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7.3.2 PERFORMANCE IN QUESTIONS WITH SIMILAR CONTENT AREAS

OBJECTIVE 2

To examine performance in questions with similar content areas.

South African performances in questions dealing with similar and related
areas are examined in some detail in Chapter 5. With the relatively few
questions in which the South African scores were in excess of 50 per cent, the
scores were so low as to render in~depth analysis of different average scores an
almost fruitless exercise. From the results, there is ample evidence that South
African students are lacking in the ability to grasp even basic concepts and

problem solving skills in Mathematics and Science (see also 2.1.1).

7.3.3 PERFORMANCE IN SUB-FIELDS OF MATHEMATICS AND SCIENCE

OBJECTIVE 3

To analyse the achievement in the sub-divisions of Mathematics and
Science fields of study.

Achievement in the various sub-divisions of Mathematics and Science are
illustrated in Tables 5.9 to 5.12. Here, the evidence shows that there is no

field of either Mathematics or Science in which South Africa excelled.

One rather ironical observation is that in almost every country, Chemistry

was the lowest scoring section of Science. For no apparent reason, however,
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South Africa showed a smaller gap between Chemistry and the next lowest

field of Science than other participating countries.

7.3.4 INCREMENT IN ACHIEVEMENT FROM THE LOWER GRADE TO THE
UPPER GRADE

OBJECTIVE 4

To assess the variation of achievement between Standard 5 and
Standard 6 students.

The significant finding in terms of this objective is that South Africa shows the
lowest increase in achievement from Standard 5 to Standard 6 in both
Mathematics and Science of all the participating countries. This observation
supports the supposition made in Chapter 6 that the primary schools appear to
be functioning more effectively than the secondary schools. However, in both
cases, the achievement levels are exceedingly low. Comparison with the
international increase in aggregate scores between grades makes this South
African problem even more apparent. In paragraph 7.2.2 of this conclusion,
attention is again drawn to the fact that the South African primary schools
appear to be functioning more efficiently than the secondary schools at the

junior secondary level.

The low difference in achievement shown in the table below occurs in spite of
an extra year of teaching and despite the significantly improved curriculum
fit. In fact, in South Africa’s case, the curriculum fit for Mathematics
increases from 58 per cent in Standard 5 to 80 per cent in Standard 6 and in
the case of Science the fit increases from 18 per cent (in Standard 5) to 51 per
cent (in Standard 6) as shown in Table 5.4.
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Table 7.1 Comparison of differences in achieved scores (represented on the
international scale) between Lower Grade and Upper Grade ~ Mathematics
and Science

COUNTRY MATHEMATICS SCIENCE
LG UG Increase | LG UG Increase

South Africa 348 [ 354 |7 317 326 9
Thailand 495 522 27 493 525 32
Iran 401 428 27 436 470 34
Colombia 369 385 1o 387 411 24
France 492 538 40 451 498 46
England 476 506 28 512 552 40
Czech Republic 523 | 564 |40 533 574 41
Australia 498 530 32 504 545 41
United States 476 500 24 508 534 26

7.3.5 CURRICULUM €FIT

OBJECTIVE 5

To analyse the TIMSS question papers in terms of curriculum “it” and
expected skills and knowledge performance.

Curriculum “fit’ has not turned out to be the spectre that it was anticipated to
be. Accidental learning and the knowledge students bring to the classroom
have been demonstrated to be a positive world-wide phenomenon which
impacts on the TIMSS Mathematics and Science scores of all the nations
beneficially. The South African problem is that students do not appear to
know what they should have been taught. There are two aspects to the
preceding statement.  Firstly, the students do not appear to know what the
curriculum for Grades 7 and 8 indicates that they should know and secondly,
there is little certainty that they have been taught what they are expected to
know in any effective manner to ensure sustained progress.
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In Mathematics, despite the acceptable level of curriculum “it’ between the
question fields and what is taught in South Africa, the South African results
show a general failure to achieve at even the levels of the other developing

countries that participated in TIMSS.

There is a general failure to appreciate number value and sense as well as the
processes to be followed to obtain answers to problems. This is a reflection of
the two different approaches to the teaching of Mathematics and Science (see
2.1.1). Where the degree of curriculum ‘fit’ was relatively low, South African
performances compared equally poorly in all aspects of Mathematics (Tables
5.9 and 5.10) and Science (Tables 5.11 and 5.12).

Even performance in those questions that lay within the South African
curriculum content was disappointing. The table below shows that, perhaps
contrary to expectations, for most participating countries, including South
Africa, achievement between ‘fit’ and ‘non-fit’ items revealed relatively
insignificant differences. Matching scores obtained between curriculum “it’
items and ‘non-fit’ items suggests that there is very little difference in
achievement between these two groups of items. For example, for curriculum
“fit’ items (Upper Grade) the Russian Federation scored 62 per cent correct
whereas for the all of the Mathematics items including the ‘non-fit’ items their

students scored 60% correct.

In South Africa’s case for Mathematics (Upper Grade) the score for “fit’ items
was 23 per cent and for the whole test including ‘non-fit’ items the score was
24 per cenrt - a nearly unique reversal which shows that South African
students scored marginally more at this level for questions on content they had
not been taught (see also Chapter 5, Tables 5.9 to 5.12), as illustrated in the

table below.
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Table 7.2 Comparative differences in achievement between curriculum
content items and those items which are not in national curricula

Country Upper Grade Lower Grade
In Out of Difference | In Out of Difference
curriculum | curriculum curriculum | curriculum
South Africa| 23% 24% - 1% 24%% 23%% + 1%
Iran 38% 38% 0 32% 32% 0
Colombia 29% 29% 0 30% 24% + 6%
England 57% 53% +4% 54% 47% + 7%
France 01% 61% 0 51% 51% 0
Singapore 79% 79% 0 74% 73% + 1%
Sweden 60% 56% + 4% 54% 47% + 7%
Russian 62% 60% + 2% 55% 53% + 2%
Federation

This general TIMSS finding suggests that ‘accidental’ or ‘extramural’ learning

has considerable significance to the overall process of education, which is

possibly undervalued by education systems and serves to point out the

importance that should be placed, in the classroom, on the prior knowledge

that students bring to class with them (see discussion of prior knowledge in

2.1.4.2).

Research into how students gain access to this ‘accidental’

knowledge would be of value to teachers and to education administrators.

7.3.6 THE IMPACT OF LANGUAGE OF TESTING ON ACHIEVEMENT

OBJECTIVE 6

To investigate the impact of second language on achievement.

Language problems have been discussed at some length in Chapter 6 of this

study. As pointed out, South Africa had by far the largest proportion (almost

80 per cent) of its students writing in a second or even third language. There
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can be no doubt that language exerts a considerable influence on
performance. Barry (1996) explains the difference between communicative
language and technical language (the language of the questionnaires and the
test papers vrespectively).  Whilst students may handle communicative
language satisfactorily, there are additional, more specific cognitive problems
associated with technical language.  Pretorius (1997: 2) introduces the
distinction between ‘reading’ books and ‘absorbing’ books which corresponds
to the more modern distinction between the ‘decoding’ and the
‘comprehension’ of the written word. She continues by noting that at the turn
of the century the medical educator and philosopher, Sir William Osler,
humorously remarked, ‘Its easier to buy books than to read them, and easier to
read them than to absorb them’ (cited in Daneman, 1991: 532). The
distinction that Osler (ibid) makes between ‘reading’ and ‘absorbing’ books
corresponds to some extent to the distinction between ‘decoding’ and

‘comprehension’:

Decoding refers to the oculomotor, perceptual and parsing
aspects of reading activity whereby written signs are translated
into language, while comprehension refers to the understanding
process whereby meaning is assigned to the whole text.

Concepts and allusions are interpolated into the text without specific reference
being made to fine detail. For example, an ‘atom’ may be referred to in the

flow of text assuming the readers’ intellectual mastery of the concept.

If a textbook (or class notes) cannot be properly understood, learning cannot
take place. And, this is particularly true of Mathematics and Science texts
which are usually conceptually dense and therefore often require more than
one reading to access the content. There is no doubt that, for most South
African students, there is a hiatus between decoding (reading) a class text and
understanding its meaning. Perfetti (1988: 119) sums up this dilemma very
elegantly:
327
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.. comprehension suffers if the decoding process takes up too
much of the limited resources [of the reader].

In second language teaching and learning situations, the patent limitations are
both in the mastery level of the teacher and the comprehension level of the
student and this is virtually irrespective of the subject or the content. In
teaching and learning theory, teachers should, but seldom do, pay attention in
their teaching to new vocabulary. Whilst Pretorius (1997: 12) claims that
increased vocabulary is not necessarily indicative of increased comprehension
levels, the TIMSS style of short (few words) questions facilitates correct
answers if the ‘technical’ words are comprehended without significant effort.

Olson, Duffy and Mack (1984) in Pretorius (1997: 18) make the point that:

the analysis of cognitive processes in real time is one of the
most methodologically difficult tasks in all of [cognitive]
psychology. The events which we wish to examine are internal to
the mind, with only occasional external correlates. Further, most
cognitive tasks involve a lot of hierarchically interrelated sub-
components, [most] likely operating in parallel ... and yet ... a
deep understanding of how to access the readability of text and
how to remedy reading [and comprehending] difficulties will
require the analysis of the process of cognition.

While there are many possible solutions to the reading and comprehension
problems faced by second language students, much remains to be fully

understood and remedied.

Appendix 5 provides a graphic analysis, in support of the discussion in
Chapter 6, of the relationship between achievement and the use of the
languages of testing in the home. These analyses, presented on a provincial
basis, suggest that whilst there was an indubitable difficulty placed on
students writing the TIMSS tests in a language other than their home

language, this problem may, to some extent, have been exaggerated by earlier
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researchers (see Odendaal, 1985, Basel, 1995, and Barry, 1996).
Alternatively, and more hopefully, the problem of language 1s already being

addressed by the education system.

7.3.7 GENDER DIFFERENCES IN ACHIEVEMENT

OBJECTIVE 7

To examine gender differences in achievement.

Internationally there is a trend, as would be expected, that boys out-perform
girls in the large majority of countries. The TIMSS test instruments found
that, in Science, the only country in which girls achieved better than the
boys is Thailand and this was only in the Lower Grade. At the Upper Grade,
boys consistently out-performed girls in Science in all countries. In South
Africa, the difference is, however, of little or no import. In each of the sub-
divisions of Science this trend continues, but is nowhere of statistical
significance. The overall gap between genders in Science achievement from
Lower Grade to Upper Grade decreases from twenty-one points to eleven

points.

In the case of Mathematics, Lower Grade, one fifth of the countries show girls
out-performing boys but there is no statistical significance in any these
differences. At the Upper Grade the gap widens. In only five of the countries
do girls out-perform boys. The South African sample again shows that there is
no field of Mathematics where the girls score higher than the boys. However,

at the Upper grade level the gap narrows from eleven points to eight points.
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Considering the small majority of girls over boys in the South African sample,
it would appear that at the end of Standard 6 [Grade 8] the boys and the girls

in these classes start off on an equal footing in these subject fields.

7.4 THE PREMISES EXAMINED IN THIS STUDY AS SET OUT IN CHAPTER 1

This thesis sought to explore four fundamental premises:

7.4.1 PREMISE 1: SOUTH AFRICAN STUDENTS ARE NOT ACHIEVING TO
SATISFACTORY STANDARDS

PREMISE 1

The South African education system may not be educating students in
Mathematics and Science to the achievement standards of other
developing countries that participated in TIMSS.

The TIMSS study corroborated this premise as shown in this thesis. The South
African performance did not match up to the performance of other developing
nations that participated in TIMSS. However, on a more optimistic note, South
Africa was the only African country that was able to participate and complete
the programme to acceptable levels. Only forty-two nations were able to meet
the requirements; another eleven countries were unable to complete the
process and others dropped out along the way. Reasons for failure to satisfy

the international Study Centre requirements included:

failure to satisfy one or more of the guidelines;

failure to reach the required sample participation rate;

failure to meet the age/grade specifications; and

failure to satisfy class/classroom sampling procedures.
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It is worth noting again that Mexico withdrew its findings from any aspect of
the international reporting at a very late stage. The reasons have not been

stated and are subject to speculation.

7.4.2 PREMISE 2: PREVIOUS IEA FINDINGS HAVE LIMITED APPLICATION
TO SOUTH AFRICA

PREMISE 2

A number of the findings of previous IEA Studies may not be valid for
the South African situation.

South Africa is a developing nation and, at the time of the TIMSS testing
programme, was in a state of considerable internal socio-political turmoil.
Whilst acknowledging that ‘black’ education had been used aggressively as a
political tool for social control, it had, from its own internal frustration, been
in a state of turmoil since the 1976 Soweto uprisings. Furthermore, the slogan
‘revolution before education’ had had considerable influence on all levels of
the education system. Twenty years of unrest and political confrontation have
polarized a large part of the student population to the extent that,
paradoxically, they still appear to be bound to the process of revolution and

have lost sight of its aims.

South Africa has only marginal facilities available to undertake a study such as
TIMSS which is substantially First World oriented in terms of resources and
particularly communications. South African grade/age levels are somewhat
different from those of the more developed countries and educational
resources are available on a very different scale. The details of these findings

are dealt with in some detail in 7.5 below.
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7.4.3 PREMISE 3: SOUTH AFRICAN CURRICULA

PREMISE 3

That South African Science curricula do not appear to be ‘in step’
with other international curricula.

The matter of curricula has been dealt with both in Chapter 4 and earlier in
this concluding chapter. It appears that in the case of Mathematics the
curriculum “it’ is well within the range of the fit of most countries whereas
the Science curriculum ‘“fit’ is rather poorer than the curriculum ‘“fit’ of the
other participating countries. The current revisions taking place in South
African curricula, it is hoped, will serve to bring local curricula more into line
with those of other nations that participated in TIMSS whilst rightfully

retaining their own indigenous characteristics.

7.4.4 PREMISE 4: PROBLEM SOLVING SKILLS

PREMISE 4

That problem solving skills are not a readily available part of South
African students’ intellectual resources.

Analysis of the test instrument findings in Chapter 5 reveals that South African
school students do not have adequate or even the expected levels of problem
solving skills as displayed by the overall low achievement levels (see also

discussion in 2.1.1).
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7.5 FINDINGS FROM PREVIOUS IEA INTERNATIONAL STUDIES

The major findings of previous IEA Studies as they apply to Mathematics and
Science education are listed below in some detail since these findings form a
‘test~bed’ against which South African achievement can be measured. These
findings are largely extracted from 7he World of School Learning (Keeves,
1994). They fall into two main categories, viz. general findings and the

results from two past specialist Science Studies.

7.5.1 MORE DEVELOPED COUNTRIES ACHIEVE AT A HIGHER LEVEL
THAN THE LESS DEVELOPED COUNTRIES

Research Finding 1 (Keeves, 1994: 3)

There are marked differences in average levels of achievement
between the students in school in the More Developed Countries
(MDC) and those in the Less Developed Countries (LDC). This occurs
in spite of the fact that in the Less Developed Countries significantly
fewer than 100% of the relevant age groups are enrolled at school.

There were only four developing countries that completed the TIMSS cycle of
testing and presentation of data to the Study Centre. Of these countries (South
Africa, Iran, Colombia and Thailand) all, with the exception of Thailand,
performed relatively poorly. Insofar as high achievements are concerned
Thailand indicated, by its achievements, its readiness to join the traditional

high achieving oriental countries: Japan, Korea, Hong Kong and Singapore.

From this analysis of the TIMSS data, this research finding proposed by Keeves
can be supported with few reservations. The statement of findings quoted
above must be applied to TIMSS with reservations based on the grounds that

so few of the worlds Less Developed Countries were able to participate in
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TIMSS. No international school enrolment figures are as yet available but it
appears that three of the less developed countries fill the lowest niches in the
international ranking tables and do not have the full eligible population
enroled in school. This observation pertains to both Mathematics and Science

achievement.

7.5.2 ACHIEVEMENT IS RELATED TO INSTRUCTIONAL TIME

Research Finding 4 (Keeves, 1995: 9)

Student achievement in Mathematics and Science is directly related to
the instructional time given to these subjects.

Whereas it cannot as yet be deduced directly from of this study, it is safe to
surmise that a timetable allocation of one and a half hours to two hours per
week for Science and two hours per week for Mathematics in South African
schools, compared to four to six hours per week in the higher achieving

countries testifies to the validity of this research finding.

The most significant factor though is that achievement is proportional to time
spent on a subject. In broader terms, achievement relates to the number of
school days in an academic year and to the number of effective hours of
instruction and learning; areas in which South Africa patently has serious

problems, as discussed in Chapter 4.
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7.5.3 HOMEWORK

Research Finding 5 (Keeves, 1995: 11)

After all other factors relating to achievement have been taken into
account, achievement is related to the amount of time spent on
homework (and other extramural Scientific and Mathematical
activity).

The analysis of the returns from the student questionnaire analysed in Chapter
6 reveals that South African students do not meet the homework requirements

that students from the higher achieving countries are expected to accomplish.

7.5.4 CURRICULUM DESIGN AND MANAGEMENT

Research Finding 6 (Keeves, 1995: 13)

Achievement is related to opportunities to learn. The content and
skills considered important for students to learn must be identified
by curriculum developers, and students MUST be provided with
appropriate opportunities to learn those content and skill attributes.
It is important to note that the less developed the education system,
the greater the care that should go into curriculum planning.

The TIMSS curriculum analysis and curriculum matching processes

demonstrated that South African curricula for Science is substantially out of

step with those of most of the other TIMSS participants. Despite these

discrepancies the TIMSS findings show that curriculum fit is a relatively minor

component in terms of achievement. Moreover, the problems of the

curriculum content appear to be compounded by the limited time allocated to
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these subjects, as already noted in 7.5.2 and 7.5.3, above, and the fact that
teachers of South African middle school classes, that is, at junior secondary

level, do not seem to have adequate mastery of subject content.

7.5.5 READING MATTER IN THE HOME

Research Finding 8 (Keeves, 1995: 17)

The level of reading materials in the home correlated significantly
with achievement. It appears that general opportunities to read assist
the student in learning more specialized material.

The rank order correlations calculated in Chapter 6 demonstrate that this
correlation shows, at best, a weak connection for a number of extraneous
reasons discussed in Chapter 6. Elley (1992) claims that good reading
facilities in the schools show a higher correlation with high achievement. The
claims made by Pretorius (1997) that poor readers are not encouraged to read
and poor readers cannot comprehend what they do read none the less
underlines the problem of disadvantaged students not receiving the ‘home’
support they need. International data concerning within country correlations

between books in the home and achievement are not, as yet, available.

7.5.6 SOCIO-ECONOMIC STATUS AND ACHIEVEMENT

Research Finding 9 (Keeves, 1995: 19)

Socio-economic status and position correlates positively with
achievement.
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The correlations made between national wealth and achievement (Chapter1)
bear testimony to the validity of this observation. Poor countries appear to
achieve poorly, thus enshrining their poverty on a cycle that has no apparent
exit into a line of success. However, as already noted, Thailand has managed
to obviate this poverty barrier and its increasing prosperity can be linked to

increasing education achievement.

7.5.7 GENDER BASED ACHIEVEMENT

Research Finding 11 (Keeves, 1995: 23)

There is a significant difference between achievement which is based on
gender.

In South Africa there is no direct link between achievement and gender. The
gender differences in both Mathematics and Science, discussed earlier, are of
no statistical significance. Internationally, several countries - Hong Kong and
New Zealand (UG Science), Korea and England (LG Science) and to a
somewhat lesser extent, Hong Kong and Korea (UG Mathematics), and
England and Israel (LG Mathematics) - did, however, record significant

differences in the achievement of boys over girls.

7.5.8 FINDINGS FROM IEA SPECIALIST STUDIES

7.5.8.1 Influence of practical work on achievement

Research Findings from Specialist IEA Study 3. The First IEA
Science Study

There was no clear evidence to show that the extent of the students’
practical experience was related to a higher level of achievement in
science as measured against more theoretical tests.
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South Africa was not able to participate in the performance (practical) aspects

of TIMSS therefore there is no pertinent comment to make on this finding.

7.5.8.2 The level of experience and interest of teachers

Research Finding from Study 11. The Second Science Study

The general level of experience, scientific training and interest of the
teachers influenced the level of achievement of their students.

As was pointed out in Chapter 6, when students’ responses on the pedagogic
techniques used by their teachers were discussed, there appears to be a
paradox between the class teachers’ methodologies and the low level of
achievement. The relative disinterest shown by teachers as recorded by Jansen
(1993), Maja (1994 and 1995) and Bateson (1994) 1s amply reflected by the
low national student achievement. A paraphrase of Alistair Cooke’s (1997)
comment on the American TIMSS findings is equally applicable to South

Africa:

For ... years the [South African] public and teachers have had low
expectations of the students and the schooling system and the
students have faithfully met those expectations.

7.6 SIGNIFICANT FINDINGS ARISING FROM THE TIMSS ~- SOUTH AFRICA
STUDY

7.6.1 UNIVERSAL MISCONCEPTS

TIMSS serves admirably to underline the international existence of
misconcepts. Many of the misconcepts offered to the students as distracters

were selected as answers. The prevalence of misconcepts shown in the results
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of all the participating countries is discussed in Chapter 5. It is from this type
of analysis that real value to teachers can be gained from an analysis of the
TIMSS information resource. Correctly handled, TIMSS offers a guide to
teachers and education students as to where to place emphases and how to
establish clarity and understanding in their teaching and learning

programmes.

7.6.2 OTHER SOUTH AFRICAN INVESTIGATIONS THAT CORROBORATE
THE TIMSS FINDINGS

Bateson, of the University of British Columbia, Vancouver, was commissioned
to carry out evaluations of the South African Centre for the Advancement of
Science and Mathematics Education ([CASME] 1994) at the University of
Natal, Durban, the Science Education Project ([SEP] 1995) and of the Primary
Science Project ([PSP] - commissioned in 1996 and as yet incomplete) and it is
of interest to compare the findings of these independent evaluative studies
with the findings of TIMSS. Indeed the interest has developed to the point
where the PSP findings will be merged with the South African National TIMSS

findings, when the former evaluation is completed and reported on.

7.6.2.1 The Centre for the Advancement of Science and Mathematics
Education (CASME) evaluation

Bateson (1994: 1) opens his discussion of CASME with the words:

There is no doubt that CASME has had a very profound, positive
influence on Science and Mathematics education in Kwa-Zulu-
Natal.

In the opening paragraphs Bateson provides a description of the Styx River
secondary school which tallies very closely with Maja’s description of the
‘Harry Gwala’ School (1995). In Bateson’s introduction the Styx River School

1s described as:
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We step over the sill of the entrance to the concrete block
staff/administration building at the bottom of the “U” and
proceed about four metres down a dark, tight corridor with an
uneven dirt floor until coming to an asymmetric hole in the left
wall which has been roughly smashed out with a sledge hammer.
Cautiously easing through the ragged hole, we enter the
principal’s office: a room with walls of graffiti~-decorated concrete
blocks, one window with no glass remaining, a loose dirt floor,
and only three quarters of the corrugated steel roof still in place.

Inside a classroom, the once smooth concrete floor is pocked with
holes and strewn with loose gravel from the disintegrating
material.

The Biology lesson described consists of the teacher reading directly from a
textbook. The lesson topic is read and then the appended questions are read

for the class to answer. Bateson continues:

This particular teacher of Biology is not trained to teach [any]
Science, did not take any Science content or method courses in the
three years at the Teacher Training College he attended.

In a similar manner to Maja, Bateson (ibid.) describes the school in process.
At 09.30 with students and teachers still arriving no teaching is taking place.
He continues to describe how the teachers all left the school soon after to cash
their monthly pay cheques - a school day without teaching or learning taking

place.

Maja (1995: 28-29) describes the ‘Harry Gwala’ school in the following

terms:

Most windows are intact except four or five which are broken;
the classroom doors have not been removed, although 10 of them
have had their handles removed or broken. Four classrooms had
their doors removed in 1994 and the pupils consequently stopped
using them. They were unused, not only because of the cold
weather, but mainly because boys from the surrounding location
turned them into ‘hang-around’ centres in the evenings and left
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them dirty by making fires with the desks and relieving
themselves.

All the classrooms have blackboards, though 15 [out of 28] of
them are not in good condition. The toilets are blocked and too
dirty for the pupils to use. Graffiti can be seen on the walls,
including inside the principal’s office. There were five break-ins
in 1994 with chairs and stationery being the main items stolen.

Maja and Bateson’s descriptions of an urban and a rural school respectively
coincide almost to the point of collusion. As can be seen from these
descriptions, a number of South African schools provide a teaching and

learning environment which is not conducive to either.

7.6.2.2 The Science Education Project evaluation

As a component of this evaluation Bateson (1994) made use of a Canadian
Science achievement survey test instrument and applied it to SEP schools and
to an equal number of non-SEP schools. This achievement test, derived from a
battery of Canadian Grade 9 questions and applied to Standard 7 classes in
South Africa, presented results which were conformable in all respects with
the South African TIMSS findings. The SEP schools (twenty-five schools and a
population of 2 829 students) averaged 33% in the performance items in the
Canadian test which is very close to the range of the South African TIMSS

scores.

7.6.2.3 The PSP evaluation

Unfortunately this evaluation study is not yet complete in a final report form.
The PSP schools in the national TIMSS sample (twenty-four schools) were

extracted from the national TIMSS data base and performances compared

between TIMSS outcomes and the results obtained from modified Canadian
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tests that Bateson used. Bateson’s comment (PSP, 1996) was that ‘the two sets

of results are to all intents and purposes congruent’.

These three independent studies tend to confirm the findings of TIMSS both
qualitatively and quantitatively. These three reports and the TIMSS findings
describe an education system that is, by and large, in urgent need of

restructuring and a change in educational approach towards achievement.

7.7 THE TEST ~ CURRICULUM MATCHING ANALYSIS

One of the defences that has been proffered for South Africa’s poor
performance in TIMSS was the large proportion of items lying outside the
domestic curriculum.  This defence, however, is questionable in the
international context. Table 7.2 earlier in this chapter and the examples
quoted below suggest that the difference in scores between curriculum “it’

items and ‘non-fit’ items was minimal in nearly all cases.

Beaton ef al. (TIMSS., (1996, (h and i) Appendix B: 5) make the point that :

It 1s clear that the selection of items, [as curriculum ‘fit’ items]
does not have a major effect on the general relationship among
the countries. Countries that had substantially higher or lower
performance on the overall tests in comparison to each other also
had higher or lower relative performance on the different sets of
items ...

For example, in the case of Mathematics - Upper Grade, the four top
performing countries had, on the test as a whole and on all the different sets
of items, high achievement levels. At the Mathematics - Lower Grade and in
both the Science grades the same feature is observed. These levels of
achievement, though, can only have application where there is already general
agreement on the suitability of the selected question fields and the actual

questions set.
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7.8 THE VALUE OF INTERNATIONAL STUDIES OF ACHIEVEMENT

As postulated in Chapter 1, TIMSS has provided a national view of
Mathematics and Science education which has not been available before.
Many of the generally held opinions concerning education in these subject
fields were based on experience, mythology, anecdote, opinion and political
positioning. - A number of these ‘prejudices’ have now been confirmed in a

scientific manner.

7.9 CLOSING COMMENT

Whilst being the National Research Co-ordinator for the TIMSS study in South
Africa has been a tremendous challenge, it has also been a stimulating

adventure.

In retrospect, after more than three years of sustained effort, the problems and
priorities of South African education can, to some extent, be identified and

prioritized.

Firstly, there is the problem of ‘time on task’ which, as already intimated is
clearly insufficient for subjects such as Mathematics and Science with their
loading of higher order concepts and self-discipline requirements. ‘Time on

task’ relates to:

o the length of the school year (too few school days);
e the characteristic ‘short days’;

e lessons that do not take place, thus shortening the school days;

and
e late arrivals and early departures from school by students and

teachers.
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The above are all factors which serve to identify a critical lack of

professionalism and commitment in teaching.

The problem of making schools effective in terms of time cannot be allocated
to any particular stakeholder in education. It is the responsibility of
Government, Education Departments, School Management Councils, teachers,
students and their parents alike. No person or body with a stake in education
i1s exempt from this responsibility. Maja (1995: 12) cites sources that claim
that ‘teachers are the greatest agents of change’. From the findings of this
thesis, this has patently not been the case in South Africa because a substantial
proportion of teachers teaching Mathematics and Science are often poorly
trained in these subjects. Some lack incentive to ‘prepare lessons’ and are

unwilling to or incapable of exercising discipline in their classes.

It is serious enough to reiterate that within school timetables, South African
students are receiving far less time allocated to Mathematics and Science
(approximately ninety minutes to two hours per week) than ‘more successful’
countries (four to six hours per week). Even this minimal time is often
expended fruitlessly because of missed lessons, lessons not taught and
timetables not functioning at the beginning of the school year.  Other
‘arbitrary’ exercises such as sports and fund-raising activities also militate
against effective teaching. Maja (1995: 45) quotes the ‘Harry Gwala’ School
as halting the process of education for a month while ‘fund-raising’ activities
were conducted. The same school ceased to function while a football team
was in competition. ‘It was deemed unfair to teach some students while the

“team” were either playing or training’.

Secondly, the impact of learning through the medium of a second language

cannot be over stressed, particularly when the teachers’ themselves do not

have an adequate mastery of that language. Transmitting information in

another language (usually the teacher’s first language) occurs frequently and
344
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is yet another negative factor since in the ‘rainbow nation’ there will
inevitably be a majority of students who may not share the teacher’s mother

tongue.

At this school, if you don’t know Shangaan, you will never come
right. (Maja 1995: 45)

Thus there 1s a potentially anomalous situation where the students pay
penalties for not having mastery of the language of instruction (English) and
they may also be penalized for not being proficient in the language of the

teacher.

There is no disputing the issue discussed by Jones (1997: 2) where he poses

the questions:

1. (3x5)+4x8)=7

2. John’s mother has asked him to go to the store to
buy three apples and four oranges. If apples cost
5 cents each and oranges cost 8 cents each, how
much money should John take with him to the
store?

Both questions require the same arithmetic skills. However, question 2, in
addition to testing arithmetic ability, also tests the ability of the student to read
and the ability of a student to extract and organize appropriate mathematical

information from a paragraph of text.

The results from the TIMSS Mathematics questions demonstrate that many of
South Africa’s Grades 7 and 8 students cannot answer questions similar to

Question 1 above, let alone decipher the words to identify a mathematical
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process and complete similar questions correctly. For example Question L17

1s as follows:

and Question P14 is as follows

Both questions have the same mathematical expectations, that is to add 3
fractions. In the case of Question L17, 16% (LG) and 16.9% (UG) of South
African students indicated the correct answer. In the case of P 14, 18.4%(LG)

and 23.1%(UG) scored the mark for the correct answer.

The national South African TIMSS returns themselves are, to some extent,
enigmatic about the impact of language problems on achievement. There are
few clear indicators that identify the problem and its magnitude. Certainly
there are internal indications (such as the ‘congruence between Upper Grade
and Lower Grade responses to relatively complex questions), in the student
questionnaire data, that the language comprehension of the respondents was
adequate. It is intended for the second round of TIMSS to implement a Science
contextualized language mastery test and thereby to investigate the impact of

language problems on Mathematics and Science learning problems.
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The third major issue of concern in South African schools, that TIMSS did not
enquire into, lies in the substantial level of ‘migrant’ students who move

whimsical from school to school for a large number of spurious reasons.

Fourthly, there is the politicization of schools where it interferes with the
learning process, polarizes and splits the teacher corps and renders any efforts

to educate 1neffective.

Fifthly, South African curricula still retain all the essentials that caused
criticism fifteen years ago in the ‘de Lange’ commission reports (Human
Sciences Research Council, 1981 [Vol. 13]). South African curricula are too
academic, non-relevant and too rigid for the majority of students and, it

seems, for their teachers as well.

Sixthly, in harsh economic terms, the very substantial investment in education

made by South Africa is not realizing justifiable returns.

Finally there appears to be a virtual lack of realization and appreciation of the
fact that learning is a co-operative process in the classroom. The partners in
this process are the teacher and the student. Lochhead (1985, quoted in
Orton, 1992: 163) summarizes this attitude precisely:

What 1 see as critical to the new cognitive science is the
recognition that knowledge is not an entity which can be simply
transferred from those who have [the teacher] to those who don’t
[the student] .... Knowledge is something which each individual
learner must construct for and by himself [in the context of the
classroom and the teacher].

Studies of the TIMSS type, as described in this thesis and in which the status of

Mathematics and Science knowledge and skills is analysed and evaluated, should

become a main component of a more wide ranging longitudinal survey of

achievement in Mathematics and Science using both TIMSS and HSRC generated
347
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test materials. Achievement measures should also be applied to language mastery
in a Mathematics and Science based context. A longitudinal survey would be
able to generate an image of scholastic performance, trends and effects of
changes on achievements on a national basis for a medium term period which
will be of considerable value to Education Administrators, Planners and other

interest groups and stake holders.
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APPENDIX 1

The greatest tasting vitamin drink in the world

From Germany comes a new ganeiation of effervescent
multlvitamins and minerals in the latest baolanced
formulation that ensures your body absorbs thase much
rieeded supplements.

Additiva Is available in % deliclous fruity flcivouré such
as mange, pinadapple and kil and is so tasty that it's
often servad as cool dirink at children's partles!

Furthermore It's sugar and preservative frees, making it
the cholce for dieters and diabetics. A d d I t lv a

Sa to help you pedal through Ufe's little challenges. The power of taste ch
- take new Addltiva. Available of selected pharmacies omg
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APPENDIX 2. DETAILED MATHEMATICS FRAMEWORK
CATEGORIES

1. CONTENT

1.1 NUMBERS
1.1.1 WHOLE NUMBERS
1.1.1.1 Meaning, (the uses of numbers, place value and
numeration, ordering comparing numbers.
1.1.1.2 Operations (addition, subtraction, multiplication, division,
mixed operations)
1.1.1.3 Properties of operations (communicative property,
distributive property, etc.)
1.1.2 FRACTIONS AND DECIMALS
1.1.2.1 Common fractions (meaning and representation of
common fractions and mixed numbers
1.1.2.2 Decimal fractions (meaning and representation of
decimals, computations and mixed numbers)
1.1.2.3 Relationships of common and decimal fractions
(conversion to equivalent forms, ordering of fractions and
decimals
1.1.2.4 Percentages (all work with percent computations and
various types of percent problems)
1.1.2.5 Properties of common and decimal fractions
(communicative, distributive etc.)
1.1.3 INTEGER, RATIONAL AND REAL NUMBERS
1.1.3.1 Negative numbers, integers and their properties
1.1.3.2 Rational numbers and their properties
1.1.3.3 Real numbers, their sub-sets and their properties
1.1.4 OTHER NUMBERS AND NUMBER CONCEPTS
1.1.4.1 Binary arithmetic and/or the number bases
1.1.4.2 Exponents, roots and radicals (integer, rational and real
exponents)
1.1.4.3 Complex numbers and their properties
1.1.4.4 Number theory (primes and factorization, elementary
number theory etc.)
1.1.4.5 Counting (permutations and combinations etc.)
1.1.5 ESTIMATION AND NUMBER SENSE
1.1.5.1 Estimating quantity and size
1.1.5.2 Rounding and significant figures
1.1.5.3 Estimating computations (mental arithmetic and
reasonableness of results)
1.1.5.4 Exponents and orders of magnitude

1.2 MEASUREMENT

1.2.1 UNITS - (concept of measure and standard units (including the
metric system), use of appropriate instruments (precision and
accuracy), common measures (length, area, volume, capacity, time
and the calendar, money, temperature, mass and weighing, angles,
quotients and products of units, km/h, m/s etc.), dimensional analysis.

1.2.2 PERIMETER, AREA, AND VOLUME (concepts of perimeter, area,
ace area, volume, formulae for perimeters, areas, surface
areas, and volumes)

1.2.3 ESTIMATION AND ERRORS (estimation of measurements and errors
of measurement, precision and accuracy of measurements)
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1.3 GEOMETRY: position, visualization and shape

1.3.1 TWO-DIMENSIONAL GEOMETRY: CO-ORDINATE GEOMETRY
(line and co-ordinate graphs, equations of line in the plane, conic
sections and their equations)

1.3.2 TWO DIMENSIONAL GEOMETRY : BASICS (points, lines, segments,
rays, angles, parallelism, and perpendicularity)

1.3.3 TWO-DIMENSIONAL GEOMETRY: POLYGONS AND CIRCLES
(Triangles quadrilaterals: their classification and properties,
Pythagorean Theorem and applications, other polygons, circles and
their properties)

1.3.4 THREE DIMENSIONAL GEOMETRY (three dimensional shapes and
surfaces and their properties, planes and lines in space, spatial
perception and visualization, co-ordinate systems in three dimensions,
equations of lines, planes and surfaces in space)

1.3.5 VECTORS

1.4 GEOMETRY: symmetry, congruence, and similarity

1.4.1 TRANSFORMATIONS (patterns, tessellation’s, friezes, ) stencils etc.,
symmetry in three dimensions, symmetry in algebra and number
patterns,) transformations, symmetries and congruence, enlargements,
(deletions), combinations of geometric transformations, group
structure of transformations, matrix representation of transformations)

1.4.2 CONGRUENCE AND SIMILARITY (congruencies(congruent
triangles and their properties, SSS, SAS), congruent quadrilaterals
and polygons and their properties, similarities (similar triangles
and their properties)

1.4.3 CONSTRUCTIONS USING STRAIGHT EDGE AND COMPASS

1.5 PROPORTIONALITY

1.5.1 PROPORTIONALITY CONCEPTS (meaning of ratio and proportion,
direct and inverse proportion)

1.5.2 PROPORTIONALITY PROBLEMS (solving proportional equations,
solving practical problems with proportionality, scales(maps and
plans) proportions based on similarity

1.5.3 SLOPE AND TRIGONOMETRY (slope and gradient in straight-line
graphs, trigonometry of right-angled triangles)

1.5.4 LINEAR INTERPRETATION AND EXTRAPOLATION

1.6 FUNCTIONS: relations and equations

1.6.1 PATTERNS, RELATIONS AND FUNCTIONS (number patterns,
relations and their properties, functions and their properties,
representation of relations and functions, families of functions (graphs
and properties), operations on functions, related functions (inverse
and derivative etc.), relationship of functions and equations (e.g. zeros
of functions as roots of equations), interpretation of functions graphs, *
functions of several variables, recursions)

1.6.2 EQUATIONS AND FORMULAS (representation of numerical
situations, informal solution of simple equations, operations with
expressions, equivalent expressions (factorization and simplification),
linear equations and their formal (closed) solutions, quadratic
equations and their formal (closed) solutions, polynomial equations
and their solutions, trigonometrical equations and identities,
logarithmic and exponential equations and their solutions, solution of
equations reducing to quadratics, radical equations, absolute value
equations, etc. other solution methods for equations (e.g. successive
approximation), inequalities and their graphical representation,
systems of equations and their solutions (including matrix solutions),
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systems of inequalities, substituting into or rearranging formulas, the
general equation of the second degree)

1.7 DATA REPRESENTATION, probability and statistics

1.7.1 DATA REPRESENTATION AND ANALYSIS (collecting data from
experiments and simple surveys, representing data, interpreting
tables, charts, plots and graphs, kinds of scales (nominal, ordinal
interval and ratio), measures of central tendency, measures of
dispersion, sampling, randomness and bias, prediction and inferences
from data, fitting lines and curves to data, correlation’s and other
measures of relations, use and misuse of statistics)

1.7.2 UNCERTAINTY AND PROBABILITY (informal likelihood’s and the
vocabulary of likelihood’s, numerical probability and probability
models, counting principles, mutually exclusive events, conditional
probability and independent events Bayes’ Theorem, contingency
tables, probability distributions for discrete random variables,
probability distributions for continuous random variables, expectation,
sampling, estimation of population parameters, hypothests testing,
confidence intervals, bivariate distributions, Markov processes, Monte
Carlo methods and computer simulations)

1.8 ELEMENTARY ANALYSIS
1.8.1 INFINITE PROCESSES (arithmetic and geometric sequences,
arithmetic and geometric series, Binomial Theorem, other
sequences and series, limits and convergence of functions,
continuity)
1.8.2 CHANGE (growth and decay, differentiation, integration,
differential equations, partial differentiation)

1.9 VALIDATION and structure

1.9.1 VALIDATION AND STRUCTURE (logical connectives, quantifiers
(“for all,” “there exists”), Boolean algebra and truth tables,
conditional statements, equivalence of statements (including
converse, contrapositive and inverse statements), inference schemes,
(e.g. modus, ponens, modus tollens), direct deductive proofs, indirect
proofs and proof by contradiction, proof by induction, consistency and
independence of axiom systems)

1.9.2 STRUCTURING AND ABSTRACTING (sets, set notation and set
combinations, equivalence relations, partitions and classes, groups,
fields, linear (vector) spaces, sub-groups, sub-spaces etc., other
axiomatic systems (e.g. finite geometries)).

1.10 OTHER CONTENT

1.10.1 INFORMATICS (operation of computers, flow charts, learning a
programming language, programs, algorithms with applications to
the computer, complexity, history and nature of mathematics, special
applications of mathematics (kinematics, Newtonian mechanics,
population growth - discrete or continuous models, networks -
applications of graph theory, linear programming, critical path
analysis, examples from economics), problem solving heuristics, non-
mathematical science content, non-mathematical content other than

science)
2. PERFORMANCE EXPECTATIONS

2.1 KNOWING
2.1.1 REPRESENTING (demonstrating knowledge of a non-verbal
mathematical representation of a mathematical object or
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procedure either by selection or by construction, either by
selection or by construction, either formal or informal
representations might be concrete, pictorial, graphical.
algebraic, etc.)

2.1.2 RECOGNIZING EQUIVALENTS (selecting or constructing
mathematically equivalent objects (e.g. equivalent common
and decimal fractions, equivalent representation of concepts ~
e.g. place value, equivalent axiomatic systems, etc.)

2.1.3 RECALLING MATHEMATICAL OBJECTS AND PROPERTIES (fitting
given conditions)

2.2 USING ROUTINE PROCEDURES

2.2.1 USING EQUIPMENT (using instruments, using calculators and
computers)

2.2.2 PERFORMING ROUTINE PROCEDURES (counting and routine
computations, graphing, transforming one mathematical object
into another by some formal process, e.g. multiplying by a matrix,
measuring)

2.2.3 USING MORE COMPLEX PROCEDURES (estimating to arrive at an
approximate answer to a question, collecting, organizing,
displaying or otherwise using quantitative data, comparing and
contrasting two mathematical objects, quantities, representations,
etc., classifying objects or working with the properties underlying
a classification system)

2.3 INVESTIGATING AND PROBLEM SOLVING

2.3.1 FORMULATING AND CLARIFYING PROBLEMS AND SITUATIONS
(formulate or clarify a problem related to a real world or other
concrete situation)

2.3.2 DEVELOPING STRATEGY DEVELOPING STRATEGY (develop a
problem-solving strategy or data gathering experiment and discuss
that strategy or experiment (not just applying the strategy or
carrying out the experiment))

2.3.3 SOLVING (execute some known or ad hoc solution strategy)

2.3.4 PREDICTING (specify an outcome (number, pattern etc.) that will
result from some operation or experiment before it is actually
performed)

2.3.5 VERIFYING (determine the correctness of the result of problem
solving: interpret results in terms of an initial problem situation to
evaluate how sensible the results are etc.)

2.4 MATHEMATICAL REASONING

2.4.1 DEVELOPING NOTATION AND VOCABULARY (develop new
notation and vocabulary to record the actions and results of dealing
with real world and other problem situations)

2.4.2 DEVELOPING ALGORITHMS (develop a formal algorithmic
procedure for performing a computation or solving a problem of a
certain type)

2.4.3 GENERALIZING (extend the domain to which the result of
mathematical thinking and problem solving is applicable by
restating results in more general terms)

2.4.4 CONJECTURING (make appropriate conjectures and conclusions
while investigating patterns, discussing ideas, working with an
axiomatic system etc.)

2.4.5 JUSTIFYING AND PROVING (provide evidence for the validity of
an action or the truth of a statement by an appeal to mathematical
results and properties, or by an appeal to logic)
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2.4.6 AXIOMATIZING (explore a formal axiomatic system by relating
subsystems, properties, or proposition in the system, consider new
axioms and their consequences, examine the consistency of axiom
problems etc.)

2.5 COMMUNICATING

2.5.1 USING VOCABULARY AND NOTATION (demonstrate the correct
use of specialized mathematical terminology and notation)

2.5.2 RELATING REPRESENTATIONS (work with relationships and related
mathematical representations to show the linkages between related
mathematical ideas or related mathematical objects)

2.5.3 DESCRIBING/DISCUSSING (discuss a mathematical object, concept,
pattern, relationship, algorithm, result or display from a calculator
or computer)

2.5.4 CRITIQUING (discuss and critically evaluate a mathematical idea,
conjecture, problem, solution method of problem solving, proof
etc.)

3. PERSPECTIVES

3.1 ATTITUDES TOWARDS SCIENCE, MATHEMATICS AND TECHNOLOGY -
curriculum encourages positive attitudes towards science, mathematics and
technology)

3.2 CAREERS INVOLVING SCIENCE, MATHEMATICS AND TECHNOLOGY
3.2.1 PROMOTING careers in science, mathematics and technology
3.2.2 PROMOTING the importance of science, mathematics and technology

in non-technical careers

3.3 PARTICIPATION IN SCIENCE AND MATHEMATICS BY UNDER-REPRESENTED
GROUPS (curriculum encourages all types of students to study and use
science, mathematics and technology. examples of groups that could be
targeted: women, racial and ethnic minorities)

3.4 SCIENCE, MATHEMATICS AND TECHNOLOGY TO INCREASE INTEREST
(curriculum promotes interest and increasing understanding of topics in
science, mathematics and technology by using experiences that are
common to students or popular or intriguing information, examples
include using sports, news, celebrities, history, literature and interesting
data.)

3.5 SCIENTIFIC AND MATHEMATICAL HABITS OF MIND (curriculum
encourages ways of scientific and mathematical thinking such as
openness, objectivity, tolerance of uncertainty and curiosity)
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DETAILED SCIENCE FRAMEWORK CATEGORIES

1. CONTENT

1.1 EARTH SCIENCES
1.1.1 EARTH FEATURES

1.1.1.1 Composition (earth’s crust, mantle and core, distribution
of metals, minerals.

1.1.1.2 Landforms (mountains, valleys, continents)

1.1.1.3 Bodies of water (oceans, lakes, ponds, bottom of the
oceans, rivers)

1.1.1.4 Atmosphere (layers of the atmosphere, (ionosphere,
stratosphere etc.))

1.1.1.5 Rocks, Soil (soil types, soil formation, pH of soils, classes of
rocks specific rocks and their uses)

1.1.1.6 Ice forms (glaciers, icebergs, Antarctic)

1.1.2 EARTH PROCESSES
1.1.2.1 Weather and climate (weather maps, weather forecasts,
hurricanes, seasons of the year)
1.2.1.2 Physical cycles (rock cycle, water cycle)
1.2.1.3 Building and breaking ( plate tectonics, earth quakes,
volcanoes)
1.2.1.4 Earth’s history (geologic timetable, formation of fossils,
fossil fuels and mineral resources)
1.1.3 EARTH IN THE UNIVERSE
1.1.3.1 Earth in the solar system (earth/sun/moon system,
night/day, tides, north/south)
1.1.3.2 Planets in the solar system (planets’ features, order of
planets in the solar system)
1.1.3.3 Beyond the solar system (galaxies, black holes, quasars,
types of stars, constellations of stars)
1.1.3.4 Evolution of the universe (origin/history/future of the
universe)

1.2 LIFE SCIENCES
1.2.1 DIVERSITY, ORGANIZATION, STRUCTURE OF LIVING THINGS
1.2.1.1 Plants, fungi (types of plants and fungi)
1.2.1.2 Animals (types of animas)
1.2.1.3 Other organisms (types of micro-organisms)
1.2.1.4 Organs, tissues (circulatory systems, plant, leaf, systems of
movement, eyes, ears.)
1.2.1.5 Cells (cell membranes, nucleus, mitochondria, vacuoles)
1.2.2 LIFE PROCESSES AND SYSTEMS ENABLING LIFE FUNCTIONS
1.2.2.1 Energy handling (energy capture, storage, transformation-
photosynthesis, respiration, biosynthesis (protein,
carbohydrate, fat etc.) digestion, excretion)
1.2.2.2 Sensing and responding (bio-feedback in systems,
homeostasis, sensory systems, responses to stimuli (e.g.
nervous system and brain))
1.2.2.3 Biochemical processes in cells (regulation of cell functions,
translation, protein synthesis, enzymes)
1.2.3 LIFE SPIRALS, GENETIC CONTINUITY DIVERSITY
1.2.3.1 Life cycles, (life cycles of plants, insects, etc. growth,
development, reproduction, dispersal, ageing, death, cell
division, cell differentiation)
1.2.3.2 Reproduction (plant/animal/reproduction, sexual/asexual
reproduction)
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1.2.3.3 Variation and inheritance (Mendelian/non-Mendelian
genetics, quantitative inheritance, population genetics)

1.2.3.4 Evolution, speciation, diversity (evidence for evolution,
effects of evolution, processes of evolution, (e.g. adaptation,
natural selection), nature of a species, domestication,
importance of diversity)

1.2.3.5 Biochemistry of genetics (concept of the gene, DNA/RNA,
gene expression, genetic engineering)

1.2.4 INTERACTIONS OF LIVING THINGS

1.2.4.1 Biomes and ecosystems (tundra, rain forest, savannah,
wetlands, tide pools)

1.2.4.2 Habitats and niches (habitats of endangered species, niches
of species)

1.2.4.3 Interdependence of life (food webs/chains, symbiotic
relationships, impact of humans)

1.2.4.4 Animal behaviour (migration of birds, mate selection,
rearing young, social groupings of animals (e.g. beehives,
elephant herds)

1.2.5 HUMAN BIOLOGY AND HEALTH NOTE: Many human biology
topics will involve double coding. For example: studying the
human digestive system (1.2.1.4 and 1.2.5), human impact on
the environment (1.2.5 and 1.6), human reproduction (1.2.5
and 1.2.3.2)

.2.5.1 Nutrition (vitamins and minerals in diet)

2

1
1.2.5.2 Disease (disease types, causes, prevention)

1.3 PHYSICAL SCIENCES
1.3.1 MATTER
1.3.1.1 Classification of matter, (homogeneous and heterogeneous
materials, elements)
1.3.1.2 Physical properties (weight, mass, states of matter,
malleability of metals, hardness, shape)
1.3.1.3 Chemical properties (periodic table, acidity, reactivity, atomic
spectra, organic/inorganic)
1.3.2 STRUCTURE OF MATTER
1.3.2.1 Atoms, ions, molecules (atoms, ions, molecules as the basis for
different substances)
1.3.2.2. Macromolecules, crystals, (polymers, shape/function of
biological molecules, crystal structure)
1.3.2.3 Sub-atomic particles (electrons, protons, neutrons)
1.3.3 ENERGY AND PHYSICAL PROCESSES
1.3.3.1 Energy types, sources, conversions (potential and kinetic,
chemical, nuclear, fossil fuels, hydroelectric power, changing
one form of energy to another, energy and work, efficiency)
1.3.3.2 Heat and temperature (temperature scales, heat as a form of
energy, heat versus temperature)
1.3.3.3 Wave phenomena (wave properties, types (e.g. IR, UV), wave
interactions)
1.3.3.4 Sound and vibration (transmission of sound, acoustics,
harmonics)
1.3.3.5 Light (nature of light, optics, luminosity, reflection, refraction)
1.3.3.6 Electricity(static electricity, electrical fields, alternating/direct
currents, electrical circuits)
1.3.3.7 Magnetism (magnets and their magnetic fields, magnetic
properties,) NOTE Electromagnetism topics should be double
coded 1.3.3.6 and 1.3.3.7.
1.3.4 PHYSICAL TRANSFORMATIONS
1.3.4.1 Physical changes (the gas laws, changes in states of matter,
mixing)
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1.3.4.2 Explanations of physical changes ( general explanations for
boiling, freezing dissolving etc.)

1.3.4.3 Kinetic theory (kinetic molecular theory)

1.3.4.4 Quantum theory and fundamental particles (quantum nature
of light, photoelectric effect)

1.3.5 CHEMICAL TRANSFORMATIONS

1.3.5.1 Chemical changes (definition of a chemical change, types of
reactions (e.g. displacement, acid-base, oxidation-reduction,
etc.)

1.3.5.2 Explanations of chemical changes (lonic/covalent bonding,
electron configurations, electronegativity)

1.3.5.3 Rate of change and equilibria (reagent concentrations,
reaction conditions, dynamic equilibrium)

1.3.5.4 Energy and chemical change (types of energy, exothermic,
and endothermic reactions)

1.3.5.5 Organic and biochemical changes (types of organic
compounds, organic reactions, biochemistry)

1.3.5.6 Nuclear chemistry (fission, fusion, isotopes, half-life,
mass/energy conversion)

1.3.5.7 Electrochemistry (electrochemical cells/batteries, electrolysis,
oxidation/reduction reactions)

1.3.6 FORCES AND MOTION

1.3.6.1 Types of forces (gravitational force, friction, centripetal force)

1.3.6.2 Time, space and motion (measurement of time, types of
motion (linear/rotational) describing motion (constant
velocity, acceleration, momentum) reference frames for
motion)

1.3.6.3 Dynamics of motion (balanced and unbalanced forces,
action/reaction, momentum and collisions)

1.3.6.4 Relativity theory (mass/ energy/velocity relationship,
explaining the velocity of light, time frames while travelling at
the speed of light)

1.3.6.5 Fluid behaviour (hydraulics, Bernoulli principle, pneumatics)

1.4 SCIENCE, TECHNOLOGY AND MATHEMATICS
1.4.1 NATURE OR CONCEPTIONS OF TECHNOLOGY (Identifying
needs and opportunities, generating a design, planning and
making, evaluating)
1.4.2 INTERACTIONS OF SCIENCE, MATHEMATICS AND TECHNOLOGY.
1.4.2.1 Influence of mathematics, technology in science
(information about contribution of mathematics and
technology to the development of scientific thought and the
practise of science, e.g. new mathematics and technology
make it possible for science to investigate new questions or
to analyse data in new ways)
1.4.2.2 Applications of science in mathematics and technology.
(information about contributions of science to the
development and practise of mathematics and technology,
e.g. developments of calculus and classical mechanics,
industrial processes, types of simple machines, measuring
devices, - thermometer, Geiger counter)
1.4.3 INTERACTIONS OF SCIENCE, TECHNOLOGY AND SOCIETY
1.4.3.1 Influence of Science, technology on society (social,
economic, ethical impacts of scientific and technological
advances, e.g. influence of scientific ideas on social
thought, such as Darwinism, effects of computers on
life styles)
1.4.3.2 Influence of society on science, technology (information
about influence of society on the directions and progress of
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science and technology, e.g. controversies over research in
genetic engineering, use of animals in research)

1.5 HISTORY OF SCIENCE AND TECHNOLOGY
(famous scientists, classic experiments, historical developments of
scientific ideas, industrial revolution, classic inventions)

1.6 ENVIRONMENTAL and resource issues related to Science

1.6.1 POLLUTION (acid rain, thermal pollution, global warming)
1.6.2 CONSERVATION OF LAND, WATER AND SEA RESOURCES

(rain forest, old growth forests, water supplies)
1.6.3 CONSERVATION OF MATERIAL AND ENERGY RESOURCES
(fossil fuels versus alternative energy sources, recycling

aluminium)

1.6.4 WORLD POPULATION (population statistics, trends, effects of
increasing world population, e.g. world hunger, epidemic

diseases)

1.6.5 FOOD PRODUCTION, STORAGE (agricultural methods, food
supply and demand, distribution methods)

1.6.6. EFFECTS OF NATURAL DISASTERS (environmental damages
of hurricanes/typhoons, volcanoes, drought)

1.7 NATURE OF SCIENCE

1.7.1 NATURE OF SCIENTIFIC KNOWLEDGE (scientific methods,
knowledge subject to verification, knowledge subject to
change)

1.7.2 THE SCIENTIFIC ENTERPRISE (canons of ethics and decision
making, professional communication, the scientific
community, personnel and processes in large scale research)

1.8 SCIENCE AND OTHER DISCIPLINES

1.8.1 SCIENCE AND OTHER DISCIPLINES (expliCit mathematics
instruction in the science curriculum

1.8.2 SCIENCE AND OTHER DISCIPLINES (science curriculum
incorporated with language arts, social studies or the arts,
examples include chemistry of painting, using art or music to
represent or illustrate science concepts, studying the role of
science in other cultures, writing stories as metaphors that
illustrate science concepts)

2. PERFORMANCE EXPECTATIONS
2.1 UNDERSTANDING NOTE: The performance expectation is that
students will understand the kinds of information in this category.
In some materials, the difference between simple, complex and
thematic information may be difficult to distinguish.
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2.1.1 SIMPLE INFORMATION (information such as vocabulary,
facts, equations, simple concepts, examples include defining,
describing, naming, quoting, reciting, etc. specific examples
are defining scientific terms, (boiling point, niche), knowing
symbols, (abbreviations for units, chemical symbols,),
describing simple concepts (materials expand when heated,
characteristics of animals)).

2.1.2 COMPLEX INFORMATION Information involving the
integration of bits of simple information: examples include
differentiating, comparing, contrasting, synthesising, specific
examples are understanding how increased external pressure
raises the boiling point of liquids, how fire is part of the life
cycle of pine trees)

2.1.3 THEMATIC INFORMATION NOTE: This category should not be
coded if students are merely expected to name or describe
thematic concepts (information about the concepts, with broad
applicability that organize and structure knowledge within a
discipline and among disciplines: examples include energy,
evolution, patterns, change, systems, etc.: a specific example of
performance that could indicate understanding of thematic
information is using themes to synthesise science knowledge and
experiences)

2.2 THEORIZING, ANALYSING AND SOLVING PROBLEMS

2.2.1 ABSTRACTING AND DEDUCTING SCIENTIFIC PRINCIPLES
(when presented with precise facts or scientific data,
deducing a scientific principal (e.g. when presented with
spectra of several stars, deducing the stars’ relative
temperatures, when presented with data on plant growth,
deducing that light is required))

2.2.2 APPLYING SCIENTIFIC PRINCIPLES TO SOLVE QUANTITATIVE
PROBLEMS (using physical laws such as f = ma to solve
quantitative problems: when given acceleration (a) and mass
(m), and calculating force (f); writing and balancing
chemical equations, using balanced chemical equations to
answer questions about chemical systems, e.g. stoichiometry
problems.)

2.2.3 APPLYING SCIENTIFIC PRINCIPLES TO DEVELOP
EXPLANATIONS (using gas laws to explain changes in gas
temperature, pressure and volume, using ecological
principles to predict effect of reducing a populations habitat.)

2.2.4 CONSTRUCTING, INTERPRETING AND APPLYING MODELS
(using or creating models that represent systems, objects,
events, or ideas, drawing a model of the solar system, making
an analogy between human thinking and computer logic.)

2.2.5 MAKING DECISIONS (using scientific skills and knowledge to
make decisions regarding personal local or societal issues,
examples of issues are water purification, nutrition and
resource utilization, air quality and energy production,
decision making may include defining the decision to be
made, identifying alternative choices, weighing advantages
and disadvantages and committing to action on a particular
choice.)
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2.3 USING TOOLS, ROUTINE PROCEDURES AND SCIENCE

PROCESSES

2.3.1 USING APPARATUS EQUIPMENT AND COMPUTERS
(calibrating and eye-dropper, reading a meniscus, using pH
paper, folding filter paper, preparmg a microscope slide,
operating a computer, running a computer programme)

2.3.2 CONDUCTING ROUTINE EXPERIMENTAL OPERATIONS
(measuring the volume of an irregular solid by displacement
of water, conducting a titration, culturing bacteria.)

2.3.3 GATHERING DATA (observing, measuring etc., perceiving
characteristics, similarities, differences, and changes through
use of the senses, comparing objects or events to standards of
length, area, volume, mass, temperature, force, or time.)

234 ORGANIZING AND REPRESENT]NG DATA (classxfymg,
constructing graphs, tables and diagrams, orgamzmg
materials, events and phenomena into logical groupings,
making graphs of data.

2.3.5 INTERPRETING DATA (extrapolating, or interpolating, data
from a table or graph, identifying patterns or trends in data.)

2.4 INVESTIGATING THE NATURAL WORLD

2.4.1 IDENTIFYING QUESTIONS TO INVESTIGATE (observing water
droplets on outside surface of a drinking glass and forming
questions about where the liquid came from, reading about
fish dying in local lakes and forming questions about the
cause.)

2.4.2 DESIGNING INVESTIGATIONS (developing hypotheses,
developing or choosing procedures, selecting materials and
equipment.)

2.4.3 CONDUCTING INVESTIGATIONS (executing procedures and
recording data) NOTE: Students are often given prescribed
procedures and told the expected results and conclusions.
Such investigations are sometimes called ‘cookbook’
experiments, since following the procedures 1is similar to
following a recipe in cooking.

2.4.4 INTERPRETING INVESTIGATIONAL DATA (organizing data,
analysing data, using data to address the investigation’s
hypothesis or questions.)

2.4.5 FORMULATING CONCLUSIONS FROM INVESTIGATIONAL
DATA (using data to make conclusions about the questions
or hypothesis of the investigation.)

2.5 COMMUNICATING
2.5.1 ACCESSING AND PROCESSING INFORMATION (finding
information, using a library, listening to others for
information)
2.5.2 SHARING INFORMATION (reporting work to others in
written or oral form, communicating in a group to solve a
scientific problem)
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3. PERSPECTIVES

3.1 ATTITUDES TOWARDS SCIENCE, MATHEMATICS AND
TECHNOLOGY
3.1.1 POSITIVE ATTITUDES TOWARDS SCIENCE< MATHEMATICS

AND TECHNOLOGY (curriculum encourages positive
attitudes towards science, mathematics and technology
and/or the study of them.)

3.1.2 SCEPTICAL ATTITUDES TOWARDS THE USE OF SCIENCE AND
TECHNOLOGY (curriculum encourages students to evaluate
disadvantages of the use of science and technology in
society.)

3.2 CAREERS IN SCIENCE, MATHEMATICS AND TECHNOLOGY
3.2.1 PROMOTING CAREERS IN SCIENCE, MATHEMATICS AND

TECHNOLOGY (the curriculum materials describe or
promote careers in science, mathematics and technology.)

3.2.2 PROMOTING THE IMPORTANCE OF SCIENCE,

MATHEMATICS AND TECHNOLOGY IN NON-TECHNICAL
CAREERS. (curriculum shows that science, mathematics and
technology are important in automobile repairs, accounting,
flying aeroplanes etc..)

3.3 PARTICIPATION IN SCIENCE AND MATHEMATICS BY
UNDER-REPRESENTED GROUPS (curriculum materials
encourages all types of students to study and use science or
mathematics, examples that could be targeted - women, racial and
ethnic minorities, students in certain regions of a country.)

3.4 SCIENCE, MATHEMATICS AND TECHNOLOGY TO INCREASE
INTEREST (curriculum uses experiences that are common to children
as a way of increasing understanding topics and/or increasing student
interest in topics. popular or intriguing information is used to increase
student interest in topics. examples include noting science and
mathematics aspects of sports and news, noting celebrities interested in
science or mathematics.)

3.5 SAFETY IN SCIENCE PERFORMANCE (curriculum materials
describe safe use of materials and equipment, safe procedures.)

3.6 SCIENTIFIC HABITS OF MIND (the curriculum encourages ways of
scientific thinking such as scepticism, openness, objectivity, tolerance of
uncertainty and curiosity.)
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APPENDIX 3
COUNTRY: ~-SOUTH AFRICA

DOCUMENT ID CODE

UNIT ID NUMBER

TEXTBOOK

o
e
i

53355

SCIENCE

FOR THIS UNIT

Page 1 1 1
Number

4

Block ID 1 2 3
Number

10

Block Type 1 1 8

Primary
Content
Codes 1 1.1.1 1.1.1 1.1.1

Secondary
Codes

1.1.1 1.1.1 1.1.1 1.1.1 1.1.1

1.1.1

1.1.1

Primary
Codes 2.1.3 2.1.3 2.2.1
Performance
Secondary 2.5.1

2.1.3 2.5.1 2.1.3 2.2.1 2.1.3

2.2.1 2.5.3 2.5.3

2.3.1

2.3.2

2.3.1

2.5.3

Perspective
Codes

Perspective
Codes 0 0 3.5

3.5 3.5 0 3.5 0

Block type codes for Curriculum Guides
1.Official Policies 4. Pedagogical Suggestions
2.0Objectives 5. Examples

3.Content Element 6. Assessment suggestions

Block type codes for Textbook materials

1. Narrative. 4. Related Graphic

2. Related Narrative 5. Unrelated Graphic

3. Unrelated Narrative 6. Exercise/Question Set

FORM COMPLETED BY:

DATE
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7. Unrelated Questions
8. Activity Block
9. Worked Example

10. Other
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APPENDIX 4

CURRICULUM FIT ANALYSIS ~ STANDARD 5 -~ SCIENCE

NOTE: MCQ = Multiple Choice Question. FRI = Free Response ITem.
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NO
TOPIC CURRICULUM CURRICULUM
FIT FIT
MCQ FRI
MCQ FRI
EARTH FEATURES Al12 R4
B1 W1
C7
D3
E12
F5
Gl11
H4
012
OTHER EARTH SCIENCE B5 O14
R9 P3
H3 w2
117 Q11
J1
K15
Q16
HUMAN BIOLOGY A7 016
B4 P6
c8 Q17
D5 X1
E8
F3
G8
H1
114
LIFE SCIENCE - OTHER | D6 017 G9 79
E10 H2 M11
F1 110 R3
11 119 X2
j7 j2
K18 K11
L3 K12
N6 K16
L2
L5
L6
N2
N4
P4
ENERGY TYPES ETC. A8 Y1 H5 L4
B2
C12
D4
LIGHT B6 A10 M14
F2 C9 P2
D1 Q12
EIT
RT
R2
363




PHYSICS - OTHER D2 N10 B3 K1
116 E7 M12
G7 010
J5 P5
K13 Q18
K14
K17
L1
L7
N8
013
P1

Q13
Y2

CHEMISTRY H6 A9 J3

J4 C10 N7
M13 F6 R5
G10 Z1
j6

M10
N9
011
015
Q14
Q15

ENVIRONMENT All C11 72
F4
G12
N5

OTHER CONTENT p7 K19 112 118
113
15
N1
N3

MARKS 21 82

21 4 82 28

Total = 135
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CURRICULUM FIT ANALYSIS - STANDARD 6

NO
TOPIC CURRICULUM CURRICULUM
FIT FIT
MCQ FRI MCQ FRI
D3 R4
EARTH FEATURES F5 Wi A12
012 B1
c7
E12
GI1
H4
OTHER EARTH SCIENCE || E9 P3 B5
H3 w2 J1
117 QI1 K15
014
Q16
A7 016 Q17
HUMAN BIOLOGY B4 X1
c8
D5
E8
F3
G8
H1
114
P6
LIFE SCIENCE - OTHER | D6 016 G9 79
E10 017 H2 MIT
F1 X2 110 R3
111 119
J7 J2
K11 K12
K18 K16
L3 L2
L6 L5
N4 N2
N6 P4
ENERGY TYPES ETC. A8 Y2 H5 L4
B2
C12
D4
LIGHT B6 A10 M14
F2 C9 P2
D1 Q12
E11
R1
R2
PHYSICS - OTHER B3 MI K14 K10
CONTENT D2 N10 K17 Q18
E7 010 L1
G7 P5 L17
116 N8
J5 013
K13 P1
Q13 Y2
365
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CHEMISTRY A9 )3 | P6
clo | N7 71

ENVIRONMENT ATl G12 Z2
C11 N5

OTHER CONTENT I15 K19 112 118
N3 13
P7 N1

NUMBER OF QUESTIONS 53 16 50 16

MARKS 53 16 50 16

TOTAL 135

366
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CURRICULUM FIT ANALYSIS - MATHEMATICS - STANDARD 5

NO
TOPIC CURRICULUM CURRICULUM
FIT FIT

MCQ [ FRI MCQ FRI
A. COMMON Al 16
FRACTIONS MEANING | B9
AND REPRESENTATION | D9
F12
H8
K1
N19
B. COMMON C4 12

FRACTIONS E3 09
OPERATIONS, G5 R13
RELATIONS 12
AND PROPERTIES K9
L17
M4
N14
N16
P14
Q9
C. DECIMAL FRACTIONS | BIO K2
D12 M8
F9 P16
15
j14
L9
N17
04
Q8
R6
R7
D. ESTIMATION AND C6 Ul 117
NUMBER SENSE E4 V1 L8
H9
17
K6
NI1
02
P12
P13
Q6
R12
E. CONGRUENCE AND A5
SIMILARITY C3

F. OTHER GEOMETRY B11 G3
D7 18

K3 Ji1
N2 J16
M5 : L15
N12 M7
Q10 03

R10

367
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G. LINEAR EQUATIONS A2 L T1
B12
D10
F11
H10
11
o7
Q1
R11

H. OTHER ALGEBRA C5 NI3 | G6 14
E5 K4 L16
H12 L11 S1

j18 P10
L13 P15
R9 Q2
Q7

I. DATA A6 J13
REPRESENTATION B7 V2
AND ANALYSIS C2

E1l

Gl

H7

L10

M9

o1

P17

Q4

R8

J. PROBABILITY F8
H11
19
K7
M3
N18
(oK)

K. MEASUREMENT A3 K5 U2
C1 06 V4
D11 s2
E6
F10
G2
13
J10
L12
M1
N15
P11
Q3
L. PROPORTIONALITY A4 M6
B8 R14

D8 T2
F7
G4
L14
Q5
V3

TOTAL 151

368
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CURRICULUM FIT ANALYSIS - MATHEMATICS - STANDARD 6

CURRICULUM | NO
TOPIC FIT CURRICULUM
FIT
MCQ [ FRI__ | MCQ FRI
A. COMMON Al 16
FRACTIONS B9
MEANING AND D9
REPRESENTATION F12
H8
K1
N19
B. COMMON C4 12
FRACTIONS - E3 09
OPERATIONS, G5 R13
RELATIONS 12
AND PROPERTIES K9
L17
M4
N14
N16
P14
Q9
C. DECIMAL FRACTIONS | B10 K2
D12 M8
F9 P16
15
14
L9
N17
04
Q8
R6
R7
D. ESTIMATION AND C6 U1
NUMBER SENSE E4 V1
HO
17
17
K6
L8
N11
02
P12
P13
Q6
R12
E. CONGRUENCE AND A5

SIMILARITY C3
E2

j15

P9

369
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F. OTHER GEOMETRY BI1 T1 I8
D7 ji1
G3 16
K3 L15
N2 08
M5
M7
N12
03
P8
Q10
R10
G. LINEAR EQUATIONS | AZ
B12
D10
F11
H10
1
o7
Q1
R11
H. OTHER ALGEBRA C5 14
E5 L16
G6 N13
H12 s1
Jj18
K4
L11
L13
P10
P15
Q2
Q7
R9
I. DATA A6 13
REPRESENTATION B7 V2
AND ANALYSIS C2
E1
Gl
H7
L10
M9
o1
P17
Q4
R8
j. PROBABILITY F8
HIT
19
K7
M3
N18
05
370
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K. MEASUREMENT A3 K5
1 06
D11 s2
E6 U2
F10 V4
G2
13
j10
L12
M1
N15
P11

Q3

L. PROPORTIONALITY | A4 M6
B8 R14
D8 T2
F7
G4
L14
Q5
V3

TOTAL 151

371
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APPENDIX 5

Selected Provincial meso-analyses of school performance related to the

students’ home language and the language of instruction.

Table Appendix 5.1 ~ Province O1 - Mathematics

Table Appendix 5.2 ~ Province O1 - Science

Table Appendix 5.3 - Province O9 - Mathematics and Science

Table Appendix 5.4 - Province O4 - Science

Table Appendix 5.5 - Province O4 - Science
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Province 04 - Science (II) - Range of marks for each language response

[@] o [ [ o o
1) m 13 m o m n w ie} % 0 w [o}
<© [3) (1) o <+ <+ ) [ Y Q — - 0 ]
" h h v ] v v
1] [} 1 1] . 1] 1
' ' ' ' ' ' '
L] L} . L] L} . 1
' ' ' ' ' ' '
' ' ' ' ' ' '
..... PSSP APIPIPIPIRIPRDRY AR APRRPOUPROI PUPURPPY P N U USRI, EpU P IR I R PR
[} [} L} 1 L 1] L]
' ' ' ' . ' '
' ' ' ' ' ' '
' ' ' ' ' ' '
[} L} L} 1 t 1] L}
1 L} [} 1 e e r e e ) e mmcemm - L
...... e T e T B : :
' ‘ ' ) ' ' '
' ' ' ' . ' '
' ' ' ' ' ' '
' ' ' ' v ' '
' ] 1 ' ) ' ]
..... S S T
v v I \ ' i v
' ' ' ' '
' ' ' H ' ' '
' ' ' T . ' '
' ' ' ' ' ' '
' ' v ' ' ' v
...... L L T
' ' ' ' ' ' '
' ' ' ' T ' '
' ' ' 1 ' '
' ' ' ' V ' '
] 1 L] L] L} 1
iiiii O S T e B I L L T T R R R
" v h v | 1 '
L} 1 . » L} L]
L} 1 L} » 1 L} .
L} 1 . - T Ll 1]
L} 1 L] . 1 . L}
, L . L] " . 1
..... T . L SR
' ' ' ' ' ' '
. L] L} L] T . 1
' ' ' H - ' '
' ' ' v ) ' '
' ' ' ' ' ' '
...... [ Y (Y R U R -.u-..--...A:.-..-..----.o..-.r-.-.:..-.
] h h v 1 v h
' ' ' ' ' ' '
L} 1] L} 1] 1 ] 1
' ' ' v T ' '
' ' ' ' . ' '
' ' ' y —_— ' ' '
..... T - ey ey S
L} 1} . 1 . 1 L}
' ' ' ' '
1 L} L] ] L L] L]
] 1 L] . O 1 1]
' ' ' ' A ' '
. Ll L 1 1] 1 1
..... e S e [ T T A
' H ' ' ' ' '
L} L] 1 L 1] 1] .
' ' ' ' 3 ' '
) L] 1 L} L L} [}
' ' ' L A ' '
lllll T e S N I B I I T T R Y R
v ' I v ] v v
' ' ' ' ' '
' ' ' ' v ' '
' ' ' '
' ' ' 1 v v '
' ' ' ' ' ' '
..... S T Y
' ' ' L \ ' '
' . ' 0 T ' '
' ' ' . . ' '
' ' ' 1 0 ' '
' ' ' ' ' '
..... S e .
) h h V ] \ v
' . ' ' ' ' '
' ' ' ' . ' '
L] L] I 1 1] L] 1
. L] 1 1 (] L} .
' ' . T T ' '
..... S o T
' ' . H | ' v
' ' B T v ' '
. ' ' ' H ' '
' ' ' T T ' '
' ' 1 ' ' ' H
) . v L T T \
...... e e L LL LT TR
' ’ ' ' ' ' '
' ' ' ' '
' ' ' 1 X ' '
' ' ' ' v ' '
' ' ' ' ' '
..... [ SRR SRR - PR g g (SR SR LR S,
| v v 1 ' v '
' H ' ' ' '
' ' ' 1 ' ' '
' ' ' T T ' v
' ’ ' ' ' ' '
3 " ; ' +1 . ;
........................ o
H ' ' ' ' ' H
. : : . < _ :
' ' ' | —— ' ' '
1] 1] . . L} 1 1]
. L} 1] L}
..... T o T i i
" v v v l | h
. 1] L} . A L) .
' ' ' ' 0 ' '
' ' ' ' '
' ' ' v \ ' '
' ' ' ' T ' '
..... e [ . U
' ' ' ' \ ' '
' ' ' ' H
. L} L} . 1 . L]
' ' ' ' ' '
. L} L] ' 1 L] .
...... TR NP RN SO SR NPy eyapnpnp ity oo ST JRIR IR RPN R IR
] h h v d ] v
' ' ' ' ' ' '
] ] ' ] o ] )
' ' ' X — ' '
L} L} 1} [ ) L] .
' ' . ' ' '
..... TSR 5 g g G
] L} L} L} I L} [l
’ ' ' [ WS T S— ' '
' ' ' v = ' H
L} t L} - . L}
L} 1] L} L} H 1 L}
1 L 1 1 1 L}
----- B ettt sttt epesfecccaaany r
' ' ' ' ' ' '
' ' ' ' . ' '
' ' ' [P U— ' '
. ' I v (I ' '
' ' ' ' '
lllll T N L L o T e R e
' 1 ' w ' " ) 1
' ' vl ' 0 ' '
. , » ‘ L ————— t—— » )
1} L} L] n L 1 L] L}
' ' Vo ) ———— ' H
lllll B R il el Il i A it il il Todblls Ealididiedidididhoiiidi il ettt
) ' ' ' H ' '
! ! ! —— ' !
L} 1 L] - . Ll 1]
' ' ' v 0 ' '
' ' H ' ' H '
...... R S (DU T g N [, S S S I
i v h v 1 v I
' ' ' ' ' ' 1
1 ® 1] _ 1 A. L] L}
1) L} ’ 1 L . L}
' ' ' v 0 ' ,
H i H —— ' ' '
..... S e T T LT T
| 1 it t \ | v
' ' ' ' ' '
L} L] . L 1 L} L}
' . ' v ¥ ' '
' ' ' ' ' ' '
' . . ' ' ' '
...... S !
' ' ' ' | ' '
1 L] L} T L 1 1]
' ' ' ' H ' '
' ' . ' v ' '
' ' ' ' H ' '
||||| e L L LT e B I L R
s h h v "o i v
\ H H S H '
1 1 L} L} H 1] L] L}
' ) ' - ' '
1 » 1} L] P} . 1
I ) [ §  — ] 1 )
(=] o (@] o o o o (] (@] o [*] o
o} o (o] o (o} Q \(o] o {2} [} n o o
<) © n w < <+ o o N N — — 79} o

Table ***

Digitised by the Department of Library Services in support of open access to i

I~
~
[i9]
©
~
(9}
(9}
N~
“ G
- —
~
[ (9}
N
~
s
® «
- <
0 (721
s} me
50
3 3
n rnW
1mm S
3 % g
© = =
] a8
& <
-
o B
3 =
o0
%
-
L
B (7
o Z.
(9}
(9}
i,
b
0 Q
. —
@ =
0 <
<
o 2
w L2}
it o
Q
Q
2 O
(9]
o0
M s
<©
Q
: %
> ~—
-
o = 5
0 ma
<
SR
2 L8
| SR
.1 3 <
P =
o -
T K2 R
RO <
©
o
-
Q
(7]

formation, University of Pretoria, 2021



— <
b
g [ . -
% H : 2
bt I Sty qrmmmeeees
: . o
D) : : 2
50 : : &}
O A A | T CTTT -
50 ; ; =
= N ER—
= : :
' (o)
K — : -
2 [ A
w : : o <«
= T e «
& : m < U
» ; m w -
ﬁ T T m
< : ' °
g ' : ~ 8
i R 2 S
ot H ) p 15
o : ; <+ o W
L T e e <
&0 : : % g
= : : - B=R~
< . : [5) Q
2 R - B
\ " : S
o . m ~N Sl
Q qmmmemmeos .m ........... 2
< : ' =
w ' ' —
Q
M o
< : : >
- ; ; 2
Q " :
= ! m g
m : : S
| ' B
m ............................................................. R de e FLu
< : : 2
= " m = E
! S 5
ox m m = S
o R ATt nw
3 m m o
= [ ToTTT
> . , &
o e s * =
[ ! : :
v ' ' L
' A . : : ~ Wb
! ! o : demmeeneannd e 2z &
o : : . N : : =
W B ! % " m m - § 8
R S SRS A RREECEEEEE FEREL BE SEEE e 4mmemmeeee- EERREEEEE <
- m - i m m . 5 S
ST N - - T SRR S S £ g
O B " L : : " " At D
& £ m = : . : : ~ RS
Q = dmmcceceann decccenaad- Y e (s gy U VISP b V..W .m
< : " b “ " : “ < WM
: " b ; : . : S < &
' ' I ' ' ' ' -
- - [IH - U —
= 5
< o o o o o © o o o o o o £
< n 6 ®m»m o6 b &6 m o6 m & B & o S
= © © B m ¥ w ¢ Hh N N = = 1t o] &

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



N o
: : P ; m m :
: : : 0 : : : :
..... L I B L S S
: : " w : : : :
...... S SRR O S0 SRR SN N I SO S S
: : : : : : : -
: : : T ' : : &
...... R OO 5 N UOURPN J0ls e oSSR SR S SURU
: : : : : ; : o
: : : : : ; _ 5
..... e SRy e S
: : : : . : : o
: : : " T : : D g
||||| R LR R e bl Sl St A b i bbbl it Saiieiedet i dadiafalid
m : : B _ : : ©
: . : : : b S R T
; : : : : : : .
. ' ' 1 . I~
1 . v ] " " “ e}
; : : “ ” : ; .
: : : p : : : % <
> e Aahatiatid i e e 1 AR o mm oo prmomoenoes ~
a " : : : : : " 3 <
5 : : : : " : : @ O
..... R R B CEeL e L EEEEEEE B een e e L h s L L LELEREE LRt =
2 " : b : : : ! B A
5 : : P : . : : 2 =N
H ..... HARRRR penoeee A B P | B promoemne e prmnoenees 8 o
: : : : ' : : 3 Q=
Q0 : : o : . : : & g 9
a ||||| O | IR lfllw llllllll [ R —— dedewnmccnn-- e e m e e - - | T e a
= : : 1 ; ; : : - LS
mO : : v L o— : : : 8 80 S
= S ETR feeees o L— B I beeeneas A 8
y— 1 . ] ' ] 1 ' o —
: : : - . : : = £
- : : : " “ : : i o
g : : : : i e Fommmeenees =
v ' " : ' & =
-y : ; : : i —
o e - I e EREELELE
= ' '
) . + H H &
2 : : : : © -
- T K ) T pronTTees o
= : : " " ) Q
S : . : 1 i Z
lllll =] I e e B
ot ! : H .
o m “ m | g
S 0000 - K S e I [
= : ” : : 3
M : ; : : & O
...... S RnL SEEEEE ; N
H . ‘. ] « ’ . o —
: : - : m : in =
= + - : S IRRREREELEEEE omne e RRRELELLE g
= : : : L : : N 2
b " " . _ " : 2 2
8 A PR hedrenaas y T femenaas (R 3
: : HE : H H ; ) e
5 " : L : : : : &
o : el .. | S s
Qo T ettt b v H ] . h
9] : : ' : : : : ©
: : b : : “ : 3 S
] 5 ' o [ 1 1 U
lllll L R L LR R R RS Sl bbb bbbl iy e iy il ditiel sl ddeibelil
X ; : P ; + : : g %
o ' : v ' ' : : o
|||||| L S o o
o : : P : ¥ : : = 3
Q " : C : : : : — s 3
< : : ; i — " : : % T ®
s 0 ameea e - - - -.--———- e cm.-- - - P aamn L CE LR R - —.————— u n
> : : C : : : : &
o : : b + “ : ; 2 s 3
Sl ' ' ' ' ' H H 0 - e
B eeeeed e oo - % ........ poeanna- B T LRt emnmmnen- < m
: : b ; ; " : A 3
' : I : ' : o >
. . : H . H : & . <
i i H ' H ' . » S < —
* 0 eaa-- e R P E . L.ITTTET s ppr AN b ecccmmmaa e 8 2 =
* ' : : ' ' . ] - & =
* “ " : . _ ; : s M < 3
e 1 1 ' ] ] ' 1 7C
— 1 1 1] | — 1 1 i —
) E
< o © © © © © © o 9O © °©O o 2
T mn o n o w Q lip] o n o n o (@] [3)
<© <© n 0w ~H <t e} o N N — - mn o %2}

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



(o]
A T TN T T YT
_ : : : : ; ;
: : : : : : :
..... AR et B S S I A S
: : : : : : ;
S P A . L. - g
: L i cebeeeees I SR s ER—
: : : : _ : : ~
: : : T T : : ®
..... S SRRSO S 3 SRS RSN S
: : : : ; : : ©
: : : : : : : @
IIIII decemecnencvadecccaneaas decanecassacescheaccceee e Sl |y
: : : : : ‘ :
: : : : 5 : : ©
: : : : : B
..... S S R R I I S S &
v bl A r r b k]
' ' : ' ' H —
: : : _ : m S
..... SRR SO 1 SR SR A 1 SO SO U S
: : : : : : : o
. : : H T : : B
o - LS I R I Sl B ISR LS S
A : : : : : : : -
: : : : : : : -
: : ! . : : : = <
) : : : : : : :
Q. T [ TTTTTTTTT vt H oyt [ TTTTTTTTTTT ~«
a : : : : : : : 3 <
et : : : : : : : © U
) A T v P . [ F ° o =
' ' ' . " ' . (73
X : : " : ' : : & S o
= SR drmemenens S bt ot S S L S
1 h ‘ . H h . <
g ' ' ' v 0 ' ' ~ 17 =
: : " . . : : Ry v T
S H H H H H H L2l =~ S
[« Acccccacaan B P, I S Cecmeeee heeeaa- O Jocecamaeand ) e
— : : : : : : : <
= : : : P— : : : 2 % g
3 : : : ; ; : : n B~
s T it Sl B Sty sty IS Al T s .8
: : : : : : : -
= : : " " ; : : 8 m
§S) S BRSETEEEE. Naar & fenmmamens R B S fo-e e ooee o 5
i : m m " : m m & =
: : : : : :
S : m m : _ ! m ®
& ! ! ! ! ! m m & .
Y T Yoottt R ST HER Ve N YT
: : : : : : : >
o : : : it § : : 5 Q
o e domeeeeeeas 4 o b Speeee e R seeennnnnans - “
Mm : " : _ . " " i
: : : : : : .
it SRR SRS e SRRt R A
1 Il ' . T ' ' Y
: : : : : : © 0
= i BRCRETERERE s & feeeeemnaT F{- frmmmmmnnnd fommmmemnendencneeead =
= : : ' : : : : o )
: : : : : : : 0 =
S [ LI P reE—— e e o] <
: : : : : : : )
n h ' . h " i ' N e
D) ' H H H H % %
D - fommomeo- dememnaee dornennenes O . fommmmeee- SRR 3
7 : : : : : : o
: : : : m m : i O
e dosooeenes dreeeees A boooooe- S dreseeees TR
< : ; : : : : ; 2 O
1 1 ' ' [ 1 n
AMW ..... LSRR deeeees e LT py e L L -
Q : : : : . : : © O
S " : : : m ; : & 80
I EEEECEERES P SAREEEEEEEES PR S EISEEEEILEEE I ERTTTRTTIE Z &
: : : : K : : =
& : : : " : : : % s 2
o ' ' . rt———— ' . ' [}
..... R e B T AR ELEEAECLEL L R bl =S~
" : : " _ : ; SRS
n " : : " " “ " ) &2
7S IR I R CA— S fomemmnen R
5 " " m m m m m ) 3 <
: : : : : : ' ~ - =
mm B ARG EEr EECEEEEED ETRRREEEEEEE b Trmmemeeees FRRCEECEEEE TRRRRLEELEES mm > 2 =
: : : : : : 2
_ | . _ _ . s g
Z. : : : : : : 238 < &
& : : : — : : 2
B o o o o o o o o © o o ©° 2
[ =
w o n o mn [&] n o n o (o] o o [&)
< © © ®m m & w B N N = = m o &

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



BIBLIOGRAPHY

Amuah, LK. 1996. ‘The National Research and Technology Audit.” South
African Journal of Science, 92:279-280.

ANC. 1992. ‘Policy guidelines for a democratic South Africa.” Adopted
at the National ANC Conference, 28-31 May. Johannesburg: ANC.

ANC. 1994 (a). ‘A Policy framework for Education and Training.’ J.
Samuel (ed). Johannesburg: ANC.

ANC. 1994 (b). ‘Implementation plan for Education and Training. ]J.
Samuel (ed). Johannesburg: ANC.

Angoff, W.H. 1971. ‘Scales, Norms and Equivalent Scores.’ In R.L.
Thorndike, (ed). Educational Measurement. Second edition.
Washington DC: American Council of Education.

Arons, A.B. 1983. ‘Student patterns of thinking and reasoning.” The
Physics Teacher, December: 576-581.

Arons, A.B. 1984 (a). ‘Student patterns of thinking and reasoning.” The
Physics Teacher, January: 21-26.

Arons, A.B. 1984 (b). ‘Student patterns of thinking and reasoning.” 7he
Physics Teacher, February: 88-93.

AS&TS. 1982. Annual conference. Unpublished, Pretoria: CSIR.
AS&TS. 1993. ‘A contribution towards developing an education policy
for technology.” Johannesburg: Associated Scientific and Technical

Societies.

Ausubel, D.P. 1963. ‘Cognitive structure and the facilitation of verbal
learning.” Journal of Teaching Education, 14.

Ausubel, D.P. 1968. FEducation Psychology, a cognitive view. New York:
Holt.

Bachman, F. 1990. Fundamental Considerations in Language Testing
Style. Oxford: Oxford University Press.

Baker, G. 1996. ‘More vital statistics on the state of science.” Editorial,
South African Journal of Science, 92:266.

378

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Barnard, ].]. 1989. PFoor concept formation in Mathematics: a diagnostic
perspective. Pretoria: HSRC.

Barry, D. 1996. ‘Personal communication.” Pretoria: HSRC.

Basel, B. 1995. ‘The use of Pictures in English Second Language in Adult
Basic Education: A descriptive study.’ Unpublished Masters
dissertation, Potchefstroom: University of Potchefstroom for CHE.

Basson, NJ.S. 1994. ‘Concept mapping: A useful learning technique in
Science.” Spectrum, 32(1): 46-60.

Basson, NJ.S., Goosen, R. & Swanepoel, A. 1996. ‘’n Instrument vir leer-
en motiveerstrategieé in natuur-wetenskappe.’ South African
Journal of Education, 16(1): 62-68.

Bateson, D. 1994. ‘Report on the Centre for the Advancement of Science
and Mathematics Education [CASME].”  Unpublished, Durban:
University of Natal: Durban.

Bell,J.B. 1978. Teaching and learning mathematics in secondary schools.
Iowa: Brown.

Berry, JW. 1985. ‘Learning mathematics in a second language: some
cross~-cultural issues.” For the Learning of Mathematics, 5(2): 18-
23.

Biggs, J.B. & Telfer, R. 1987. The process of learning. (2nd ed).
Sydney: Prentice Hall.

Borger, R. & Seaborne, A EM. 1966. The Psychology of Learning.
Harmondsworth: Penguin.

Bradley, J.D., Gerrans, G.C. & Matthee, AJ. 1991. ‘Concepts associated
with chemical bonding, 1.” Spectrum, 29(1): 14-22.

Brink, B. du P. & Jones, R.C. 1986. MNatuur- en Skeikunde Standerd 9.
Cape Town: Juta.

Brown, H.D. 1980. Principles of Language Learning and Teaching. New
Jersey: Prentice~Hall.

Brownell, W.A. 1935. In The Study of Society by B.E. Mercer & R.K.
Merton. 1958. New York: Harcourt Brace and Co.

379

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



CASME. 1994. ‘Report on the Centre for the Advancement of Science and
Mathematics Education’” D. Bateson (ed). Unpublished, Durban:
University of Natal: Durban.

Catrevas, C.M., Edwards, J. & Browns, R.E. (eds). 1965. The New
Dictionary of Thoughts. New York: Standard Books.

Central Statistical Bureau. 1991. ‘Initial Census estimates.” Pretoria.
Central Statistics Bureau. 1995. ‘Emigration Trends.” Pretoria.
Central Statistics Bureau. 1996. ‘Live birth proportions.” Pretoria.
Central Statistics Bureau. 1996. (Untitled). Pretoria.

Central Statistics Bureau. 1997. Personal communication. 16 January.

Centre for Equivalence of Education Qualifications. 1995. Pretoria:
HSRC.

Chamberlain, J.C. 1980. ‘The development of a proficiency test battery
in Arithmetic, English and Afrikaans for post-form III Bantu
pupils.” Unpublished Masters dissertation, Pretoria: University of
South Africa.

Comber, L.C. & Keeves, J.P.  1973.  Science Education in Ninefeen
Countries. Stockholm: Almquist and Wiksell.

Cooke, A. 1997. SABC FM Broadcast, ‘Letter from America.” 17 January.

Daneman, M. 1991. ‘Individual differences in reading skills.” In R. Barr
et al. (eds). Handbook of Reading Research - Volume II. London:
Longman.

Deetlefs, K., Norton, D., Steinberg, C., Suttner, M. & Witthaus, G. 1991.
Never too old to learn! Towards formulating policy for Adult Basic
Education in a post-apartheid South Africa. Johannesburg: Learn
and Teach Publications.

Department of Arts, Culture, Science and Technology. 1994. ‘Green
Paper on Science and Technology: Preparing for the 21st Century.

23 November, Pretoria: Reconstruction and Development
Programme.

380

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Department of Arts, Culture, Science and Technology. 1995. ‘Draft
White Paper on Science and Technology: Preparing for the 21st
Century.” Pretoria: DACST.

Department of Arts, Culture, Science and Technology. 1996 ‘White
Paper on Science and Technology: Preparing for the 21st Century.
4 September, Pretoria: DACST.

Department of Education. 1992. ‘Education Renewal Strategy.’
Pretoria.

Department of Education. 1993. ‘Policy Paper on Education.” Pretoria.

Department of Education. 1994 (a). ‘Norms and Standards and
Governance Structures for Teacher Education.” Pretoria.

Department of Education. 1994 (b). ‘National Qualifications
Framework.” Pretoria.

Department of Education. 1995 (a). ‘Education and Training in a
Democratic South Africa: First steps to Develop a New System.
February, Pretoria.

Department of Education. 1995 (b). ‘Draft Technology Curriculum.’
Pretoria.

Department of Education. 1995 (c). ‘White Paper: Education.” Pretoria.
Department of Education. 1995 (d). ‘Teachers’ Salary Scales.” Pretoria.

Department of Education. 1995 (e).  ‘Interrim core syllabus for
Mathematics: Grade 1 to Standard 4. January, Pretoria.

Department of Education. 1995 (f).  ‘Participation and success In
Mathematics and Science at Grade 12 Internal communication.
Pretoria.

Department of Education. 1995 ongoing (g). ‘Project 2005.” Pretoria.

Department of Education. 1996 (a). General Press Release. January,
Pretoria.

Department of Education. 1996 (b). Salary information requested.
Pretoria.

381

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Department of Education. 1996 (o). School Leaving Certificate
information requested. Pretoria.

Department of National Education. 1990. ‘Mathematics and Science
Core Curricula.” Pretoria.

Department of National Education. 1992. ‘Education Renewal Strategy.’
Pretoria.

Devancy, RL. 1987. An Introduction fo Chaotic Dynamical Systems.
New York: Addison-Wesley.

De Wet, JJ. 1961.  ‘Die ontwikkeling van die algebraiese begrip
veranderlike by 'n groep leerlinge van middelbare skool leeftyd - ’n
empiriese studie.” Unpublished Masters dissertation, Potchefstroom:
Potchefstroom University for CHE.

De Villiers, W. 1984. Science Advisory Council. Pretoria.

Dowdy, S. & Wearden, S. 1983. Stafistics for Research. New York:
Wiley & Sons.

Driver, R. 1986. ‘Constructivism.”  British Council Course 623.
Unpublished lecture, York: University of York.

Ebel, RL. 1972. Essentials of Educational Measurement. New Jersey:
Prentice-Hall.

Education Foundation. 1995. ‘Editorial.’ Edusource Data,
Johannesburg.

Elley, W.B. 1992. How in the world do students read? Hamburg: IEA.

Entwistle, N. 1987. Understanding Classroom Learning. London:
Hodder and Stoughton.

ESKOM. 1997. Personal communication. January.

Ferguson, G.A. 1959. Statistical Analysis in Psychology and Education.
New York: McGraw-Hill.

Foy, P. & Schleicher, A. 1993. ‘TIMSS Sampling Manual.” Boston:
TIMSS Study Centre.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Gagné, RM. & Briggs, L.J. 1974. The principles of instructional design.
New York: Holt, Rinehart and Winston.

Gagné, RM. 1977.  The Conditions of Learning. New York: Holt,
Rinehart and Winston.

Gagné, RM. 1983. ‘Some issues in the Psychology of Mathematics

Instru
14(1)

Gagné, RM

ction”  Journal of Research in Mathematical Instruction,
: 7-18.
. 1985. The Conditions of Learning and Theory of Insfruction.

New York: CBS College Publishing.

Garraway, ] W. 1994. ‘Perceptions of Language Teaching in Science

from

student and teacher discourse.’ Unpublished Masters

dissertation, Grahamstown: Rhodes University.

Geer, L.F.

1993. ‘Betekenisgewing as motivering vir onderig in leer in

Chemie.”  Unpublished Doctoral thesis,  Pretoria: University of

Pretor

Gionfriddo,

1a.

J.J. 1985. ‘The Dumbing Down of Textbooks: An analysis of

Six Textbook Editions during a Twelve Year Span.”  Unpublished
Masters dissertation, New Jersey: Kean College.

Government Gazette. 1994: 8-18.

Gray, DJ. 1988. (a) ‘Help I think I need a statistician.” Specfrum, 26(3)
August: 39-42.

Gray, DJ.

1988. (b)  Modular instruction in Physical Science for

Standards 9 and 10. Pretoria: HSRC.

Gray, D.J. 1991. Problems and Concerns of Teachers in Bophuthatswana.

Pretor

Gray, DJ.
Pretor

Gray, DJ.
HSRC.

1a: HSRC.

1993. ‘Proposal to the HSRC to join TIMSS.” Unpublished,
1a: HSRC.

1995. ‘Memorandum to Department of Education.” Pretoria:

Gronlund, N.E. & Linn, RL 1990. Measurement and Evaluation in
Teaching. New York: MacMillan.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Hall, C.S. & Lindzey, G. 1970. Theories of Personalify. ~New York:
Wiley.

Hammerton, J. (ed). 1954. New Universal Encyclopaedia - Vol 8.
London: The Educational Books.

HEDCOM. 1995. Letter to HSRC. 17 January. Pretoria.

Hoy, C. & Gregg, N. 1994. Assessment: The Special Educator’s Kole.
Belmont: Wadsworth.

Hugo, H.L.E. & Claasen, N.C.W. 1991. The functioning of the GSAT
Senior for students of the Department of Education and Training.
Pretoria: HSRC.

Human, P.G. 1976. ‘Doelstelling met wiskunde-onderrig.’
Pedagogiekstudies. (83). Pretoria: University of Pretoria.

Human, P.G. 1993. ‘Hantering van “Die standaardalgoritmes” in ’n
probleemgesentreerde  benadering tot =~ Wiskunde-Onderwys.’
Unpublished training course document, Stellenbosch: University of
Stellenbosch.

Human Sciences Research Council (eds). 1981. The Provision of
Education in South Africa. (The de Lange Commission Reports, 1,
12 and 13). Pretoria: HSRC.

Human Sciences Research Council. 1994-1996. ‘School Needs Survey.’
Personal communications. Pretoria: HSRC.

Human Sciences Research Council. 1996. ‘Media Release’, 24
November: 1-3. Pretoria: HSRC.

International Symposium for Literacy. 1975. The Persepolis
Declaration, Iran: UNESCO.

IEA. 1993. ‘The IEA: People and Activities.” The Hague: IEA.

IEA. 1994. ‘The IEA: People and Activities.” The Hague: IEA.

IEA. 1995. ‘People and Places.” Annual Report. The Hague: IEA.

Jansen, J.D. 1993. ‘Transforming teacher education: Curriculum
perspectives.’ Towards an QOperational Framework for Teacher

Development and Support. Conference proceedings, 13-15 October.
Pretoria: HSRC.

384

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Jarvis, WJ. 1989. ‘Mathematics and the modular curriculum: the South
African Situation.” Specfrum, 27(4): 33-35.

Johnstone, A.  1986.  ‘Connections and misconnections in science.’
Spectrum, 24(3): 60-64.

Jones, B.F., Palincsar, A.S., Ogle, D.S. & Carr, E.G. 1987. Strategic
teaching and Learning: Cognitive instruction in the content areas.
Alexandria: North Central Regional Educational Laboratory.

Kahn, H. 1994. ‘Editorial’ Siemen’s Spring Review, Stutgart, May: 1-
3.

Kahn, M. 1993. Building the Base. Johannesburg: Centre for Education
Policy Research.

Keeves, J.P. (ed). 1992. The IEA Study of Science [ll: Changes in
Science Fducation and Achievement: 1970-1984. Oxford:
Pergamon.

Keeves, J.P. 1994. The World of School Learning: Selected Key Findings
from 35 Years of IEA Research. The Flinders University of South
Australia: IEA.

Keeves, J.P. 1995. The World of School Learning. The Hague: IEA.

Kendall, G. 1990. ‘A study of the development of basic Scientific
concepts in primary school children of different cultural groups.’
Unpublished Research Memorandum, Pietermaritzburg: University
of Natal: Pietermaritzburg.

Klausmeier, HJ. 1971. ‘Cognitive operations in concept learning.’
Educational Psychology 9(1): 3-8.

Kingsley, H.R. & Garry, R. 1958. The nature and conditions of learning.
New Jersey: Prentice-Hall.

Krathwohl, D.R., Bloom, B.S. & Masia, B.B. 1964. Taxonomy of
educational objectives. Handbook II: Affective domain. New York:
McKay. In RM. Gagné. 1977. The Conditions of Learning. New
York: Holt, Rinehart and Winston.

Kriek, C.G. 1996. ‘Wiskundekurrikulumontwikkeling vir die senior
sekondere fase.” Unpublished Doctoral thesis, Pretoria: University
of Pretoria.

385

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Laridon, P.E. & Glencross, M.. 1995. Understanding of Chance and
Probability Concepts in Standard Seven Children in South Africa and
the Transkei. Johannesburg: University of the Witwatersrand Press.

Law, N. 1995. TIMSS Hong Kong National Report. Unpublished report,
National Research Co-ordinator: Hong Kong.

Lazonby, J. 1985. ‘British Council Course 623.” Unpublished lecture,
York: University of York.

Le Roux, P.G. 1981. Some aspects of teaching Physical Science in South
Africa. Pretoria: HSRC.

Levy, S. 1993. Lef the Projects Speak. Houghton: Sharon Levy.

Lombard, J. 1991. ‘The Manpower Crisis.” Unpublished Confidential
Commissioned Report, Pretoria: ARMSCOR.

Luchins, A. 1954.  ‘Mechanizing in problem solving: the effect of
mechanization.” Psychological Monographs , 54 (6): 272.

Maja, B.I.  1994. ‘The Nicaragua Socialist School.” Unpublished research
document, Johannesburg.

Maja, B.I. 1995. ‘The future trapped in the past’ National Business
Initiative. Johannesburg: EDUPOL.

Maja, 1997. Personal communication. Pretoria.

Meiring Naudé, S. 1965. ‘Presidential Address to the Association of
Technical and Scientific Societies.” Unpublished keynote address,
Pretoria: Council for Scientific and Industrial Research.

Mendel, .M. & Fu, KS. (eds). 1970. Adaptive, Learning and Patfern
Recognition Systems. New York and London: Academic Press.

Mercer, B.E. & Merton, RK. 1958. The Study of Society. New York:
Harcourt Brace and Co.

Middelkamp, C. & Kean, E. 1988. ‘Problems and “that other stuff”:
Types of chemical content.” Journal of Chemical Education, 65(1):
53-56.

Miller, G. A. 1962. Psychology:  The Science of Mental life.
Harmondsworth: Pelican.

386

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Mitchell, G. & Fridjhon, P.  1987. ‘Matriculation examinations and
university performance.”  South African Journal of Science, 83:
555-558.

MOLTENO Project. 1997.  Private communication from researcher.
Pretoria.

Moodley, M. 1993.  ‘Misconceptions in Matriculation Mathematics.’
Unpublished Research Memorandum, Westville: University of
Durban-Westville.

Morgan, C.T. 1961. [nfroduction fo Psychology. New York: McGraw-
Hill.

Miiller, S. & Laing, M. 1987. ‘Concepts and perceptions.” Spectrum,
25(4): 58-64.

Miiller, S. & Laing, M. 1988. ‘Concepts and perceptions Part II.
Spectrum, 26(2): 4-10.

Mulroney, P. 1989. ‘PM not happy with Education.” Toronfo Globe and
Mail. 25 August, Toronto.

National Council of Teachers of Mathematics (USA). 1989. Curriculum
and Evaluation Standards for School Mathematics. Washington:
NCTM.

National Science Foundation. 1985. ‘A Nation at Risk.” Washington:
NSF.

New Universal Encyclopaedia. 1954. ]J. Hammerton, (ed). 8. London:
The Educational Books.

Ngubane, B. 1996. ‘Science and Technology in South Africa: future
directions.” South African Journal of Science, 92: 6-10.

Nieuwenhuis, F.J., Gray, D.J., Mmabolo, Z.M. & Moutlana, 1. 1992. An
Evaluation of the Education System in Qwa Qwa. Pretoria: HSRC.

Noble, A. 1989. ‘Guided Discovery.”  Pythagoras. (19) April: 24.
Pretoria: The Mathematical Association of Southern Africa.

Novak, ].D & Godwin, D.R. 1984. [Learning how fo learn. New York:
Cambridge Press.

387

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Novak, J.D., Godwin, D.B. & Johansen, G.T. 1983. ‘The use of Concept
Mapping and knowledge vee mapping with Junior High School
students.” Science Education, 67: 315 - 333.

NQM Report. 1995. Pretoria.

Ntho, T. 1992. ‘The process of Conceptual Change in the Teaching of
Concepts associated with Periodic Trends in Physical Science.
Unpublished Masters dissertation, Johannesburg: University of the
Witwatersrand.

Odendaal, M.S. 1985. ‘Needs analysis of higher primary teachers in
KwaZulu. Per Linguam, 1. 1-99.

Olivier, A. 1985. ‘Die verwantskap tussen onderrigstrategie en
lesontwerp.” Unpublished Doctoral thesis, Pretoria: University of
Pretoria.

Olivier, A., Murray, H. & Human, P. 1992. ‘Problem-centered learning;:
the case of division.” Pythagoras, (28) April: 33-38. Pretoria: The
Mathematical Association of Southern Africa.

Orton, A. 1992. Learning Mathematics: Issues, Theory and Classroom
Practice. London: Cassell.

Palrand, G. & Lindenfeld, P. 1985. ‘The Physics classroom revisited:
Have we learned our lesson?’ Physics Today, November: 46-52.

Perfetti, C.A.  1988.  ‘Verbal efficiency in reading ability.” In M.
Daneman, G.E. MacKinnon & T.G. Waller (eds). Reading Research:

Advances in theory and practice. Vol. 6. New York: Academic
Press.

Perkins, D. 1992. Smart Schools. New York: Free Press.

Philips. SA. Ltd. 1997. Personal communication. January.

Pouris, A. 1989 (a). (Untitled). Preforia News, 6 June: 4.

Pouris, A. 1989 (b). The Hidden Crisis. FPretoria: FRD.

Pouris, A. 1996. ‘The writing on the wall of South African Science: a
scientometric assessment.”  South African Journal of Science, 92:

267-270.

Pretoria News. 1989. Review of The Hidden Crisis. 6 June: 3.
388

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Pretoria News. 1996. (Untitled). 18 January: 3.

Pretoria News. 1996. ‘Emigration from South African still on the
increase.” 26 November: 9.

Pretoria News. 1996. ‘More scientists needed: SA must invest more in
technology.” (quoting K.Mynhardt and T. Modro. 26 November: 10.

Pretoria News. 1996. ‘Kids find lure of video games hard to resist.” 19
December: 4.

Pretorius, E.J. 1997. ‘Reading in the learning context: Differences
between generative and 1nert readers.’ Unpublished article,
Pretoria: UNISA.

Project 2000. 1995. An international conference held in Paris to develop
Technology in developing countries. Paris.

PSP. 1996. Report on the Primary Science Project. =~ Unpublished,
Johannesburg.

Quigley, B.A.  1990. ‘Hidden logic: reproduction and resistance in adult
literacy and adult basic education.”  Adulf Education Quarterly,
40(2): 103-115.

Resnick, L.B. & Ford, W.W. 1981. The psychology of mathematics for
instruction. New Jersey: LEA.

Resnick, L.B. & Resnick, D.P. 1990. ‘Assessing the thinking curriculum:
New tools for education reform.” In B.R. Gifford & M.C. O’Connor
(eds). Future assessment: Changing views of aptitude, achievement
and instruction. Boston: Kuwer Academic Books.

RIEP [Research Institute for Educational Planning]. 1994. Education
and Manpower Deviopment. Bloemfontein: University of the
Orange Free State.

RIEP [Research Institute for Educational Planning]. 1996. Education
and Manpower Deviopment. Bloemfontein: University of the
Orange Free State.

Robitaille, D., Schmidt, W.H., Raizen, S.A., McKnight, R.T., Britton, R.T. &
Nicol, C. 1993. TIMSS Monograph No. 1: Curriculum Frameworks
for Mathematics and Science. Vancouver: Pacific Educational Press.

389

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Robitaille, D. & Garden, R.A. (eds). 1996. Resecarch Questions and Study
Design. Vancouver: Pacific Educational Press.

Ross, B. & Munby, H.  1991. ‘Concept mapping and misconceptions : A
study of High School students’ understandings of acids and bases.’
International Journal of Science Education, 13(1) 11 - 23.

Rossouw, A.J. 1992. ‘Wanopvattings oor Chemiese ewewig en tempo van
Chemiese reaksies by Standerd Tien-leerlinge.”  Unpublished
Doctoral thesis, Johannesburg: Rand Afrikaans University.

Ruiz-Primo, M.A. & Shavelston, RJ. 1966. ‘Problems and issues in the
use of Concept Maps in Science Assessment.” Journal of Research in
Science Teaching, 33(6): 569 - 600.

SABC 3 - TV News. 1997. Interview with MEC for Education, Eastern
Province. 8 February.

Salters’ Chemistry. 1981-1996 ongoing. A series of Chemistry Eduction
Course materials. York: University of York.

Sander, C. 1993. ‘Do students read?” Conference lecture. Johannesburg:
South African Chemical Institute Conference.

Sargant, W. (1957) 1965 . Battle for the Mind. London: Pan Books.

Scardamalia, M., Bereiter, C., & Goelman, H. 1982. ‘The role of
production factors in writing ability.” In M. Nystrand (ed). What
writes know: The language process, and structure of written
language. New York: Academic Press.

Schleicher, A. (ed). 1993. ‘TIMSS Main Study Design.” Vancouver:
TIMSS Study Centre.

Schmidt, W.H. 1993. ‘TIMSS Curriculum Analysis: A Content Analysis
Approach.”  East Lansing: TIMSS.

Schmidt, W.H. 1994. Australian data sheet. Unpublished, Frascati.

Schmidt, W.H. , Raizen, S.A., Britton, E.D.;, Bianchi, LJ. & Wolfe, R.G.
1996 (a). ‘Many visions, many aims: A cross-national investigation
of curricula intentions.’ Vol. 1 - Mathematics. East Lansing:
Michigan State University.

Schmidt, W.H. , Raizen, S.A., Britton, E.D., Bianchi, LJ. & Wolfe, RG.
1996 (b). ‘Many visions, many aims: A cross-national

390

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



investigation of curricula intentions.” Vol. 2 - Science. East Lansing;:
Michigan State University.

Schneider, A. & Smith, C. 1986. ‘Those bothersome bubbles in water.’
Spectrum, 25(1):10-12.

SEP. 1995. ‘Report on Science Education Project” D. Bateson (ed).
Unpublished. Johannesburg.

Serageldin, G. 1991. ‘World Development Report.” Washington DC:
World Bank.

Serageldin, G. 1995. ‘Sustainability and the Wealth of Nations: First steps
in an ongoing journey.” Washington DC: World Bank.

Shayer, M. & Adey, P. 1981. Towards a science of teaching. London:
Heinemann.

Skinner, B.F. 1974. About Behaviourism. New York: Knopf.

Stanton, M.  1990. ‘Students’ alternative conceptions of the DC circuit.’
Spectrum, 28(4): 32-38.

Stumpf. R.  1996. ‘The Third International Mathematics and Science
Study.” Press conference. Santon: HSRC.

Sunday Times. 1996. ‘SA falters as science slips to the bottom of the
class.” 29 September: n.p.

Sunday Times. 1996. ‘SA kids fail world test.” 24 November: 1.

Technological Education Advisory Council of America. 1989.
‘Technology: A National Imperative.” Washington DC: TFA.

Technology Forum. 1994. An ongoing open discussion group concerned
with Technology Education. Geneva: UNESCO.

The Citizen. 1997. ‘Tide of illegal immigrants strain for S Africa.” 6
January.

The Financial Times. 1996. ‘World Bank survey.” Johannesburg, 27
January: 5.

Thijs, G.D. & van den Berg, E.D. 1995. ‘Cultural Factors in the Origin
and Remediation of Alternative Conceptions in Physics.”  Science &
Education, 4:317-347.

391

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Thorndike, E.L. 1913. Educational Psychology, Vol. II: The Psychology of
Learning. New York: Columbia University Press.

Thorndike, E.L. 1931. Human Learning. New York: Century.

Thorndike, E.L. 1932.  The Fundamentals of Learning.  New York:
Teachers College.

Thomson, R. 1968. The Pelican History of Psychology. Harmondsworth:
Pelican.

Thomson, D.M. & Tulving, E. 1970. ‘Associative encoding and retrieval.’
Journal of Experimental Psychology, 86: 255-262.

TIMSS. 1992.  ‘Third International Mathematics and Science Study:
Survey Design.” D.F. Robitaille (ed). Vancouver: IEA.

TIMSS. 1993 (a). ‘Sampling Manual.” P. Foy & A. Schleicher (eds).
Vancouver: TIMSS.

TIMSS. 1993 (b). ‘Language and Translation Guide.” B. Maxwell (ed).
Vancouver: TIMSS.

TIMSS. 1993 (o). ‘Document Analysis and Indepth Topic Trace
Mapping.” W. Schmidt (ed). East Lansing: TIMSS.

TIMSS. 1993 (d). ‘Curriculum Analysis: A Content Analysis Approach.’
W. Schmidt (ed.) East Lansing: TIMSS.

TIMSS. 1994 (a). ‘A Survey of Mathematics and Science Opportunities.’
W. Schmidt (ed). East Lansing: TIMSS.

TIMSS. 1994 (b). ‘Free Response Item Coding.” G. Orpwood & R.
Garden (eds). Boston: TIMSS.

TIMSS. 1996 (a). ‘Fact Sheet.” Boston: TIMSS.

TIMSS. 1996 (b). ‘P-Value almanac for student background items:
Population 2. Boston: TIMSS.

TIMSS. 1996 (¢). ‘P-Value almanac for cognitive items - Mathematics:
Population 2, Lower Grade.” Boston: TIMSS

TIMSS. 1996 (d). ‘P-Value almanac for cognitive items - Mathematics:
Population 2, Upper Grade.” Boston: TIMSS.

392

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



TIMSS. 1996 (e). ‘P-Value almanac for cognitive items - Science:
Population 2, Upper Grade .” Boston: TIMSS.

TIMSS. 1996 (f).  ‘P-Value almanac for cognitive items - Science:
Population 2, Lower Grade.” Boston: TIMSS.

TIMSS. 1996 (g). TIMSS Publicity Brochure. Boston: TIMSS.

TIMSS. 1996 (h). ‘Mathematics achievement in the Middle school years.’
A.E. Beaton, I. Mullis, M. Martin, E. Gonzales, D. Kelly & T. Smith
(eds). Boston: TIMSS.

TIMSS. 1996 (1). ‘Science achievement in the Middle school years.” A.E.
Beaton, I. Mullis, M. Matrtin, E. Gonzales, D. Kelly & T. Smith (eds).
Boston: TIMSS.

TIMSS. 1996 (j). ‘Third International Mathematics and Science Study:
Technical Report.” M.O. Martin & D. Kelly (eds). Boston: TIMSS.

TIMSS. 1996 (k). ‘Third International Mathematics and Science Study:
Quality Assurance in Data Collection.” M.O. Martin & 1. Mullis
(eds). Boston: TIMSS.

TIMSS. 1997. (Graph from a draft version.)  An Enclyclopoedia of
Science and Mathematics Fducation. B. Maxwell (ed). Vancouver:
TIMSS.

Tolman, E.C. 1957. Purposive behaviour in Animals and Men. New
York: MacMillan.

Tuchten, G. 1994. ‘15 million illiterate adults in South Africal True or
False?” Liferary Link - A Magazine for Literacy Teachers. May.

Transvaal Teachers Association. 1980. Evidence submitted to
‘Investigation into Education’; (de Lange Commission) 13.

Travers, KJ. & Westbury, I.  1989. The [EA Study of Mathematics I
Analysis of Mathematics curricula. Oxford: Permagon Press.

Tutu, D. 1994. The Rainbow People of God. London: Transworld

Publishers.
Verwey, F.A. 1980. ‘Die verstand dimensies van blanke
hoevlakpotensiaal:  Afrikaanssprekende seuns.’ Unpublished

Research Memorandum, Pretoria: HSRC.

393

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Van Niekerk, R. 1984. ‘Die verband tussen prestasie op die NB
Groeptoetse en die Raven’s Standard Progressive Matrices by
kleurlinge in sekondere skole.”  Unpublished Masters dissertation,
Port Elizabeth: University of Port Elizabeth.

Van Rensburg, S. 1996. Personal communications. Pretoria:
Department of Education.

Visser, D.P. 1991. ‘Kriteria vir die Skryf van Wiskunde-handboeke.’
Unpublished Doctoral thesis, Johannesburg: Rand Afrikaans
University.

Von Mollendorf, JW.  1978.  ‘Sielkundige meting en aspekte van
skolastiese prestasie in sie ontwikkeling van ‘n voorligtingsprosedure
vir swart skoliere in Vorm V. Unpublished Doctoral thesis,
Potchefstroom: Potchefstroom University for CHE.

Waddington, D. 1996. ‘Chemistry Education: The right formula.’
Chemical Processing SA, 3(1): 9-10.

Walker, D.A. 1976. The IEA Six-Subject Survey: An Empirical Study of
Education in Twenty-one countries.  Stockholm: Almgqvist and
Wiksell.

Walshe, W.B. & Betz, N.E. 1985. Tests and Assessment. New Jersey:
Prentice-Hall.

Watson, |.B. & Rayner, R 1920. ‘Conditioned Emotional Reactions.’
Journal of Experimental FPsychology, 3:1-14.

394

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



	Mathematics and science in South Africa: An international achievement study at junior secondary level
	front_2
	ii

	Acknowledgements
	Keywords
	Summary
	vi

	Opsomming
	viii

	Table of contents 
	x
	xi
	xii
	xiii
	xiv
	xv
	xvi
	xvii
	xviii
	xix
	xx
	xxi
	xxii
	xxiii
	xxiv
	xxv
	xxvi
	xxvii
	xxviii

	Chapter 1: The project: South African mathematics and science: An international achievement study
	p002
	p003
	p004
	p005
	p006
	p007
	p008
	p009
	p010
	p011
	p012
	p013
	p014
	p015
	p016
	p017
	p018
	p019
	p020
	p021
	p022
	p023
	p024
	p025
	p026
	p027
	p028
	p029
	p030
	p031
	p032
	p033

	Chapter 2: An overview of relevant learning theories and their implications for mathematics and science in South African schools 
	p035
	p036
	p037
	p038
	p039
	p040
	p041
	p042
	p043
	p044
	p045
	p046
	p047
	p048
	p049
	p050
	p051
	p052
	p053
	p054
	p055
	p056
	p057
	p058
	p059
	p060
	p061
	p062
	p063
	p064
	p065
	p066
	p067
	p068
	p069
	p070
	p071
	p072
	p073
	p074
	p075

	Chapter 3: The contexts of mathematics and science education in South Africa 
	p077
	p078
	p079
	p080
	p081
	p082
	p083
	p084
	p085
	p086
	p087
	p088
	p089
	p090
	p091
	p092
	p093
	p094
	p095
	p096
	p097
	p098
	p099
	p100
	p101
	p102
	p103
	p104
	p105

	Chapter 4: The TIMSS study design 
	p107
	p108
	p109
	p110
	p111
	p112
	p113
	p114
	p115
	p116
	p117
	p118
	p119
	p120
	p121
	p122
	p123
	p124
	p125
	p126
	p127
	p128
	p129
	p130
	p131
	p132
	p133
	p134
	p135
	p136
	p137
	p138
	p139
	p140
	p141
	p142
	p143
	p144
	p145
	p146
	p147
	p148
	p149
	p150
	p151
	p152
	p153
	p154
	p155
	p156
	p157
	p158

	Chapter 5: An analysis of South African performance in the TIMSS achievement test papers 
	p160
	p161
	p162
	p163
	p164
	p165
	p166
	p167
	p168
	p169
	p170
	p171
	p172
	p173
	p174
	p175
	p176
	p177
	p178
	p179
	p180
	p181
	p182
	p183
	p184
	p185
	p186
	p187
	p188
	p189
	p190
	p191
	p192
	p193
	p194
	p195
	p196
	p197
	p198
	p199
	p200
	p201
	p202
	p203
	p204
	p205
	p206
	p207
	p208
	p209
	p210
	p211
	p212
	p213
	p214
	p215
	p216
	p217
	p218
	p219
	p220
	p221
	p222
	p223
	p224
	p225
	p226
	p227
	p228
	p229
	p230
	p231
	p232
	p233
	p234
	p235

	Chapter 6: A profile of the TIMSS student population as shown in the responses to the TIMSS questionnaire
	p237
	p238
	p239
	p240
	p241
	p242
	p243
	p244
	p245
	p246
	p247
	p248
	p249
	p250
	p251
	p252
	p253
	p254
	p255
	p256
	p257
	p258
	p259
	p260
	p261
	p262
	p263
	p264
	p265
	p266
	p267
	p268
	p269
	p270
	p271
	p272
	p273
	p274
	p275
	p276
	p277
	p278
	p279
	p280
	p281
	p282
	p283
	p284
	p285
	p286
	p287
	p288
	p289
	p290
	p291
	p292
	p293
	p294
	p295
	p296
	p297
	p298
	p299
	p300
	p301
	p302
	p303
	p304
	p305
	p306
	p307
	p308
	p309
	p310
	p311
	p312
	p313
	p314

	Chapter 7: Conclusion 
	p316
	p317
	p318
	p319
	p320
	p321
	p322
	p323
	p324
	p325
	p326
	p327
	p328
	p329
	p330
	p331
	p332
	p333
	p334
	p335
	p336
	p337
	p338
	p339
	p340
	p341
	p342
	p343
	p344
	p345
	p346
	p347
	p348

	Appendices
	p350
	p351
	p352
	p353
	p354
	p355
	p356
	p357
	p358
	p359
	p360
	p361
	p362
	p363
	p364
	p365
	p366
	p367
	p368
	p369
	p370
	p371
	p372
	p373
	p374
	p375
	p376
	p377

	Bibliography
	p379
	p380
	p381
	p382
	p383
	p384
	p385
	p386
	p387
	p388
	p389
	p390
	p391
	p392
	p393
	p394




