hating wathematics® into & class
which "Quring study time most of them came to mne wikth
pieces of paper with maths problems to correct them".
(Appendix A No. 4)
The way this <hange was brought about according to
hiself was two-fold:
(i) When a difficulty was experienced then the teacher
identified the concept which was lacking or not fully
understood and he tuok time to teach it vsing objects
where necessary. “his is seen in the following extract:
The previous day I introduced the square root idea to
them and I did a lot of +talking in explaining the
square root and how to f£ind it but most of them were
left in the dark. When I realised this I decided on
the following day to let them play 2 game by nollect-
ing some stones, Fach started with four stones and
then they made squares and they soon learned what a
square is and what is a sguare root {Appendixz 2
Nth, .
{ii) The teacher really 1liked the students and he
pronoted positive attitudes towards mathematics. Thisg
enabled the studeénts to experience success and thel:r
self-inage was affucted, The result of this was ar in-
teregt in maﬁﬁematicn and the students now began to en-

joy mathematics and to practise it on their own.

I bhave been giving two mathematicz lessons today and
I was impressed by the response of the pupils com-
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pared to the first day I went to that class. What I
realised during my first day was that the pupils were
not free in the ¢lass during the mathematics lesson.
So I started creating a good lesson atmosphere with
the result that they are now happy when I come to
class., They are free to parficipate and they know I
am there to help them and if they don't understand
they should come to wme and there is nothing wrong if
they have & difficulty in mathematics. Now the
pupils seem to enjoy the maths lesson (ibid).
This extract shows that all is not lost for the present
generation of middle and high school students and that
they need not necessarily be doomed to fallure in mathe-
matics as indicated by their poor performance in the
public examg. It has sometimeés been saia that it would
be a waste of resources to try to remedy the lost cause
of middle and high scheol mathematics, and that it is
better to use whatever resources are available to build
up a new system from the lower classges in the primary
schools.
This researcher thinks that an expanded in-service
L]
programme using the expertise in the schools of each
crrcuit could bring about the necessary change ard im-
prove mathematics teaching and learning dramaticaliy.
One essential component would be a rescurce centre,
which could be accommodated in one of the existing
schools. In this c¢entre materials could be developed in

woxrkshop situations as well as providing books, teaching

aidg, filmsg etc. for use in the schools.,



530

8.8, Summary
The difficulties experiencec by the group of "poor”
maths students can we truced to the bad teaching ob-
served in the std 7 mathehatics classes. Many of the
nistakes made and the uncertainties of this group wh~n
working with the five picture problems in the interviews
result from the manner they have been taught
nathematics. There wag no consisteni policy regarding
homewofk, not.anough individual practice of doing mathe-
matics problems, 1little opportunity for the students to
make decisions about how to w~rk a gquestior, no teaching
of concepts, no integration of subject matter with pre-
vinus knowledge and no checking of answers., Howeﬁer it
would be foolish to suggest the remedy will be fouvnd in
giving the teachers a few new skills and technigues, the
problem rans much deeper than that, The whole system is
at fault, not just the overcrowding, lack ?f facilities
ete, but the whole approach to teaching, the attitudes
of the teachers to the students and to the subject mat-
ter is what needs overhauling. Professor Yhite lists
the minimum requirements for a professional teacher as:
adequate levels of understanding and skill PO
ability to encourage others o begin work and to per-
sist in it until intrinsic motivation takes over ...
ability to assess prior knowledge ... adapl teaching
to ‘students’ rates of progress ... adequate command
of the language ... ability to assess progresgs ...
{White 1983, P.234}.,

“The material presented in this chapter shows that this

description does not mateh the reality in the schools.
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*n chapter 3 two mathematics projects were discussed
namely the Caribbean maths project in section 3.4.2.1.
and the Lesotho wark card project in section 3.4.2.2.
According to the evaluation of the lalter proiect the
Lesotho work card project failed because it was imported
- mnot just the materials but organisation and assump-
tions as well. The teachers were only reguired to
implenent a fool-proof scheme. But teachers are people
-and people think and the Lesotho teachers were not ex-~
pecﬁed to think and the project failed.

The Caribbean maths project on the other hand succeeded
because, it is reported, the teachers were involved in
the development of méterials as well as in their use as
teaching aids., This helpad to build up positive at-
titudes towards the pre¢ject and to take on rxespon~-
sibility for what they were dbing. They were teaching
something which they themselves had helped to create.

In his visits to iLhe schools this resea;cher found a
self-image common among the teachers as one of being an
implementer only. These teachers are expected to teach
what iz in the syllabus according teo the mannex it is
presented in the textbook. All that is expected of them
iz to produce good mathematics results in the standard 7
public examination. One final thing which emerges from
the study of school variables and that is that nothing
was unc .vered in the schools which would explain why the

"good maths students” are able to perform so well in the
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five picture problems compared toc the others. In the

next chapter personal variables will be studied in crder

Lo shed more light on why some students de succeed in

mathematics in spite of everything described here.
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CHAPTER 9

PERSONAL VARIJBLES

9.1, Introduction

In this chapter certain personal variables were inves-
tigated te find out what rcelationships they have with
mathematics performance. Just as in chapter 7, both
std. 7 examinati. . results and performance in the pic~
ture problems were used as coriterxia of success and
relationships Letween each criterion and the personal
variables were analysed.

The literature abounds with material which way be
laosely termed ‘“student traits" to quote Schiefelhein
anpd Simmons (1978, p.8). The T.E.A. was a seven year
study in twenty~three countries which examined student
achieveﬁent in six subjects. Some 500 indeﬁéndent vari-
ables were postulated. These variables were grouped
into four blocks one of which was students' characteris-
tice sauch as age, sex, guantity of homework dons,
motivation and atbtitudes (ibid P.38).

Alexander and Simmons {(1975) analysed eleven studies,
carried out in poor counktries, which vsed ithe educa-
tional production statistical technique as a research
design. This invalved a claséification of variables
into (a} input variables and {b} output variables. The

weakness of this technigue ig that there is no definite-
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agreement. among researchers as to whal constitutes an
input variable as opposed to an cutput variable. One
example which these avthors refer to iz that of at-
titudes and they point out that while they treat at~
titudes as an input variable and conseguently measure
its effect on sﬁudent achievement it counld just as well
be regarded as a =school output. Individuwal characteris~
tics listed by these authors include motivation,
expectations, perceived control over the enviroament
{ibid P.8)}, age and sex (p.l4), need of achievement
{p.17), students' self esteem {(p.21},

Schiefeibein and Simmens (19783 reviewed 26 research
gtudies done on student achievement which considered
stulent traits as the possible determipapts. It was ex-
pected these student traits would have a significant im-
pact on achievement and this was horne out in most of
the research reviewed (ibid p.11). Four of the 26
studies were from African countriesg and bthey showed the
following variables to be significant delerminants of
achievement: sovio—-economie skatus, gradé repitition,
malnutrition, aage, health, sex, intelligence, self-
concept, family size (ibid p.37). However Lhe same
authors point ouk that some of the attributes like self~
concept have not. heen adeguately studied in their vrela-
tion to student achisvement and the authors suggest fur-
ther research is required in these areas (ibid p.31}.

For Minkowich et al {1982), studying achievement uf Is-
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raeli children in primary school from different cultural
backgrounds, Ethe personality variables studied were
motivation, attitudes and self-concept {(p.160).

Lester {1983) reviews resgearch done on mathematical
proehlem soiving and speaks about the highly in-
dividualised personal nature of problem solving. He
claims that until the late seventies little progress had
been made becauge there was no agreement on what the key
variables are that influence behaviour (Lesh and Landau
1983, p.230}. Kruteskii (1976} decided that only those
characteristics related to cognitive behaviour should be
studied and he classified problem solvers according to
the types of mental processes they used.

It was decided not to neglect cognitive variables bat to
follow the main body of research in poorer countries
which deals with personality characteristics 1like
motivation and attitudes of pupils and self-concept as
well as age, sex, homework patterns etc. in the present
regearch.

The variables selected for analysis in the present study

of success and failure in mathemaiics among tChe Bafokeng

were therefore: (i) self-concept (ii) attitudes to
mathematices (iii) age and sex {iv) cognitive bdbe-
haviour and {v) other wvariables such as homework

patterns, English language fluaacy ete. Each of these
is dealt with in the following sections.

As  mentioned earlier the concept “success in
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mathematics” was the subject of chapter 2 and two
criteria wers proposed. In chapter 7 an attempt was
made to use the maths exam results to calemnlate correla-
tiors of the two home variables socio-economic shatus
and culture on the one hand with malths exam marks on the
other hand but there were no significant correlations.
However when the performance in the picture problems was
uged as the criterion of success, a strong positive cor-
relation was revealed. In this chapter the same proce-
dure as was used in chapter 7 was followed for each of
the personal variables. First the measuring instrument
is described, its construction, scoring, as well as
reliability and wvalidity. Second iLhe results are
presented and discussed. Third, correlations with maths
marks and performance in the picture problems are given.
Fourth, where poussible, further deepening of the inves-
tigation is carried out and described. Finally how the
particular variabie wunder consideralion contributes to
our understanding of mathematics learning among the

Bafokeng is analysed.

9.2. B8elf canceplL

9.2,%. Background
In the pilot study repoited in chapter 4, gection 4,9.

the exploratory work on self-concept wes described. In
spite of the small numbers invelved a considerable

amount of useful data was gatﬁered which helped to dif-
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ferentiate between successful and unsuccessful maths
students. All the indications were i .. the possibility
of a sgtrong positive correlation between self-concept
and achievement in mathematics for the middle school
gtudents of the Bafokeng region. A brief introduction
to the idea of self~concept as it developed hisloriecally
ig given here and the.general findings of the research
into the relationship between self-concept and scholas-
tic achievement is reported.

Over fifty years ago Mead (1934} proposed that a c¢hild
formes various picturés of himself as a result of his in-
teractions with sgignificant others and the child can
have many "“selves" such as. "home-self", “school-self",
“play-self”, etc. (8iann and Ugwuegbu 1980, 2,72},
Modern psychology refers to this developnent o¢f gelf-
image through social interaction as “symbolic
interactionism”. Significant others have expectat:ons
of what a person should do and shonld not do and the
child learns this through social interaction {(Jordaan &
Jordaan 1989 P.G84). Other mechanisms whereby a child
conmesg to form a self-image have also been identified and
these include self-reflection and observation of one's
own behaviour.

Differentiation theory describes how a child begins to
digtinguish himgelf from the envirvonnent. Witkin
proposed that early socialization experiences can hamper

cr foster achievement of seperate autononnus funclioning
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(Witkin et al 1871 2.11). Brinkman (1966), Wober
(1967}, Ckonji {1969}, Bishop (1983} among others inves-
tigated how child rearing practices and environmental
factors influenced a person’s perception of himself in
relation to outer reality as was discussed in chapter 3,
section 3.2.5. Gordon (1975) suggests differentiation
is based on Piaget's developmental stages in which he
recognised the importance of maturation, as was dis-
cussed in chapter 3, seclbion 3.2.3. As the child moves
away £rom egocentricity he begins at the same time to
formm a 3delf-image. Definitions of self-image remain
fairly vague. Jersild (1952} defines the =elf in terms
of an inner world:

The self constitutes a person's inner world as dis-

tinguished from the outer world censisting of ail

other people and things (Siann & Ugwuegbu 1980 P.73).
Gordon {1975) analyses self-concept inkto how a person
conceives of himself, hkow stable is Lhis image and what
effect it has on behaviour {P.336). Tn a very detailed
study carried out by Minkowich and his fellow workers on
student achievement in Israel the self-concept was
hroken down into eleven items: locus of caontrol, .
apxiety, general self-image, scholastic gelf-image, ex~
pected maths marks, perceived affection, intereslt in
studies, level of agpiration in studies, importance at-~
tached to significant others, atititudes towards taacher,
class and schoel, concepts of the ideal pupil (Minkowich

et al 1982, Pp 164-188),. It seems therefore that the
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modérn view is that self-concept is a composite of
ideas, attitudes, feelings étc, whicl. copdition how a
person exgperiences himself énd which help to direct his
actions., For the purposes of the present research self-
image or cancept of self will be taken simply as a
person’'s view of himself, i.e. who a person thinks ' is
. and not necesszarily who he really is as Judged by any
other criteria. .
The existence of a positive correlation between self
concept and achievement is well established in the
literature e.g., Colemarn (1966), Minkowich et al (1882),
stein {1971), Gordon (1975). Bul many researchers pﬁint
out the lack of real understanding about the nature of
the relationship and they emphasi$e that it is not pos-
gsible to deternine which is the cause and which Lhe ef-
fect {(Minkowich _t _al 1982 P.165).

Gordon {1975) refers to work done by 8S8tein (1971) in the
U.8.4. in which he studied sei-yole identification as
ope item jia self-convept. Be found significant dif-
ferences in certain subjects but rot in mathematics.
Stein concluded that gax~role :identification does in-
fluence achievement in certzin subjects but nobt in math-
ematics {(Gordon 1975, P.345). Stein's work is important
becange it sheds light on one of the complications that
has been, according to Gordon, neglected in the usnal
correlational studies of self-concept and performance.

The complication referred to is the nalture of the
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relationghip. This has led in turn to false conclusions
about the vreal relationship between self-concept and
performance {ibid). - Elsewhere Gordon states:
«++ the pattern of the relationship between self-
concept. and achievement seems clear. There is @
relaticnship hetween positive self-concept and high
achievement and negative self-conceplt and under-
achievement ... the chances are we can see a circular
pattern bealnniny earlier with perception of ex-
periences as "successes” or “"failures" leading to a
development of a concept of self which in turn in-
fluences both the sele. tion and evaluation of sub-
segqueni: experiences. (Gordon 1975, P.393),
The same paulcrn of positive correlation is identified
by Siann & Ugwaegbu {1980), who quote {(a) McMichael's
(1977) study of Scottish children which established Llhat
low self-concept was related to poor reading ability and
(b) Samuels {1977), who also found <that p v self-
conceplt goes with low academic achievement (Siann & Ug-
wuegbu 1980, B.76). Serpell (1976) notes that numerous
cross—~cultural studies have heen carried out and these
have highlighted the difficulty of analysing the
relationships between gelf-concepl: and achievement
{Serpell 1976, P.35}.
One final guestion needs to be raised in the context of
the present research and that is about the validity of
the self-voncent construct when applied to non-western
peaple: does the self theory which has emerged from a
western culture agply in an African cvontext? S8iann &

Dgwuegbu (1980, P.74) state uneguivocally rtrat self-

concepl can indeecd be useful in the study of students in
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non~western cultures and they guote the work of Wober
F 3: and Bakari (1975). Thg forme¢ ¢ found that the
fgéﬁors involved in perception of self will differ from
culture to culture bui there is indeed a unique percep~
tion of self (op ecit P.75).

Bakari showed the wvalidiiy of measures of self-concept
in his Nigerian sample. He found that measnres of self-~
concepk differentiated befween "guccegsfai” and

"failing" groups of students {(ihid}.

The usual technigue for conducting research and gather~_
ing data gelating to self-concept is by means of gues-
tionnaires and check lists or the construction of some
seale of items as used for example by Minkowich ek al
(1982) referred to above. The weakness of this approach
is that what emerges depends on what items are included.
The obvions adva ‘ge is that the materia:s iz easily
gquantifiable. Okher methods used include interviews,
projection technigues and self report essays. The dif-
ficulty with these is the problem of how Lo yunantify the
purelr qualitative data produced and this tends to of-
fset tihe advantage of greater validity. ‘there is still
one major weakness of all these approaches, however, and
that is that they rely solely on Ghe verbal material and
the non-verbal means by which an individual wakes him-
self koown are ignored (Gordon 1875 P.336). in the
pilot study use was made of the self report essay and it

was decided to use this same method for the main study.
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Having defined self-concept in the terms of aself-
percept ion it was then decided to ask all the standard 7
students heing studied to respond to a simple request to
tell the researcher ahout themselves. How this was done

and how it was scored ie givea in the next section.

9.2,2, Measuring ingtrument foir gelf-cancept

at the bottom of the socio-economic questionnaire page
there was space left for the students to write about
themselves as shown in Appendix F. The statement: "7
don't know you” and the raquest: "Please tell we about
yourself" were deemed sufficient to indicale what was
required., There were seven blank lirnes and underneath
was written "Ke a leboga" (= thank you) and the
researcher's name. In Keledi school thae researcher su-
pervigsed Lhis sagtion in Lwo of the «lasses and {he
mathe teachers did the othier two clasges. In Matale the
c¢lass teachers supervised it in their own classroons and
the researcher moved around to aversee Lbe operation and
deal with difficulties or quesiions. In Mafenya all the
gtandard 7 3tudents had been assembled in a double
classroom which served ag a small hall. One teacher in-
troduced the researcher and assisted in distributing
papers. in none of tha classes werce there any gueries
while the students carried out this self-concept
exercige. A few students in one class used dictionaries

to ‘chack the spelling of some words, Apart EFrom that
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all the studente were abrocked in the taslk.

There iz no doubt that this was an excellent method to
find oul what the students think about themselves, judyg-~
ing from the candour and opennhess of what they wrote.
However that does not take from the fact that it is dif-
Eicult to guanbLify their paragraphs with huilt«in safe
gnards for realiability and validity. 1t was clearly an
easy seckion as seen from the large number of remgponses.
Only 11 of the 584 failed Lo write aboul themselves, It
was also an enjoyable exercige as could be seen from
1 eir absarption andlgenaral attitude while Lthey were
doing it.

The paragraphs written by the students ware scored using
a simplt direct scoring procedure. A scorve of +1 was
awarded for each positive statement Ethey made ahout
themselves e.g, "I am beautiful"”. If they reinforced
the statement by saying for example "My colour is black
and I am proud of this" Lhen +2 was scored for such a
staterent. Sim’ larly each negative statement was scored
-1 e.g. "I suffer Erom school fees". a3ain if  they
reinforced the statement e.g. "My uncle shoui at me and
Y am very upsel” then -2 was scorved, The aigebraic sum
of the positive and the negative scores was Lbhen calew-
lated as the overall self-concept score.

The gcoring was done hy the researcher and later tws in-
dependen? scorers separately scored a 10% sample of the

Pigures
parayraphs on selfcongepl. Interscorer reliabilitynwura
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.
r=0,9676 for researcher and 3. Boswell and r=0,9538 for
regearcher and P, Slattery. The scorvers were G, Boswell
and P. Slattery both of whom borve spent many years work-
ing in the Bafokeng region.
The validity of the instrument rests on its simplicity
and on the candour 9f the subjects. There was no reason
for them to be untruthful and the manner in which they
spoke about themseives indicated that they were .being
honest in their statements. There is no way to prove
this because the definition of the self-concept taken
for this research is the manner in which the student
sees himself. Similafly apart from the inter-scorer
reliability given above, other checks for reliability
like repeé;ing the exercise at a subsequent date were
not deemed suitable. - The reason for this decision was
that doing this sort of exercise can itself be regarded
as one form of self-evaluation which is gnderstood in
psychology to be the method by which a person estab-
lishes a self-concept.

A self-image iy formed on the basis of self-knowledyge

aguired through the act of self-evaluation {Jordaan &

Jordaan 1989 P.684}.
Several st+dents talking informally after the data
gathering sessions remarked on how important it was for
them to get to know themselves better by spending Lime

thinking about themselves.



Fig 9.1. Frequency distribution of self-concept sgores
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. 9.2.3. Resnlts of the self~concept test

The scores ranged from =3 to +15 with the vagt’ wmajority
{56} having a positive self-concept from the scores on
this instrument. FEleven wrote nothing and wexe scored O
and only twelve had negative scores, The Erequency dis-
tribution of the scores is given in Figure 9.1, The
topics mwentioned were: name, age, sex, body
characterigtics, behaviouyr, how other people saw them,
parents, £friends, hobbjies, occupation during weekends

ete, In general girls dwelt more on their appearance
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and the work they dec at. home:

I'm a slender girl {+1) with big eyes (+1) and a
beautiful nose. (+1}

I'm fat enough (+1) and black in colour. (+1)

At about 5 o'clock I cook food (+1} for our family.
We are a very happy family. {+1)

I am not well educated {~L) bacause wmy mother is
still weak (~1) and at home we are suffering. (-1)

My wmother does not working. (-1) So I suffered for
school fees (-1) and school ticket. When I tell my
unclie for ticket every month he tell me a story for
furniture. (-1}

Now is the winter months and I have no aschnol uniform
{-)) and khaki shirt.

The beys in contrast tend o focus on their .future
careers and how they pass their time:
My name ig Kenneth. (+L) PFirst of all I want to say
I am an intelligent boy. (+1) I love averybody in my
life. (+1)
Every Sunday I went to church. (+1) Everybody that
knows me that I have a good menus {=manners) (+1) and
in my life I want to be a doctor. {+1)
8chool and school subjects were xveferred to by botl boys
and girls in roughly the same proportions. Most said
they liked school, teachers, subjects and sone were
: .

anbivalent:

I like to study maths (+1) but I can't understand it
perfectly. (-1) That's why I hate it. (-1}

Interesting as the analysis cy these comments might be
in themselves, the present research is concerned with
how self~concept is related to mathematics and this will
now be pursued.

The average scores obtained in the self-concept instu-

.ment are given in Tahle 9.1.
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Table 9.1 Average scoreg in self-concept

N TOTAL SCORE AVERAGE
Total population | 584 3606 6,2
Interview sample 60 393 6,6%
Good maths students 15 114 7.6
Weak maths students 19 113 5,9

The difference between the means for students good 2%
maths and students weak at maths in the picture problem
scores given in ?able 9.1 ig significant at 5% level.

It can be seen from this table that good maths students
averaged higher than.the population average and students
weak at maths averaged lower.

Cofrelation betweer the self-concept scores and the
maths exam marks were calculated using Spearman’s
formula. The figures are given in Table 9.2.

The regults are mixed, those for Matalg show a small
positive correlation but Keledi and Mafenya do not. Nor
is there an overall statistically significant correla-
tion between scores on self-congept instrument and marke

obtained in the maths examination.

* The interview sample was not completely random as ex~
plained in chap. 5. Students very weak in English were

excluded.




548

Tahle 9.2, Spearman’s correlation for self-concept/maths

mark

SCHOOL N v SIGNIFICANCE
Keledi 297 0,076 none
Matale 157 0,192 r ¢ G,05
Mafenya 126 -0.161 none
TOTAL 580 -0,023 none

as already discussed in chapter 7 the maths exam mnarks
are very low and a total of 266 (i.e. 46%) of all the
students scored less than 25% in the maths examination.
There is a serious doubl aboul the validity of maths ex-
amiration marks. application of chi sguared test also
vielded results which showed maths marks and and self-
concept. scores nobt signif%cantly related at 5% level.

A second set of correlations were caleulated using the
perfﬁfmance in the five picture problems as criterion of
success. Thirty four students soores were used. This
group was composed of 15 students who scored A or B on
the picture problems and 19 who scored D or E. Again
the results showed no gsignificant correlation r =
0,2497. From this result together with the results
given in Table 98.2. two possible conclusions can be
drawn. It may be (i} that the inatrument used in this
test was not suitable for measuring self-concept or (ii)

there is no significant relationship between self-
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concept and%performance in mathematins for the Bafakeng.
It seemg the latter is more likely of the two inferences
in this jinstance.

Nevertheless good maths students de have a higher self~
concept score than those who are poor at maths as judged
by the performance in the five picture problems as can
be seen from Table 9.1. Elsewhere the students were
asked: 'Nhy do yeu think you are good at maths ? In~
variably they say it is because of their perforwmance in
Lhe maths tests. Relationships between variabhles, as
has already been pointed out are c¢omplex and although
other research has established positive correlations be-
tween maths and other scholastic achievement against
self-concent there is no way to identify ‘causal
relationships-.

Correlations cannot be used Lo indicate cause and effect
{Gordon 1875, P.343). Not all the reasearc? found pesi-
tive correlations and some stedies produced mixed
resnlts, as for example Stein (1871) and Fitts (1972} as

yuocted by Gerdon {op _cit P.344}.

9.2,4. Deepening of snlf-conceplk investigation

In their evaluation of Israeli Brimary  schools,
Minkowich and co~authors (1982) broke down self~concept
inte eleven items, each of which was tested for a pos-
sible relatiopnship with academic perfozmance. Two of

these items were deemed appropriate for deepening the
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present research into how self-concept is related to
nathematics performance among the Bafokeng. The two
jtems are (i} 1locus of control and (il) conception of
the ideal student.

The term "locus of control® is attributed to Rotter
{1966}, Coleman (1966) studied how locus of control is
related to performance ia school. It has been suggested
that if a person, believes he has control over what hap-
pens to him and his locus of control can be gaid to be
internal then such a person has a very well developed
self~concept. If on the other hand an individual thinks
that he has little . control over what happens and his
locus of control can be said to be ’ external, then he
tends to have a poorly developed self-concept (Minkowich
et al 1982 P.160). The degree to which one feels lie is
a victim of circumstances or e¢an influence what happens
to him is neglected in the usuzl self-report research,
clains Gordon (1975, P.345). One study gquoted by Gordon
was carried out by Buck and Harvey (1971) on locus of
control as experienced by black Americans. They ¢om~
pared internal and external control of 50 black
achievers with 50 black underachievers who were matched
for T.Q., sex, age, and family background. They found
adeguate achievers scored higher on internal control.
Minkowich et al found most students in their Iasrael
study tended to attribute failure in arithmetic exer-~

cises to extexnal factors like difficulty of the task
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rather than their own deficiency (ibid P.161). These
authors say level of intelligence and sociceconomic
status have a decisive influence on the direction of
locus control. Low intelligence and a disadvantaged
home background would normally indicats an external
locus of control. However they alsoc point out that
teachers' influence might force such a student to indi-
cate an internal locus of control in respect to school
experiences (ibid P.164}.

For the item “"conception of the ideal student" Minkowich
et al (19825 presented several gquestions of the form "It
is better to ... than to get good marks in maths” Six of
this type of guestion were adapted for the present
research, three of them dealing with love of maths for
itself and the other three dealing with human relations.
The subjects were asked to mark an X in a box to indi-
cate whether they agree or disagreed with the statement
~ see appendix J.

The sample was drawn up as follows: all the std 7 stu-~
dents were given the 12 questions relating to locus of
control and conception of the ideal student. They were
then matched for

a) sex, b) age, ¢) father 's level of education,

d) father's occupation and finally the matched groups
were analysed for performance in mathematics. This
resulted in two matched groupz of 30 students each, who

differed in performance in maths according te the judge-
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but were similar on

four criteria as shown in Table 9.3.

Table 9.3. Composition 6f the two matched qroups

the other

GROUP 1 GROUP 2
Boys 1Girls |'Total Boys | Girls | Total
Numbes in sample 17 13 30 17 13 30
Average age {years} 15,9 15,2 15,6 16,1 15,4 15,8
Highest std reached
by £ather 8,3 8,0 8,2 7.7 4,8 8,2
The replies of these two matched groups to the questions

are given in Table 9.4.

The results show the tw6 groups are remarkably similar
and there no significant differences to locue of control
hetween those who are good at maths and thbse who are
weak at maths. In their answers to all the gquestions
the biggest number ﬁf students in each group see them-
selves as the anthors of their own fate - +test marks
etc, are seen to depend on their own efforts.

This indicates that both groups de have well developed
‘self-concepts. It also supports the findings of section
9.2.3., that there is no digtinction between thuse good
at maths and those not good at maths on self-concept

scores.
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Table 9.4. Replies to "locus of comtrol” questions
STATEMENT GROUP 1 GROUPR 2
Good maths| weak maths
stadents students
1. When you succeed in maths tests it
is because:
_t{a) you studied hard 25 27
{b} the test was easy 5 3
2. When you remember scmething in maths:
{a) you went over it many times 17 16
{b) it was easy to learn 13 14
3. When yoéur parents reward you for suc-
ceeding in your studies it is because:
{a) they love you very much 12 12
{b) you work so hard 18 18
4, When vecur teacher says your homework
is unsatisfactery it is because:
{a) the homework is difficult 11 9
{b} you did not try hard enough 19 21
5. When yon find it hard to solve maths
problets;:
{a}) you did not study enough 22 22
{b} the teacher gave difficult problems 8 8
6. If your teacher thinks you are stupid
in maths:
{a) you doen't study very hard 18 16
12 14

{b} you don't have any brains for mathﬂ

Question 7 to 12 inclusive investigated the conceptions

held by the two groups about the ideal student.

Three

of these (9.7, Q.8, Q.10) examined the relative impor-
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tance of good maths test marks compared to independent
thinking and ldve of mathematics

for itself. The results are given in Table 9.5.

Table 9.5. Importance of good marks compared te love ofmaths

STATEMENT AGREE DISAGREE
Group j Group { Group ; Group
' 1 2 i 2
7. It is better in maths to do
exactly what the teacher says
than to think about solving, A
problem in your own way 26 20 4 10
B. It is better to love maths fon
itself than to get good marks 16 15 14 15
10, Tt is better to get good marks '
in a test than to love doing
maths problens 18 10 i2 20

The differences bhetween the two groups are not statisti-
cally significant for 97 and Q8 but for 910 p<0.0L.

According to the replies to question 7 few of the stu-
dents are confident enough to try solvi;g problems on
their own and prefer to stick closely to what the
teacher tells them to do. It is interesting to note
that the grouvp of students weak at maths are more ven-
turesome than the good maths ones and more than twice as
many of the oneg weak at maths would be prepared to
chance their own solution as compared to the ones good
at maths, Question 10 clearly differentiates between
the two groups {p<0.01). Most of the good maths stu-

dents think it is better to get good marks in tests
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while by comparison most of the students weak at maths
think it is batter to love doing maths problems than to
get good marks. It might be a partial explanation to
relate thiz to their relative experience of actunally
getting good marks in maths tests in the first place -
the good students have experienced success and the stu-
dents weak at maths may never have had this experience.

The rémaining three questions examine the ambition to
succeed in maths as opposed to basic human virtues which
ave honesty, consideration £for others and helping a
friend in need. The replies to ¢.9, Q.11, 9,12 are sum-

marised in Table 2.6. .

Table 9.6. Importance of good test marks compared to human virtue

Q. STATEMENT AGREE DISAGREE
Group | Group | Group |Group
1 2 1 2

9. It is.hetter to bhe hard working '

in school than to be an honest

person 18 25 12 5
il. Tt is better to be considerate

to your freinds than to succeed 9 ? 21 23
12. It is better to spend time doing

your own homework than helping

your friend who is weak in maths 21 16 9 14

The differences between the twoe groups are not statisti-
cally different for @1l and Q12 but for Q9 p<d.0S.

Chi sguared tests carried out on the data £rom Table
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9.5, and Table 9.6. show the differences between the two
groups are not statistically significant apart from Q9
anrd 0.

Hardworx, success in school and duing one's own homework
are seen to be more important than honesty, considera-
tion and helping a weaker friend. In 9.9 and Q.13 the
majorities are fairly large. Only when it comes to Q.12
- heléing one's friend who is weak at maths - do the
replies indicate a social awareness at least among the
students poor at maths. Almost half of the weak maths
students but less than one third of the good maths stu-
dents think it is more important to 'helg others.
However in contrast to this only 17% of the weak maths
students compared to.4U% of the good maths students
think honesty is moré important than-schoolwork. This
set ‘of replies must be f£frightening and lead us to gques~
tion the value system of the schools which,the students
gseem £o have internalised.

To sumparise this section the results show that a
general pattern where the good maths students agree that
it is better to do exactly what the teacher says, %o get
good marks in maths tests and to spend time doing one's
own homework than attempting to think for themselves,
- learn to love maths for itself or spending time helping
a weaker friend. More of the poor maths students con-
pared with good maths students think it is better to be

hardworking in school than to be honest. Finally the
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good maths students are different from the weak maths
students in that they are more hardworling, more dJdedi-
cated to doina homework, more ambitious, more inclined
to follow the teacher’:. instructions than to take the
risk of thinking for themselves. The good maths stu-
dents as a group are more conservative and ambitious.
The weak maths studernis see the ideal student as more

friendly and outgoing.

%.,2.5. Summary and conclugion

In the analygis of the self-concept variable as
presented in this sgction no significant correlations
were found between the group of students who were good
at maths and the group of students whe were not good at
mathe, whichever criterion of success in maths was used,
Small differences in average self-concept scoregs were
recorded but they are not sufficient to lgad to rejec-
tion of the null hypothesis that there is no relation
for the standard 7 students in the Bafokang region be-
tween self-concept and maths performance. In attempting
to understand these €indings the manner in which mathe-
matics is viewed by the Tswaua people must be borne in
mind, Mathematics is a wezstern way  f looking at
reality. It is useful for the Tswana because it enables
them to get certain kinds of jobs like pay clerks at the
mines which are regarded as a big inpprovement on digging

undexground. There are several reasons for this, not-
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least of which are: (i) better pay, (ii} surface ‘jobs

enjoy & high status, (iii) risk of age: eni injury is

)
much greater undergound, (iv) more opportudr...es fnr so-~
cial exchange in an office than working at the mine
face.

Success and failure in mathematics is not seen to be a
reflection on a person's scholastic ability. The re-
searcher has seen the way good svmbois in'different sub-
jects are regarded by teachers and studentz alike. An
"A" scoored in Home Economics or in Bible Studies for in-
stance is locoked upon as béing not much different from
aa "a" scored in mathematics Higher Grade .and all are
greeted with the same level of appreciation,

Hence it can be seen that students who fail in mathe-
matics do not aliow this failure to damage their self-
concept and they will ¢ontinue to have a positive image
of themselves. Nonetheless the findings need to be fol-
lowed up and further research in the aréa of smelf-

concept and mathematics is necessary.

9.3. Attitudes to mathematics

9.3.1 Background

There is considexable looszeness about the use of the
term “attitude® in the literxature. Allport (1961)
argues that it is not always possible to digtinguish be-
tween a personality trait and an attitude. That which

characterises aqﬁttitude is {(a) it is always connected
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to a specific idea of reference or object, it is more
specific than genera! and (b) it canr usually be divided
into £favourable (positive) or unfavourable (negative)
categories thus ieading to approach or _avoidance .ﬁe~
haviour (Jordaan & Jordaan 1975, P.845). . wr and
Pauli {1971 P,92) and many others define atkitudes in
terms of a body of feeling directed towards a particular
set oé objects. Rokeach (1968) has the same idea when
saying an attitude is:
+es @& relatively enduring organisation of beliefs
around an object or situation predisposing one to
respond in some preferential manner (Rokeach 1868
P.450).
There are three parts +to this definitinn. First it
defines an attitude as =some kind of ¢olleciion of
beliefs which, secondly are directed towards something,
and thirdly they lead to a response. In the present ve-
search attitudes are taken to be feelings towards mathe-
matics which predisposze theé student to res;ond either
positively or negatively to the demands nmade on them in
this subject.
There is general agreement that the attitudes are deter-
wmined by socia. 1actors and the first and most dinfluen-
tial of these ia the home group (Murphree et al, 1975,
p.l16), McClelland discusses the iwmportance of the
parent-child interaction £for boy~ with high and low
achievement scores and he claims that the child's at-

titudes are related to those ¢f the parents (McClelland
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1961, p.351).

In a study of pupil failure in primary schools of the
Ciskei in South Africa Nyikana identifies parental at-
titudes as one of the most important external influences
operating aqainst the child's success at school. These
attifudes are shaped by the parents' own experiences and
transmitted to the children (Nyikana 1982, p.92). the
pil~* study described the background to the attitudes to
the mathumatics variable which is taken as a home vari-
akle for the purposes of the present research. It was
pointed out in section 7.1. above that the inflnences
other thon the home_may well affect the student's at-
titudes to mathematics.

In the present conrtext what is bheing investigated is
whether or hnot there is a significant relation between
attitudes and the success in mathematies znd what is the
nature of the relation. Two ways of defining guceess in
nathematics were given in chapter 2 viz. (i} good mark
in the standard 7 mathematics examination and {(ii) per-
formance in the five pinture problems discussed in chap-
ter 6., Both of these are tested againgt attitude scores
meagured uging the questionnaire in +he next section.
This guestionnaire is based on fixed response items as
commonly used in the litevature for attitude studies.
The items were based largely on Husen's work (1967) and
adapted for u=se with the standard 7 students in the

Bafokeng region by this researcher.
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9.3.2, Instrument for measuring attitudesg to mathematics

9.3.2.1, Description of inst:ament

Mogt often the method used to measure attitudes is to
elicit acts of judgement on the part of the subject by
inviting them to respond in favour of or agai-st a given
statement.
As imnferred dispositions, attitudes are customarily
measured by eliciting acts of judgement: agreement or
disagreement, with standdard statements of opinion
{Smith 1968, p.461}.
Reaker {(19275) used a two point scale (agree/disagree) to
measure attitudez to school (Peaker 1975, P.189%). While
this has the advantage of simplicity it does not allow
for those students who are unsure or who s&imply don't
feel one way or another about a particular statement.
For that reasor some researchers favour instead a three
point scale which allows for & neutral "I don't know” or
"Not. sure" response. In this way the subject van skip
an item without feeling guilty for not answe}ing all the
questions. Posier (1978} Btudied attitudes to school

among sixteen year olds and he allowed for one of three

regponses (ibid P.156). giely {1983) used a five point
Likert scale to measure attitudes of High School stu-
dents in Phokeng towards  hone, school, £riends,
authority and self (P.109%). after preliminary testing
with a five point szcale which allewed the subijects to
chooget a)atrongly agree; blagree; clundecidad;

d)disagree; e)strangly disagree; it was decided that for



this research a three point scale alagree; b)don't know;
¢ldisagres; would be wmore useful and thig form was
tested in the pilot study and proved satisfactory.

Thirty—-£five items were presented in the form .£ state-
ments about mathematics, these statements were for the
most part written in the first person. The students
were asked to indicate whether they agreed, disagreed or
were not sure by making a mark in the appropriate box.
A copy of questionnaire is given in Appendix C. Item 2
and item 34 both of which concerned feelingé about math-~
ematics homework were used to measure consistency of
studentga' responses,

.

9.3.2.2. Scoring of attitudes guestionnaire

The researcher and two otler scorers working
independently, marked what each one considered a pomi-
tive as oppeged to a negative attitude, for each
statement. It was decided that items number 10 and 11
and items 13 and 14 were superfluovs because they wexa
included for most students in their standard 6 ex-
perienc.. which was the substance of items number 12 and
15. PFor this reason 10, 11, 13, and 14 were not scored.
Item 34 was a repeat of item number 2 and it also was
nat scored. No agreement could be reached about what
constituted a positive attitude for item number 22 and
it was onitted. The scoring is given in Table 9.7. Two

punch cards were then preparad, one with windows to ai-
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low only positive responses to be connted and the

with windows to allow

oth

er

only negative tesponses to be

counted. The maxinum (positive} score wag +29 and the

minimum (negative)

wag =—29.

The positive and

negative scores were then combined algebraically te give

an overall attitude

student.

all the gtatements

to mathematics

score

for

ea

ch

apparently understood by the

students and there were no ambiguities thalb required ex-

lpanation during the administration of the test,

procedure followed was

above for self-concept.

Table 9.7 Scoring of items in the attitudes quesgtionn

T

he

the same as already described

aire

LTEM RESPONSE ATTTYUROE SCORE
1,4,6,7,8,9,18,23,25,27, Yes;agfee Negative -1

28,32 (12 items)

2,3,5,12,15,16,17,19,20, No;disagree Negative -1

21,24,26,29,30,31,33,35,

{17 ivems’

1,4,6,7, etc, No; disagree Pogit.ive +1

2,3,5,12, etc. Pogitive +1

Yes;agree

9.3.2.3. Vvalidity and yeliability

The validity of the instrument used to measure attitudes

to mathemaltics ig based on the three steps used

Lo en-




gure that the instrumenl was in fact measuring what it
set out Lo measure. These steps were;-

1y A study oé Lhe relavent literakure and in particnlar
the uge of Husén'a {1967) guestionnhaire in Lhe iatoerna-~
t:ional study of achievement in mathemaliws,

2} Applicatian of triangulalion technigues (Cohen and
Manion 1980, P.211) Lo validiate the over-all score by
obtaining informaktion abont attitudes o mathematics
from more than one sonrce, Two sources were used for
this purpose namely Lhe quneglionnaire scores and ihe
replies of the studenkts to tLhe open-ended dgunestions
shoun in Appendix D. The dislribultion of scores given
in Fig. 9.2. shows a roughly normal diskribution. The
qualitative slatements made by the students were class-
ified as follows:-

Strongly positive (12}; posilive (11}; peatral (0);
negative {(-1); strongly negalive (-2}, The tolal of
pogitive scores and the Lobtal of npegative soores was
then c¢ounted. fhis gcore was bLhen correlated with Lhe
scores ohtained in Lhe quesbinnnaire and the results are
given in Tahle 92.80.

3) The scoring of each queshion by using three scarers
marking independently. ‘The markers were the researcher,
together with P.  8lattery and J.P. Murphy. A1l three
rarkers have been involved in mathematies teaching in

the Phokeng area For several years. Inter-warker agrec-

ment was 100%.
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Reliability of the responses was calculated in twn ways
viz by the split~halves technique and by a check for in-

ternal congistency done by repeating a question.

Table 9,8. Correlation between at*itudes scores

y

SCHOOL CLASS CORRELATION CORRELATICON SIGNTFICANCE
BOYS GIRLS
Keledi 7a 0,9126 0,B8636
7B 0,0105 20,8501
¢ 0,7866 3.,8764
7D 0,8434 0,9283 p < 0,01
Matale 7A 0,7642 60,6582
78 0,6964 ' 60,8527
¢ 04,9275 0,8537
7D 0,6614 0,8244 p < 0,01
Mafenya 7a 0,7340 00,8756
B 0,8221 0,.8052
7c 0.8304 0,9536 p< 0,01

1} 2 sample of 20 attitude guestionaires was drawn ran-
domly from the population. Thege were now scored by
usiang the ovdd numbered items only and then scored uéing
the even numbered items onlv. The{écores obtained in
each half were then correlated using Pearson's formula.

The Fiyures for each half are given in Table 9.9.
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Table 9.9. Split halves scores for attitudes regponses

N TOTAL AVERAGE r = 9,8236
0dd numbered items 20 1138,3 56,9 af = 19
Bven numbered ilems 20 1098,2 54,9 p < 90,01

The scores had been converted to percentiuges for use

with a computer programme.

2) An internal consistency control was built into the
guestionnaire because the level of English languige com-
prehension of the subjects was foreseen to be a limiting
factor on the reliability of the responses. In Q.2 the
'sfudents were asked about liking maths homework using a
pbsitive statement and this was repeated in a negative
astatement in ¢.34, The number of subjects whose
responses to these two items were self-contradictory was
counted and percentages calculated as shown in Table
g.10.

The figures given in Torbhle 9.10. show as overall 20%
lack of understanding ambng the 584. Thic is an ex~
tremely high f£igure and indicates the poor level of com-
prehension among the std 7 studenta. It also points to
the need for great caution when intecpreting the final

SCOKes.,
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Table 9.10. (Consistency of responses for artitudes gquestionnaire

SCHOOL CLASS  |SELF TOTAL PERCENTAGE
CONTRADICTORY | RESPONSES CONSISTENCY
Keledi 7A 15 78 81%
78 15 73 79%
7¢ 17 77 78%
70 15 74 80%
Matale 7a . 6 39 B5%
78 10 50 80%
7C 6 28 79%
7D 4 40 50%
Mafenya | 7A 10 44 77%
7B 9 43 79%
7¢ 9. 38 77%
TOTAL 116 584 . 80%

It will be remembered the bottom third was excluded from
the interview sample because of poor English comprehen-

sion in chapter 5.

9.3.3. Findings of attitudes gquestionnairs
Altogether 584 std, 7 students completed the ¢ pstion-—

naire on attitudes to mathematics., All the students
completad all the ¢uestions though in a few instances

gsitudents warked more than one response. The scores
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ranged from -1B8 to +29 with the overall average +10.4.
The average scores for each school are given in Table

9.11 and the fresguency distribution in figure 9.2.

Table 9.31., Average scores on attitndes to maths

guestionnaire
SCHOOL N AVERAGE STANDARD DEVIATIOﬁ
Keledi 301 10,1 6,6
Matale 157 11,7 6,1
Mafenya 126 9,4_ 8,7
TQTAL 564 . 10,4 ) 7.0

Matale school has the highest average. This may be re-«
lated to the special features of that school discussed
in Chapter 8,4 namely of the three schools Matale is
the 1longest established, has Lthe most‘ experienced
teachers, and the students generally are from higher
gocioaconomic stitus families.

Mafenya nas the lowest average. This may be related to
the conflict situation that seems to exist between the
maths teacher and the departmental head in that school
which was referred to in Chapter 8. The std. 7 maths
teacher claims thép the departmental head often inter-
ferez with her wurk. and presumably the disagreement

would he noted by the students and even subconsciously
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affect their attitudes to maths.
Over half of the students have scores between +7 and
+18., Most of the students scored positively and there

were only 46 negative scores.

Pigure 9.2. Frequengy distribution of scores from at-~

titudes to maths guestionnaire
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8pearman'’s correlation coefficient was calculated for
scores obtained in the attitudes guestionnaire with (1)
maths mark and {ii) average secore in the f£ive picture

problens. The figures for each of these are given in
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Tables 9.12. and 9.13. respectively.
~ There is a strong positive correlation {p < 0,01) be-
tween scorez on attitudes questionnaire and waths mark

obtained in the June 1987 examination.

Table 9.12, Correlation coefficient between attitudes

and mathg mark

SCHOQL N r STGNIFICANCE
Keledi 301 0,3568 p < 0,01
Matale 157 0,4022 p < 0,01
Mafenya 126 0,4741 p ¢ 0,01
TOTAL POPULATION 584 04,3383 p < U,bl

Table 9.13. Correlation coefficient between attitﬁdes

and piciure problems

SCROOL N r SIGNIFICANCE
Keledi 20 0,4964 p < 0,05
Matale 6 0,3618 none
TMafenya . a ~0,4038 none
{TOTAL SAMPLE 34 0,4038 none

Apart from Keledi there is no statistically sgignificant
correlation between attitudes scores and picture problem
scores. This could be due to the small N for Lhe pic-
ture problems. Another possibility is that there is a

real difference belween the variables being measurad by




571

the maths mark and by the picture problem score.

9.3.4. Comparison between good and not good at maths on

attitudes
The students who are good in maths using the criterion
of maths mark have higher scores on the attitudes gues-
tionaire than those who are not good in matbhs. In Table
5.14. the attitudes scores for students who obtained 40%
or more in the maths exam are compared with the at-
titudes scores for students who obtained 20% to 29% in

the maths exam.

Table %9.14. Comparison beiween attitudes of good at m

and not good at maths

athsg

SCORE NUMBER PERCENTAGE

GOOD NOF GOOD | GOOD NOT GOOD

+25 = +29 2 d 1,6% 0,0%
+19 -~ +24 24 14 19,8% 8,0%
+13 - +18 45 50 37,2% - 28,7%
* 7 - +12 39 50 32,2% 28,7%
+1-+6 10 38 8,3% 21,8%
| -5 - 0 1 17 0,8% 9,8%
-1l - -16 0 4 6, 0% 2,3%
~17 - =12 0 1 0.0% 0,6%
TOTAL 121 174 99, 9% 99,9%

Chi squared test carried out on the data of fTable 9.14
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shows the attitudes of those good at maths to be sig-
nificantly different (p < 0,01} from the attitudes of
those not good at maths,

It can be seen from Table 9.14 that 26 out of the 121
students who are gaod at maths scoved +19 or above in
the attitudes test this is 21%, and only one had a nega~
tive score.

By comparison only 14 of those who are not good at maths
scored +19 or above in the attitudes test whieh is only
8% whereas 22 of theze students bhad negative scores
which is 13% of the 174.

Altogether there were 68 students who had attitudes
scores of +19% or above and there were 46 who had nega-
tive attitudes scores. The maths marks for these two

groups were averaged and are given in Tahle 9.15.

Table 9.15. Maths marks of high altibudes scoring students and

low attitudes scoring students

SCHOOL NUMBER OF HTGﬂ AVERAGE _ NUOMBER OF LOWJ AVERAGE
POS. SCORES MATHS MARK NEG. SCORES MATHS MAR%

Keledi 33 44% 24 25%

Matale 195 34% 4 18%

Mafenya 16 30% 18 13%

TOTAL 68 38% | 46 20%

Again the same relationship is revealed wviz. that the

students who scored high opn the attitudes test have
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maths average almost double that of students who have
negative attitudes towards maths.

Finally the attitudes scores of the two groups of those
good at waths and those not good at mathks using the
criteria of performance Gin the five picture problems

were calculated and presented in Table 9.16.

Table 9.16. Averaqe attitudes scores of iunterview Sample

GROUP N ATTITUDES ATTITUDES

TOTAL SCORE AVERAGE

students good at maths 15 236 15,7
Students not good at maths 19 240 12,6
Interview sample 60 842 14,0

The group of students who obtained A or B in Lkhe [five
picture problems scored 1,7 points above the average for
the interview sample bhut the students who obtained D or
B in the five picture problems scored 1,4 points below
the interview sample.

Just as with the variables discussed in Chapter 7 and
the self-concept discussed earlier in Lhe present Chap-~-
ter 9 it is not possible to determine with certainty the
direction of the relationship between attitudes and
success in maths whichever criterion is used. It seems
likely none the less that for attitudes more than for

any of the other wvariables the likefihood is for a
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genuine pron-chance relationship. Those sbtudents who
have a negative attitude to maths will tend to Dbe less
well activa «d %o study maths and to spend time dning
maths exercises, and hence will tend to perform badly ir
maths examinationa. Similarly those students who have
positive attitudes towards maths will experience more
sstisfaction in working at maths exercises and will
spend more time at maths and consequently will tend to
do better in the maths examiratioss. Tt may be however
that students develop a positive or a negative attitude
towards maths in the first place because of their ex-

perience of passing or failing maths tests.

9.4. Cegnitive variables

9.4.1. Background

In the original research proposal it was set oult that
this research would “ocus on how the standard 7 students
in the Bafokeng region learn mathematics. In the
literature, cognitive style appeared as a meany towavds
this end. Cognitive style refers to the unique way an
individual searches for meaning and how he processes
information. It includes the ways in which sensory
etimuli are perceived and interpreted, the straltegies
that an individuwal usez in forming concepis, solving
probleme and learning a given body of content material.
all this means that cognitive style acknowledges that

individual differvences in cognition deo exist and they
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can be studied ané researched. Cognition in this con-
text is taken in the usual sense of mental processes
which include perception, thought, mwemory, imagery and
problem solving {(EBwan et al 1984, P.59). As the re-
search progreésed it became clear that =an wundertaking
which tried to cover all aspects of cognition was impos-
sible and the decision was taken to limit this research
to the first aspect of cognition nanely perception.
That focus is continued in the present section and other
aspects of cagnition will only be referred to in
passing.
Ewan (1984) describes three main branches in the field
of cognitive style which are:

{i) ¥field Dependence and Field Independence

{ii) Reflexivity and TImpulsivity

(iii) Kolb'as analysis of basic learning styles.
Only the first of these was used in Lhe present vesearch
although in some ingtances one or other of XKolb’s four
basgic learning styles or aspects from the
impulsive/reflective research was noticed. IL was espe-
cially during the interviews when the students worlked
through the five picture problems described in chapter 5]
and later in the experiments on how Lhe students or-
ganise data in a problem situation described in chapter
7 that the cognitive differences were most in evidence.
In keeping with the spirit of the present research this

focus here is more on mathematics teaching and learning
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than on educational or psychological theories. Some of
the most important material in this field results from a
12 year study into Lthe differences hetween students good
at mathematics and others who weve not good at
mathematieg. This was the work of Kruteskii (1976) who
published his f£findings in the book eutitled: ?ﬁé

Psychology of Mathematigal abilities in Schuol childreu.

The aim of this work had beeu:

Lo clarify the features that characterize the nmentul

activity of mathematically gifted pupils =2 they

solve various mathematical problems {(P.76).
During the investigalion Kruteskii found that some of
the important abilities that discrimirate between good
and problem solvers were:

a}l they could distinguish relevant from irrelevant

information
b) they cculd quickly and accurately see the mathe-
matical structure of a problem
¢) they could generalise acrogs a wiile range of
~similar problems
4} E@ey conld remember a problem’s formal structure
fﬁf a long time,

Referring S@ck to chapter 6 the students who nerfrrmed
poorly in _?he five picture problems reported anr that
chapter aeﬁﬁed to have diffienlty in remembering, even
for a shart time what it was they were asked to do.
Also in thef%erception experiments reported in rhaphtex 7

the same behaviour wag nolted. on a number of occasions



the interview went like thiss

I: what are you trying to do ?

S: No reply ... silence ...

I: What did I ask you to Jdo with these objects ?

8: T don't remember ... I have forgotten ...
In comrenting on Kruteskii's work, Lester (1983) notes
that one of the:important aspects of it was +the shift
towards characterizing problem solwvers according to the
types of mental processes they use (Lesh & Landawu 1983,
P.235). Bishop {1983} digcusses individual differences
in the same vein and says about Kruteskii's f£indingy
that the more able group could grasp the problem as a
whole, they could integrate the seperate elements into a
gignificant ordered structure. The less able students
on the other hand were Ltied to the details of the
problem, seeing only disconnected facts and +&reating
them all with equal significance.
In the perception tests describhed iIn chaplter 7 it
emerged that the students weak in makhemalics were un-
able to grasp the fundemental iftgue in the task using
gjuares, triangles and circles which was that they were
asked to make four bundies. They were occupied or .
with the three classes of shap~» or of colour. They were
unable to distinguish the "threeness of col.ur” from the
“fourness of bundles®.  They ¢ .uld only make three
bundles because they could only focus on the property of

colour and the number pergeived related to this



578

property. In the picture problems it was also found
that the students poor at mabhs were unable to distin-
guish relevant from irrelevant information. For
exanple, picture problem number 2 which showed a tree
with six apples and a boy who says he has eight similar
trees - how many apples altogether ? Some of the stu-
dents who couldn't wandle this guestion got lost in
Jdescribing the apples ~ thelir size, quality eto nd
rgot they wsre asked how many apples there were. ) The
same bhing was reported in picture problem number 1.
where they were asked to calculate the distance f£rom
Rustenburg to Sun City. The poor performers con-
centrated on the boy sitting under the post -~ he was
tireéd =~ he was waiting for trangport ete. hruteskii's
findings led him to sugdest there are different types of
preblem solving behaviour acwording to preferred modex
of mental processing. The two main types are:
(i) Analytic type: The analytic type de;crihes those
students who had a very well dsveloped verbal-logical
component and who operated easily with abstract schenes,
They had no need for visual supports in problem solving
aven whea the mathematical relations given in the
problem suggest visual concepts (Krubeskii 1976, P.317).
| (ii) Geometric typa: The geometric type refers to
those rtudents who showed a sktrong well developed
visunal-pictorial component. in their thinking and for

them figurativeneén often replaces logic {ibid P.321).



579

From the results of the five picture .. oblems and the
perception tests of the present research it appears that
among the Bafokeng both of these types also exist.
However many of the Bafokeng standard 7 students belong
to a third type of those whose preferred node is
geometric but due to the lack of visual stimulation or
adegquate use of concrete material in the clamsroom they
are unable to pursue their preferred mode of thinking
and are forced to operate in the verbal-logical mode

which is not suitable for them.

9.4.2. Embodded fiqures test

at this stage of the research a serious decimion had teo
be faced.

Cognitive abilities are ultimately the ones which are
erucial in doinél mathe but how dJdo these abilitdes
develop and what are the foxmative influencea.operating
An a student’s life which one to success in mathematics
tests and another to failure and low marks. Piagat's
developmental stages were discussed in chapter 3 section
3.2.3. Skemp's model of how a person approaches and
deals with a problem was outlined in section 3.2.4.
Witkin's work on cognitive :.sle based on percepticn was
deseribed in section 3.2,5. In one sense all these ghed
light on how the Tswana students = kave in problem solv-
ing situations and in anopther as: ¢+ there is something

lacking in all of them.' Chapter 7 section 7.4. took up
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the challenge of field workers like Bishop, Gay & Cole,
Lester and so on who focussed oa the child learaing
mathematics xather than the elaboration of theories. In
the final analysis it is not possihle to separate the
two. Description and theory building are linked and the
one is meaningless without the.other. But the dilemma
now facing this rasearch was what to do about cognitive
variables - to treat them 2s just one group of variables
émong so many others was ¢bviously inadaguate, but to
delve into tue matter deeply was impossible taking into
account the constraints of time and finance. Hence a
compromise was reached, A well tested instrument for
meaguring scores on an embedded figures test was
available., This test iz the Group Embedded Figures Test
{GEFT) developed by Witkin et _al (1971). The GRFT claim
the designers, gives a measure of cognitive style -
field dependent or - field independent -~ by, means of a
perception test. An outline of Witkin's EFT, on which
the - GEFT was based is given in chapter 3 section 3,2.85.
It was pointed out in this section that Wober (1966 &
1967} amony others oriticised the use of EPFT as a
neasure of field dependence/independence among African
subjects, But the oriticisism is directed more at the
personality traits which are supposed to.-be yelated to.
EFT scores than aboit mathematics pérformance. What is
of interest here is the ability ascribed to field inde-

pendence personsi
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to recognise the elements in a perceptual situation
and coordinate them into a new and wmeaningful whole
{Jordaan et_al 1975, B.,172).
It was noticed by the researcher irn the perception itests
described in chapter 7 section 7.4. that some subjeots
posggessed the ability to analyse the task, to break down
the given data into units of perception and then to
recombine them inko new arrangements which evenfually
produced an acceptable answer. Thig ability was
possessed by those students who were able to deal with
the three groups of counters {(tyriangles, =squares and
circles) which they were asked to make into 4 bundles.
Good'#aths students could do so readily but students
poox at maths were unable to succeed in this task.
Only when sweets, grapes and stones were introduced and
when four pedple were present to whom these items could
be physically distributed were the students poor at
wmathematics able to deal with the problem. ‘This group
_Iof students poor in mathematics seem best described as
field dependent who according to the literature are:
easily bogged down in details because of (his) in-
ability to coordinate these details and perceive a
new totality (op cit). :
The students poor at mathematics focussed on the shape
or colour and discovered “"threeness" was for them the
outstanding feature, The problem reguired them to make
four groups and they were not abie to clear their minds
of "threeness" in order to explore the possibility of

"fourness" . They were given ‘twelve red triangles,



twelve red circles and twelve red squares. They im~
mediately grouped the objects which were in disarray
when they started, into three groups by shape with
twelve counters in each group. The task réquired them
to distribhute the counters among four peogle. They were
unable Lo recombine the three groups into thirty-sgix
connters nur alternalbively to <onsider each group of
twelve sepérately and extractt four groups of three
triangles, four groups of three squares and four groups
of three virclas. In the field-dependent|indepandent
theory this ability is called the disembedding ability
and it has been measured using the EFT and GEFT. Fayr
these reasons it was decided at a late stage in the re~
ecarch to administer the group embed@ed-figures Lest Lo
a sample of standard 7 students in oxder to weasure the
relationship belween it and wmathematics sueccess using
the c¢riterinon of mathematics examination wasrks.

fdeally it would have been best Lo have been measured
embedded figures ability uging the same subjects as took
the hatiery of tests in 1987 but this was impossible be-
couse most of those students had left the middle school
at ithe end of 1987 on completion of standard 7. It was
decided to use all the standard 7 studagts at one of the
three widdle schools drawn at rvandom ard Hatale was
drawn. The enrolment in the four stapdard 7 classes
there were just over 200 students., Copies of the GEFT

were prepared for that number and arrangements made with
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the principal and teachers who were, as on all previous
occasions, most helpful and cooperative. In point of
fagr the explanations and administration of the test
tock much longer than anticipated {up to one and a half
hours for each class} and only three classes were done.
However sinee this constituted a group of 150 students

it was seemed sufficient for the purposes of this

. research.

Scoring was done as directed in the manual by nging a
separate score sheet which was provided with the kit.
The number of correct items to be taken as the score.

Maximum was 18 &nd minimuw 0.

9.4.3. The GEFT instrument

The Group Embedded Figures Test (GEFT) was designed by
Witkin and his associates (1971) as an instrument which
could be used with large groups to gather‘data on the
~bility measured by the EFT, Many of the items were
borrowed from the EFT and a number of Lrials conducted
until the authorsg had established that GEFT scores were
consistent with the EFT scores. The test is in the foxm

of a booklet with four sections. There is a simple in-

troduction and explanation which guides the subjects on

the technigues to be used in doing the test; then there
are 7 practice items and lastly two zections wsach con-
taining nine complex figures. The subject is provided

with eight simple forms labelled A to H which vary £rom
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a simple T shape to a cuboidal box. In sections two and
three which are the only ones te be scored the subject
is given nine complex figures and is told for each one
which simple form is hidden in it. The subject must
then f£ind the simple form and outline it with a pencil.
The GEFT instrument is given in Appendix K.

Item no. 4 in the second sect.lon has the complex figure
shown in Fig 9.3.

.

Figure 9.3. Item no. 4 of the GEFT

Heze is & tamp f«z,m b}

'_ . . PR
*' PFind. Simple Form “E"

On  anothin page He
simple fotm & A3 £
Shswn Thus :

Shading is used in the GERT to replace the colour used
in the original EF?. The manual stipulates that this is
a speed test but does not specify what time should be

allowed. It states the time allowance found to be
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suilable fox american males at College level was tive
minutes for each section but that ten minutes was found
to be more realistiﬁ time for 12 year olds and it sug-
geste that the time should be adjusted to suit the
group. In preliminary trials with standard B pupils at
Bafoken High School it was found that it required 10
minutes for these students to do one section of nine
items. ' Thisg amount of time enabled four {threez boys and
one girl) students to complete all nine items. It was
decided that fifteen mirutes would I auitable for the
standard 7 students for each section. While this might
seem too.generous it must be remembered that the present
research was not a cr1%§ cultural one and what was here
of interest was the relative performance of the students
te each other not how they performed relative to
Americarn College students or any other outside group.

This validity of the GEFT is discussed by the dJdesigners
of the test against three criteria: (i} B;ores on EFT
(ii) Scores on RPT and {(ili) Degree of articulation of

the body concept., There are very high correlations for

the score on the Rod and Frame. Test (Witkin et al 1971,

P.29). _

The test manual suggeats a reliability coefficient can
be calceulated f£rom the =scores obtained by the subjects
in the second and third sections of the GEFT. EFach of
these has nine items and subjects are allowed the same

amount of time in which to complete each section.



Scores of the 32 matched paire of subjects were corre-~
lated using Bearson’'s product moment correlation
coefficient. A high posgitive corralatian(r = 0,?356)was

found and this is significant at the 0,1% level.

9.4.4 Findings of the GEFT test

A total of 153 standarxd 7 students were tested. The
frequency' distribution is given for the rvesults in
Figure 9.4, The scores range fyom 0 to 18,

Chapter 7 has established that performance of students
in the picture problems is gignificantly related to the
S.E.8. Hence it was decided that the analysis must fol-
low this £inding. A crude measure of §.E.S. can he
based on sducation and occupation of parents and match-
ing on these two measures wae done. Futhermore it would
be shown in section 2.5 of ths present chapter that age
and sex of students are also significantly , related to
performance and these were also controllad.

Hence two sets of subjects were matched according to (i}
sex (ii) age (iii) father's education and {iv)father's
occupation, all of which wére similar in each of the
matched pairs. Then the marks obtained by the students
in maths.teats were compared and two groups of 32
remained. These two groups wers the same in all fouf 

matching criteria and differed in, their math's test

scores. These twa groups were then compared for perfor-

mance on the GEFT.
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Figure 9.4. Fregquency distribution of GEET gcores
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Table 9.17. Average scores_of geod and nof good maths
Students on GERFT
GROTPE : N TOTAL GEET SCORE AVERAGE
Students good at maths 32 343 10,7
students poor at maths 32 317 9,9

The average scorea of the students dgood at maths (scored
40% or over in maths tests administered by <lass
teacher) were compared to the average scores of the stu-

dents who were poor at maths {wrared 38% or lower in
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maths tests). These.av&rages are given in Table 9.17.
There is no 3ignificant\correlation between mnaths test
marks and GEFT scorss. Diéf%rences between boys' scores
and girxls® scores arve dealt with in section 9.5. Three
facts have been established for the standard 7 students
tested: {(a) some std 7 students get good marks in mathe-
maticg tests (b) some std 7 students score high on GEFT
{c) there is no correlation between the two ' sets of
scores. It was established in séktion 9.2, of the
resent chapter that the kind of studant who gets high
marks in maths tests is characterized by being conserva-
tive and not prepared to take vrisks in doing maths
exercises, +they follow ezactly what the teacher says.
On the other hand the students who do not perform well
are nore ready to experiment. for themselves.
another point which emerges from the literature is that
a mismatch between teaching stfle of teacher and student
leads to learning problems {(shipman & Shipman 1985,
p~243). For example a field dependant student finds it
Aifficult to differentiate and then e-integrate the
elements in the perceptual field and if such a student
is taughtt by a teacher who relies solely on analysgis and
synthesis methods which are suitable for field indepen-
dant students then such a student will find it very dif-
£iecult if not impossible to leavyn material in such a
mannex, During the lessons observed in this research

and described in chapter 8 it was discovered that all
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except one teacher rigidly adhered to the Lext book and
vould not be said to have any unigue teaching style.
All used an adapted form of the lecture_metbods' There
were no teaching aids used. There were no charts, pic-—
tures or diagrams of any sort displayed in the
classrooms. No original examples either from the
teacher's expericence or that of the students were ref-
fered to. There was ne group work, no hypothevis test-
ing and no discussion, It was not possible {o identify
features that might be described as either field depend-

ent or field independent teaching.

b

‘I.'.

$.4,5. Summary

The background to fleld dependent and field independent
cognitive styles was given in chapter 3. It seemed at-
tractive for tbis research because Wober, Okonji and
others nad investigated how ehild rearing practices in
certain African regions contributed to fielé dependenca,
This seemed very important in the light of findings
elsewhere :thqh linked field independence with analytic
style of prnbleﬁ solving and hence with success in
mathematics. It was expected that high scores on em-—
bedded figures test {which indicated a field independent
stylei would be strongly correlated te high scares on
maths tests. The findings reported in this section show
theréitis no such correlation for standexd 7 students in

the Bafokeng region. One possible answer to why this is



so may be found in the mismatch belween teaching styles
in the middle school maths classes and the learning

styles of the students.

9.5. QOthexr variables

9.5,1. Introduction

In a sense this is a tidying up section. The invastiga-
tions carried out during the present research into math-
emaztics among the Bafokehg produced considerably more
data than the research could deal with effectively.
Sowas of this material does give a pointer for possible
directionsg for further‘rgsearch and it is presented here
in a factual manner without the apralysis shich has been
gohe into with the variables disausséd in chapter 7,
chapter 8 and the previous sections of this chapter.

A great number of vériables have been studied in recla-
tion to school achievement &s reviewed for 1example by
Alexander & Simmons {1975) anu Schiefelbsin & Simmons
(1978). Sax and age of students were examined in the
I.BE.A. research for vorrelation with achievement in 23
countries. Larter and Gersham (1979) in Cavada, studied
age and sex characteristics of students who had been
identified as having learning problems. Other research
e.g. Levy (1571) looked at the effect of grade repebti-
tion and homework patterns to try and find oubt how these
might bhe relateé to performance in scheol. duerbach

(1978) included oge and progress in school among the
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variables which wade up the Pupil Profile Index {P.P.I.)
in his study of the problems associated with early leay-
ing in South;African non-white schools.
Data concerning the following variables will be given in
this section:

{i) Age

(ii) Sex

{iii) Repetition of standards

{iv) Homework patterns

{(v) English language ability
As with the variables treated already, two criteria for
suceess in mathematics will be used separately, namely
maths test marks in the June 1987 examination and

average scores on the five picture problems.

9.5,2. Age

Two African studies on achiévement, one in Uganda and
one in Kenya have taken age as an independant variable.
In Kenya, Thias & Carpeoy (1969) exawined the deter-
minants of students as measured by performance of over
2000 candidateg in the Kenya Preliminary examination in
1%67. They £found that the younger the candidates the
higher the score in the examination. In lganda,

Heyneman t_al (1977) used scores in the Uganda school

gelection examinations in Bngligh, mathematics and
general knowledge to analyse inter alia the effesct of

age on the pearformance of over two thousand grade seven
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students. They found age was iri‘iversely related to
achievement {Schiéfelbain & Simmong 1978, p.36). fhis
finding supports whot Thias and Carnc had discovered in
Kenya {Alexander & Simmony 1975, p.lé}.

In the administration of the battery of tests jfor the
present research all the standard 7 3ty§ents wera asked
faor various personal details inciuding date of birth.
From this the student age as on June lst 1987 wag calou-
lated and the figures given in Table 9,18, For c¢om-
parison the average ages of the stnrdents who were inter-
viewed as well as the ages of the ones scoring A or B in
the five picture problens (descriﬁed in the table as
“éood at maths") and the ages of the ones scoring D or
E in the five picture problems {(descaribed as “poor at

matha") .are given.

Table 9.18. Average ages of std 7 students

GROUP N AVERAGE AGE
Total Populabkion 504 16,2 years ...
Interview Sample 60 16,4 yrars
Students good at maths 15 15,5 years
Students poor at maths 19 16,8 years -

the average age for the studenis good al maths is Jjust

over eight meonths less than the population average and
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<
that of tho: stuedents poor at maths. is six months more
than the avLBage for the population. There is a gap of
fourteen months beﬁwean the two groups.

In oxder to exawmine the relationship between age and
pexformance in the maths tests,; correlation coefficients
were galculated for the same twe groups as described
ahove as "good at mwaths" and “poor at maths". The

figures are given in Table 9%.19.

Table 92.19. Linear correaltion coefficient for age -

maths

SCHOOL N R r SIGNIFICANCE
Keledi 20 -0,4540 p < 0,05
mMatale 6 - +0,0481 wne
Mafenya 8 -| =0,0221 none
Total population| 34 ~0,2577 ., nore

A samall inverse relation was found for Keledi students
but no statistically significant correlation was fowngd
for 'the other two schools.

The relationship hetween age and scorss on the interview
picture problems was also examined as shown in Table
9.20, '

A fairly high inverse relation was found for Keledi stu-
dents and also a small overall correlation for the total

population but the coefficients for Mafenya and Matale
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are not statistically significént.

Table 9.2u. Linear correlation coefficient for age -
intervieus

SCHOOL N ro SIGNIFICANCE
K™ i 20 -0,5455 p < 0,02
Matale 6 | ~0,4778 none
Mafenya 8 ~0,1376 none.

Total populatien 34 -0,3798 p < 0,08

Finally in order to fin§ out if there¢ was any relation-
ship between age and GEFT scores a 10% sample of boys
and a 10% sample of girls was drawn a® random f£from the
153 students who did.the GEET test. The two groups of
16 each were then analyse? by comparing the scores ot

the GEFT and their ages as given in Table 9.%1.

Table 9.2%L. Cor=~lation batween azge and GEFT scores

N r SIGNITTCANCE
Boys 16 -0,5709 p < 0,02
Girls 16 -0,3427 nohe

The c¢orrelation between age and GEFT scores is sig-
nificant at 0,02 level for boys but not statistically

significant fos girls,
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what emerges from the above discussion is that age of
students is a factor probabhly related to performance in
maths but the nature of the relationship is not clear.
Age may likel' depend on the socio economic status of
the fanmily in that a well off family may be able to
provide students vith school books, school fees, * place
and time foy private study as well as expressed interest
in the students school ﬁork and stimulation of extra
curri@ular activity such as visits to cities and othex
placegl A student from a poorer background won't have
all these supparts and may ke forced to miss school be-
cause of lack of funds‘or even if that doesn't happen he
will tend ¢ be or~upied duriag the evenings aﬁd at
weekends witk ~hoves such as fetching water and
firewood, coocking ind wagshing and consequently have less

time for homework and privale study.

9.5.3, Sex

Sex and age of students were among the variables ex-
amined by the International Association fer the Evalua-
tion and Achievement (I.E.A.). In a seven year study in
23 countries, student achievement in six subjects was
studied and the findings showed that the sex of a stu-
dent explained only 2% of the w.riance. Cn average it
tended to be higher for the less well developed

countries (Alexander & Simmons 1975, p.40). The study

of Beebout (1972} in Mﬁlaysia found +hat the sex of the
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student had a consistent impact on achievement. The
better performance of females in this study reinforces
0.8, and other research e.g. the Carnoy-Thias {1574}
study done in Tunigia {(Alexander & Simmeoans *275, p.36).
It is dangerous however to generalise these £indings be-
cause what may be true for languages or social sciences
need not necegsarily hold for mathematios and the physi-
cal sciences. In.fact the 1.E.A. study reffered to
above found that girls performed worse than boys in
scienc¢e achievement in  nearly all 23  countries
researched.

Heyseman et al also found that sex was positively corre~
lated witn achievement in Uganda (Schiefelbein % Simmons
1978, é.3?}.

Reporting Zrom worﬁ done in Rhodesis Freex (19737 claims
that sex biag is indeed@ a variable in primary edusation
and it favours girlsg., It is principaliy in reading that
girls are advantaged in the primary school ;owever the
differences seemed to be ironed out at the high school
level.

When the numker of boys and giris who performed well in
the five picture problems was counted it became clear
that many more boys were in the group who scored A or B
on average while the group who scored D or E had many

more givlis. The figures are given in Table 9,22,



