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ABSTRACT 

The value of teachers' perceptions o f science is noted, given 

that teachers play an active part in i mplementing curricula. The 

possibility that teacher's perceptions of science may be 

different from the image of scie n c e portrayed in the official 

curriculum is considered. Given t hat during the apartheid era, 

education was dominated both po l i t i cally and culturally by one 

group, objections to the ideo logica l-cultural dimension of the 

official curriculum were expected. 

An exposition of the philosophical basis for science teaching and 

curriculum development is atte mpted. A process model of 

curriculum is adopted as it i s s e en as more effective in 

portraying the political context o f curriculum practice. It is 

argued that both curriculum prac tice and the notion of being 

"scientific" are not objective but depend on the dominant 

cul ture. Therefore, there is a need to be open-minded and 

eclectic about the notion of being "sc ientific". 

An attempt is made to identify tea chers ' perceptions rather than 

test the teachers' perceptions against a given norm. In this 

context a qualitative approach is attempted ln identifying 

teachers perceptions of scie nce by using unstructured and open

ended interviews. A content analysis of the overarching 

philosophical view ln prescribed books and syllabus documents is 

attempted. Findings are that , b r oadly speaking teachers 

perceptions of science were not d iss i mi lar from those in the 
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official curriculum when the study was conducted. 

In making recommendations for curr iculum development it is noted 

that teachers views need to be a c commodated. However including 

teachers in curriculum developmen t should go hand in hand with 

workshops to raise teachers awareness o f the issues involved. It 

is also argued that there is a need f o r separate curricula for 

those who go on to be scie ntis t s a s well as those who need 

science for their general education. 



iii 

DECLARATION 

I, BENEDICT ERIC THANDINKOSI SIBISI, declare that 

"Perceptions of science as determinants of the Received 

Curriculum in Science, in Black schools, in the Umlazi area" 

is my own work and that all sources I have used or quoted have 

been indicated and acknowledged by means of complete references. 

DURBAN 

November 1994 



iv 

ACKNOWLEDGEMENTS 

The author wishes to thank the following people without whose co 

operation and goodwill the study would not have been possible. 

(1) The science teachers at Umla z i North and South circuits. 

(2) The Umlazi North and South inspectors. 

(3) Mr Melusi Zwane for proof reading the proposal and the first 

drafts of the various chapter s. 

(5) Mr Michael Graham-Jolly, my supervisor, for his constructive 

criticism, expert guidance, patience and attention to detail 

(4) Last but not least, my wife Zola for her support and 

encouragement. 



TABLE OF CONTENTS 

ABSTRACT 

DECLARATION 

ACKNOWLEDGEMENTS 

TABLE OF CONTENTS 

LIST OF TABLES 

CHAPTER 1 

1.1 BACKGROUND TO THE STUDY 

1.2 MOTIVATION FOR THE STUDY 

1.3 POSITION TAKEN IN THE STUDY 

1.4 SCOPE OF THE STUDY 

CHAPTER 2 

2 .1 THEORETICAL PRINCIPLES RELATING TO CURRICULUM 

v 

l 

iii 

iv 

v 

lX 

1 

5 

6 

8 

DESIGN AND DEVELOPMENT 10 

2.2 THEORETICAL PRINCIPLES FROM THE PHILOSOPHY 

OF SCIENCE 21 

CHAPTER 3 

3 .1 THEORETICAL BAS IS OF THE STUDY 

3.1.1 RATIONALE FOR THE METHODOLOGY USED 

3 . 1.2 INFORMAL INTERVIEWS 

3 .1.3 SCHEDULE INTERVIEWS 

3.1.4 CLASSROOM OBSERVATION 

3 .1.5 CONTENT ANALYS IS 

3 6 

3 7 

4 2 

4 2 

4 3 

43 



3.2 PRACTICAL CONDUCT OF THE STUDY 

3.2.1 SAMPLING 

3.2.2 GAINING ENTRY 

3.2.3 INFORMAL INTERVIEWS 

3.2.4 SCHEDULE INTERVIEWS 

3.2.5 CLASSROOM OBSERVATI ONS 

3.2.6 CONTENT ANALYSIS 

3.2.7 TIME-SCALE AND SEQUENCING OF FIELDWORK 

3.2.8: SOME LIMITATIONS OF THE STUDY 

CHAPTER 4 

4.1:ANALYSIS OF RESULTS 

4.1.1:REASONS GIVEN FOR OPTING FOR SCIENCE 

4.1.2:TEACHER PERCEPTIONS OF POSSIBLE IMPROVEMENT 

TO THE SCIENCE CURRICULUM 

4.1.3: A SYNTHESIS OF STATED PERCEPTIONS AND 

CLASSROOM OBSERVATIONS 

4.2 ANALYSIS OF THE OFF I CIAL CURRICULUM 

4.2.1 ANALYSIS OF SYLLABUS DOCUMENTS 

4.2.2 ANALYSIS OF PRESCRI BED TEXTBOOKS 

CHAPTER 5 

vii 

44 

44 

45 

4 8 

4 8 

50 

51 

51 

5 2 

5 4 

55 

58 

66 

72 

73 

8 1 

5.1 CONCLUSIONS 8 5 

5.2 RECOMMENDATIONS 88 

5.2.1 RECOMMENDATIONS FOR CURRICULUM DEVELOPMENT 88 

5.2.2 RECOMMENDATIONS FOR I N- SERVICE AND 

PRE-SERVICE TRAINING 9S 

LIST OF REFERENCES 100 



APPENDICES 

APPENDIX A: AIMS OF THE SYLLABUS 

APPENDIX B: INTERVIEW SCHEDULE 

viii 

105 

107 



TABLE 1: 

TABLE 2: 

TABLE 3 : 

TABLE 4: 

TABLE 5: 

LIST OF TABLES 

Reasons given for opting for science 

Changes proposed by the teachers interviewed 

Views about the cultural bias of science 

Teachers stated percept ions of science 

Classroom observations 

ix 

55 

58 

62 

6 6 

68 



1 

CHAPTER 1 

1.1 BACKGROUND TO THE STUDY 

Previously as a lecturer at an in-service training college, and 

more recently as a Physical Science Subject Advisor, the 

researcher has met Physical Scien ce teachers from many parts of 

KwaZulu. During such encounters the topic of "problems in the 

teaching of Physical Science" arose frequently. The first 

category of problems that often g e ts mentioned is the inadequacy 

of facilities, resources and staf fing. This inadequacy results 

at least partly from a government policy of unequal educational 

provision for different racial g r oups, that used to be pursued 

in South Africa. 

For example problems such as ove r crowding in class, shortage of 

suitably qualified teachers and shortage of books laboratories 

and equipment were found to be patently evident during school 

visits by the researcher. Between Febr uary 17 and February 28 

1992, 13 schools offering senior Physical Science in KwaMashu 

were vis i ted by the present author. It was found ihat 12 of the 

13 schools had more than 70 pup ils in some of their senior 

Physical Science classes (standard 8, 9 and 10) Further findings 

were that; only 3 of the 13 senior Physical Science teachers had 

degrees in science with only 3 schools having reasonably equipped 

and functioning laboratories. In t his case "reasonably equipped 

and functioning laboratories" are defined (somewhat arbitrarily 
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and debatably) as able to perform at l e ast 50% of the prescribed 

practical work. (It can also be a dded that KwaMashu is an urban 

area, and hence teachers there are better qualified than 

average . ) 

Problems such as those men tione d above are often cited by 

teachers as impediments in science education in Black schools. 

It is interesting to note that s uch c rucial problems are merely 

stated but seldom debated, giving the i mpression of a general 

consensus of opinion about thei r existence for Black teachers. 

It may be deduced that they are r e garded by Physical Science 

teachers as incidental and paten t rather than central and 

debatable. Given that racial seg regation and unequal provision 

of facilities in general was off icial government policy not very 

long ago (at least until 199 0), i s there anyone who would 

seriously dispute inequality of e ducational provision for 

different races in South Africa? 

At a more fundamental level, teache rs frequently complain that 

the science syllabi, books and work programmes, (the "Official 

Curriculum", ) are not adequately de signed to meet the educational 

needs of Black children. They also compl ain that they are not 

consulted during curriculum de c is i on-making. Complaints such as 

these led the researcher to b e lieve t hat some Black teachers felt 

that they had something t o contr ibut e to c urri culum development. 

In any c ase the researcher found himself attracted to ideas 

relating to democratizing curri culum deci sion - making (MacDonald, 

1974) This led to the decis i on t o i nterview t eac hers to find out 
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what they would contribute given a c hance. 

Further , the complaint that the "Offi c ial Curriculum" is not 

adequately designed to meet t he e ducat i onal needs of Black 

children, left the researcher wondering if the content of the 

curricul um itself is perce i ved a s inadequate; as opposed to 

education being under-resour ced a nd underfunded in the context 

of otherwise acceptable curricula . If the curriculum is perceived 

as adequate then solving problems related to funding and 

resources such as teacher qualif icat ions, size of the classes and 

adequate science equipment would b e seen as the way to solve 

"problems in the teaching of Phys ical Science ". On the other 

hand, improving funding and other resour ces would not necessarily 

lead to teacher satisfac tion if they are fundamentally 

dissatisfied with the curr i culum . 

This leads to a focus on the philosophical aspects of the 

"Official Curriculum" as opposed to the mere provision of 

resources. How does the "Offic ial Curriculum", in the form of 

syllabi, work programs and p rescribed books, pre sent science? Is 

this presentation c ongruent wi th tea chers' perception of science? 

If so, would a solution of the (obv ious ) problems of size of 

classes, teacher qualificat i ons a nd r esources result in teacher 

satisfac tion with the quali t y of e ducation? Are teachers' 

perceptions of scie nce in line wi th current views about science 

educat ion in the western world? 

Answering the above quest ions entails i de ntifying teachers' 
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perceptions of science. The way i n which teachers perceive 

science may be deduced initial l y from what motivated them to 

study science. The assumpt ion h e re is that, given a choice of 

several subjects, a person will only study a given subject if 

s/he finds it either interesting on its own or s/he perceives it 

as having a certain utilitarian value. 

Further one would expect science teachers to have opinions about 

the fol l owing philosophical questions: 

(1) What do they regard as scientific knowledge? 

(2) Why is science taught at school? 

(3) Can science be understood by c h i ldren who are not "gifted"? 

(4) Is there a need for people to b e "science literate"? 

(5) Is science only confined to ce r t ain cultures? 

The literature on science educat ion and the philosophy of science 

revolves mainly around getting answe r s to questions such as these 

(Driver, 1983; Feyerabend , 19 88; Kuhn , 1962; Popper, 1959; 

Toulmmin, 1961) . Even in popular wr it ing about science or science 

education such questions are r ai sed (Newsweek, 29 / 11/93, 46) 

Questions such as those mentioned above would help to elicit what 

teachers regard as important in Sc i ence , in Science Education as 

well as in Science Curriculum Deve l opment. They may also give us 

an idea o f the kind of i nput we can expect i f teachers are 

actively involved as stakeholders l n curr i culum design, 

development and evaluation, as they hope fully wil l be in the near 

future. 
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Similarly , this study purport s t o reveal that the 1I0fficial 

Curriculum 11, in the form of syl labi work programs and prescribed 

books, has a specific posit i on on t he s e philosophical questions. 

It would then be interesting to not e to what extent assumptions 

held by teachers and those made i n t he 1I 0 fficial Curriculum ll are 

congruent. An analysis of the e xten t t o whic h these are in line 

with current philosophical views a bout the nature of science and 

science education, as revealed t h rough a literature review, 

should y ield interesting r esults. / 

1.2 MOTIVATION FOR THE STUDY 

In a democracy, curricul a s houl d re flect the wishes of 

stakeholders. Stakeholders a r e t hos e who have an interest and/ or 

are affected directly or indi r ectly by school curricula. Teachers 

are stakeholders in that t hey are the ones who implement 

curricula at schools. Teachers are no t the only stakeholders in 

this context, but they are in t he II front line ll of education In 

industrialised societies. Thei r v i e ws and concerns therefore 

warrant careful c onsider at i on In a ny proposed educational 

reforms . Hence, it lS neces sary to identify epistemological 

assumptions about the nature o f scien ce and s c ience teaching 

among s cience teac hers i n this country , I n order to design 

curricula that can a c commoda t e t eachers ' views . Suc h assumptions 

made by the teachers can t he n be compar ed with those of other 

stakeholders. Appropriate compromi ses would then be made In 

curr i c ulum design in an a t t e mpt to accommodat e the views of the 

various stakeholders. 
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It can b e argued that curricula a re never "neutral" but depend 

on the beliefs, v alues and epistemologic al assumptions held by 

those who design the curricula. He nce, this study also purports 

to reveal the position held i n t he "Official Curriculum", in the 

form of syllabi, work programs a nd prescribed books, about these 

philosophical questions. This is done by means of a content 

analysis of relevant documents and books. 

It follows from the above arguments t hat this study should expose 

the congruence or lack of i t be tween teachers' views and 

expectations and the views e ntailed in the official curriculum. 

An exposure of the c ong r uence, o r lac k of it between 

epistemological assumptions about t he nature of science entailed 

in the "Official Curriculum" a nd i n teachers' perceptions of 

science should help in determining in - service training needs of 

teachers; where deficiencie s are perceived, and also ln pointing 

the direction in which future Scienc e Curriculum Development 

should go in order to addre ss r elevan t problems. 

1.3 POSITION TAKEN IN THE STUDY 

Given that this study aims to reveal the philosophical 

implications o f the exist ing "Official Curr iculum" vis-a-vis 

teac hers' percept i ons o f s cience and s cienc e t eaching, as 

discussed above , it then foll ows tha t t he c entral concepts in 
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this study are those pertaining to curriculum and curriculum 

development as well as the nature of science and science 

education. 

In the second chapter the concept IIcurriculum ll is defined and an 

attempt is made towards an exposition of its ramifications. The 

position taken is that curriculum development is an activity that 

should involve all stakeholders to some extent. An argument is 

made for democratising curriculum. In this context the study 

focuses on the science teacher given his/her central role in 

state organised education. 

Focusing on science teachers and science teaching in turn leads 

to questions about the nature of science. The position taken is 

that the IInature of science ll is a subject for open philosophical 

inquiry . It is argued that closing the inquiry about the nature 

of science leads to a dogmatic view in which the existence of 

11 scientific method ll , 11 scientific obj ecti vityll and 11 scientific 

progress 11 is taken for granted . The question of the possible 

dogmatic nature of the 1I0fficial Curriculum ll is then raised vis 

a vis teacher awareness of such a possibility. 

The third chapter discusses the r esearch methodology to be used 

in an attempt to identify teache r s ' perceptions of science. The 

position taken in this regard i s that there is no such thing as 

a correct perception of science . In this context there is no 

attempt to evaluate teachers perc eptions against some yardstick 

of correct perception. For thi s reason open-ended and semi-
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structured interv iews are used i n an attempt to identify views 

and issues raised. Responses of the teachers to interview 

questions are then compared and contrasted with their classroom 

performance in an attempt to shed further light. The assumption 

In this case is that teachers' perceptions of science are 

revealed both by what they say and what they do in class. 

In chapter 4 teachers responses a re analysed, grouped where this 

is poss i ble and interpreted. An a t t empt to get a coherent story 

from the interviews and classroom ob ser vations is made. The aims 

for teaching Physical Science as given in syllabus documents are 

discussed. Some of salient points a r e raise d about the way in 

which science is presented i n p rescribed textbooks. These are 

then related to the aims of the syllabus documents as well as 

teachers' perceptions of scie nce. 

In chapt er 5 recommendations a re made based on the extent to 

which the Official Curriculum is congruent with teachers' views. 

The need to develop a capacity for critical thinking about 

curriculum matters is raised. Thi s need is raised in the context 

of participation of all stakeholders in democratic curriculum 

decision-making . Relev ant course mate r i al shoul d be developed 

to addre ss this need both a t pre-se rvice and in - service levels 

of teacher training. 

1.4 SCOPE OF THE STUDY 

The study is limi ted to standard 8 to 10 Phy sical Science 



9 

teachers in the Umlazi South circuit. Schwab (1969) argues that 

curriculum problems are "situation-specific." This study is not 

necessarily generalizable to other areas without taking into 

account possible differences in context. Nonetheless, it should 

offer useful pointers for further investigation in other areas. 
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CHAPTER 2 

THEORETICAL CONSIDERATIONS 

2.1 THEORETICAL PRINCIPLES RELATING TO CURRICULUM DESIGN AND 

DEVELOPMENT 

The word "curriculum" is defined and used in many ways. Schubert 

(1986, 25-53) lists some o f t he perspectives from which the 

concept "curriculum" may b e viewed. In disc ussions that follow 

some of these perspectives may b e used or alluded to. It is 

therefore necessary to state the m briefly: 

Curriculum may be seen as content or subject matter. 

For example expressions such a s the "Curric ulum of Zwide High 

School", "The B.Ed curriculum of Natal University" and so on are 

commonly used. According to Schubert (op cit 26):-

Educators who use this i mage i ntend to explicate 
clearly the network of subj ects taught, interpretations 
giv en to those subj ect s, p re r equisite knowledge to 
studying certain subjec ts a nd a rationale for the ways 
in which all subjects at a particular level of school 
fit together and provide wha t is needed at that level. 

Curriculum may be seen as a program of planned activities. 

A point made here is that curri c u l um i nvolves both written and 

unwritten plans for pupil act i vi tie s on the part of the teachers. 

As Schubert (op cit 28 ) puts it: -

The common thread of a l l t he se notions of planning, 
written or unwritten is t ha t they are planned 
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acti vi ties .. . . Granted all these plans have purposes 
for which the activities are the vehicle. Yet it is 
the act i v i ty- what the students do-that is the 
curr i culum . 

Curriculum may be seen as intended learning outcomes . 

The focus in this case is on learning outcomes rather t han 

activi t ies."The purpose is to be expl ici t and defens i b l e 

reg arding what is o ff ered to students" (ibid , 29) 

Curriculum as cultural reproduction . 

Schubert (op c i t 29) argues that: -

In advanced industrial societies, it is impossible for 
parents who have specialized jobs themselves to teach 
adequately all t he complica t ed capabil i ties t hat their 
children need. . .... Thus they need special 
institutions to reproduce the culture for their 
children . (my emphasis) 

In this case the basic ideology is that "cur riculum .. . s houl d be 

a reflection of the culture" (ibid) In industrial societies 

schools are then seen as reproducing the culture f or t he pupi l s , 

a task which was (or is ) performed by parents as well as other 

re l atives and associates in pre - industrial (or non-industrial) 

societies.The alternatives In brackets have been included 

de l iberately a nd provocatively . Authors like Feyerabend (1 988) 

and Ngubane(1990) argue that industrialization is an option t hat 

has been adopted by the "civilized world" without necessarily 

superseding non - industrialization in the logical connot ation of 

the word. The intention here i s t o expose the assumption, adopted 

implicitly by Schubert (op ci t), that "for all societies; 
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11 development 11 entai ls the replacement of the inferior state of 

non-industrialization by the superior state of industrialization ll 

without getting into a debate about this issue. 

Curriculum may be seen as Experience 

In t his case Schubert (op cit, 30 ) argues that : -

Curriculum as actual learning experience is an attempt 
to grasp what is learned rather than to t ake for 
granted t hat the planned intents are i n fac t learne d . 
Experiences are created as learners reflect on the 
processes in which t hey engage. Curriculum is mean ing 
exper i enced by t he students ........ ... . 

Curriculum may be seen as distinct Tasks and Concepts 

In this case Schubert (op cit, 31 ) argues that:-

The curriculum is seen as a set of tasks to be 
mas t ered , and they are assumed to l ead to a pre
speci fi e d end. Usually, that end has speci fi c 
behavioral interpret ation such as learning a new task 
or per forming an o l d one better . . ... . knowl edge a nd 
apprec i ation can be analyzed in terms of the 
e f fective , cognitive, psychomotor and social concepts 
that characteri ze it. 

Curriculum can be seen as an Agenda for Social Reconstruction 

In this case the school is seen as equipping the child t o bui l d 

a n e w social order. The assumption here is that cul ture is open 

to critique and improvement. Acco rding to Schubert (op cit 32 ) 

Based on t he assumption that no culture or society is 
perf ect and that the pur pose of education is to 
improve it, the cultural reconstructionist sets ou t to 
build a better society . . . . The methodology may range 
from t each i ng s tudents desirable changes that should 
be made to equipping them with critical thinking 
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abilities and a desire t o a s k and a c t on the question 
: What should be change d , how a nd why ? 

Curriculum as "Curere" (op ci t, 33) 

Instead of taking its interpre tation from the race 
course etymology of curricul um , c u r e re refers to the 
running of the r ace and emphasiz e s the individual's 
own capacity to r e c oncep t uali ze his or her 
autobiography . 

Such exampl e s of the diverse ways in which the word "curriculum" 

is used in different contexts give t he impre ssion that the 

concept "curr iculum" i s itself nebulous. For t hi s r eason i t seems 

to be standard practice f or writers on curri c ulum matters to 

define what they mean by "curri culum" in the context of their 

exposition. (Lawton, 1 989 ; Tunmer, 1981 ; Buckland, 1982) Indeed 

as Schubert (op cit, 34 ) put s it : -

Could i t be that staunch advocates o f one image of 
curr iculum are only e xamining one o f many facets of 
the entire realm? Shou l d we c ontinue to cultivate a 
variety of images in an ef fort t o move closer to an 
unde rstanding of the whole pic t ure o f c u r ric ulum? 

Examples of the issues raised above are t o b e f ound in debates 

on curri c ulum matt e rs in t he literatu re in South Africa . A good 

exampl e o f this is to b e f ound i n contras ting articles published 

in the South African J ou r nal o f Education. 

R Tunmer (1 981, I, 30-3 9) propo s es the definit i on that curri culum 

is " t he r ange o f comp u l s ory a nd optional a ct i vi ties formally 

planne d fo r an i ndividual pupil by a school " (op cit 30). In 

propo sing this definition Tunmer was object ing t o the view that 

curricul urn is "a n exami nation o f the syl l abu s , method and 
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resources of a single subj ect discipline" He felt that this 

definition of curriculum was limited in that "the participants 

slide (often without realising it) from one level to 

another" (That is from syllabus to method to subject discipline) 

(ibid) and that this is not "a good basis for clear thinking" 

( ibid) 

Buckland, (1982) alleges that the Tunmer analysis:-

(a) .. ignores the interrelationship between the 
organization of knowledge and the distribution of 
power in a society. .. (167) (b) .. effectively de
politicizes education and treats curriculum as if it 
were a product not of social, economic, political and 
ideological history but based on a set of universally
va l id "realms of meaning or selection of subjects" 
(ibid) 

Citing Lawton,Buckland (1982, 167) says: 

If education is seen as a process of cultural 
transmission then the curriculum represents that 
selection from the culture which is presented to the 
learner at school. The selection is made at different 
levels by a variety of different people in a wide 
range of contexts, and includes activities generated 
by the school,or by a highe r authority for the school. 

For the purposes of this study we shall adopt this definition of 

curriculum as a "selection from culture" [Buckland: 1982, 

Lawton;1983]. According to Lawton (1983 , 6) 

.. a selection from the culture (is made) bearing in 
mind not only the detailed analysis of the 
characteristics of our society as it exists at the 
moment, but also the appl ication of values to that 
society .... (Selection from the culture is therefore 
seen as partly ) a question of reaching agreement on 
societal values and needs (and) also partly a question 
of teachers negotiating with each other and with non
teachers at the local level 

This definition is adopted because it seems to be useful ln 
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analysing the impact of teachers ' perceptions of science on the 

received curriculum. 

Further, it is in this context that teacher input should be 

sought in curriculum development. At present (19 93) there is one 

core syllabus for all education departments in Physical Science 

8-10. This curriculum was developed by a central core-curriculum 

committee. It was develope d without teacher consultation. The 

syllabi are highly prescriptive a nd specify not only what should 

be taught but also, the sequence to be followed and the 

instructional materials to be u s ed. This study therefore hopes 

to go some way towards addressing the problems that need to be 

identified in designing more relevant curricula, bearing in mind 

teacher perceptions and situational constraints. 

In analysing the impact of 11 selection from culture it may be 

useful to consider Schwab's view of curriculum as a practical 

activity. (Schwab J J 1970 :The practical:A Language for 

Curriculum, in Schubert: The Paradigms of Curriculum.) Schwab 

(ibid) Considers the "commonplaces" of teacher, learner ,subject 

matter and milieu and the way ln which these interact ln 

practice. 

With this in mind, we have ,for example , t he Official Curriculum 

which refers to all the books and syllabus documents which 

teachers are expected to use i n thei r e ducat i on departments. We 

have the Actual Curriculum whic h r efers to the way in which 

curriculum is actually presented t o and perceived by the pupils. 
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On the one hand teachers select and present their material in 

specific ways. On the other hand the way in which the teachers 

teach will be partly determined by situational constraints such 

as class size, availability of re l evant resources and so on. This 

argument seems to be applicable to all subjects offered at 

school. For example in South Africa science teachers do not have 

the same level of training and experience and may not have the 

same perceptions of science. Some teachers may view science as 

a subject that yields certain fundamental truths about nature, 

whereas others may not be intereste d in fundamental truths but 

may see science as a subject hav ing useful technological 

applications. A teacher who sees s c i e nce as an investigation of 

certain fundamental truths may pay particular attention to the 

section on the development of the concept of the atom (in the 

standard 9 syllabus). He may even wish that the syllabus allowed 

for a more extensive treatme nt of this section. A teacher who 

sees science as a subjec t that has useful technological 

applications may wish for a more e x tensive treatment of topics 

on electricity and magnetism and their applicability to 

electronics (standard 8 and 10 s y llabus). Such a teacher may 

display a lot of enthusiasm ln the t r eatment of such topics and 

may be somewhat irritated by s eemingly "useless theoretical 

topics" like the development of the c oncept of the atom. The list 

of possible perceptions is endless; some teachers may even feel 

that science is unfairly portray ed as "entirely a product of 

western intellectuals and conf ined to western cultures" as 

opposed t o a "means of adapting to the environment, found to 

varying de grees, in various fo rms in a l l cultures . " 
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On the other hand pupils select and internalize in specific 

ways. Some pupils have educated parents and/or may well be 

getting encouragement and support in getting to grips with the 

fundamentals of science. There are also pupils who have an 

intrinsic interest in the science, while others pupils may see 

doing science as a means of getting good jobs, (as doctors 

engineers and so on) climbing up the social ladder and improving 

the lot of their poor families. The latter are clearly only 

interested in getting good grades in high school science and may 

not bother studying non examinable topics purely out of interest. 

Other factors such as rapport with the teacher come into play in 

determining pupil attitude to science. 

The Received Curriculum lS a r esult of "situation-specific" 

interactions among the commonplaces of teacher, learner, subject 

\matter and milieu (Schwab, ibid) . It therefore seems that we 

cannot get at, or present the Received Curriculum like we can 

present an official curriculum document. For example we cannot 

really equate the "received curr i culum" if we consider on the one 

hand a well qualified and experience teacher, in a school with 

an adequately equipped laboratory, presenting a lesson on 

11 chemical reaction rates 11 t o a h ighly motivated class with an 

adequate understanding of English and on the other hand an under

qualified and inexperienced teacher presenting the same lesson, in 

a school with an ill equipped laboratory to unmotivated pupils 

with a poor understanding of Engl ish. 

There is an Intended Curriculum which is what teachers intend to 
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teach their pupils, as well as an unintended Curriculum which is 

what pupils acquire after selecting from what the teacher says 

as well as from their own e xperience. For example a teacher may 

intend to teach science but in the process give away the fact 

that he comes from a privileged background. Some pupils may end 

up getting the impression that you have to come from a privileged 

background to learn science successfully. 

The Hidden Curriculum refers to the unstated rules of a 

particular school or culture (Buckland 1982, Giroux and Penna, 

1988 ) . Indeed "some people argue that the hidden curriculum is 

actually more important than the fo r mal curriculum. 11 ( Sached, 

1986) Giroux (1983, 61) even argue s that lithe concept will have 

to occupy a central rather t han a marginal role in the 

development of curriculum theory". According to Giroux (op-cit, 

44) : -

.. a more viable approach f or developing a theory of 
classroom practice will have to be based on a 
theoretical foundation that acknowledges the 
dialectical interplay of s oc ial interest, political 
power and economic power on the one hand, and school 
knowledge and practices on t he o ther. 

Further, citing Apple and King (197 1 ) , Giroux (op-cit, 59) says 

that lithe hidden curricul um of schooling encompassed and 

reproduced a whole range o f meanings t hat represent selections 

from the ideological and cul t ura l resou r ces of dominant interest 

g r oups 11 and hence i n this cont ext; " . . . notions of conflict and 

resistance are either ignored or a ssigned a negative role 11 

(Apple, 1971 in Giroux ibid ) fo r t h i s reason "schools were now 

seen as political institutions, i next ricably linked to issues of 
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power and control In the dominant society." (Giroux, op-cit, 45) 

Buckland (1982), argues that a serious attempt at curriculum 

development has to address all these ramifications of the concept 

"curriculum". The very notion of considering curriculum to be a 

selection from the culture focuses on the choices that are made 

in curriculum design and development. The implication of this is 

that any attempt at curriculum evaluation has to bear the 

particular selection from culture in mind. It is practical and 

political interests as well as a perception of science that 

determines the selection from culture made by the curriculum 

developers, in the context of curriculum design and development 

(Schubert,1986). On the other hand, in the context of a given 

official curriculum, it is teachers perceptions of science,as 

well as their practical and political interests that are partly 

responsible for the received curriculum 

(Schwab,1969;Schubert,1986) . 

The definition of curriculum as a selection from culture has been 

invoked on the one hand. On the other hand the situation

specific interactions that take place between the teacher, learner 

subject-matter and milieu has been considered. (Schwab,1969) A 

synthesis of these two perspectives results in an interactionist 

rather than an absolutist perspective of curriculum in which we 

see curriculum as a process rather than as a product or a fact. 

To put it differently interactioni sm means that it does not make 

sense to speak of a curriculum independently of the interactions 
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that take place. The interactionist problem in the social 

sciences is akin to "Heisenberg's uncertainty Principle" (New 

S · t' t 1992 133 1808 36 40 ) l' n the physical sciences. C1en 1S i i, -

According to Heisenberg' s principle we cannot determine the value 

of the position and momentum of a subatomic particle with 

unlimited accuracy.This occurs because attempting to measure a 

value of the position changes the momentum, while attempting to 

measure the value of the momentum changes the position. For this 

reason t here is always an unce r tainty about the position and 

momentum of a subatomic partic l e. One interpretation of this 

principle is to view position and momentum as complementary 

interacting values rather than entities with an absolute 

magnitude. (Feyerabend 1991,30, New Scientist ibid). In the same 

sense the received curriculum cannot be spelled out as a list of 

items, activities or facts but r athe r as tendencies that arise 

out of the interaction between t he teacher, pupils and the 

official curriculum. 

As suggested and argued ear lie r , s uch a selection from culture 

is partly determined by p olit ica l and practical interests. 

Justice in making such a select ion can be achieved in the same 

way that justice is achieved 1n political and practical 

matt e rs: through "democracy". Democracy may be interpreted as 

acknowledging the fact that peop le do not have ide ntical beliefs 

as well as the fact that beliefs often rep r esent i nterests rather 

t han truths . 
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The concept of democracy seems to be the guiding light for all 

political activities. The Concise Oxford Dictionary (1976) 

defines democracy as " a government by all the people, direct or 

representative form of socie ty ignoring hereditary class 

distinctions and tolerating minority views." 

In the context of curriculum des i gn, development and evaluation 

"democracy" is usually s e en as accountability to 

stakeholders. (MacDonald 1974 ) . St akeholders are those affected 

by curriculum decision-maki ng. Democratic decisions entail 

consulting the relevant stakehol ders before they can be made. 

"Democracy" in curriculum matte rs as well as in all other 

political and practical matters is not a non-problematic concept 

to put it mildly. This arises part ly because of the dialectical 

relationship between leading and be ing led. Leaders who want to 

be fair consult" the people" in order to act in their best 

interests. On the other hand "the p eople" do not necessarily 

have their own opinions, e xp e rtise o r competence and may, in 

fact, be waiting to hear what t heir leaders have to say. For 

example the problem of what changes should be made to the present 

curriculum does arise in the a n a l ysis of the responses to 

questions on teachers' perceptions o f science. 

2.2 THEORETICAL PRINCIPLES FROM THE PHILOSOPHY OF SCIENCE 

On the one hand , from a scientif i c p o int of view, curriculum 

decision-making at a national or regional level entails questions 

about what selection has to be made from a vast body of 
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available scientific knowledge. On the other hand, from a 

political point of view the question of who makes the selection, 

for whom, by what criteria; is important. It therefore seems that 

such choices are determined not only by scientific knowledge 

itself, but also by political, cultural, economic and other 

relevant factors impinging on suc h choices. For example whenever 

debates on education arise the question of a need for "skilled 

manpower" surfaces. What usually follows from this is a call for 

more technical and technological education so that "this country 

can prosper economically." (this point is alluded to in Lawton, 

1989) Making such choices entails de c iding why we teach science 

at all. However the question of "why teach science" carries with 

ita presupposition which is u sually tacitly assumed. That 

presupposition can be exposed by asking "What is science?". 

The question "what is science" i s a philosophical one. A good 

philosophical question seems to b e one that does not have answers 

"a-priori". Saying there are no answers a-priori means that it 

is not possible to establish common premises from which we can 

reason deductively to find the answe rs . Debates in the philosophy 

of science seem to hinge around t h is issue as will hopefully be 

demonstrated shortly. 

In the context of science curric u l um development, deciding on 

what should be selected from a vast body of "scientific 

knowledge" therefore also necessar ily entails deciding whether 

a given claim to "knowledge" is scie n ce, bio logy , religion, magic 

or superstition. Making such a deci s i on takes us straight into 
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the "demarcation problem" (Popper,1959) 

The "demarcation problem" as presented by Popper (op-cit), 

positivists and other philosophers of science, (some people 

consider Popper himself to be a positivist of some description 

while others disagree. B F Nel points this out in the unpublished 

article "refractions on reality " ) has to do with separating 

"scientific knowledge" from "non scientific knowledge". There may 

be practical reasons for such a separation: for example 

institutions of learning demarcate disciplines for administrative 

reasons, libraries classify books and so on. 

That such a demarcation is clearl y problematic is evident from 

the debates ln the literature on the philosophy of science 

(Popper, 1959; Kuhn, 1962 Feyerabend 1988) On the one hand 

philosophers like Popper (op cit ) and their followers hold that 

science can,in principle at least,be s eparated from non-science. 

On the other hand philosophers like Feyerabend (op cit) and their 

followers take a very dim view of this "so called demarcation 

problem" and contend that attempt s at solving this "problem" 

represent the very dogmatism, supe rstition and irrationality 

which the rationalists condemn and despise. 

It would seem that there are three ways (used by "laymen" rather 

than "philosophers" ) of dec iding whether , a given claim to 

knowledge is scientific or not : 

(a)They consider what i t de als with ; nature, human beings, 

animals and so on. 
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(b) They consider the method originally used in arriving at that 

knowledge claim; such as a discovery, creation of the 

imagination, "revelation" and so on. 

(c) They consider ways in which it is sustained and transmitted; 

such as imposed by authority ,openly debated ,involves a leap of 

faith,practical investigations and s o on. 

Philosophers (as well as laymen) who contend that science can, 

(in principle at least), be separa t e d f r om non-science hold that 

there exists a specific "scientific knowledge content", which is 

the produc t of applying a specifi c "sc ientific method", which we 

have to discover and/ or follow i f we intend to be "truly 

scientific". Those who eschew the "demarcation problem" hold that 

separating knowledge is purely for conve nience and that there is 

no such thing as a unique "scienti f i c method". This debate is not 

confined to "armchair philosophers" a l one, and frequently 

surfaces overtly or covertly in d e bate s on curriculum matters. 

The thrust of Popper's argument in the "Logic of Scientific 

Discovery" (1959) is that:-

(a)We can only accept a give n theo r y (view,model and so on) as 

"scientific " if it is testable (r efu t able) . 

(b)A scientific theory cannot be proved c onclusively true by a 

given test (or attempt to refut e it ) , but can only be considered 

as provisionally confirmed. 

The thrust of Feyer abend's argument a ga i nst Popper and other 

advocates of "scientific rationality" ln "Against method" (1988) 
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is that: -

(a )I t i s no t possible to decide in abs olut e terms whether a given 

test fo r a theory is f air because o f limitations in our 

knowledge . 

(b) There does not exist a speci f ic "scientific method" but 

several "methods" whi c h c a nnot be cap t ure d in rational terms. 

Feyerabend (ibid ) goes on to argue that as a cor ollary of this: 

any attempt to specify a part i cular k ind of scientific 

rationality results in a contradiction ; the reby tending to give 

the impression that scienc e is i rra tional. 

One manifestation of the philosophica l dimension (with special 

reference to the "demarcat ion problem" ) is the tone in which 

authors on science tend t o re fe r to p a s t bel iefs in science.In 

the first place scie nce author s u sually only mention past beliefs 

in passing, as a brief int roduction s to t heories still In 

current use (say Newton's l a ws ). The tone typically used is 

something like "people in the past thought that ........ Now we 

know that ....... " Fo r e x ample Coleman (1 99 0, 14 ) uses that tone 

in d iscussing an unsuccessful at tempt by Ga lile o (1564-1632 ) t o 

measure the speed o f light. (The argument presented here is that 

although Galileo guessed correctly t ha t light has a finite speed, 

he c ould not possibly have measured this v e ry high speed; give n 

the mar gins of error of the method he was using ) Coleman's 

intention in this case i s t o s how the a mount o f s c ientific 

progre ss since the day s o f Galileo. However in the process he 

creates the impress i on that today's knowledg e l S final. (The 

distinction betwee n the intended and unintende d curr iculum 
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becomes particularly relevant i n c ases like these.) There seems 

to be no doubt that some of our pre sent IIscientific knowledge 11 

will still be regarded as 11 knowl e dge 11 thousands of years from 

now, but it is most likely that most of it will be ridiculed in 

the most contemptuous terms poss ibl e ! 

Such dogmatic reference to p r ese n t scie ntific knowledge misses 

the point of what knowledge r eal l y is about : a way of adapting 

to the e nvi r onment. (Who is b e tter adapted to his environment; a 

prehistoric "caveman ll who knows how t o make fire , has mastered 

all the tricks for surv iving i n h is har sh envi r onment, and is in 

full control of his life or the average modern city dweller, who 

relies on lIexpertsll for just about a l l facets of living?) Further 

such ahistorical reference to pas t belief tends to cloud the real 

i ssues, t ake historical characters out o f contex t and produce a 

caricatur e of the personali tie s involv e d. Fo r e x ample Gil - Perez 

and Carescosa ln a (rather contemp t uous) a c count of science ln 

a p r eclassical e ra accuse Ari sto t le of using a "methodology o f 

superficialityll (in referri ng t o fa l l i ng bodie s ) when he said 

that: 
IIA given weight covers a di s tance in a given time, a 

bigger weight covers t he same distance in less 
time . .. . . 1I (Gi l - Perez and Caras cosa 1990 , 534 ) 

(Someone with a knowledge of Ne wtoni a n Me c hanics may b e forgiven 

fo r b e lie ving t hat Ari sto t le was not a very bright fellow on 

reading this! ) Give n that using Newton i an Mechani c s in this 

context nor mally involves neglecting air friction, other authors 

argue that suc h statements are unf air ln t hat Aristo tle 
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explicitly stated that he was deal i ng with a "real world" in 

which effects of friction c ou l d not be neglected. (Toulmin, 1961, 

44 - 61 i Fey erabend 1 978, 53 - 65) Further, at present we make a 

clear distinction betwee n concepts like we ight and density which 

were not e xplicitly distinguished in t he past. Now it is possible 

to argue that what Aristot le r eally mean t was that a more dense 

body has a higher terminal velocity t ha n a less dense body (if 

they have the same shape and all o ther r e levant factors are 

e qual ) . Thi s makes p e rfect "scientific sen se"! Toulmin (1961, 51 ) 

makes roughly the same p o int when he alludes to the relevance of 

Stokes law to Ar isto telian mechanic s . The i n t e ntion here is not 

to that argue that Aristotl e was a scient i s t in the modern sense 

of the word (!) but to r a ise a few qu e stions. When we make 

statements like "Aristotle said .... .. " as e xamples of 

"unscie ntific thinki ng" in the past, do we know what "Ari stotle" 

me ant? Do we know wha t problems he was add r essing? Do we know the 

contex t in which he was working? 

The philosophical dimension lS a lso manife st in the notion o f 

"sc ientif ic explanation " which is closely allied to the notion 

of a "scienti f i c me t hod". A "scientific explana tion " seems to 

assume the e x istence of a "sc i entific me tho d" and hence the 

possibility of demarcating s cience from non- s cience. 

Focusing on the con cept "scient ific explanat ion" r e quires a 

c larific at ion of the c ontexts in which a n "explanation" is 

accepted. For t he s ake of space, clarity and in order to focus 

on t he us e f u lness of t h is term and the "interests " s erved by a 
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given "explanation" (Habermas 1 972) (rather than the precise 

meaning of the term "scientific explanation") i no attempt wi l l 

be made to engage in the arcane terminology and esoteric 

cat egories used by "experts on scientific explanation" (see 

Salmon, 1984) Instead a commonsense definition will be 

suggested. In order to be acceptable, in a given cont ext, an 

explanation must: 

(1) Make sense of observations 

(2) Represent reality 

For example rationalists may argue that "uns cient i fic 

explanations," such as the c a usation of diseases by spirits may 

make sense to "primitives" but are nonetheless unacceptable 

because they do not represent reality. (The rationalists may 

argue for example that "spirit s" cannot be detected by 

rational / empirical means and/or do not exist ) . Rationalists would 

probabl y concede that some esoter i c "s c ientific expl anations " , 

such as the re l ation of grav ity t o spac e -t ime curvature, only 

make sense to a few experts but add tha t they are acceptable as 

the closest representatives of rea lity available. (They are said 

to possess verisimi litude ) . Now, s hort o f taking a leap of faith 

ln "experts" is it really possible (f or a given person or group 

of peopl e) to decide that some t hing represents or does not 

represent reality if it does not make sense (to him/her/them)? 



29 

In an attempt to clarify the above arguments, this commonsense 

definition of "scientific explanation" is then located in the 

context of Stinner's paper on "The Teaching of Physics and the 

Contexts of inquiry from Aristotle to Einstein" (1989) in Science 

Education. 

Stinner (op cit) considers the evolution of the "scientific 

explanation" for a freely fal ling body, in the context of 

prevailing beliefs. (The categories and basic "scientific 

explanations" have been taken from Stinner. The basic beliefs and 

contexts have also been taken from Stinner but fleshed out 

differently by the author) 

(a)To Aristotle and his followers free - fall was natural and non

problematic. Their explanation, if asked, would possibly have 

been "what goes up must come down". This is a commonsense view 

that is probably still held by most people. (Things certainly do 

not fall up!) This view is perfectly adequate for nearly all 

practical purposes. Even "hard scientists" like chemists do not 

really need a more sophisticated explanation or theory in their 

work. In a sense this c ommons e nse v iew makes sense of 

observations and represents reality. 

(b)To Newton and his followers fre e fall was not natural. It was 

seen as "caused by mutual gravita tional attraction between the 

Earth and any other bodies with mass" . A question may arise as 

to why another explanat ion i s nee ded if Ar istotle ' s c ommonsense 

view was (and for nearly all people p robably still is ) adequate. 
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As point e d out in the second chapter , t here is no real consensus 

about how s c ientific theorie s c ome a b out (c ontrary to rationalist 

r h e tori c ) . It is hard to say how Newt on a r rived at his theories. 

However it is possible to l o c a te t h em i n a n historical context. 

Newton (1642-1727) lived in t he seventeenth century. The famous 

voyages o f discove r y by Vasco Da Gama , Ch r istopher Columbus and 

o the rs had already taken p lace . There was a general awareness, 

among Western int e llectuals a t l east, that the world was round. 

In such a round world "up" a nd "down " are c ategories that do not 

make sense . (Is someone in China above o r below someone in 

America?). Newton's e xplana tion is t he r efore necessary for 

intellectual satisfaction in t hi s cont ext. In a post-Newtonian 

wo rld "up" and "down" a r e not see n as abs o lute but as determined 

by the surface o f the Ear th and the direction o f the Earth's 

g r avitational attraction. Ne wton's theory of gravitational 

attraction also had a broader Ast ronomica l i mpa ct which will not 

be discussed in this context. 

Is Ne wt on's e xplanation r eally useful i n an everyday s e nse ? It 

l Si if you are wo rking in the space p rogramme and nee d to 

c al c ulate v ariations in gravi t at i onal attra c tio n as a space probe 

t r ave r s e s interplane tary s pace on travell ing s ay from Earth t o 

Mars. (Sc i e ntifical ly minded p e ople may argue that e ngineers 

routinely use Newton's l a ws o f gravitation i n thei r c alculations . 

They may use them i n t he form f= mg where g i s a constant with a 

value 9 . 8m/s 2 and c e rta i n ly not the full rigour o f f =GMm / r 2 =mg 

where g i s a variable d e pending on distance from t he c entre of 
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the Earth . It can be argued that only engineers involved in the 

space programme do this). Does Newton's explanation make sense 

of observations ? Yes, if you have seen photographs of the round 

Earth taken from a space probe (which would remove al l reasonable 

doubt about whether the earth is flat or round , and thus require 

justification for the fact that thing fall 11 down 11 towards the 

Earth). Does Newton's explanation represent reality? Well , whose 

reality? The reality of the 11 sophisticates 11 who suspended all 

their activities to watch the fi r st manned Lunar landing o n T V, 

who have books and magazine s with c olour photographs of the 

Martian and Lunar landscapes take n from space probes, as well as 

details about the Martian atmosphe re, Martian climate and Martian 

gravitation? What about the reality o f those who went about wi t h 

their business as usual during the f irst manned lunar l anding, 

do not have T V, do not read newspapers, have not seen 

photographs of anything taken f rom space probes , wonder why 

scientists and engineers bothe r wi th space exploration when there 

are enough unsolved problems on terra firma? 

(c)To Einstein (1878-1955 ) and h i s f o llowers free-fall was seen 

as natural and not cause d by a force. The "scien tific 

explanation" is that "what appear s as gravitational attraction 

is in reality a natural manifestation of space-time warps in N

dimensional curved space-t i me ". (Einstein originally proposed 

four dimensions. Supersymmetry and supe rst r ing theorists in their 

search for lithe theory of everything 11 have propos ed 26 ,11 and 

10 dimensions according to F D Pe a t 19 88. There seems to be no 

consensus at present about the exac t number of dimensions, hence 
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the general t e rm N). Einstein ' s foll owe rs; that is thos e with a 

complete grasp of the meaning and s ign ificance of his the ories, 

are specialists in Applied Mathe matic s and Theoretical Physics. 

(Einstein argu es that the perce ived effect of the force of 

gravitational attraction on a body moving with constant velocity 

in linear Euclidean space, is i n d i st i nguishable from perce i ved 

effect of angular acceleration as a body move s wi t h constant 

speed in curved non-Euclidean space . Hence the effects of either 

gravitation or acceleration on a g iven mass are equivalent . In 

technical t erms it is not possible t o distinguish the iner tial 

mass f rom t he gravitational mass . This argument is used as one 

o f the corners tones in develop i ng the general theory of 

relativity according to Col e man 1990, and Peat 1988) . Some of the 

basic premi ses of Einstein ' s theori e s (Stinner 1989 ) are that : 

(1) The speed of light (and other forms o f e lectromagnetic 

radi ation) is constant irre spect ive o f frame of reference. 

(2) Int erac t ions (coulombic, e lectromagne tic, gravitational ) are 

not instantaneous but limi t ed by t he speed of light . 

(3) Space is non -Euclidean . 

(4) Time is not absolute. 

Is Einst e in ' s "explanation" useful i n the everyday sense? 

Well . .. no t yet. Does this e xp lanation make sense of observations ? 

Well, it depends on what you mean by "obser vations". If you are 

a specialis t and can interpret highly c ompl icated numbers , graphs 

a nd s o on emanating from s c i entifi c a pparatus whic h are used to 

monitor certain e ffects i n int erstellar spa c e . .. . y es . Does it 
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represent reality? Well ... ,what do you mean by "reality"? 

Einstein's theories are certainly not about "commonsense 

reality". ("Curved space" and "time-dilation" are not the stuff 

"commonsense reality" is made of.) In any case discussion of 

research on black holes, twistors and superstrings, which 

attempts to extend General Relativity, is incomprehensible to 

someone who has not specialised in General Relativity and/or 

Elementary Particle Physics, except ln a very diluted and 

possibly distorted form. In addition the most advanced theories 

in Physics are accepted for aesthetic reasons and mathematical 

consistency, without being tested ln the experimental sense 

partly because equipment to test them may take decades to develop 

(Peat 1988). In this context Peat (op cit ) argues that whereas 

in the past theoretical physicists and experimental physicists 

were usually the same people, nowadays there is a growing gap 

between the two groups. This flies in the face of the image of 

science as an experimental pract i ce. 

Clearly, even a simple "phenomenon" like free-fall raises 

problems about what is "natural" , what is "caused", and indeed 

what the nature of a "scientific explanation" is. It therefore 

seems that calls for "scientific explanations" ," scientific 

attitude" and so on may call for qualification or justification. 

Otherwise such calls may be mere rhetoric rooted in dogma. In 

reality appeals for "scientific explanations" are made in a 

context where some people are seen as having misconceptions and 

beliefs which have long been superseded by science . (Some 

examples quoted in Feyerabend ,1988,1990 are Astrology, Rain-
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dancing, and Faith-healing. In this country examples of African 

traditional medicine as well as practices linked with African 

traditional religion may be cite d ) . Habermas (1972) argues that 

"knowledge" serves specific human interests. This argument may 

raise problems about the extent t o which, for most people, being 

"scientific" really means accepting the views of "experts" who 

speak in jargon that they do not understand, who may well have 

interests and concerns that the y do not share. This argument 

applies both to non-scientists as well as scientists, when they 

need to form opinions outside t he ir fields of competence. Even 

"experts" frequently disagree strongly on many issues centred in 

their purported fields of c ompet ence. Anyone who reads 

professional journals on a r egul a r basis would probably attest 

to this. The debate betwee n Lythcott and Duschl (1990) versus 

Lawson (1988,1991 ) about the way i n which the principle of 

Constructivism should be interpr e t ed, in Science Education is 

a classic example. Feyerabend (1 988 ) argues that even a consensus 

of "expert opinion" may arise f rom shared prejudices and 

misconceptions and thus need not always be taken seriously. 

The preceding discussion r aises f urther questions. The main 

concern in the "philosophic a l d imens ion " i s wi th the following 

questions: -

(a) How dogmatic is the s cience p resented In the Official 

Curricul um? 

(b)Do teachers have any percep tion of t his "dogmatic 
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presentation" of science o r do t hey simply take it at face value? 

(c) What effect does this "dogmat i c presentation", its perception 

or lack of it have on the t e achi ng practise of teachers? 

Some questions of general interest, which will not be pursued 

e x cept tangentially, may be the f o l lowing:-

(a) How many times are views f r om the past as well as from present 

day "primitive cultures" , di smissed as "unscientific", by 

"learned intellectuals" without a dequate evidence being supplied 

to support the statements being ma d e ? (b ) Is science really 

progressive ln that it g ives u s more and more "fundamental 

truths" about nature o r is thi s "progre ss" one of the "great 

illusions "of the "scientific e ra " ? 

Views of authors like Feye rabend and Kuhn in this regard are 

beginning to have an impact i n debates about curriculum decision

making in countries like the United States.Suc h vi ews may need 

to be considered in this c ount ry a s we l l . 
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CHAPTER 3 

RESEARCH METHODOLOGY 

3.1 THEORETICAL BASIS OF THE STUDY 

This study does not attempt to test a specific hypothesis but 

attempts to generate some of the issues which may be important 

for future curriculum development in this country, with specific 

reference to Physical Science . In generating such issues it is 

hoped to raise specific problems in which further research may 

be done, as well as some issues which curriculum developers in 

other fields can address. Such an exercise may also help In 

identifying areas in which there might be a need to conduct in 

service courses in order to address teachers' subject competence 

as well as raise their consciousness about relevant issues in 

science curriculum decision-making. 

In chapter two it has been argued that viewing curriculum as a 

11 selection from the culture 11 (Lawton 1983), in the context of 

an interpretation of curriculum as IIcommonplaces of teacher, 

learner, subj ect matter and mi l ieu 11 (Schwab 1970 ) entails a 

model of curriculum as a process rather than a product or fact. 

The assumption being made In this study, that teachers' 

perceptions of science are revealed both by what they say (about 

science) as well as what they do in their lessons, is in line 

with the view of curriculum as a process; because it goes beyond 
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the syllabus . Hence the link b e twe en teachers' perceptions of 

science and the received curricul um is viewed as logical rather 

than empirical; in the contex t o f curri culum viewed as a process. 

3.1.1 RATIONALE FOR THE METHODOLOGY USED 

Research methodology employed i n thi s study is generative (Simon 

1 986) rather than experimental . Nonetheless there is due 

recognition of the existence of var i ables such as qualification 

and experience. These variables a r e not "controlled" in the 

experime ntal sense but a re noted because they may help in 

inte rpreting teachers' r e sponses. The methodology used is 

generative in that an atte mpt i s ma de to g e t a picture of the 

concerns and issues that i s as comple te as possible from the 

responses of all the teachers involved . This is in line with the 

notion of giving t e ache r s a say in the curricul um (in line with 

the notion of democ ratising curriculum deci s ion - making mentioned 

in chapter two ). I n this cont ext the basi c principle is that 

there are no "correc t" or "wr ong" approaches to curriculum design 

,development and evaluation but mere l y the oretical positions 

which are not a pr i ori defens ible. (in t he same sense as 

mentioned in chapte r 2 page 7) . 

Te achers are take n to be c entral fi gures in curriculum 

development and not as mere agents who should implement what 

e xper ts recommend. This study i s premi s e d on the notion that 

t e ache r s ' perceptions o f science are important f actors t o be 

considere d .It i s argued t ha t they are not mere i mpediments 
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which may not be congruent with those of the experts. A further 

premise is that teachers' perceptions of science should be one 

of the determinants of the Official Curriculum ( as well as the 

Received Curriculum) if teachers are not to be alienated from the 

very task of teaching (that is if they are to teach something 

that has any meaning to them at all) . 

The research methods used in this study are interviews, classroom 

observations and content analysis of relevant documents. 

Interviews and classroom observations are used in investigating 

teachers' perceptions of science, whereas content analysis is 

used in investigating the presentation of science in the official 

curriculum. However, greater emphasis is given to teachers' 

perceptions of science with the Official Curriculum ,as found in 

syllabus documents and work programs, serving to reveal the 

official view of the kind of science pupils are supposed to learn 

at school. Further, questions posed to the teachers centre not 

only around perceptions of science in general, but also around 

perceptions of the kind of science that is supposed to be taught 

in the Official Curriculum in particular. 

Hence methodology used in this study is referred to as "multiple 

operationism" (Simon 1986,12) because "researchers use a variety 

of methods of investigation ( i nterviews, class visits and content 

analysis) that are related to each other" (Burgess 1984 ,143) "as 

mutual checks upon one another" (Simon 1986,13). Burgess 

(1984,143) raises the questions: 
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.. how far does the rese a r cher's p r esence influence the 
generation of data? (internal validity). Can the data 
that are obtained in studying one situation be 
generalised to other situat ions? (external validi t y) 

The strategy of multiple operat ion i sm is an attempt to address 

these concerns, particularly in t he c ase of "internal validity" . 

The underlying assumption behind mu l t i ple operationism seems to 

be that resul ts can be regar ded as val i d if d i fferent methods 

yield the same results. It i s worth noting that an 

epistemological objection c an be raised t o t his notion of 

"validity" . The Concise Ox ford Dictionary (1 976) defines "valid" 

as "sound , defensible , wel l grounde d". A belief that i s "well 

grounded" and based on a me thod t hat i s "sound and defen sible", 

accordi ng to a given tradi t ion (the t radition observed by given 

resear chers ) , is clearl y not n e cessarily a reflection of 

objective reality , but may be viewed as one p e r c eption of reality 

amongst many. Inde ed, such a belief may in fact be considered 

to be a falsehood based on a met hod t hat is invalid according t o 

another tradition (the tradi t ion observed by the targe t group, 

other researchers and so on ). Thi s repre sents the same type of 

limitat ion t o our knowledge as t hat men tioned in c hapter two when 

the question of a "sc i ent ific method" was r aise d (page 9). It 

seems that debates about the validi t y of a g i ven method can only 

be conducted if the participant s are prepared t o recogni se a 

given tradition or tradit i ons . Walizer and We i ner (1 974, 407 ) make 

the same point when they a r gue t hat : -

Determining validity requi res a n asse ssme nt o f t he 
link or match betwee n a c onc eptua l definition and an 
operational def i n ition . (and t hat ) . ... what e ver 
pro c e dure we use t o a s s ess v a lid i t y ,ul t i mately we 
hav e to rely on judge ment . . . (becaus e) . .. t here is no 
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direct way to assess the validity of a measure. (and 
further that) .. holding together every procedure to 
assess the validity of indicators is judgement. (the 
author's emphasis) 

"Conceptual definition" refers to the way in which a relevant 

concept is defined and lor commonly understood. (Walizer and 

Weiner op-cit, 36) The central c oncepts of "perceptions of 

science", Official Curriculum and "received curriculum" have 

already been defined in chapter two . "An operational definition 

lS a complete set of instructions for what to observe and how 

to measure a variable" (Walizer and Weiner op ci t, 36) in 

identifying the concepts being studied. In this context the focus 

is on what teachers say, what they do as well as what official 

documents and prescribed books require. These factors are then 

used in identifying teachers' perceptions of science and the 

requirements of the Official Curriculum. 

Walizer and Weiner (op cit) effectively argue that scientists are 

socialized into accepting spec ific standards of assessing 

validity when they say that : -

When a member of the scientific community moves into 
a new area of research, typic al l y a great deal of time 
will be spent examining previous measurement and 
consulting experts in the field to become familiar 
with how important concepts might be measured. (and 
that) the process of validation is one of shared 
judgement and openly communicated procedures of 
measurement. 

The main concern with internal va l idity, i n this study is 

centred on whether the methods use d r e veal what they purport to 
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reveal subject to the conditions stipulated above. Even when a 

study has internal validity it does not follow that the results 

can be generalised to another similar situation, a necessary 

condition for external validity. The question of external 

validity may be an empirical one that can be addressed by 

studying the "other situations" using methods having "internal 

validity", in cases where external validity does not follow from 

internal validity a priori. It can be argued that in 

Psychological studies such as Piaget's study of "developmental 

stages" we can generalise from a study based on a small sample 

because "development" in this case is a function of certain known 

variables. In Curriculum studies ,authors like Schwab (1970) have 

argued that curriculum problems are "situation specific"; thus 

pointing out the dangers of generalising from a given study. 

Only one" situation" is addressed in this study hence the problem 

of "external validity" as defined by Burgess (op-cit) need not 

be addressed. 

The strategy employed ln ident i fying teachers' perceptions of 

science is based on the above assumption. Hence it entails 

finding out what they say about it (in the context of an 

interview as well as in other relevant situations) as well as the 

teaching methods they use in class. The methodology of this 

investigation therefore consists of interviews and classroom 

observation; with classroom observation serving to reinforce 

and/or confirm the interview data. An attempt is made to raise 

lssues for comment by the teachers rather than purely yes/no, or 

true /false responses. As a result informal as well as open-ended 
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interviews are used (Simon, 1986). For this reason teachers do 

not give answers to specific issues, but raise issues within 

specific themes such as the issue of teacher consultation in 

curriculum development. Although the themes to be addressed have 

been alluded to in the first chapter, there is a need to generate 

the themes by means of informal interviews. This helps not only 

in generating fresh themes that had not been thought of before, 

but also in adding focus to the unstructured interview questions. 

Adding focus to these questions then helps in fleshing out themes 

that had already been identified as well as those generated 

during the informal interview phase. 

3.1.2 INFORMAL INTERVIEWS 

According to Simon(1986,36) 

Denzin (1970,126) technically terms informal 
interviewing as nonstandardized interviewing where no 
pre-specified set of questions is employed, nor are 
there questions asked in a specified order. 

There is no real interview schedule employed in this 
instance. Questions are asked in any order as the 
interviewer probes relevant issues which are raised in 
the course of the interview. 

3.1.3 SCHEDULE INTERVIEWS 

This phase of the research represents the "fleshing" out of 

themes using open-ended interview schedules where respondents are 

asked to provide open-ended comments on each of the themes (Simon 

1986, 15). 
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3.1.4 CLASSROOM OBSERVATION 

The purpose of classroom obse rvation in t he context of this study 

is to corroborate teachers state d pe r ceptions of science by 

finding out what they do in cl a ss. Teachers perceptions of 

science , as informed by wha t they do i n class, are revealed in 

the teaching methods material s and tea ching aids they use. This 

is subj ect to restrictions, such a s availability of specific 

types of teaching aids in g iven schools . Further, time 

constraints as well as presc ript ions by the department, circuit 

or the given school may also be limi ting factors in determining 

the way in which teachers present their lessons. For this reason 

there seem to be limits to t he extent t o which teachers' 

perceptions of science deter mine the Re ceived Curriculum. 

3.1 . 5 CONTENT ANALYSIS 

In chapter two the question o f whe ther the Official Curriculum 

presented a dogmatic image o f science or not was considered. The 

question of how this Official Curr i c ulum is perceived by teachers 

was also considered . The Official Curriculum is represented by 

the r e levant syllabus or s y llab i , prescribed books and work 

p r ogrammes as ment i oned in chapter . t wo . Hence there is also a 

need t o analy se the message or me ssages c ontained in these 

documents and to relate thi s to t e a c hers' p e rcept ions of science . 

This entails employing a st r ategy c a lled content analysis. Crano 
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and Brewer (1973:197 ln Simon, op c it, 32) define a "content 

analyst" as someone who" is concerned with the particular content 

of a message,and the particular ma nner in which this message is 

expressed." According to Pool (1 959 ; 27 in Simon op cit, 32) The 

content analyst must also cons i de r "the purpose or objective" of 

the communication, its c ontext (whi c h i nc ludes r elated events 

preceding or accompany ing it) , t ime and place . 

A content analysis of relevant books a nd syllabus documents is 

also undertaken with a view to ide n t i fyi ng and revealing certain 

consistent themes. The the mes to be i dentified relate to the 

notion of science as well a s the not i on o f the Official 

Curriculum as discussed in chapter t wo. Teachers' perceptions of 

science are then compared with t he v iews o f science as depicted 

ln the Official Curriculum documents. The relationships and 

contrasts between the Off icial Curri c ulum and teachers' 

per ceptions of scie nce will then, hop e f u l ly , be broug~t to light. 

3.2 PRACTICAL CONDUCT OF THE STUDY 

3 . 2 .1 SAMPLING 

Since there were only fift een s chool s o ffe ring Physical Science 

up to standard ten in Umlazi i n 1992 (that is 15 schools in 

Umlazi North and South combine d ) a dec i s ion to involve all the 

schoo ls (a c ensus ) was i nitially ma d e . The order in whi ch the 
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study was conducted was random (t ha t is, schools were not taken 

in any specific order) 

In practice eleven of these fif teen schools offering senior 

Physical Science in Umlazi were v i sited. Some schools in the 

Umlazi South circuit were not v isited be cause trial examinations 

in September and Examinations in t he s e cond week of October meant 

that class visits could not be conduc t e d. Fifteen teachers in the 

eleven schools were visited because f our of these schools had two 

senior science teachers and a dec ision to interview both was 

taken in these cases . Fifte en interv iews and fourteen class 

visits were conducted because one o f the teachers , who was a 

deputy principal, got taken up by administrative duties on the 

day scheduled for a class visit and another class visit could not 

be scheduled . Selection of teachers f o r informal interviews and 

schedule interviews was entirely r andom. 

3 . 2.2 GAINING ENTRY 

The fact that the researcher i s a Physical Science subj ect 

advisor ln KwaZulu school s , a nd that the target population 

consisted of some of the Phy sical Scien c e teache rs in KwaZulu, 

helped in solving the p r oblem of gaining entry (Simon 

1986,40iBurgess 1984,31). If a n outside r had intended to do 

research in KwaZulu schools thi s might have entailed a lengthy 

(and possibly unsuccessful ) negotiat i on with the department. 

The first step in seeking ent r y wa s to get permission from the 

circuit inspectors in charge o f the Uml azi North and Umlazi South 
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circuit offices. Letters were written to the circuit inspectors 

explaining the nature and purpose of the research. In addition 

meetings were held with both relevant circuit inspectors. They 

both granted (verbal) permission . Written permission was not 

insisted on since further problems could not be foreseen. 

Relevant principals and teachers were then approached, and the 

nature and purpose of the research explained. Appointments were 

then made for interviews and class visits. No problems were 

encountered in getting the consent of the principals. In most 

cases they were delighted to get a visit from a subject advisor, 

although an attempt was made to explain to them that the present 

role was more as a researcher than an advisor. 

The explicit consent of all the 15 teachers interviewed was 

obtained, with some being delighted to get a visit from an 

interested person. However one teacher seemed somewhat uneasy and 

intimidated (probably by the fact that the person doing the 

research was a subject advisor) while another expressed some 

dislike for participating in social research but agreed to be 

interviewed all the same. (This is possibly an example of "Black 

hostility towards field investigators" mentioned by Simon, 1986. 

This hostility is hardly surprising:in this country ,with its 

history of racial discrimination, there have been many ostensibly 

scientific sociological studies which are viewed as "racist" by 

Blacks. The fact that the person conducting the research was also 

Black does not mean that he cannot be employed to do the "dirty 

work of the regime." As a possible further example of this, 
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Another teacher in refusing to b e tap e d e xpli c itly stated that 

he could n o t accept any assurances t hat the tapes we r e for the 

consumption of the researc her only.) 

Further, the extent to whi ch the role of t he researcher as a 

resear cher was confused wi t h hi s role a s a n advisor may have 

prove d t o be p r obl e matic in s ome cases. This occurred because 

s ome teachers may have seen t he researcher more as a departmental 

official than as a me re researcher , in s pi t e of r eassurances that 

were give n. For this r e ason they may not have been as candid as 

they c ould have bee n. The r e is no tangibl e evidenc e f o r this in 

most case s. Two t e ache rs were visibly con cerned about giving 

a c ceptabl e answers. One o f the s e kept a s king if the answers he 

gave were c orrect in spit e of repeated a ssu r ances that there were 

no "correc t or wrong" answers but merely views which had to be 

considere d. 

It is possible that more r eliable information mi ght have been 

obtaine d i f one school was s elec t ed for a c ase study, instead of 

a census o f all the s c hools. For one t h ing there would have been 

more time to win ove r the conf i dence o f t he r e l e vant teachers.The 

resear cher might hav e managed to get the teachers to see him as 

an inside r,ge nu i nely inte r es t ed in the affa irs o f the s c hool, not 

as an outsider, who me rely wants informa t ion fo r personal gain . 

This wou l d have gone a l o ng way toward s s o lving the problem of 

entry. Further , mor e ins t a nce s of the r e levant teachers' 

perceptions of scie nce might h a ve been studied .However a trade 

o f f a r i s i n g from t hi s approach would have been loss of variety 
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as well as ability to generalise. 

3.2.3 INFORMAL INTERVIEWS 

Questions were posed to teachers to investigate their general 

concerns and attitudes. These questions were not asked in any 

specific order. An attempt was made to raise and probe issues in 

the context of perceptions of science as outlined in the first 

chapter . Informal interviews were conducted among 8 teachers with 

notes being taken. A tape recorder was available but none of the 

teachers agreed to be taped. (The teachers did not give any 

specific reasons for refusing to be taped. They merely expressed 

a genera l discomfort with the idea .The researcher felt that it 

would be improper to force issues as this could antagonise the 

teachers.) In each case the notes were read back to the teacher 

to find out if s/he agreed with what was written down, with 

appropriate changes being made until the teacher was satisfied 

that the data taken down was an accurate reflection of her/his 

views. It is probable that if a tape had been used more reliable 

data could have been obtained. The initial intention was to 

generate some philosophical themes relating to teachers' 

perceptions of science and of science education as practised in 

this country. These themes would then have been used in the 

construction of an interview schedule. 

3.2.4 SCHEDULE INTERVIEWS 

No specific issues relating to fundamental principles in science 
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and science education were generated during the informal 

interview phase. The interview sche dule then consisted of more 

or less the same type of questions t hat were asked during the 

informal interview phase but arrang e d in a c onsistent fashion. 

This helped in getting teachers (par ticularly the less outspoken 

one) to say more about issues like the nature of science and what 

they would like to see in a new cur riculum. Nonetheless, as will 

be discussed under result analys is , fundame ntal issues about the 

nature of science and science education were still not raised . 

Schedule interviews were conduc t e d among 7 teachers.The 7 

teachers involved in the schedule inte rviews did not include any 

of the 8 teachers involved i n the informal interviews. Although 

administering the informal interv iews as well as the schedule 

interviews to all teachers involve d in this study might have been 

an advantage, it would not have been a great advantage. As will 

be shown in the analysis of r e sul ts, most teachers raised more 

or less the same issues during i n t e rviews.The teachers seem not 

to have done much reflection abou t t he fundamental nature and 

purpose of science education as had b een hoped. Further,it did 

not seem necessary to interview t h e s ame teachers twice, given 

the limited scope of the s t udy a nd the fact that most of the 

questions were repeated, although i n a more orderly and focused 

manner . 

This fact does not s e em t o pose any specific methodological 

problems. In an example cited by Simon (19 8 6 18 ) in his study of 

ex-Zimbabwians, the peopl e used i n generating themes are not 
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necessarily the same as those used in fleshing them out.All we 

know is that they belong t o t he s ame target population as ex 

Zimbabwians. (Social science rese arch would not be possible 

without a presumed similarity in v iews,behaviour and so on of 

people in a given target population ) 

In this case a tape recorde r was stil l available and the option 

of being taped was mentioned t o the teachers. Again none of the 

teachers agreed to be taped. Six t eachers did not give specific 

reasons but merely expressed general discomfort with the idea. 

They were not pressurised into g i ving reasons but merely 

reassured that the tapes we re for the c onsumption of the 

researcher only. One teacher expl ici t l y stated that he could not 

accept any assurances that the tapes were for the consumption of 

the researcher only. (This part i cular teacher expressed a concern 

that the tapes may be played to others in a context in which he 

would be made to appear foolish). Notes were taken from the 

teacher's responses. (In the s a me manner as described for 

unstructured interviews.The same comments apply .) This presented 

a difficulty in that immedi a t e dec isions had to be made about 

what was worth noting. 

3.2.5 CLASSROOM OBSERVATION 

As stated earlier this research a lso invo lved classroom 

observations.The main focus o f the c lassroom observation was on 

the teaching methods , materi als a nd t e aching aids used by the 

teachers.Further,in some cases t h i s involv e d looking at pupils ' 
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written work and the assignment s given by the teachers. Questions 

were posed to the pupils in c l ass where nece ssary (although this 

rarely happened). Posing quest i ons to the pupils enabled getting 

an idea about their unde rstanding of science vis a vis the 

t e achers' me thods within the cont ext of l ocal constraints. 

Lessons were discussed with the t eachers after they ended . Where 

possible more than one class by t he same t eacher was observed. 

However this only occurred i n three c a s es. An attempt was then 

made to synthesize the views expressed during this discussion 

with teac hers' stated views a bout t he na ture of science. 

3 . 2 . 6 CONTENT ANALYSIS 

It should b e noted that this study took place in 1992, and is 

based on a c urriculum that was implemente d before major reforms 

such as the ending of apartheid , unbanning of "liberation 

moveme nts" such as the A N C we r e set i n a c tion. (The curriculum 

motion for a "new South Africa is presently (in 1993) in the 

me lting p o t) Given the context in which the Official Curriculum 

under investigation was d e s igned , develop e d and implemented, it 

can, without reasonable controvers y , b e de scribed as; "A 

blueprint for s c ienc e educa tion under a p a rthe id in South Africa. " 

3.2.7 TIME-SCALE AND SEQUENCING OF FIELDWORK 

The fie ldwork was unde rtaken b etween August 1 0 a nd October 15 

1 992. A total of 14 c lass visits and 15 int erviews were made 

during the s e day s . The i ntervi e ws lasted between 3 0 mi nutes and 
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1 hour. 

Five class visits were made in the normal course of duties of the 

subject advisor concerned. This is probably not problematic in 

that the work of a subject advisor also entails identifying the 

teaching methods used by teachers in class,which is part of the 

purpose of this research. All of these class visits took place 

in August. After these class visits interviews were conducted in 

two of the cases and appointments were made for later dates in 

three other cases owing to time constraints. In these three cases 

mentioned the interviews were conducted within a week of the 

class visits. 

Nine of the class visits took place as part of the study, that 

is reports did not have to be written to anyone in the department 

about these class visits (reports are periodically written and 

submitted to the department for work done in the in the normal 

course of duties). Five of these took place in September and 

four in October. In seven cases class visits and interviews took 

place on the same day and in two cases they occurred within a 

week of each other. 

3.2.8: SOME LIMITATIONS OF THE STUDY 

The questions posed to the teachers assume that they are free to 

answer correctly. This is one of the central problems in social 

science research; human beings are capable of deceiving those 

trying to do research,particularly in issues related to belief 
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and behaviour. If a case study were conducted instead of one off 

interviews ,it is possible that the confidence of the teachers 

might have been gained resulting in more reliable data. Further, 

as will be discussed more fully in the chapter on result 

analysis, it is difficult to draw conclusions from one class 

visi t . However in doing a case study, the reliability and 

validity gained is traded off against the loss of variety. 

In chapter two it was argued that the field of curriculum is 

political and hence requires democratic decision-making. This 

study is about identifying some of the issues that need to be 

considered in curriculum decision - making. In this case getting 

a reasonable number of stakeholders in generating issues has to 

be weighed against the reliability and validity gained in the 

close study of a few cases. 
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CHAPTER 4 

4.1:ANALYSIS OF RESULTS 

In the first chapter it is pointe d out that partly as a result 

of educational policies pursued i n the past, Blac k schools are 

short of resources such as books laboratories and equipment. The 

question of whether teachers in t h e s e schools are basically in 

agreement with the present curric u l um, barring the provision of 

the relevant necessities men t i oned is r aised. Getting an answer 

to this question entails finding out if the present curriculum 

involves a "selection from the culture" (Lawton, 1983) which 

satisfies teachers' expectations . 

An important question ln this regar d is the one of how the 

teachers who were interv iewe d came to specialize in science from 

high school level to tertiar y l e v e l (college or university) in 

the first place. This is so because the reasons given for opting 

to specialize in science, given a c hoic e, offer pointers to the 

way in which science was initially pe r ceived by the teachers. For 

example, one person may pursu e science because s / he thinks that 

it answers certain fundame ntal qu e st ions , whereas another may 

only be interested in the e mployment prospects open to someone 

with a training in science . A p o ssibl e consequence of holding 

either of these two attitude s i s t hat whi le the former may be 

expected to seek knowledge a nd understanding, the latter would 

probably only be interested in getting an a c ceptable pass mark 
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(as well as the knowledge r e quired by prospective employers) . 

In chapter 3 i t is stated that notes were taken from teachers 

responses to questions posed. A r ecord of classroom observations 

was also made. Tables were drawn i n an attempt to interpret and 

group teachers ' responses. 

4 . 1 . 1:REASONS GIVEN FOR OPTING FOR SCIENCE 

The reasons given by the teacher s for opting for science are 

summarised in table 1 below: 

TABLE 1 

REASON FOR CHOOSING SCIENCE NUMBER OF TEACHERS 

(1 ) Peer group influence 1 

(2 ) Career opportuni ties 7 

(3 ) Ski lfu l teaching 4 

(4) Interest in science 7 

(5 ) Selected for aptitude 4 

(6) Parental influence 1 

Among the reasons given by the d i fferent teachers were the 

following: -

(a) Peer group influence . The t e a c he r concerned was encouraged 
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to take science by his friends (one teacher ) 

(b) A basic interest in science. (seven teachers) 

(c) Skilful teaching; 

development of interest. 

resul ting i n good 

(four t eachers ) 

performance and 

(d) Career opportunities availabl e to some one with a science 

related qualification. For e x ampl e s ome teachers wanted to study 

medicine and other science related cou r ses. They then came into 

teachi ng as an afterthought having f a iled to acquire places in 

medical schools as well as o the r s c i ence related institutions 

such as schools of engineering. (s e v e n teachers) 

(e) An aptitude for science. Thi s was identified through good 

classroom performance in genera l sc ien c e as well as aptitude 

tests. (Three teachers cite d apti t ude with one stating that he 

was selected for the science clas s after an aptitude test among 

other reasons) 

(f) Parental influence . The t eacher 's parents encouraged him to 

do science in standard 6. They argue d that science opens doors 

to many careers such as medic ine. (one teacher ) 

Some teachers gave several reasons whi c h collectively led to 

their specialising in science. As can be s e en abov e, t he reasons 

ci ted most frequently were "basic interest in science" (seven 

teachers) and "career opportunitie s " (seven teachers ) available 
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to someone with high school science. On the basis of the reasons 

cited most frequently, it may be expected that school science as 

a vehicle to science related caree rs should feature strongly in 

teachers stated perceptions of s c ience. This dimension may be 

reflected in their perceptions of possible improvements to the 

present curriculum. 

In this context the extent to which teachers would propose 

fundamental changes given a chanc e or merely changes of detail 

within the same basic philosophy as the Official Curriculum 

becomes crucial. It may be expected that if teachers are 

fundamentally dissatisfied with the science they are expected to 

teach, they would propose sweeping changes to the way which 

science is presented by the Offi c ial Curriculum. 

The initial perception of scienc e as pupils may be changed by 

experience as time goes on. However it is important for two 

reasons. Firstly, this initial perception may have helped in 

originally determining decisions by the science teachers to 

pursue studies in science as po i nted out above. Secondly, the 

teachers' original perceptions o f science were at least partly 

determined by the received curriculum while they were still 

pupils, we realise that such perceptions may not only offer 

pointers to this received curricul um but may help in regenerating 

it. 
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4.1.2:TEACHER PERCEPTIONS OF POSSIBLE IMPROVEMENT TO THE SCIENCE 

CURRICULUM 

Table 2 shows the changes that were proposed by the teachers 

interviewed. 

TABLE 2 

PERCEIVED POSSIBLE IMPROVEMENT NUMBER OF TEACHERS 

(1 ) background knowledge f or 4 
tertiary education 

(2) Improvement to the logical 5 
sequence of topics presented 

(3)Shifting to lower levels and 3 
l or exclusion of non-examinable 
sections 

(4 ) Syllabus for a practical, 3 
concrete everyday approac h to 
science. 

(5 ) Better preparation for work 4 
in industry 

(6 ) Treatment of topics 1 
relevant to the South Afric an 
context 

&p (7) Basically satisfied wi th 2 
the syllabus. Problems seen as 
emanating entirely from paucity 
of resources 

Teachers suggested changes i n the following areas of the science 

curriculum : -

(a ) Changes should b e i n t roduced to g ive more background 

knowledge for further s tudies in science. (four 

teachers ) (Tertiary studies in s cience and t e chnology ) 
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(b) Changes to the sequence and arrangement of the subject 

mat ter. There are, in the words of one teacher "gaps in the 

logical sequence of the science presented". The concern was with 

the concept development of the subject as well as getting and 

maintaining pupil interest. (Five teachers) 

(c) Some teachers argued for the shifting to lower levels within 

the school and/or exclusion of non-examinable sections in the 

standard 9 syllabus. The concern in this case was with getting 

better results in the standard 10 examination, particularly in 

the context of Black schools always doing badly in this 

examination (3 teachers) The standard 10 examination was based 

on the standard 9 and 10 syllabi. All the work in the standard 

10 syllabus was examinable. The teachers hoped to be able to 

spend more time on examinable sections of the work if non

examinable sections were shifted from the standard 9 syllabus, 

thus enabling the pupils to get better results. 

(d) Syllabus . seen as abstract . Argument for emphasis on concrete 

items from the everyday life experience of pupils. This was seen 

as facilitating understanding of scientific concepts by pupils 

and hence developing their interest in science. (3 teachers) 

(e) Arguments for the treatment of topics with an industrial 

application including the active participation of industry in 

education. In this case schooling was seen as preparation for 

the world of work. (4 teachers) 
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(f) An argument for a treatment of topics relevant to the South 

African context was made. In this context the topic on 

radioactivity was deemed irrelevant by one teacher. (The 

irrelevance of radioactivity is debatable. It is not a good 

example of lIirrelevant topics ll
, given the existence of radiation 

therapy in hospitals, Koeberg nuclear power station and so on. 

However this issue was not raised with the teacher for fear of 

seeming to impose a view) 

(g) Two teachers had no complaint about the content ,sequence 

and logic in the present curriculum but seemed to view problems 

ln teaching and learning as emanating entirely from the paucity 

of resources. 

The above discussion is about modifications to the official 

curriculum that were suggested by the teachers. However it should 

be pointed out that some teachers suggested modifications that 

addressed more than one concern. (see table 2 above) It is 

noteworthy that thirteen teachers favoured having modifications 

to the present Official Curriculum. The teachers proposed changes 

to the sequence and method of presentation and inclusion of more 

items; in order to accommodate top i cs done at tertiary level or 

those having an industrial application. However they did not 

explicitly favour exclusion of othe r items (except for the non

examinable topics mentioned in (c) ) to make space in the school 

time-table for the extra items suggested . One teacher justified 

this anomaly by arguing that more work can be done in the same 

amount of time if the work is presented more systematically via 
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an improved syllabus. He fu r the r a r gued that efficient time 

management on the part of the teache r s would also help. In this 

context another teacher hint e d a t a bel ief that departments for 

other races have teaching strategies and mate rials which are not 

available to departments for Blacks. He s e emed to think that this 

would enable teachers and pup ils to cope wi t h extra work in the 

time available. His exact wor ds we r e "I cannot say what can be 

e x cluded; I n e ed exposure t o materials in o the r (White, Indian and 

Coloured) departments." 

The reluc tance of teac hers to s uggest exc lus ion of some topics 

may be interpre ted as a concern with possibly lowe ring standards 

by e x cluding too much, when compared with other departments. In 

this context one teacher e xpl icitly ment ioned the need to 

maintain a common "core s y llabus " . (Whe n this study was conducted 

all departments had a c ommon c ore syl labus. Schools in different 

regions could select options that sui t e d t hem. However there is 

an aware ness (f requently exp licitly exp r essed) among KwaZulu 

teachers that schools in de partments such as the Natal Education 

Departme nt are in a better position to se l e ct more options 

b e cause o f access t o superior resource s a nd suitably qualified 

teachers. ) Such a c oncern wi th "standa r ds" aro se particularly 

with the i ntroduc t i on o f Bantu Education (in 19 53) in which 

Verwoerd explic itly state d that "Natives" should n o t be given the 

same type of education as "Europeans" (Kall a way, 1 98 6) 

A p o ssib l e con cern t ha t teacher s may have is wi th t he exten t to 

which s c ience is presente d in a cul tur a l l y b i ased way . In table 
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3 an attempt to analyse teachers' responses in this regard is 

made. 

TABLE 3 

VIEWS ABOUT SCIENCE PRACTISED IN BLACK CULTURES NUMBER OF 
UNINFLUENCED BY WESTERN CIVILIZATION TEACHERS 

"Science", of some description existed before 7 
western civilization. (A lot of this is mostly 
speculative and hesitant) 

Not sure if science existed, would have to 1 
investigate 

No articulated position 7 

The table above reflects views of Black teachers interviewed 

about the existence of "science" of whatever description in Black 

cultures. Those who did have views on this matter were somewhat 

hesitant and lacked conviction. This may be a reflection of an 

argument raised in chapter 2 (25) that only modern (western) 

science is regarded as "knowledge". Other ways of thinking are 

dismissed as having no value even in their own context, being 

regarded as superseded by science. A possibility is that the 

teachers did not have any pool of knowledge, facts or standard 

arguments to draw on as all these are presented in the official 

curriculum as being on the side of science. 

Teachers have suggested changes to the logic and sequence of 

topics presently in the official curriculum, as well as adding 

some topics; to make the curriculum more suitable for further 

study, as well as work in industry . These are all changes of 

detail which do not get to the roots of nature of science and 

science education as presented explicitly or implicitly in the 
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offic ial curriculum . The received notions of scientific method, 

objectivity and progress ment i oned i n chapter two, are not made 

problematic but merely embr aced. Given that there was one 

interview session per teac he r it i s possible that failure to 

suggest fundamental changes t o the pre sent curriculum may have 

resulted partly from the fact that t e achers did not have 

sufficient time to reflect on thi s i ssue. A more detailed study 

of fewer teachers may have rev e a led more in this regard . Howeve r 

what this study does show i s that f un dame ntal issues, such as 

questioning the notion of t h e s cientif i c me t hod and scientific 

progress were not foremost i n the t h i nking of the teachers. This 

may be related to t he kind o f e ducation that t eache rs themselves 

got as pupils. 

As Penny Enslin (1 984, 139 -14 0) puts it 

The Christian National Edu c a tion Policy ... as a 

whole ... ,including the s e c tion s s pec ifically devoted 

to black education needs to be unde rstood as a 

state ment o f those aspects of t he dominant ide ology 

whi c h find expre ssion i n the a ppara tus o f Bantu 

Education. 

Further i n her articl e , Enslin, (op c i t) argues that Fundamental 

Pedagogics has replaced C N E a s t he t heore t i c al rat i onale for 

educat ion . Most Bl ack t eac hers pres ently i n t he f i eld have bee n 

e xposed e ither t o Bant u Educat i on (implemented from 1 953 onwards 

and dire ctly influenced by C N E), or later developments and 
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modifications of Bantu Education (as found in the so called 

"Department of Education and Training"), which have been 

influenced by fundamental pedagog ics. (This accounts for just 

about all teachers trained in this country , who were below the 

age of fifty in 19 92 when this s t udy wa s conducted). Aside from 

the influences of Bantu Education or l ater modifications at high 

school level, most teacher s in t he s c hools visited got their 

training at colleges of education whic h use syllabi which have 

been laid down by the Depar tment Of Education and Training (A 

mere change in name without cha nging the basic philosophy of 

Bantu Education. It seems t hat after 19 76 the word "Bantu" was 

deemed to be impolite to the "Bantu" when used in an English or 

Afrikaans context and thus dropp ed f rom official documents. 

Actually the word "Bantu" i n thi s context is a c orruption of the 

words "abantu" in Nguni languages or "b atho" in So tho languages 

which mean "people" irrespec tive of colour o r creed. However the 

words "abantu" or "batho" are s eldom used in this all inclusive 

sense, even in African langua g e s , owing to South African 

preoccupation with race) . In thi s context Enslin (op cit, 145) 

argues that: 

Stude nts o f educat i on a re provided by means of the 

syllabuses, prescribed reading s, a nd examinations in 

Fundamental Pedagogics with t he i deology which suits 

the roles which they wil l have to fu l f il as teachers , 

bur eaucrats and prof ess i onal ideologists. 

Teacher acceptance of the no t i ons of " s c ientific obj ecti vity" and 
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"scientific progress" is hardly surprising in this context. 

Ideally perceptions of science should influence teaching practice 

and vice versa in a dialectical praxis. Such a praxis is only 

possible if teachers "reflect on their own practice" (Geddis, 

1988), instead of merely passively transmitting knowledge. Do 

teachers reflect on their own practice? The analysis of stated 

views about the nature of scientific thinking as well as their 

classroom practices should throw some light in this regard. The 

assumption made in this study is that teachers' perceptions of 

science are revealed in both what they say about it as well as 

their lessons. A synthesis of stated perceptions of science as 

well as classroom observations should yield some interesting 

answers. 
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4.1.3: A SYNTHESIS OF STATED PERCEPTIONS AND CLASSROOM 

OBSERVATIONS 

The teachers' stated perceptions are given in table 4 below 

TABLE 4 

STATED PERCEPTION NUMBER OF TEACHERS 

(1 ) Can be tested, is 6 
objective or can be proven 

(2 ) Practical knowledge, 6 
leading to drawing 
conclusions, applicable to 
daily lives,needs you to 
explore existing objects 

(3 ) Must not be far fetched 1 

(4 ) Rules behind the working 1 
of things 

(5 ) No articulated position 1 

(a) Science represents knowledge that "can be tested" "is 

objective" or "can be proven". (s ix of teachers) 

(b) Closely allied to this firs t c riterion; science is 

"practical knowledge" , leading to "drawing c onc lusions" which are 

"applicable to daily lives" and "needs you t o explore existing 

obj ects" as well as a mean s of developing technology. (six 

teachers ) 
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(c) One teacher a r gued that, i n order to be regarded as 

scientific, knowledge IImust not b e far fetched 11. This teacher 

went on to explain that IIIf e xpe r iment is done it makes people 

understand clearer. 11 This response may be taken as allied to the 

second one in which science is s een as IIpractical knowledge ll 

(d) One teacher saw it as IIrules behind working of thingsll 

(e) One teacher did not have an arti culated position about the 

nature of science. 

The teachers seem to adopt a mechanist i c outlook on science in 

which the human element does no t feature . Such an outlook may be 

informed by an empirical-analyt ical notion (Habermas, 1972, 

Schubert, 1986) of education in general and scientific knowledge 

in particular. According to Habermas (op cit 308) 

The approach of the e mpirical - analy tic sc i ences 

incorporates a technical cognitive i nterest; that of 

the historical-her mene u t ic sc i e nces incorporates a 

practical one; and t he approa c h of the critically 

oriented sciences inc orpor ates the emancipatory 

c ogni t ive interest . . . . . . 

Hence the role played by the s ocial construction of knowledge 

resul ting in a specif ic s o c ial i dentity or human face for science 

is not apparent. (Duschl , R A 1988) The r ole played by 

imagination and special i nter est s in advanc i ng sc i entific 
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knowledge is also not apparent. (Hodson D, 1988; Geddis A N 

,1988; Stinner A, 1989). It has been assumed earlier (8) that 

teachers' perceptions of science are r eflected in what they say 

about it as well as what they do i n c lass. Getting further 

insight into teachers' perceptions of science therefore entails 

investigating their classroom prac t i c e s. 

Classroom practices 

TABLE 5 

teac Classroom Observation 
her 

A Practical demonstration o f reaction rates.Lesson a 
tremendous success.Command of subject excellent 

B Kelvin temp scale. No logical connection shown by 
teacher. It turned out that he did not understand what 
triple point of water meant . 

C No lesson observed 

D Pupil activity encouraged 

E Lecture and notes. No equipment (destroyed ln fire 2 
years previously) Mechanical s o lving of problems 
rather than understanding was emphasized. 

F review of question paper . problems done by plugging 
in values into formulae. t e a c he r r eadily admitted not 
understanding s ome o f the p hy s ic s involve d. 

G solving problems o n e l e c trochemistry , done on board 
with some pupil input. Teacher lacked ins i ght into 
salt -bridge processes 

H Lecture method used i n l e sson on chemical reaction 
rates.pupils apparent l y d i d not understand what was 
going on. they could not a n swer a ny of the questions 
put to them by researche r 

I General rev ision l e sson using p ast paper s no 
spec i fic issues r aise d 

J Pract i cal demonstrat ion of s o lubi lity and 
prec ipitation, i nade quate allowance f o r pupil 
observation before a nswer volunteered by t eacher 
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K Lecture and note taking c oupled with question and 
answer in standard 10 orga nic chem similar method in 
9.No demonstration of stat ed views about science 

L pupil activity in problem- solving was observed.No 
issues generated 

M No class visit conducted but a memorandum of a test 
had an illogical answe r which the teacher was not 
prepared to debate with t he r esearcher because it 
was "right" 

N An examination paper give n to t he pupils with the 
official memorandum being discussed afterwards. No 
specific issues raised 

p Video lesson on force boar ds and pulleys accompanied 
by worksheets. Teacher would stop the video 
occasionally to ask pupil s questions. 

A quest i on was raised ear lier about the e x tent to which teachers 

reflect on their teaching p r actice resulting in a dialectical 

praxis. Besides the limi t ations arising from a narrow 

philosophical outlook, most t eache rs are further limited by an 

inadequate qualifi cation whi le some a re further limited by 

insufficient experience in the t each i ng of phy sical science. In 

addition there is a limitation imposed by inadequate resources. 

In four cases the teachers' c l ass room practices could be readily 

related to their stated views abou t t h e nature of science. For 

exampl e on e teac he r conducted a prac t ical demonstration of 

c hemical rea c t ion rates. Pupils were actively i nvolved 

throughout. This t e ache r demonstrat ed a good command o f the 

subject matter. It may b e noteworthy that h e had three years 

experience and a BSc , B Ed . Although possibly limited ~ 

philosophically , this teacher was not limited in his command of 

the subj ec t matt e r. However give n the teache r' s outlook as well 
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as the official curriculum, h is pract ice was likely to produce 

"scientists" who operate almost entirely in the empirical-

analytical mode. 

In another case a teacher who s tated that he saw science as 

"knowledge through practical obser vat ion and drawing conclusion" , 

was on the whole satisfied with t he p r esent curriculum. In class 

he conducted a video lesson which i nvolved a model lesson on 

force boards and pulleys prepared by the Department of Education 

and Training. He had har d l y a nything t o add, but merely 

implemented a curriculum packag e . Pupils were then given a 

"worksheet" consisting of problems based on the video. This 

teacher who had a B A, B Ed a nd 12 years experience i had a 

reasonable amount of experie nce, but was not qualified as a 

science teacher. He seemed not to have a sufficient command of 

the subject matter to run "his own l e ssons" but relied heavily 

on ready-made curriculum packages. (consisting of videos, 

worksheets, and prepared lesson units with definitions, questions 

and answers.) 

In another three cases it was no t possible to relate the 

teachers' stated views a bout s c i e nce and their classroom 

practic es . In all three cases this o c curred because the teachers 

did not demonstrate an ade quat e unde rstanding of the subject 

matter themselves. Although t wo of these teachers had more than 

five years experience, none of them had degree courses in any 

Physical Science (One example is tha t o f a teacher who attempted 

to teach the concept o f t he Kelv i n temper atu r e s c ale . It turned 
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out that he, himself did not understand the concept of the triple 

point of water which is central in deriving the Kelvin scale from 

the Celsius scale. The logical link between the Celsius scale and 

the Kelvin scale could therefore no t be shown. This particular 

teacher had said that science refe rs to knowledge that you can 

prove. ) 

In six cases it was not possible t o directly compare and contrast 

the teachers' classroom practices and their stated perception of 

science. For example teachers may be supervising revision lessons 

using exam papers and memoranda (this study was conducted in 

August and September when teachers were beginning to drill pupils 

for examinations), or giving n o tes. Lessons given by an 

individual teacher vary from day to day and in some cases the 

perceptions of science represente d by a given lesson are not 

readily perceptible. Nonetheless , even in this case teachers 

perceptions of science are r evea l ed in what they do or fail to 

do in their lessons. For example, merely" implementing a revision 

lesson using memoranda from past papers, wi thout giving a certain 

perspective in places, gives the impression of viewing science 

as a body of "objective knowledge to be transmitted. The nature 

of the lesson may be such that the teachers perception of science 

lS not explicitly revealed by t he lesson on its own. Clearly it 

would be significant if a teacher kep t using curriculum materials 

which s/he did not prepare , which also do not represent his/her 

perception of science. If thi s is found to be the case,it would 

show that teachers are not free t o tea c h as they think. However 
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an analy sis of the significanc e of a vari ety of teaching methods 

would require a cas e study. The purpo s e of this study is to 

analyze perceptions of science as revealed by what teachers say 

and what they do in class i n a broad sense i assuming that 

perceptions of science are reve a led by these two factors 

combined. The purpose of t h i s i s to d emonstrate the extent to 

which the Official Curriculum r epresen ts teachers' interests. 

What this attempt to relate sta t e d perceptions to teaching 

practice does show is that it is one t hing to view science as 

"practical knowledge",that i s "objectiv e" or "can be proven" ,it 

is anothe r to demonstrat e t hese v i e ws in practice. A good 

understanding of the subject matter i s required for this. 

4.2 ANALYSIS OF THE OFFICIAL CURRICULUM 

In chapter 2 the received not ion o f a "scientific method" was 

questioned and made problematic . Further an a r gument was made 

about the ahistori c al nature o f accounts of previous scientific 

achievements. It was argued that a combi nation of these two gives 

a dogmatic picture ln whic h s cience is presented as being 

c haracterised by "inexorable progress" (Pearson 1892, cited in 

Stinner, 1989, 5 ) . Further, t he qu e s tion of how the Official 

Curriculum portray s scie n ce was posed. Th i s e ntail s two quest i ons 

about the official curriculum. Firstly , does the off i cial 

curriculum present an ahisto r ical account of previous scientific 

achievements ? An analysis o f t wo of the most popular prescribed 

books, one of which was in the KwaZulu Depar tment of Education 

school supply should give some pointers . Secondly does the 
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Official Curriculum encourage r ef lection about the nature of 

science on the part of teachers? (This question was posed in a 

different form in chapter 2 ) . Answer i ng this question entails 

analysing the aims, objectives and main points made in official 

syllabus documents in standard 8, 9 and 10. 

4.2.1 ANALYSIS OF SYLLABUS DOCUMENTS. 

The syllabi for standard 8 - 1 0 Phy s i cal Science, as amended for 

KwaZulu (implemented in 1986-88, s e e Appendix 1) at the time this 

study was conducted, had broad a ims with the following key

words: "subject knowledge", "ski l ls, techniques and methods of 

science", "scientifi c a t titudes", "scientific 

explanation", "scientific language and terminology","application 

of science in industry and in everyday life" 

There is neither an explicit definit i on nor a c lear statement on 

the nature and struc ture of sc ient i f i c thinking. Stated as they 

are the aims of the syllabus g ive no indication of the 

limitations of "science", however it i s defined . On the other 

hand there is a reference t o "scien t ific attitudes, .... such as 

critical thinking" and "scientific expla nation of phenomena"; as 

if this means the same thing to everyone. I t c an b e argued that 

such omissions entail a hidden curriculum of "scientific 

objectivity" , "scientific p rogress" a nd so on . 

Feyerabend (1990 , 1988 , 1974) argue s that in the twentieth 
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century, science has displaced (Christian) religion from its 

former position of authority in We stern thinking. It is possible 

to get a feel for this argument by imagining a missionary setting 

out from Europe to Africa, t wo c entur ies ago. Among his broad 

aims, this missionary may want t o " teac h the pagan natives some 

Christian attributes". (Words like "pagan native" are no longer 

used in polite conversation and wr i t i ng, but were used as a 

matter of course less than f ifty years ago. For example ,the 

author still has a copy of h i s original birth certificate ;with 

the categories: "Christian names" and "He athen names") . These aims 

may include: "knowledge of t he Bi ble" (contrast with "subject 

knowledge") ,"Christian attitudes" (contrast with "scientific 

attitudes"), "a Christian expl anation of revealed truths" 

(contrast with "a scient i fic explanation of phenomena" ), 

"Christian language and terminology " (contrast with "scientific 

language and terminology" ), "Christianity in everyday life" 

(contrast with" application o f sc ien ce . . . in everyday life") . Now, 

whatever attitude taken towards Christ i anity, it is not possible 

to miss the ideological slant o f t he hypothetical missionary's 

position. Is "science" as presented by the Official Curriculum 

deemed t o be ideological in a ny sense ? 

If there is an ideological slant i n the way science is portrayed, 

is it possible or necessary to el i minate it in seeking to achieve 

a democratic curriculum? I s ,i t not s uf ficient merely to become 

aware of i t? Roberts (1 982 ) s eems t o giv e an answer to these 

questions in his article on "Deve loping the c oncept of Curriculum 

Emphases in Science Educat ion ". He coined the phrase "curriculum 
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emphases" in explaining "al ternati ve views about why students 

should learn science". According to Roberts 

A curriculum emphasis , ... is a coherent set of 
messages about science .. that ... can be communicated 
both explicitly and implicitly. (op cit 245) 

Roberts proposes seven different curriculum emphases which he 

claims to be "exhaustive in terms of what has been tried" by 

1982, if not "exhaustive in t e rms of what is theoretically 

possible in science education". The "curriculum emphases 

"developed by Roberts are useful in analysing the views about 

science and science teaching expre ssed by the Official Curriculum 

as reflected in syllabus documents. They are also useful in 

analysing teachers' perceptions of science and exposing the 

concerns expressed. It has b e en a rgued above (63) that teachers 

seem to merely embrace the notions of scientific progress and 

scientific objectivity. It has also been argued that the aims of 

the standard 8-10 syllabus give no indication of the limitations 

of "science" and hence entai l a hidden curriculum of "scientific 

objectivity", and "scientific progress" 

A consideration of the curri c ulum emphases developed by Roberts 

(1982) is then made in order to develop this argument. The first 

one is the following:-

The everyday coping emphasis: 
science is an important means for understanding and 
controlling one's environment be-it natural or 
technological (246) 

A statement of aims from the Of f ic i a l Curriculum that reflects 
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this emphasis reads t hus: 

To introdu ce pupils to the applications of science in 
industry a nd i n everyday life . (refer to syl labus 
document in appendix 1) 

In their arguments the teachers a lso make a reference to the 

importance of s cience in industry and everyday life as stated 

above . They also argued that the curriculum may be improved by 

mak i ng it more relevant to the demands of industry . 

The "Structure of Science" Emphasis : 
. .. this .. is a set of messages about how science 
f unctions intellectually i n its own growth a nd 
developmen t .. .. (such as) . . the interpl ay o f evid e n ce 
and theory , the adequacy of a particular model for 
explaining phenomena, the changing and self-correcting 
nature of scientific knowledge, the influence o f an 
investigator's "conceptual principles" (page 247) 

It is noteworthy that teachers do not mention "the changing and 

self-correcting nature of scientific knowledge, the inf l uence of 

an investigator ' s "conceptual principles" ( ibid) i n the i r 

responses. They merely referred to "testable hypothes i s, 

knowledge that you can prove , look ... how and why . .. can be 

tes t ed" (66-?) . 

None of the broad a i ms of the syllabus refer to the struct ure 

of science per se, although r e ference is made to "critical 

thi nking" (whatever that means ) It therefore seems that 

teachers' views about the nature and structure of scientific 

thinking are neither explic i t l y supported nor contradicted by the 

Official Curri culum as reflecte d i n syllabus documents . This 
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omission, may well also entail a h idde n curriculum of scientific 

objectivity referred to above (7 3) 

The "Science, Technology and Decisions" Emphasis: 
· .this one concentrates on the limits of science in 
coping with practical (the p re s e nt author's emphasis) 
affairs. (page 247) 

(The second emphasis above is introduced to draw attention to the 

fact that "science" may be seen as having limited usefulness in 

both theoretical and practical affairs.) In outlining this 

emphasis, Robe r ts goes on to a rgue t hat "a prac tical problem" 

wants a "defensible decis ion " wher e as "a sc i entific problem" 

eventuates "warranted knowl e dge " (24 7 ) Roberts (op cit) uses 

this emphasis in arguing that personal and political decisions 

are value laden. For example deci s i ons for o r against nuclear 

power stations, genetic engineering and so on are not based 

purely on scientific risk anal ys is (i f there is such a thing) but 

on the political influence and p ower that opponents and 

proponents have . The Official Curriculum does not show this 

dimension in its aims, nor do t e a c hers argue for its inclusion 

in a n e w curriculum. 

The Scientific skills development emphasis: 
· .. materials which embody this curriculum emphasis 
· .. are directed towards develop i ng fundamental skills 
required in s c ientific a ctivities . .. The goal is not an 
a c cumulation of knowledge a bou t any particular domain 
· .. but competence in t he u s e of processes that are 
basic to all science (Gagne 1 966 in Roberts ibid 
247) . 

The Official Curriculum makes mention of the argument: 
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to develop in pupils the nece ssary skills ,techniques 
and methods of science , such as the handling of 
certain apparatus the techni que of measuring,etc (see 
paragraph 1.1.2 of syllabus i n the appendix 1) 

There was only one specific refere nces to skills in the teachers 

responses. This was " .. observation skills" .There were indirect 

references in responses such as 11 (pup i ls doing science) .. must 

be able to wire houses .. . ", "must study with an aim of 

application ", " thinking l ogical l y "and so on. On the whole the 

skills dimension is a concern tha t teachers also raise. Most of 

them do not refer specifically t o "skills" possibly because they 

did not have sufficient time to r eflect on the questions put to 

them. 

The "Correct Explanations" Emphasis: 
... some ideas are accept ed by the scientific 
community, while others are not .... the substance of 
this curriculum emphasis i s a set of messages about 
the authority of a group o f experts to determine the 
correctness of ideas (247-2 48) 

The Official Curriculum makes a reference to "scientific 

explanation". The hidden message here seems to be that if there 

are competing explanations for a given phenomenon, particularly 

a practical one, the explanation give n by "scientific experts 11 

should be accepted. The t eachers do not make an explicit 

reference to this emphasis. It has b een argued earlier that there 

1S a scientific hegemony in Western think ing which has replaced 

a (Christian) religious he g emony. Even implicit references to 

"scienti f ic explanations" a s oppo s e d to o ther kinds of 

11 explanations" were hard t o detect in t he t eachers ' responses . 
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On the whole teachers seemed to be mainly concerned with the 

practical benefits of doing science; and did not explicitly 

address this ideological dimension. The "Correct Explanations 

Emphasis" may be contrasted with the next one discussed by 

Roberts (op cit 248) ,that is: 

The "Self as Explainer" Emphasis 
The messages constituting this emphasis deal with the 
character of science as a cultural institution and 
expression of one of man's many capabilities .... To 
animate the history of science is to examine the 
growth and change in scientific ideas as a function of 
human purpose, and of the intellectual and cultural 
preoccupations of the particular settings in which the 
ideas were developed and refined ..... The student thus 
gets the message that the humanity of science is his 
own humanity. The individual's idiosyncratic set of 
explanations for events he has decided to explain is 
seen as consistent and reasonable,given his purposes 
and preoccupations-the same construction as this 
emphasis puts on the explanations developed by 
scientists of an earlier time 

This emphasis seems to be referring a perceived need to show the 

"human face" of science. It has been argued earlier that the 

Official Curriculum entails a Hidden Curriculum of scientific 

progress and scientific objectivity. Duschl, (1988) levels more 

or less the same kind of accusation against K-12 science programs 

(in the United States) in an article entitled "Abandoning the 

Scientistic Legacy of Science Education" in Science Education 

when he says that " .... The prevailing view of the nature of 

science in our classrooms reflects an authoritarian view; a view 

in which scientific knowledge is presented as absolute truth and 

a final form" (op cit 51). This shows that the same concern can 

be raised about some foreign curricula. On the other hand the 

teachers did not present an argument for the need to show the 
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human side of science. 

The IISolid Foundation ll Emphasis: 
... science instruction should be organised to 
facilitate the student's understanding of future 
science instruction .... One manifestation of thinking 
about curriculum this way is the practice of 
recommendation by university science teachers about 
the nature and substance of adequate secondary school 
science instruction. (Roberts op cit 249) 

The Official Curriculum does not explicitly refer to "future 

science instruction". However it can be argued that this' is 

implied in the statement (on paragraph 1.1.1 of the standard 8 -10 

syllabus document) "to provide pupils with the necessary subject 

knowledge .... " On the other hand four teachers explicitly argued 

for improvements to the Official Curriculum to make it more 

compatible with further studies. 

A consideration of Roberts "Curriculum Emphases" seems to confirm 

the argument raised earlier that there is a Hidden Curriculum of 

scientific progress and scientific objectivity entailed in the 

Official Curriculum which seems to be embraced by the teachers, 

although more by default than by explicit endorsement . This 

becomes apparent if the "Science Technology and Decisions 

Emphasis" as well as the "Self as Explainer Emphasis" referred 

to above are considered. It has been argued that these emphases 

appear neither in teachers stated perceptions nor in the Official 

Curriculum. 

It is also worth noting that when teachers teach their main 
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source of information is prescribed books. An analysis of the 

official curriculum would be incomplete without an analysis of 

some of the prescribed textbooks. This is so because although 

syllabus documents stipulate what should be taught, the content 

that is actually taught comes almost entirely from prescribed 

textbooks in most cases. Al though the prescribed books have 

slightly different "curriculum emphases" (Roberts, 1982 op cit) , 

they all seem to subscribe to the notion of a "single correct 

scientific method". 

4.2.2 ANALYSIS OF PRESCRIBED TEXTBOOKS 

A good place to start may be wi th a section that traces the 

evolution of the concept of the atom i n Brink and Jones' (1987) 

Physical Science 9, and Broster and James' (1987) Successful 

Science 9. It needs to be noted at the outset that both these 

books are written according to the prescriptions of the syllabi, 

and hence do not necessarily r eflec t the views of their authors. 

In Brink and Jones as well as Broster and James this section 

tells of Dalton's atomic model (1 80 3), Thomson's model (1897) 

which superseded the model by Dalton, Rutherford's (1911) model 

which superseded that of Thomson and finally, Bohr's (1913) model 

which superseded Rutherford's. (Bohr did not have the last word 

on the nature of the atom, but thi s was outside the scope of the 

syllabus in 1992 and was thus no t discussed ln the books, 

possibly giving the impression that Bohr did have the last word 

about this matter to those who do not study science further. In 
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any case subsequent models may wel l be too complicated for those 

who do not intend to pursue science beyond high school level). 

The impression given is that the atomic model improved gradually 

because of the application of "the scientific method". For 

example Dalton is presented as having proposed a model to explain 

certain experimental observations. This model was subjected to 

further tests by other scientists. It was successful for some 

time but, eventually, it failed; leading to it's being replaced 

by the more sophisticated Thomson model. Thomson's model was in 

turn subjected to further tests and so on. 

The books say nothing about whether there were other 

explanations, not necessarily involving atoms, for the 

experimental observations made by Dalton (in 1803), which are 

presented as having led him to invoke the concept of an atom; an 

idea that was conceived in ancient Greece but mysteriously 

remained dormant for centuries. Another impression given is that 

Dal ton's model was easily refuted through application of the 

"scientific method", in the form o f further experiments. 

Apparently, Dal ton's model had no defenders, but was merely 

accepted by dis i nterested investigators. Apparently all 

experimental evidence pointed logically and unambiguously ln the 

direction of Thomson' s mode l . Apparently Thomson used logic 

rather than imagination in arriving at his model. The same 

argument goes for the way in which Thomson' s model was eventually 

refuted and so on. 

This ahistorical "historical account" of the development of the 



83 

concept of the atom could have been omitted without any loss to 

the pupils' education in general and the science taught to the 

pupils in particular. It is not possible for anyone reading this 

account to get an accurate understanding of the beliefs held by 

scientists in the past, as well as the interests served by their 

scientific investigations. Instead of realities about how ideas 

develop, in the context of oppos i ng ideas, which are informed by 

certain beliefs and rationalizations; the reader is fed a "fairy

tale" about the efficacy of "the s c ientific method" and how its 

dedicated application leads t o "inexorable scientific 

progress". ("inexorable scientific progress" is implied in 

"inexorable progress" mentioned by Pearson, 1892 ln Stinner, 

1989). Such tacitly understood "fairy- tales" in popular thinking 

about science may have led to a r i s e in the status of science up 

to the situation that exists prese n t l y when, in Feyerabend' s view 

(1983, 1988, 1990) science has displ aced Christian religion from 

it's former position of authority in Western thinking. 

RELATING TEACHERS I IDEAS AND PRACTICES TO THE OFFICIAL CURRICULUM 

This study investigated the reasons given by teachers for doing 

science, which should offer pointe rs t o their initial perceptions 

of science, when they were still pupils. A comparatively large 

number (seven) saw science as a v e hi c le for science related 

careers and studies. An atte mpt was t hen made to investigate 

improvements that teachers would s uggest to the present 

curriculum with this fact in mind. The teac hers were largely 

concerned with making the c u rriculum more suitable for further 
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studies as well as the world o f wor k. The issue of a possibility 

of an ideological slant in the cu r r i c u lum was not addressed by 

the teachers in this contex t. In the i r statements about the 

nature of science, which the y saw as "practical knowledge" that 

"can be tested", "proven" o r is "objec tive", (66) the teachers 

seemed to subscribe uncritically , by default at least, to the 

notions of "scientific progress " , "scientific method" and 

"scientific objectivity". The f act that "progress" is a value 

judgement entailing several poss i b le views, the existence of the 

"scientific method" is controve r sial, and "scientific 

obj ecti vi ty" is contingent to t he e x istence of the scientific 

method were not considered by the t eachers. In three cases (68) 

the teachers classroom pract i ces bel i e d their statements about 

the nature of science; owing to the ir lack of understanding of 

the subj ect matter. The syllabu s documents do not encourage 

reflection about the nature of s c i e nce but give the impression 

that there is one "scientific method t o be followed. 
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CHAPTER 5 

it was pointed out that 11 teachers frequently 

complain that the science syllabi, books and work programmes, 

(the "Official Curriculum",) are not adequately designed to meet 

the educational needs of Black children. 11 (2) In view of this it 

was expected that teachers may have objections to certain 

fundamental assumptions about the nature of science and science 

education entailed in the official curriculum. The expectation 

was that teachers objections would reflect dissatisfaction with 

ideological-political as well as cultural viewpoint of the 

official curriculum 

"In their statements about the nature o f science" (84) teachers 

"seemed to subscribe uncritical ly, both by commission and 

omission to received views about 11 scientific progress 11 , 

11 scientific method" and 11 scientific obj ecti vityll (ibid). They 

tended to see science as a "vehicle for science related careers 

and studies ". Further support for this view comes from their 

suggestions for improvements (op cit, 83) in which they "were 

largely concerned with making the curriculum more suitable for 

further studies as well as the world of work". 

A question raised in chapter 1 (3) is whether the presentation 

of s c ience in the official curriculum is c ongruent with teachers' 

perceptions of science. In particular an expectation was that 
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teachers may object to the philosophical and cultural dimension 

of the official curriculum, and hence raise problems about the 

notions of scientific objectivity and scientific progress as well 

as show an awareness of the fact t hat these qualities attributed 

to science are premised on spec i fic value systems. It has been 

argued, in chapter 4 (73), that t he o ffi c ial curriculum entails 

a hidden curriculum of "scie nt if ic progress, scientific 

objectivity" and so on. It s e ems t hat the teachers involved in 

this study do not have any objections t o the nature of science 

and science education as pre sented i n the official curriculum, 

in fact, they endorse it. 

The presentation of science in the official curriculum therefore 

seems congruent with teache r s' perceptions of science in this 

regard. This finding may be e xpected as a natural consequence of 

the fact that the official curric ulum tends to reproduce people 

with the same views as found i n it. It therefore seems that 

teachers complaints which were i dent ified in chapter 1 (2) were 

restricted to specific aspect s of the o ffi cial curri culum rather 

than the overarching philosop h i c a l v i e w entailed in the official 

curriculum. 

The aspects of logic and s e quencing of t opic s, raised by some 

teachers, may be important f rom a didactic po i nt o f view, but do 

not address epistemological i ssues which may have a bearing on 

whether it is emancipatory or t e nds to r e produce the present 

social structure as natur al and true. 
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Issues relating to the impact of s c ience and technology on 

society and the importance of t hese in t he curriculum are not 

raised by the teachers in t he ir s uggest i ons for improvement to 

the prese nt curriculum. For examp l e, 

as acid r a i n, the g r eenhouse e f fect, 

o zone layer, which are a d irect 

e nvironmental i ssues such 

a nd the depletion of the 

result o f industries and 

industrial products, are no t raised. Issues suc h as the proximity 

of p o lluting industries to r e s i dential areas and the disposal of 

toxic and radioactive waste are also not r aise d. Scientific and 

technol ogical deve l opment is p resented as value neutral by 

omission both in teachers perceptions o f s c i e nce and in the 

official curriculum. 

Inclus ion o f examples relevan t to the everyday life of pupils may 

also addre ss the didac t i c po i n t of view a nd t hus possibly satisfy 

the teac hers, without ne c e s s arily c hal lenging the tone or 

epistemological assumptions of the official curr i c ulum. 

Involveme nt of the priv ate s ec tor in c urriculum development and 

the inclusion of t opics which have a re l eva nce t o indust r ial 

pprocesse s, c e r tainly doe s he lp in increasing the employment 

prospects o f schoo l leavers, but does not ne cessarily address 

fundame n t a l issue s e ithe r . Indus tries may wa n t bet t er qual i fied 

wo rkers , i n order to b e more pro f itable, bu t may not necessarily 

want p e ople with an awarenes s o f t he poss ible harmful effects of 

their p r odu c t s . Such i ssue s need to be dealt wi t h by p e ople who 

do not have an i n te r e s t ln the profitability of spe c if ic 

indust r i es. 
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5.2 RECOMMENDATIONS 

5.2.1 RECOMMENDATIONS FOR CURRICULUM DEVELOPMENT 

Efforts at curriculum development should go hand in hand with 

efforts to unearth ideological assumptions which tend to 

reproduce certain forms of inequality and hence defeat attempts 

to democratise the curriculum. An example is the possibility that 

a scientific hegemony has replaced a (Christian) religious 

hegemony in Western thinking; a view expressed by Feyerabend and 

alluded to in chapter 4. (Although Feyerabend did not use the 

word "hegemony", which is favoured by professed neo-Marxists such 

as Apple). This possibility was raised in a context when it was 

pointed out that achieving democracy in education may entail an 

awareness of the present "hegemony". 

Hence, it can be argued that ostensibly scientific educational 

practices which have been suggested as remedies to Apartheid 

education by government appointed bodies may also involve the 

same type of oppression (albeit more covert) as the Apartheid 

education they are supposed to replace . Reforms like these have 

been labelled as "technicist" (Buckl and 1984) . Such" technicist" 

reforms were suggested as alternatives to Apartheid Education 

which drew its philosophical base partly from the Christian 

National Education movement of 1948. (Kallaway 1984) 

Buckland (1984, 371-372) cites a definition proposed by Manfred 

Stanley (1977), that technicism is manifest in "the illegitimate 
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extension of scientific and technological reasoning to the point 

of imperial dominance over all other interpretations of human 

nature 11. In supporting this statement, Buckland also argues 

that: 

The important thing is not that the technological mode 
of rationality is 11 wrong 11 in itself, but simply that 
its application to social and educational issues to 
the exclusion of all other modes of knowing means that 
it tends to act as a set of lenses which focus only on 
certain issues and avoid others. (372) 

A question can then be raised as to whether present initiatives 

by the government go far enough in addressing fundamental issues 

in education or merely operate in this technicist mode. This is 

in addition to a consideration of whether such initiatives do In 

fact address the concerns of teachers' and other stakeholders. 

In this regard a good starting point is the CUM SA (Curriculum 

Model for Education in South Africa) document published in 1991 

by the Department of National Education and presently (1993) used 

as a discussion document in curriculum reforms by the various 

established education departments. Some guidelines from this 

document are that: 

The development of a curriculum should take place in 
such a way that it is eventually the product of a 
general process of participation in which its 
consumers, especially, have been included. A structure 
of broad guidelines, within which such a process could 
successfully take place, should be established by 
consensus (my emphasis) (1 ) 

Given that deciding what should be l earned involves questions of 
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value as well as "fact" , achieving consensus seems problematic. 

If "consumers" refers to all stake holders, is consensus possible 

or desirable anyway? Making a dec i s i on about the desirability of 

this "consensus" is one proble m; it s p ossibility is another. A 

suggestion in this document i s t hen c o nsidere d: 

..... the emphasis in the revisio n should, inter alia 
fall on rationalising (my emp has i s ) the curriculum and 
making it r elevant (4) 

How is the curriculum "rational ised" ? Is it rationalised to 

achieve consensus or does rat ional ising o c cur after consensus has 

been achie ved? The following state me nt may be considered: 

The first step taken in the de v e lopment of a model for 
a r e v i sed b r oad cur r i cul um was a scientific 
investigation (my emphasis ) conduc ted by the South 
African Council for Educat ion (SACE) in order to 
identify sound guidel i nes f or t h e development of a 
broad curriculum for pre- tertiar y educat i on. (4) 

A possible synthesis o f these stat ements i s that the curriculum 

c an be "rationalised" i f adequate deference i s made to "a 

scientific investigation ll conduc t ed by the South Afri can Council 

for Education". "Conse nsus" can t hen be achieved in thi s way. 

Should deference be made to this "scien tific i nve stigation" ? Who 

appointed t his "South African Council for Educ ation" anyway? 

Whos e int erests doe s i t serve? Hopefully t h e se rhetorical 

ques t i o n s s how t ha t g e nuine consensus may n o t b e possibl e 

p articul arly g i ven t hi s country ' s h i story of Apart heid and other 

oppressiv e ideo logi es as well as d iverse politica l a nd cultural 
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groups. 

Is consensus desirable anyway? Advocates of "Marxist conflict 

theories" seem to think that consensus is neither possible nor 

desirable. The arguments given seem to show that free consensus 

is not possible because different people in different communities 

do not think alike. Hence consensus in all educational matters 

can only be achieved if certain values and ways of thinking are 

ignored or suppressed. Consider the following statements by Apple 

(1979, cited in Buckland 1984, 373 ) 

... the advocacy of consensu s and the negation of 
intellectual and valuative conflict ... tends to lead to 
a shift in focus from moral and ethical questions 
towards a focus on questions o f efficiency and control 

Apple made this statement while analysing educational problems 

in America. This argument serves t o reinforce the point made 

earlier that curriculum issues involve value judgements. An 

attempt to be scientific about curriculum thus results in a 

neglect of subjective moral and ethical questions and a focus on 

objective questions of efficiency. The fact that Apple makes this 

remark in the American context, ser ves as further evidence that 

the scientific hegemony referred to above is a worldwide 

phenomenon . Apple (1990) also argues that depicting science as 

involving consensus involves a mi s understanding of scientific 

method as it is presently understood. To back up his argument, 

Apple cites Kuhn (1962). In a book entitled "The Structure of 

Scientific Revolutions", Kuhn argues that doing science sometimes 
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involves disagreements and even c omplete breaks with tradition. 

What is worth noting is that Apple locates his argument within 

a scientific paradigm. In other words he probably would not 

reject the notion implied in the CUMSA document, that curriculum 

design and development shoul d be scientific; but merely argue 

that initiatives like this one do not represent proper science. 

This is abundantly clear in his attack on what he terms as 

"Systems management and the ideology of control" (op cit 105). 

Further, Apple (1990, 1) says " . . ne o-Marxist argumentation seems 

to offer the most cogent frame work for organising one's thinking 

and action about education" . He does not directly claim to be a 

neo-Marxist but admits having neo -Marxist sympathies. It is 

possible to raise issues about the exte nt to which Marxism is 

useful as a critique in this count r y, given that it was developed 

to address the problems of Western i ndustrialised countries . 

Young (1978) alludes to these i s sues in considering Marxist 

analysis as a tool for critique. He expresses Marxist concerns 

in this regard thus: 

Much of this social criticism , and the alternatives 
implicit in it, has been base d on a new absolutism, 
that of science and r eason. Today it is the 
commonsense conceptions of "the scientific" and "the 
rational", together with variou s social ,political and 
educational beliefs that are assumed to follow from 
these that represent the dominant legitimizing 
categories. (op cit, 3) 

Young rightly points out "the dogmas o f rationality and science 
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become open to enquiry". (op cit , 3) Young seems to endorse the 

notion of the existence of a scientific hegemony. Marxists and 

neo-Marxists would probably agree with Young in principle at 

least. The extent to which they do in fact question "the dogmas 

of rationality and science" (ibid ) in practice as opposed to "bad 

science" is another matter. 

It is clear from the arguments above that Marxist analysis is 

useful in exposing ostensibly scientific alternatives to 

Apartheid Education. This analysis seeks to liberate people from 

oppressive, taken for granted cate g ories by exposing these as 

ideological inventions which serv e the interests of the ruling 

classes. For this reason this analysis seems to be a powerful 

tool for exposing injustices in Western "advanced" industrial 

countries. It is clear for example that when Apple speaks of 

"hegemony" he is referring to specif i c c apitalist va l ues t hat are 

taken as natural, true and not ope n to criticism. However he is 

certainly not referring to the entire stock of Western cultural 

values and scientific rationality . 

In this regard, Marxist analysis seems to fall short as a tool 

in former colonies which make up what is presently called "the 

third world". As Ngubane (1 99 1) po i nts out Marxists (in their 

pre-occupation with capital ) tend to depict oppression and 

injustice entirely in economi c terms . Marxi sts either ignore 

naked racism and Western cultur al hegemony or re-interpret these 

in capitalist-class terms i n their "analy ses o f injustices". For 

example in the "Right to lear n" (1 985 , 22 ) it is stated that: 
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Class theorists argue that South Africa is basically 
a capitalist society. Race may appear to be the main 
reason for social inequality, but this is only the way 
things seem.In fact class conflict is the basic 
conflict in a capitalist society like South Africa. 

As we have seen conflict thinkers are concerned with 
fundamental values of society. They are often known 
as "radicals", .. . 

Admittedly this may not be the best "argument" for seeing South 

Africa as a capitalist country. Nonetheless it may be pointed out 

that the opening statement "South Africa is basically a 

capitalist country" warrants an argument for the sake of those 

who do not think so. Instead of an argument the opening statement 

is simply repeated in different forms. The "conclusion" is that 

those who are "concerned with fundamentals" see South Africa as 

a capitalist society. This is not an argument but transparent 

Marxist rhetoric. 

A clear recognition of the fact that curriculum development 

involves values rather than "science" has to be made. Involvement 

of stakeholders in curriculum development has to go hand in hand 

with this in mind. There may be a need for curriculum workshops 

with various stakeholders in which issues like the nature of 

science, some aspects of the history of technological and 

scientific development as well as the impact of science and 

technology on society are raised. This is in line with the 

concerns raised by one of the teachers that he needs exposure to 

curriculum materials. However this approach goes further in that 

a recognition of science as a process involving interests of 

various people and societies and interactions between these is 
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involved. 

The analysis of results shows that teachers are concerned with 

getting a curriculum that is more relevant to industry. This is 

understandable given that schools have to produce future workers 

in all industrial societies. In this regard the active 

involvement of industries in schools suggested by some teachers 

may be welcome. The question of preparation of pupils for work 

raised by the teachers seems valid and needs to be addressed. 

This question seems to be alluded to by the CUMSA document (22) 

when referring to: 

the vocational world where the subject content is of 
particular value-therefore also an early form of 
orientation and exploration . 

There is therefore a recognition of teacher's concerns in 

principle. Whether this will translate to a recognition in 

practice is another issue. (In any case the CUMSA document may 

well be declared irrelevant and discarded in toto in the near 

future. ) 

5.2.2 RECOMMENDATIONS FOR IN-SERVICE AND PRE-SERVICE TRAINING 

It was pointed out in the first chapter that there is a shortage 

of qualified and experienced Black t eachers. Given a future non-

racial educational system and the fact that Blacks are in the 

maj ori ty, this translates into a shortage of qualified and 

experienced science teachers in gener al. However the main concern 
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of this study is teacher training and upgrading in the context 

of perceptions of science, with a view towards encouraging a 

process approach to education. More extensive pre - service 

training is necessary in the long term, to make up for this 

shortage . Such pre - service traini ng should preferably focus on 

showing that science is a process that involves certain choices 

and practices which are in turn dete rmined by certain beliefs and 

values. Such courses should address the debates about the nature 

of science as well as the epistemo logical assumptions involved 

in science education. An exposit ion of such debates has been 

attempted in chapter 2 

In the short term recognition has to be given to the needs of 

teachers who are presently in t he field and may need to be 

upgraded through in service traini ng. 

In this context Duschl (1988) argues for different kinds of 

science curricula for those who want to train as scientists and 

those who need science for their general education . The thrust 

of Duschl's argument is that less t han four percent of the pupils 

in America end up with science de grees . The rest merely need 

science for their general education . Duschl argues that: 

. . a principal objective of science education should be 
to broaden the focus of course objectives beyond what 
is known by science and begin to include topics which 
examine how scientific knowl edge and technology 
develop. The need is to have t he scientific enterprise 
and scientific views repre s e n ted accurately by 
recognising the strengths and l i mi tations of each. 
(52) 
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Duschl's argument is that it is well and good for those who go 

on to specialise in science to s t udy what is known by science. 

However those who do not go on to b e come scientists may be better 

served by a course that shows "how sc i entific knowledge and 

technology develops" and hence b e in a better position to 

perceive the social context of sc i e n c e and understand it as 

socially constructed knowledge that serves specific purposes. 

From the analysis of results i t see ms t hat teachers embrace views 

of scientific progress and scie nt i f i c objectivity. As explained 

earlier while this may partly arise becau se teachers did not have 

sufficient time to reflect, it is l i ke l y to be a reflection of 

the kind of curricula that t e a c hers were e xposed to as students 

and are thus reproducing. Cl e arly, if Duschl's recommendations 

were adopted in this country teachers would also have to study 

courses on the social contex t of s cience in order to teach them 

to pupils who may not go on to study science at tertiary level. 

Further such courses would go a long way towards putting science 

in perspective . 

Coupled with the notion of "sc i e nt ific progress" and "scientific 

objectivity" is the notion of a "s c i e ntific attitude". In an 

article entitled "The Scientific attitude and Science Education", 

published in Science Education, Gaul d (1982 , 118) argues that 

"development of the scientific attitude in students should be 

e liminated as one of the ma j o r g oals of s cience education". The 

main thrust of his argument i s tha t the notion o f a " scientific 

attitude" is premised on a bel i ef in the existence of " the 
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scientific method" which all successful scientists follow. Gauld 

argues that the notion of "the scientific method" is out of date. 

The present author does not necessa r i ly argue for elimination but 

for qualification and/or justifica t i on if "scientific attitude" 

is mentioned . 

Another issue that needs clarific ation is the extent to which 

schooling is for work in the p resent context or for mere 

intellectual satisfaction . Teacher s have shown a concern about 

making the curriculum more suitabl e fo r work. Further, in this 

context they have suggested c hange s t o the logical rather than 

the ideological structure of the c u r r iculum. The type of courses 

suggested by Duschl should go a long way towards raising 

awareness of this ideological dimension . 

The world is what it is, in the eve r yday sense, not so much 

because of science that is known but because of the principles 

of science that are applied in technology. The cutting edge of 

technology uses principles that have l ong been superseded in the 

cutting edge of science. The space programme, I n its use of 

Newtonian mechanics is a class i c example. Further , the cutting 

edge of computer technology uses basic principles of electricity 

and electronics and does not involve neutrinos and quarks. A lot 

of science done at school such as basic quantum mechanics and 

hybridization of atomic orbitals i s no t applied in industry at 

present. Appeals for science that i s r elevant and based on 

everyday observations by teachers s e em justified on these 
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grounds. Duschl argues that in America less than five percent 

of the general population have degrees in science. (In this 

country this number is probably lower by at least a factor of 

ten) . While there may be a need to reserve certain topics for the 

few people likely to become research scientists I most people 

derive more benefit from topics that are presently being applied 

in industry. They also need to be l iberated from "scientistic 

ideologies" (Duschl op cit) by being enabled to locate science 

in its social context as "socially constructed knowledge" which 

serves specific interests (Habermas 1972). 
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APPENDIX A 

AIMS OF THE SYLLABUS: PHYS I CAL SCIENCE (HIGHER GRADE) 

1. INTRODUCTION 

1.1 AIMS 

A few general or broad a i ms of physic al science teaching are 

the following: 

1 . 1.1 to provide pupils with the necessa ry subject knowledge and 

comprehension, i. e knowledg e of t he subject as scie nce and 

as technolo gy ; 

1.1.2 t o develop in the pupil s t he necessary skills, techniques 

and methods of science , s uch a s handling of certain 

apparatus, the techni que s of measuring, e t c .; 

1.1.3 to develop in pupils t he desirabl e scientific attitudes, 

suc h as inte r e st in natural phenomena, desire f o r 

knowledge, critical thinking, etc.; 

1.1. 4 t o int roduce pupils to the scientific exp l anat ion of 

phenomena; 

1.1 . 5 t o introduce pupils t o the use of scientific language and 

terminology ; 
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1.1.6 to introduce pupils to the application of science in 

industry and in everyday life; 

1.1.7 to help pupils to obtain perspective in life, for example 

to develop a reverence for the Creator and an esteem for 

the wonders of the created universe through contact with 

the subject matter. 

It is left to the teacher to specify the objectives of each topic 

and lesson. This implies that spec ific objectives are related to 

specific subject matter, methods and evaluation. 

1.2 REMARKS 

1.2.1 In teaching the syllabus it will be necessary to make use 

of simplifications. The simplification, however, must not 

be such that the pupils are left with serious 

misconceptions. Where conceptual models are used to 

simplify the explanation of certain phenomena (e.g. 

Rutherford's model of the atom) it must be made clear that 

these are models and, as such, are not intended to serve 

as fully acceptable scientific explanations. 

1.2.2 S I units must be used throughout. 

1.2.3 Wherever possible, concepts and principles as set out in 

the syllabus must be demonstrated 
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APPENDIX B 

INTERVIEW SCHEDULE 

The questions in this schedul e fo r m part of my study towards an 

M.Ed degree at the University of Natal.They provide knowledge 

that may be useful in the conte xt o f Curriculum development.There 

are no 11 correct answers 11 to any of these questions i only opinions 

and views and nothing more than that (although we are usually 

to all given the impression that there are correct answers 

questions on educational matters ) . [What usually gets IIbandied 

about 11 as IIcorrect answers 11 a re in reality the views of 

11 experts 11 with certain interests ,political and otherwise.] 

Teachers,especially Black teacher s, have in the past not been 

consulted in matters pertaining to the Curriculum(syllabi work 

programmes and all other teaching aids) .With more and more people 

advocating a IIdemocratic approach to curriculum decision - making 

that may soon change. this intervi ew schedule is to be used among 

Physical Science standard 8-10 teac hers only. In this context 

IIScience ll refers to IIphysical Science ll 

QUALIFICATIONS: 

EXPERIENCE: 

(1) (a) What circumstances led to your specializing in science as 

a pupil at school? 
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(b) What additional factors led to your deciding to be a science 

teacher? 

(2) (a) What skills, attitudes and at tributes do you expect pupils 

to acquire by studying scienc e? 

(b)In what way are the pupi l s go ing t o benefit from these? 

(3 ) (a) What do you understand t o be the nature of scientific 

knowledge? 

(b)Do you think scientific knowl e dge differs at all from other 

forms of knowledge? 

(c) Can you explanation your answer? 

(d) Did Blacks have any scientific knowledge before the advent 

of "Western civilization" in you opinion ? 

(4) What do you think has led t o the v iew that science is a 

difficult subject which can only be a t tempted by "gifted "pupils? 

(5) (a)To what extent do y ou thi n k the present standard 8-10 

Science curriculum enables pupils to develop the skills attitudes 

and attributes which you i d ent ified e arlier? 

(6)In the context of the "New Sou t h Africa" it is probable that 

Blacks are going to be inv olv ed in Cu rriculum Development (that 

is in decisions on what should b e taught at what levels and how 

it should be taught ) in scie nce. 

(a)Do you think it is a good t hing to consult teachers on science 

curriculum development,or would you ra t he r leave the whole thing 
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to experts? 

(c) What reasons can you give for your answer? 

(7)The above questions not-withstanding you may well find 

yourself being consulted in future science curriculum decisions. 

If consulted what changes would you suggest to the science 

syllabi/work programmes in standard 8-l0? 

(8)How, do you think is science related to technology? 

(9)What are the problems militating against successful science 

teaching in your school? 
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