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1: INTRODUCTION

     The importance of science and mathematics education is 

profound, for it is the foundation on which all science and 

technology development rests. These are key areas for the future 

of the country. Mathematics is the gateway, the topic that opens 

up the rest (see Everybody Counts, National research Council 

1989). However the present school mathematics syllabus is failing 

us: it is not inspiring pupils and leading them to take up 

scientific or mathematical careers, rather it is a major factor 

in making them dislike and drop mathematics at an early age, so 

blocking off the possibility of their entering a scientific or 

technical career. 

Consequently I undertook some years ago, in consultation with 

various colleagues and friends, to consider from scratch what the 

best school mathematics syllabus for this country would be like. 

My resulting proposals, comprising Course 1: Mathematics For 

Everyday Life, and Course 2: Mathematical Thought and Practice, 

are summarized in a small blue book (Ellis 1993a). The intention 

is that when implemented by means of compatible learning, 

assessment, and organisational methods, this syllabus (through 

Course 1) would provide the majority of students with usable and 

useful mathematical knowledge and abilities by the time they left 

school, while (through Course 2) leaving open viable pathways of 

further mathematical development for the minority that would go 

on to scientific or technical education. 

I have since given various presentations on this proposal, and 

through the resulting discussions have become aware of a number 

of tendencies hindering the implementation of such a scheme. The 

following discussion considers 3 Themes of concern, encapsulating 

these tendencies, 7 educational programme Guidelines, providing a 

basis for an alternative approach to education in general and 

mathematics education in particular, 4 specific Issues arising in 

effectively implementing these guidelines, and 4 organisational 

Needs to make such a proposal a reality. 

2: THEMES OF CONCERN 

     Here I consider three related Themes that are at the 

foundations of the discussion, for they deal with the aims and 

intentions of the proposed mathematics education programme. 

Theme 1: Utility vs Beauty

The first theme came to my attention when I gave a half-day 

workshop on these proposals to one particular maths education 

project, and at the end of the morning was given the comment, 

"But you're talking utilitarian mathematics!" On asking what 

alternative view those present had in mind, I was told "We want 

to present the beauty of mathematics". 

Now that is a worthwhile intention as something one would like to 

do where possible, but given the present situation in this 

country, is quite unsupportable if it is seen as the only purpose 

of school mathematics. This leads to one of the major themes that 

occurs in education at all levels, but particularly at the higher 

levels: that strand of pride in useless learning, which in both 

teaching and in research identifies a difference not merely of 

kind but of value between `pure' and applied studies, with the 

latter regarded as of lower value.

Now there is nothing wrong with studying higher realms of thought 

that have no immediate use, rather being aimed at a deeper level 

of understanding; indeed this is a valuable activity and should 

be encouraged, both because the most deep-seated transformations 

of society result from the long-term impact of such `pure' 

research, and because such understanding is worthwhile in its own 

right (see for example the spirited defence in G H Hardy's A 

Mathematician's Apology, Hardy 1967). The problem arises when 

uselessness of learning itself becomes the object of pride, so 

that this virtually becomes a goal, with applied research and 

learning characterized as second rate and of lesser worth. This 

is a problem in the majority of developing countries today: Lewin 

(1992, p. 12) notes `the prestige attached to science removed 

from its applications, the denigration of practical subjects 

which involved the design of useful objects.' The consequence is 

the inability of school leavers to perform basic tasks of 

measurement and observation, and to use reasoning skills on-the-

job (Lewin 1992, p.37). 

In a context such as that of South Africa today (see e.g. Ellis 

1994), with the national needs we face and the urgent need to 

make a success of reconstructing the economy of the country, this 

attitude shows a lack both of responsibility and of political 

realism. I would additionally suggest it is also academically 

mistaken. Indeed it is simply not true, as some would have us 

believe, that the `pure' and more fundamental studies (pure 

mathematics, fundamental physics) are more difficult and so in 

some erudite sense more academically worthy than the applied 

ones. They certainly require a high level of ability of 

particular skills of abstract thought, and attain some profound 

insights in that way; but they are also essentially simpler than 

applied studies, because they attain their `purity' precisely by 

omitting most of the complications that occur in serious study of 

real-world problems (see e.g. Hammersley, 1960, for the case of 

mathematics, and Ellis, 1994, regarding environmental issues, 

where economic, sociological, political, and legal aspects 

inevitably intrude). 

Further, I would suggest that true beauty is in fact in the 

conjunction of the two, and the understanding of their relation: 

that is, in determining how pure thought illuminates applied 

studies, and vice versa. Indeed this is one of the most profound 

academic themes of all time, across all subjects: the relation of 

the eternal and the temporal, the universal and the particular:

     "What is it about physics that physicists find aesthetically 

     satisfying? Is it not in part the universal validity, 

     internal consistency, and wide application of a few general 

     principles - in effect the discovery that there is reason in 

     nature amenable to discovery and explanation or prediction 

     and verification" (Silverman 1995, p 498; see also Reif 

     1995, p. 29). 

The deepest fascination, I suggest, is to be found in the study 

of how unchanging patterns of behaviour underlie the everchanging 

detailed specifics of history and everyday life - the same broad 

patterns occur in many natural phenomena; mathematical equations 

describe the motion of the planets, the evolution of stars, the 

growth of populations; abstract thought can lead to understanding 

of the physical universe. Pursuing this requires studying both 

the abstract and the particular in their own right, for only then 

can one understand their relation; study of either by itself, in 

isolation from the other, is surely incomplete and unsatisfying 

in the long term. 

That comment applies in general; it can be proposed as the proper 

long-term goal of most higher education. However in this country 

at this time, whatever loftier levels of understanding we may 

hope to develop in the long term, at present our first priority 

must be to provide our population with usable mathematical 

abilities that can benefit them as individuals and as citizens, 

and will also benefit the economy of the country. We should 

additionally, where we can, inspire and help our pupils to reach 

more abstract themes and understandings; but this aim should not 

be allowed to exclusively shape the whole system, at the expense 

of teaching more useful abilities to those millions who will 

leave school by the end of standard seven, and will then struggle 

to survive in poverty-stricken rural areas or urban squatter 

settlements and slums. We owe it to them to teach them some 

useful and usable mathematics (see the section on Education in 

Let us Now Praise Famous Men by James Agee, for a deeply felt 

exposition of this viewpoint). 

Theme 2: Critical understanding vs creative problem solving

The second theme, related to the first, arises because somewhat 

different educational methods may be appropriate depending on 

whether one is aiming to develop analytical understanding or a 

problem-solving ability. Problem solving requires a strand of 

logical and critical thinking synthesized in the ability to 

assess a situation realistically, but also the creative ability 

to see alternative possible solutions and then to make something 

of them, indeed to make them happen. 

The problem here is a strand of academic thinking that prizes 

critical thinking in its own right, without asking that it lead 

anywhere. It embodies a strand of destructive criticism that goes 

no further, being prized on its own as a supposed proof of 

intellectual ability - the more critical you are, the cleverer 

you are. This stream of thought appears to have as its goal the 

production of perfect critics, who can find fault with anything - 

no matter what proposal you make, they can tell you why it won't 

work; they feel no obligation to help find a solution that will 

succeed. This is part of the reason the word `academic' has for 

many become derogatory - it represents the intellectual critical 

luxury available only to those with no responsibility for trying 

to get things done and actually improve the situation around us. 

Clear analytic thought is certainly one of the strands we need to 

develop in order to have the needed understanding; but we also 

need the constructive ability that leads on to design and 

implementation of viable solutions. Having understood a problem, 

we need to be able to use this understanding to develop a 

resolution, and then to make it actually happen - to be able to 

implement it so we attain its benefits. We particularly need the 

ability to creatively tackle the unexpected and the new. 

It is this strand of creative thought that is the most difficult 

to nurture - the ability to come up with some new insight leading 

to unexpected understandings and novel proposals. Some examples: 

the energy analyst Amory Lovins, inspired by a misprint, came up 

with the idea of the negawatt (see New Scientist, 11 February 

1995, p. 32). The point is that in our present system, energy 

utilities depend for their income on selling power - so it pays 

them to persuade you to be wasteful of energy; the more you 

waste, the more money they make. His idea was that energy 

utilities should be paid for helping customers save energy, for 

example by installing insulation; hence they would be paid for 

negawatts as well as megawatts. This idea is similar to a 

proposal concerning doctors: at present they only get paid when 

you are ill, and the more ill you are the more they get paid. So 

the suggestion is your doctor should only be paid when you are 

well; then your ill-health is no longer to his or her financial 

advantage. A third example comes from a book entitled Penguins or 

People: The case for optimal pollution (Baxter, 1974). It points 

out a solution to the problem of industrial pollution of river 

water by a simple bylaw: ensure that any industry must take in 

water from the river downstream of the point where it discharges 

its effluent. 

These kinds of creative ideas are exciting and transforming. They 

need to be backed up by systematic and logical development, the 

ability to get the details right, for example by systematic 

understanding of implications of decisions, and indeed this a 

major part of scientific and technological practice: `Routine 

problem solving is a much more common activity than fundamental 

reconsideration of basic principles, most of which are taken from 

granted most of the time' (Lewin 1992, p. 35). But the extra need 

is the ability to make this relate to real issues, to make the 

whole relevant to the problem at hand rather than some invented 

problem that does not capture the essence of what actually needs 

to be solved; and then to go on to making it happen. We need 

solutions rather than just criticism; but "Traditional science 

curricula rarely stress sustainable solutions to scientifically 

grounded problems " (Lewin 1995 p 20).

Theme 3: Excellence, academic power, and academic gatekeepers:

No science policy at all is possible without sound educational 

standards being established through schools, technikons, and 

universities. Excellence in the aimed for understanding is non 

negotiable - there is no point in education otherwise (as was 

remarked in a particular Cape Flats debate, if you don't insist 

on educational standards, you should relabel a `People's 

University' as a `Community Centre'). Thus pupil's understanding 

and achievements have to be tested by various modes of assessment 

- exams, tests, essays, projects, and so on, both in order that 

proper feedback may be given to them on their performance, as a 

fundamental part of the educational process, and also to assess 

student's ability to perform various tasks and to undertake 

specific courses (everyone's time is wasted if the pupils do not 

have the requisite level of knowledge to be able to benefit from 

a specific course, for example a mathematics student cannot 

understand a calculus course if they have not understood the 

algebra that underlies it). 

Consequently those who have greater experience and knowledge have 

power in the educational sphere, in that they have understandings 

and knowledge that are valuable and need to be shared; these also 

forming the basis of the educational assessments undertaken. This 

is unavoidable. But there is associated with this a major problem 

that I have become increasingly aware of in the past years. This 

is a strand of superiority and arrogance associated with this 

situation, the implicit claim that because we know more than you 

(in some particular sphere), we are better than you. This takes 

place both as against outsiders (academics are superior to other 

people) and within the educational sphere (our subject is more 

difficult than yours, so we are educationally superior to you). 

By itself this is annoying but not particularly harmful. The real 

problem comes when this kind of perceived academic status is 

defended by some in the educational hierarchy who act as academic 

gatekeepers, where by this I mean that they (consciously or 

unconsciously) use various stratagems to defend their academic 

position against newcomers by restricting recognition of their 

merit, or by limiting access to learning that would enable others 

to attain the same understanding. 

I became particularly conscious of this when by chance one day I 

attended a Standard 7 examiner's meeting, and found they were 

very worried by a particular question, which they felt had gone 

wrong. I asked them what the problem was, and was told, "Most of 

the pupils did very well on this question - they almost all got 

80% !" So what should have been a cause for rejoicing, the fruit 

of a highly successful teaching programme, was rather seen as a 

problem; and clearly next year a more difficult question would be 

set in order to reduce the success rate. Now these were in fact 

very nice and concerned people, but they were operating under the 

expectation that the pupils are not going to do well, and if they 

surprise you by in fact succeeding, then you adjust the goal 

posts to make sure that this does not happen again. By contrast, 

if one tries to introduce a mastery learning approach (discussed 

later), you expect the pupils to do well; and then - without 

abandoning academic standards - you use methods that are based on 

the expectation this can and will happen.

Another manifestation of the same issue occurs at the tertiary 

level. From time to time I ask my colleagues in the social 

science and arts faculties, `What was the highest mark you gave 

your students for an essay in the past five years?' Almost 

invariably, the answer is, between 75% and 80%. Then I ask, `But 

didn't you have any good students during that time?' Usually the 

answer is, Oh yes, we had some very good students, indeed some 

were really excellent. So then why didn't they get 95% to 100%?  

Well, they didn't know everything there is to know about the 

subject. Yes indeed - but they did everything a student at that 

level could have been expected to do! These top students should 

have been given between 95% and 100% - but it is customary to 

mark them down, the purpose of that missing 20% not being to say 

they could have done better, but rather to put across the message 

that their teacher knows more than they do. 

Again, this is not done in a spirit of hostility - it is just an 

established practice, part of the academic scene. There is also a 

(happily restricted) trend, where some teachers actually make the 

subject - particularly maths and physics - difficult by the way 

they present it: sometimes it is given in a logically perfect but 

pedagogically opaque way; sometimes it is presented in muddled 

scraps (If it's clear to me it ought to be clear to you, even if 

I haven't fully explained it to you). This naturally leads to 

discouragement, reinforced by the implicit or explicit message 

that is often given: Maths is hard, you are unlikely to do well 

in it. This successfully helps to keep down the number of 

students taking mathematics courses.

I believe it is essential to be alert to the possibility of such 

gatekeeping taking place, and to resist it wherever it is seen. 

There is no reason we should not give the message, mathematics is 

in the main a straightforwardly logical subject; you will be able 

to understand it if you persevere, and we expect to be able to 

successfully teach you many mathematical skills. Our syllabus, 

teaching, and assessment methods can then largely make this a 

reality. This will be developed in what follows, particularly in 

Section 4; here I will comment on two specific relevant issues. 

Firstly, I have been struck, in looking at various mathematics 

books, that many of the exercises set for the pupils are puzzles 

rather than problems. Here I make the following distinction: by a 

`puzzle', I mean a question where clearly the teacher knows the 

answer when he or she sets the question; so it is an artificial 

hurdle that has been devised, to see if you can jump over it or 

not. The question itself is usually of no interest (for example, 

those numerous questions where the sums and product of two ages 

is given and you are asked to find the ages). The spirit of the 

question is, I know the answer and you don't. By contrast, a 

`problem' is of such a nature that the person who set it would 

not know the answer either, and would also have to work it out. 

It is of the nature of a problem solving exercise that both the 

teacher and the pupil undertake (for example, working out how 

many bricks it would take to build a school classroom, and how 

much that would cost). The spirit of the question is, the answer 

is interesting, let's work it out. Clearly problems are in 

sympathy with the approach I am advocating, puzzles are usually 

not (this is not to say they should never be set, but rather that 

one may broadly prefer problems when they are possible). 

Second, an important issue is whether answering questions depend 

on tricks or systematic skills. In the former case, some flash of 

insight is required to answer the question; if you do not see it, 

you get zero marks. There is no systematic way to attack the 

question. By contrast, in the latter case if you systematically 

start from the beginning and work it out, you will arrive at a 

method of solving the problem, and with some ability and accuracy 

will determine the answer. You can only get zero marks if you 

simply have not bothered to do any work. 

Clearly again the former is largely out of sympathy with the 

approach advocated here; it is these kinds of questions that make 

exams very difficult except for the creative few, and even they 

have no guarantee of success in these questions. It is true that 

creative insights are required in research work from time to 

time, and these questions to some extent test that ability; but 

in true creative work you have considerable time on hand to 

consider the issue from many sides, instead of having to see the 

result at once as in a test. In any case most mathematical work 

is logically straightforward and routine once you have understood 

the concepts, and is much better tested by the latter type of 

question. The suggestion is that most of the assessment should be 

of that type, testing basic mathematical ability and allowing the 

student to build up confidence as they see how straightforward 

logical argumentation and application of understood mathematical 

methods will succeed in arriving at the answer. This again is in 

the spirit advocated in this paper.

The point then is that it is particularly in the subject of 

Euclidean geometry, as usually taught at schools, that trick 

questions occur; indeed, it is in the nature of the subject that 

they should. In my view this subject is not needed for later work 

except in some rather special cases; thus I exclude it from my 

proposed syllabus, rather proposing developing an understanding 

of basic geometric concepts, and then (in the later sections of 

the course) developing basic trigonometry and coordinate 

geometry. I suggest that almost all interesting geometric 

problems can be worked out in a systematic way by using those two 

tools. This viewpoint is not popular with many teachers, but on 

pressing to know why one should teach the usual methods of 

Euclidean geometry, the answer I have usually been given is that 

it is only here that pupils get to understand the concept of a 

mathematical proof. In my view, one could more usefully provide 

this concept (for advanced students) as part of the development 

of the ideas of algebra and calculus. 

3: EDUCATIONAL PROGRAMME GUIDELINES

     We want now to counter the negative themes just identified, 

and (following the advice given above) replace them with their 

positive counterparts, remembering that in learning, motivation 

is at all times the essence: ``For learning to occur, the 

individual must want to learn" (Handy 1976). We need to impart 

some concepts and facts, and a variety of skills at different 

levels; see Rutherford and Ahlgren (1990, pp. 175-187), 

Mathematics from 5 to 16 (Department of Education and Science 

1992, pp. 2-7, 11-14, 17-24), and Grayson (1995) for a 

characterization of the various kinds of skills to be developed. 

As a basis for the proposed syllabus, one needs to adopt some 

standpoint congruent with the ideas above. The following 

guidelines are taken from Knowles (1990), quoting from Lindeman, 

thus they come from the world of adult education. It is my 

hypothesis that they apply virtually unchanged also to children. 

I believe they are in sympathy with the viewpoints expressed by 

the other speakers at this meeting and in much of the science 

education literature, see for example McDermott (1991). 

Guideline 1. 
     People are motivated to learn as they experience needs and 

     interests that learning will satisfy; therefore, these are 

     the appropriate starting points for organizing learning 

     activities.

The learner has to see the relation of the teaching and learning 

tasks to his own needs and interests; thus one should aim to 

start by focusing on specific issues of direct interest and 

importance to the learner, then proceeding to the general 

principles and ideas underlying them. The programme offered 

should be clearly relevant and useful in developing the required 

skills and understandings.

This depends strongly on the content of what is offered, that is 

the syllabus of the programme. Its relevance is clear if it 

specifically focuses on the skills, knowledge, and integrative 

abilities appropriate to the task and its needs. However there is 

also a place for educational projects not directly related to the 

immediate tasks, for example, because it is understood by the 

students as well as the teachers that they extend mental 

flexibility (and so the ability to face new problems as the 

environment changes, demanding creative and imaginative 

responses), give a broader understanding of the nature of reality 

(and so a wider basis for theorizing and problem-solving, for 

example they can help understand social issues, see Skovsmose 

1993), or in other ways not directly related to immediate needs, 

lay a good foundation for future activity. [There will also be a 

time for play and fun enjoyed simply in their own right; but I am 

concerned here with that part of education that enlightens].

Guideline 2. 

     People's orientation is life-centered; therefore, the 

     appropriate units for organizing learning are life 

     situations, not subjects.

As ideas are introduced they should be related to their 

applications, and once they are grasped they should be applied 

and integrated as far as possible into practice. This ensures the 

relation of the education to reality is made clear. Education 

given in an isolated context does not take: it must be related to 

where it will be used: 

     ``For formal learning to work as a method of development, 

     the programme must be closely related to the individual's 

     world - in time and in content. He must learn the content in 

     the context of his own world and apply it as soon as 

     possible" (Handy 1976, p.266). 

Thus `Application' of knowledge, in the sense of practicing what 

is learnt and testing its implications for other subjects and 

aspects of life, deepens and reinforces one's understanding.

Guideline 3. 

     Experience is the richest resource for learning; therefore 

     the core methodology of education is the analysis of 

     experience.

One should aim to develop understanding from existing concepts 

and experiences, through a process of abstraction and 

generalisation, leading to new experiences and experiments 

testing and confirming new theories and understandings. The first 

part has already been emphasized in Guideline 1 above. The 

further emphasis is on the utility of projects and practical work 

that test what the learner knows and challenge them to develop 

their own understanding; and on starting where they are. 

     "New information should always be presented in a  context 

     that is familiar to the reader and the context should be 

     established first... it is reasonably easy to learn 

     something that matches or extends an existing mental model; 

     it is hard to learn something we do not almost already know" 

     (Redish 1994, p 799). 

Guideline 4. 

     People have a deep need to be self-directing; therefore, the 

     role of the teacher is to engage in a process of mutual 

     enquiry with them rather than to transmit his or her 

     knowledge to them and evaluate their conformity to it.

The ideal aim is a process of mutual enquiry that draws ideas out 

of the students, starting from their own experience, and results 

in a synthesis into an understanding. There are two parts to 

this: the individual process, and the group or interactive 

process. As far as the individual is concerned, 

     * the process aimed at is basically self-discovery and 

     internalization, particularly through creative projects, 

     leading to independence of enquiry and understanding, but 

     backed up by a solid grasp of our best knowledge of the 

     nature of reality and the way things work

(see e.g. Osborne and Freyberg 1991, Driver 1991). This is not 

always possible; teaching is required too. However in all cases, 

the challenge is firstly, to provide learning experiences that 

make the understanding real, not something memorized; and then to 

provide a way of systematizing what has been learnt - drawing out 

the more general ideas and concepts from it. `Mental models must 

be built. People learn better by doing than by watching something 

being done' (Redish 994, p. 799). Where material which cannot 

easily be based on self-discovery has to be presented to the 

learner, some sort of conceptual grappling is needed, a kind of 

struggle to find sense in things heard, seen, and experienced, 

leading to discovery of their real nature and relation to other 

things (see Lewin 1992, p. 46). This then needs to be put into a 

broad framework of understanding. The overall point is that 

useful learning cannot be imposed: it is an activity by the 

individual. 

Secondly, as far as the group process is concerned, 

     * the learners will be more committed to the learning 

     process if they have a degree of control or influence over 

     it. This can be a great help in motivation. This means that 

     as far as is possible, while remaining true to the chosen 

     educational goals, one should negotiate the content and 

     teaching method of a teaching programme with the learners, 

     giving them some responsibility for its nature and content.

This emphasizes the nature of the educational process as a mutual 

project. However in some cases this will be difficult to put into 

practice. Nevertheless the philosophy is, We provide the 

opportunity for you to learn; but the responsibility of learning 

is yours. Our job is to create a good learning environment and 

support system, rather than to teach. The approach is summarized 

by Silverman (1995, p. 496):

      "Self directed learning is a general approach to education 

     which attempts to remove (or at least minimize) the element 

     of coercion in instruction, and correspondingly give 

     students wide latitude over what they choose to learn. It is 

     based on an educational framework in which (i) curiosity-

     driven inquiry is recognized as an essential ingredient of 

     both science an science teaching, (ii) the principle role of 

     the instructor is to provide incentive by helping raise 

     questions that the students find personally meaningful, 

     (iii) mistakes are considered a natural part of learning and 

     should not be penalized, (iv) the laboratory is seen as a 

     place for minimally restrictive free exploration, (v) 

     research skills are developed through out of class projects 

     that involve literature search, experiment, and analytical 

     modelling of real world phenomena, and (vi) articulate 

     communication, both written and oral is encouraged" 

(Remark (ii) is perhaps a bit over-stated: she also presents 

basic concepts and provides important facts). This means in 

particular that we try to provide opportunities for 

experimentation and learning where mistakes made are not 

penalized or used as an opportunity for demonstrating the 

teacher's superiority. 

Guideline 5. 

     There are individual differences among people and their 

     prior experience; therefore education must make optimal 

     provision for differences in style and pace of learning. 

The overall educational programme should be able to provide basic 

skills and an understanding of basic principles; and then 

facilitate development of the various skills and understandings 

systematically to higher levels, eventually leading to the 

ability to tackle a topic seriously and in depth, providing 

mastery of whatever technical tools are necessary. In doing so, 

it will normally need to be able to cope with a variety of people 

with a variety of abilities, skills, and past experiences. This 

means that the educational programme needs to be designed with a 

flexibility of learning and teaching method in mind, so as to 

make optimal provision for differences in style, pace, and 

context of learning. 

     "People have different styles of learning ... many variables 

     in human behaviour have a large natural linewidth. The large 

     standard deviation obtained in many educational experiments 

     is not experimental error, it is part of the measured 

     result!" (Redish 1994, p. 801). 

Consequently there is no unique answer to the question, what is 

the best way to teach a particular subject? (Redish 1994, 802).   

In particular this means taking trouble to, as far as possible,

     * Offer a variety of methods of teaching and learning, 

meeting needs for different degrees of learning ability and 

different paces of learning, suiting the style of teaching and 

learning to the state of development of the individual;

     * Set incremental goals, each achievable in a reasonable 

time from the individual's state of training, with reinforcement 

of attainment of those goals through recognition of achievement 

at the different stages, and allowing the individual to slot into 

this set of graded goals where he or she fits best;

     * Provide opportunities for both peer tutoring and group 

work where cooperation is emphasized, and individual learning and 

projects where (implicitly or explicitly) there is competition to 

be the best. 

    This thus envisions the aim of creating a learning community, 

a collaborative environment encouraging and supporting learning 

and thought (Pastoll 1992; K A Smith 1989, Johnson et al 1992). 

This is in line with Lewin's analysis of post-Fordist production 

as implying the use of cooperative styles of problem diagnosis 

and work organisation (Lewin 1995, p. 18). 

Guideline 6:

     There should be quality checks and feedback in both 

     directions, providing guidance both to the learners and to 

     the teachers and tutors.

A serious educational programme should provide for quality checks 

and feedback in both directions. 

     * There should be by periodic assessment (through 

observation, tests, exams, competitions, and so on) of the 

progress of the learners, and feedback to them on their 

performances. Here is where one does indeed exercise academic 

prerogative - the fruits of greater experience and knowledge - 

but not in an undermining way. The feedback is to be expressed in 

a constructive way enabling growth, not a destructive or 

demeaning way. A critical issue is the nature of the assessment 

used; it should be compatible with the education style advocated. 

     * There should also be evaluation of the teaching and 

tutorial methods offered, and feedback to the lecturers and 

tutors on their success or otherwise. 

Guideline 7. 

     Part of the programme should provide training in learning, 

     and encourage thinking about thinking.

A serious education programme should aim to develop awareness of 

the self as a learner, and of the process of learning. The 

programme should include some training in learning, which should 

include thinking about the learning process and some thinking 

about thinking, see Teaching Children to Think, Fisher (1990), 

and Thinking in Education, Lipman (1992). This has a theoretical 

and a practical side. The theoretical side involves 

     * considering the nature of thinking and reasoning, and the 

role of mental models as representations of reality: particularly 

the variety of such models (e.g. the distinction between 

quantitative and qualitative models), their nature, utility, and 

limits, and the role of language as a representation of reality;

     * considering the learning process, how to consciously apply 

it, and the possibility of training for learning, for example 

through devising one's own questions and exercises to test and 

develop understanding. 

The practical side involves

     * considering the ways things go wrong in thinking, and how 

to make allowance and correct for this;

     * taking into account practicalities, such as timetabling 

learning activities to allow concentration on a subject for 

substantial periods of time, but then allowing periods for 

relaxation and reflection; and keeping track of what parts of the 

syllabus are well under control and what need further attention, 

given the overall time available for the learning process.

4: SCHOOL MATHEMATICS

     The themes and guidelines outlined above are particularly 

relevant in the case of school mathematics:

     "Children are not interested in maths for its own sake any 

     more than they are interested in taxidermy for its own sake. 

     They are interested in what relates to human purposes and 

     principally in what relates to their own concerns" 

(Fisher 1990, p. 214). The first point that needs to be made is 

that our present school mathematics syllabus is not constructed 

along these suggested lines. Some excellent teachers are 

introducing methods of teaching and assessment that aim to work 

on these general principles, but time and again are prevented 

from doing so to any great extent by the syllabus, and 

particularly by the nature of the examinations the students have 

to pass (`The class were really excited by what we were doing, 

but I had to stop so that they could prepare for exams'). These 

examinations are therefore a hindrance to true education; they 

tend to prevent the creative exploration that will lead to deeper 

understanding.

The second point is that it should nevertheless be possible to 

construct a mathematics syllabus, together with associated 

learning processes and assessment methods, based on the proposed 

guidelines. This contention is supported by the British document 

Mathematics from 5 to 16 (Department of Education and Science 

1992), which puts forward proposals that involve, 

  A: learning certain mathematical facts (mathematical terms, 

notation, conventions, and results), 

  B: developing mathematical skills (basic operations, sensible 

use of a calculator, practical skills in mathematics, ability to 

communicate mathematics, use of a microcomputer where practical), 

  C: developing related conceptual structures (basic concepts, 

arelationships between concepts, selecting appropriate data, using 

mathematics in context, interpreting results), 

  D: developing general strategies (the ability to estimate, the 

ability to approximate, trial and error methods, simplifying 

difficult tasks, looking for pattern, reasoning, making and 

testing hypotheses, proving and disproving hypotheses), 

  E: developing related personal qualities (good work habits, a 

positive attitude to mathematics). 

A proposal that develops the same broad themes in the South 

African context, attempting to incorporate the Guidelines above, 

is presented in the document mentioned earlier (Ellis 1993a). The 

proposed syllabus features the following mathematical topics:

   A: Quantification and Measurement

   B: Mathematical Tools: Practical Skills

   C: Mathematical Models of Reality and their Use

   D: Geometrical Properties and Spatial Patterns

   E: Abstract Patterns of Behaviour and Symbolic Representation

These are arranged in two courses which attempt to develop the 

various features mentioned above, initially related to everyday 

life in a useful and usable way, and building from there to more 

abstract skills and principles (particularly in the second 

course): namely,

   Course 1: Mathematics For Everyday Life,

   Course 2: Mathematical thought and Practice.

The courses would have a considerable component of project work, 

often of a practical nature: ranging from investigating pupil 

heights and ages, time and distance to school, mapping the local 

area, and so on, to planning construction of a school building, 

planning a water supply, or investigating regional energy 

options; and including more abstract topics such as investigating 

geometric patterns, algorithms, transformations, chaos, fuzzy 

logic, and so on, as options for the more gifted pupils. There 

are numerous resources available that would help develop such 

courses in detail (see e.g. Nickels and Livingstone 1985, Farrow 

and Llewellyn 1987, Bolt and Hobbs 1989, Bolt 1991, Rowland). 

5: ISSUES ARISING:

There is no point in repeating here in detail the syllabus 

proposals, for they are given in Ellis (1993a). Rather I will 

select for comment four significant issues that arise in 

developing the proposed mathematics courses and in their 

successful implementation. 

Issue 1: General to specific vs specific to general.

     There are two major approaches to the subject material: the 

first aims to start from general principles, only later 

specializing, while the second aims to start from specific 

problems, then generalizing to the underlying principles of wider 

applicability (see Lewin 1992, p. 44). 

    There will be times when the best way to unify and understand 

a subject is by laying down a series of abstract principles, and 

then deducing many applications from them (e.g. as in some 

branches of philosophy, mathematics, and physics). However I 

would suggest this is usually a bad starting place for learning; 

rather it is a good way to unify and tie up a subject, attaining 

a deeper understanding of its nature, once its basic ideas and 

principles are already well understood. This should be done, but 

at that time, not before. For most audiences it is better to base 

teaching in specific problems of concern to them, and then to 

demonstrate the general range of techniques needed to tackle it 

and the underlying processes and structures. Indeed proceeding to 

abstract principles too early is a subtle form of gatekeeping; if 

you do not have at hand sufficient examples to illustrate those 

principles, it will be difficult for you to grasp what specifics 

they are intended to capture, and so in order to pick up anything 

at all you will have to resort to rote learning. 

   Thus I advocate the second approach for most pupils: starting 

with immediate interests, experience, knowledge, abilities, and 

misunderstandings: and building on that foundation, learning from 

the specific to generic principles, which then need to be 

grounded and understood in relation to the specific by showing 

how general principles can be used to illuminate the specific. 

The experience- and project-orientation of the proposed syllabus 

is in accord with this view.

Issue 2: Understanding relation of models and reality.

   Understanding the utility of mathematics is based on 

comprehending the role, utility, and limits of models of reality 

(which are our basic tool in understanding the world, see Redish 

1994, Senge 1990, Senge et al 1994). Often they will be developed 

in some abstract formalism, and this is a key to science: "The 

ability to make connections between the formalism of physics and 

real world phenomena needs to be expressly developed" (McDermott 

1991, 306). In particular the following should be noted: 

* The utility of key models: "Touchstone problems - ones that 

students will come back to again and again in later training - 

are very important .. it is important for students to develop a 

collection of a few critical things they really understand well" 

(Redish 1994, p. 800). The corresponding models (for example a 

bus timetable, the accounts of an organisation, the simple 

pendulum and simple harmonic motion) need to be understood, and 

then students need to know how to deploy them in real-world 

situations in order to help systematize understanding of what is 

happening and use them as a tool in problem solving. 

* The need to be willing to adapt or change models: people become 

attached to their favourite models that work quite well under 

some circumstances, and it is then difficult to change the models 

once well established. However this may be necessary in order to 

obtain a better understanding (in the case of faulty models of 

Newtonian dynamics or of electric current, for example; or if one 

supposes the earth is flat). To succeed, the proposed replacement 

must (i) be understandable, (ii) be plausible, (iii) be seen as 

useful, and (iv) there must be a strong conflict with predictions 

based on the existing model (Redish 1994, p.801). 

 * The need to check the accuracy and validity of models, from 

the simplest to the most complex. Here is where one needs to 

develop the ability to select relevant data, roughly estimate 

quantities or measure more precisely,  and use this data to check 

a proposed model. One can start developing this ability through 

measuring activities, which include asking children first to 

estimate quantities, then to test their estimate, and finally to 

review the margin of error and work out strategies for improving 

the accuracy of prediction and measurement (Fisher 1990, p 214).

* The need for an understanding of the relation between models, 

and choosing which is appropriate at any time. This involves 

interpretation of relevant concepts or principles, knowledge 

description, knowledge organisation (using a suitable 

hierarchical structuring of concepts), and selection of what is 

appropriate for particular problem solving (for example in the 

case of physics, force and momentum equations, see Reif 1995). 

Instruction can focus in turn on each area and assist in getting 

each right, for example emphasizing embedding quantitative 

discussions in a qualitative framework. The organisation of 

presented knowledge can be made more apparent by frequent 

summaries and by charts and diagrams (which are themselves 

higher-order models). 

  * The use of multiple representations for the same situation - 

one can have word-descriptions, diagrams, graphs, word-equations, 

causal diagrams, mathematical equations, spread-sheets (A van 

Heuvelen 1992, Dufresne Leonard and Gerace 1992). These give 

different ways of viewing the same thing, throwing different 

light on a common theme; some are more natural than others in any 

particular situation, but to some extent this depends on one's 

own past experience and abilities. Some people are more adept at 

geometrical thinking and some are better at analysis: this is one 

of the great divides in mathematics, and one should try to 

develop both pictorial and calculational skills, together with an 

understanding of the relation between the two (which is where 

analytic geometry and trigonometry come in). The ability to use 

multiple representation (for example, distance-time graphs, 

velocity-time graphs, acceleration-time graphs, and force 

diagrams) and relate them to each other will facilitate problem-

solving; in particular students can be encouraged to argue 

qualitatively before undertaking a quantitative investigation.

* models to understand specific situations fully will transgress 

subject boundaries. This point can be made by projects that 

tackle real-world problems in an open way. If you are studying 

how best to plan a vegetable garden you will need to consider 

issues to do with biology (how plants grow) but also physical 

geography (supply of water, heat and shade at various times of 

day and different seasons) and economics (effort and cost 

involved). If you are planning a water supply for a village, and 

you do the job properly, you will be involved in issues arising 

from physics, chemistry, biology, medicine, economics, and law to 

name a few. In each case quantitative issues arise that can be 

illuminated by mathematical models. 

Issue 3: Mastery learning.

   Mathematics particularly needs introduction of courses based 

on the broad idea of Mastery Learning, for example Bloom's group-

based, teacher-paced approach to instruction (see T R Guskey, 

1987). Here students learn for the most part cooperatively with 

their class-mates, and the key point is a procedure for feedback 

and correction of errors made, repeating the same work (but 

approached from different viewpoints and contexts) until the 

errors are overcome. The feedback is based on formative testing 

with systematic correction of individual learning difficulties, 

and enrichment activities for those who do well in the test. A 

high level of performance is required of students on each 

formative test - usually between 80% and 90%. Certificates of 

mastery are given to those passing the first time, representing 

tangible evidence of learning success. 

I am not necessarily advocating this particular method, but I am 

supporting the broad approach. The essentials are, 

  1: feedback and correctives that are regular, diagnostic, and 

prescriptive; 

  2: congruence among instructional components (the learning 

objectives, instruction offered, and feedback and correctives), 

for example use of cooperative learning methods and instrumental 

enrichment, with compatible assessment methods;

  3: an expectation that (as in the case of driving instruction) 

almost all the students will eventually succeed in learning the 

requisite skills effectively, and so most will at the end attain 

high marks in the associated tests or other assessments.

This fits in with Lewin's views of how post-Fordist production 

ideas apply to education: which implies continuous improvement, 

the search for incremental improvements in performance until the 

final result is high-quality (Lewin 1995). But it is rare for 

students to repeat study of material with the intention of 

understanding it better, or for experiments to be repeated with 

the intention of improving design. Mastery learning provides such 

a route, and easily allows for differences in ability and 

experience. It is applicable to basic skills and abilities, where 

everyone should be able to do well, including development and use 

of simple algorithms and basic problem-solving. It cannot be 

applied to the imaginative leap of insight, to truly creative 

problem solving. However it can be applied to the major part of 

the envisaged mathematics syllabus. Less material will be 

covered, but it will be understood much better; the resulting 

increase in confidence and success has the potential to defuse 

much of the prevalent fear of mathematics. 

Issue 4: Learning to Learn. 

     The fundamental underlying concept for what is being 

presented here is that of Life-Long Enquiry and Learning. Enquiry 

and research is not limited to scientists and academics: when 

properly perceived, it is a way of life, indeed the only viable 

way of life for each one of us. 

All learning is based on enquiry - trying out what works and what 

does not, and modifying our understanding and behaviour according 

to the results of our observations and experience. This underlies 

management of our personal lives, sporting activities, work, the 

way we run our society; it is central to properly perceived 

organisational theory and practice (Senge 1990, Ellis 1991); and 

above all is central to the way we learn, as a child or an adult. 

As we develop our cognitive abilities we can move from informal 

enquiry methods to more systematic and formal methods of 

research, enabling us to learn quicker and more surely; however 

the basic enquiry process remains the same. Our aim should be 

life-long learning, regarding all our life as a learning project. 

This is basic to how we should structure all our activities. In 

particular it applies to teaching and learning at school. 

Properly construed, training in enquiry is the primary task of 

the teacher at school at all levels (as well as that of lecturers 

at universities and other tertiary institutions). Thus training 

in research should be the central theme of teacher training 

colleges and university educational faculties. Teachers should 

teach their pupils that enquiring activity which underlies 

understanding and true learning; teacher training should educate 

teachers not only in how to do this, but also in how to conduct 

their own teaching activity as a research project: trying various 

teaching and assessment methods, recording the results, analyzing 

what works and what does not, improving teaching and assessment 

methods on the basis of this systematic approach to understanding 

educational methods and possibilities.

The fundamental point is that, at its foundations, a culture of 

learning is a culture of enquiry and research. We should see 

education as a learning/research project from primary school to 

PhD and beyond; in particular including the training of teachers. 

This is central to all education, and specifically in science and 

technology education. The problem is that 

     "the aspect of hard sciences most emphasized is the network 

     of supposedly solidly known and accepted facts and 

     principles. It is this image of science as the "storehouse 

     of knowledge", rather than as a dynamic activity by means of 

     which knowledge is acquired and tested that characterizes 

     nearly all science instruction" (Silverman 1995, p.495). 

This is reinforced in the usual presentation of mathematics, 

where there is a tradition of hiding the way our understandings 

were arrived at. Instead of showing how the conclusions were 

reached, it is customary just to state the result. By contrast, 

using the approach suggested here, we can try to help pupils see 

how mathematical ideas such as integration and differentiation 

can be logically developed; they are the result of a systematic 

approach to quantitative problem-solving which proceeds in fits 

and starts, with false conjectures and dead ends, but given the 

right insight - or a little help in choosing the direction to go 

- in the end arrives at a viable method of estimating areas and 

rates of change. 

This is fully in accord with the ideas of self-directed learning 

and discovery strategies discussed above. In order to understand 

science, one needs to learn to apply the scientific method: 

     "physics is concerned with the ways in which information is 

     sought and tested, knowledge extracted, conclusions drawn 

     and verified. To learn science one must learn at some level, 

     however rudimentary, to analyze, synthesize, and experiment, 

     i.e. to perform activities routinely undertaken by 

     practicing scientists" (Silverman 1995, p. 495).

Hence "Physics should be taught as a process of enquiry, not as 

an inert body of information" (McDermott 1991, 306); and the same 

applies to mathematics. 

As pupils become self-guiding in such enquiry methods, they need 

to build up the ability of self-assessments - an understanding of 

their own ability, of what they can and cannot do. This is a key 

feature. Lewin comments that quality control and self-regulation 

is a critical part of post-Fordist production technology, yet "It 

is a rarity for students to discuss positively the quality of 

their work, or that of their peers, or to have the time and 

opportunity to themselves to reflect critically on their own 

performance" (Lewin 1995, p.18). This reflection should be part 

of the learning process. An essential part of developing this 

ability is learning from error:

     " Self-directed learning recognizes at the outset that 

     errors are part of learning, that mistakes made while 

     learning should not be penalized" (Silverman 1995, p. 499) 

Silverman suggests that instead of using traditional tests and 

exams, one can assess the students in terms of a portfolio of 

their work that they produce at the end of the term, including 

their class notes, written solutions to homework problems, class 

quizzes (correctly reworked if necessary), laboratory notebook, 

and results from a minimum of three self-directed projects 

researched during the course of the term (Silverman 1995, p. 

500). 

This self-assessment should in turn be imbedded in an assessment 

of the subject itself: an idea of what is known, what is useful, 

what is worthwhile (Rutherford and Ahlgren 1990). Thus our own 

knowledge should eventually be contained in a broader sense of 

what is possible and what is known (see Pool 1991 for a list of 

the great ideas of science; as far as I am aware. no one has 

produced a similar list for mathematics). 

This involves a feeling for the limits of science - what is not 

known as well as what is (see Silverman 1995 p 502, Ellis 1993b). 

Similarly pupils could with profit consider the limits as well as 

the strengths of the mathematical method: what understanding does 

it give us? What kinds of problems can usefully be tackled in a 

quantitative manner, for which issues are such methods essential, 

and where are they inappropriate? This reflection helps pupils to 

understand the nature of the mathematical enterprise in its own 

right, and as part of the social structure of society. It is part 

of the broader issue of encouraging reflective thinking about 

thought, action, and society across the curriculum (Fisher 1990, 

Lipman 1992). 

6: ORGANISATIONAL NEEDS

    The Guidelines and Issues discussed above give a possible 

focus for syllabus development and implementation. There are four 

particular organisational areas that deserve special attention if 

this is to become a reality.

Need 1: To get syllabus development on the way NOW!

One can make a case that apart from all the other problems 

besetting our school system, the present school Maths & Sciences 

syllabus - and in particular the associated examination system - 

is a major stumbling block in science and maths education.

Thus an important need is research into best syllabus choice and 

examination methods from pre-primary to secondary school levels. 

As discussed above, this should emphasize building useful skills 

and attaining understanding, rather than simply rote learning. An 

initial suggestion as to how the syllabus might be shaped is in 

Ellis (1993a); there are doubtless other proposals. The point is 

that taking the issue further, and properly evaluating such 

proposals, requires detailed syllabus and materials development 

that can only be done adequately by a team who work on this 

project full time (the part time efforts of teachers or other 

academics cannot be sufficient to do the job properly). 

Consequently development of such a new syllabus should be 

undertaken as a matter of urgency, through a research programme 

in which the ideas are first thoroughly tested in pilot projects 

in chosen schools, based on resource centres serving a cluster of 

schools, and then extended to the wider community. Thus we should 

set up now,         

     A development procedure involving producing text-books and 

     learning materials on a 3-year timescale, based in teams of 

     15 people who interact continually with teachers and 

     researchers in the area but who aim to get a skills- based 

     product out, including sample exams, tests, and projects.

The teams would work in groups of three, with the aim of each 

producing a set of integrated textbooks, examples, projects, and 

exams for three standards over the course of three years (the 

first team would deal successively with sub-A, sub-B, and 

Standard 1; the next with Standards 2, 3, and 4; and so on); and 

three would be support staff. 

This is first the key need in order to make a reality of the 

whole idea; to enable us to use the window of opportunity now 

open. In doing this, development of associated appropriate 

assessment techniques is crucial and should be an integral part 

of the materials development. This assessment should not reward 

rote learning at the expense of understanding, nor be based 

solely on the results of one brief series of exams at the end of 

a child's school year, but rather on a more ongoing assessment of 

their capabilities and progress. 

Need 2: Teacher training and support! 

The second key is training teachers in the syllabus approach and 

content. Hence associated with such a new syllabus has to be a 

change in operation in training colleges, in line with the ideas 

proposed here, together with opportunities for in-service 

training and support. This revised teacher training should 

encourage the practice of educational research as the basis of 

continual improvement of teaching and educational methods. 

Crucial is the development of a teacher support system that 

provides not merely occasional INSET but continual, on-line 

referral and support. This should be part of the process of text-

book development by the teams referred to above, and should 

inform it and be informed by it through consultation, teacher 

participation, and workshops. The kind of further support that 

can be given has been very ably outlined by Hubert Dyasi (this 

meeting).

Need 3: Integration of theme with other areas:

The inclusion of a significant component of project-oriented work 

will inevitably,if properly carried out, transgress conventional 

subject boundaries:

     "Holistic learning involves the integration of diverse 

     threads of knowledge (synthesis) and the recognition of 

     simplifying elements (modelling) in the development of 

     tractable solutions to real-world problems. While it is true 

     that the conceptual structure of science, like physics, is 

     to a large extent hierarchical, ... this does not 

     necessarily require that the teaching of science be 

     partitioned into a linear sequence of nearly mutually 

     exclusive  units of information .. it is generally the case 

     that systems worth investigating involve many threads from 

     the far-reaching fabric of physics. That is what in part 

     makes an interesting science problem interesting .. one of 

     the goals of a physics course following the principles of 

     self-directed learning is to help students recognize the 

     inter-connectedness of the physical world." (Silverman 1995, 

     p. 498). 

Hence there is a need for integrated teaching methods, involving 

for example integrated science/maths projects, maths/geography/ 

history work, and so on, showing how in practice one needs to 

integrate knowledge from many areas as appropriate to tackling 

particular subject areas. This will often require organisational 

adaptation in the school: inter-department cooperation, for 

example, where individual teachers do not have the necessary 

expertise to handle all aspects of a project. This will in itself 

be an excellent outcome in terms of opening barriers to learning. 

Specific Proposal: There is a particular opportunity here that 

could breath fire and life into the school project work, provided 

suitable national organisation arrangements are set in place. The 

point is that important way to contribute to research and also 

teach pupils about science is to devise real research projects 

where pupils can - after some initial training - take part.

A particular example is the S A Bird Atlas project (Harrison 

1988, 1992). This Atlas of SA Birds demonstrates the potential of 

the reservoir of amateur expertise to gather important scientific 

data. Information gathered through the project relates to 

ecology, migration, seasonality, monitoring, biogeography, and 

conservation; apart from its academic interest, its importance 

derives from the fact that birds are a sensitive environmental 

indicator. Similarly, bird ringing, fish tagging, and the Protea 

Atlas projects (Rebelo 1991) help keeping a basic inventory of 

our natural resources. This kind of work can research ecological 

or environmental conditions, for example investigating range 

deterioration (Parker 1974). 

Thus one can use such research programmes as methods of training 

pupils in scientific methods. We are not talking here of projects 

only for the sake of education, but projects that make a real 

contribution to a significant research programme through their 

data gathering, offering an opportunity to participate in such a 

programme to school children. This could provide considerable 

motivation, opportunities for understanding the scientific method 

of precise observation, and a detailed knowledge of some 

particular area of science. It has the potential to be a very 

powerful form of scientific education. 

Such programmes can aim to set up school science projects in a 

coordinated country-wide way. This would involve training for 

both pupils and teachers in the concepts and methods used in that 

particular study, and regular quality checks on the data being 

provided; the data would be rejected if below quality, so 

acceptance of the data would be the first goal to aim for. Each 

school participating would get some kind of apparent benefit from 

so doing, apart from the satisfaction of taking part in real 

research. This would be partly financial (at least some financial 

support being given for the research undertaken), partly 

recognition through having their work acknowledged in regularly 

published reports on the results obtained, and partly scientific 

in terms of being given the reports and summaries as they are 

prepared. There could also be prizes for the best school units 

taking part in such projects. 

An example of such a scheme is a USA nationwide experiment to 

find out which seeds garden birds like best (New Scientist: 23 

October 1993, p.9). This is part of the National Science 

Foundation's informal science education programme. A local 

example is the Schools Water Analysis Project established in 1992 

in the Faculty of Education in Stellenbosch (see On Stream, 

Summer 1994); there are many resources available to help here 

(see Umgeni Water Education 1995).

Thus I strongly recommend setting up a national programme to 

promote, initiate, and support such projects in schools. Some 

suitable topics have been mentioned above; particular 

opportunities are,

- archaeology,                 - environmental monitoring,

- weather observations,        - resource monitoring,

- water monitoring,            - census data,                 

- soil monitoring,             - community health.

The last two are particularly interesting in that we currently 

spend large sums of money on getting such data, but this is 

either very spotty (isolated surveys) or very spasmodic (a census 

taking once in ten years). Census data-taking as an ongoing 

school project offers the possibility of having much of the 

census data required (family and house sizes, migration data, 

agricultural production, and so on) on an ongoing, up-to-date 

basis, while at the same time providing school children with 

experience in elementary social science methods. To those 

querying the practicality of this, it is worth pointing out that 

school children have been used for such data-gathering in a 

survey of Friemersheim. Certainly large-scale organisation offers 

a host of new challenges, but these should be surmountable if the 

aim is to build up the required capacity over a period of time. A 

similar possibility arises in community health: in this case such 

projects would monitor health and nutrition conditions in a local 

area. When sufficient such projects were running in a particular 

area, they could be integrated into an overall environmental and 

resource evaluation system for that area. 

Further proposal: The other area where integrated project work 

should be particularly useful is in learning basic organisational 

and management skills, by running practical projects. A syllabus 

for such a school course could be implemented quite rapidly 

(Ellis 1995); see for example `Environmental Clubs: Getting 

Started!' (Wild Life Society 1995). This would naturally lead to 

quantitative issues concerning organisational and resource use 

matters, so these projects would have a useful mathematical 

aspect.

Need 4: Science Education Research

There is a major need for research in this country into Science 

and Technology Education. A start has been made by various 

projects and workshops (such as this one!, ass also Grayson 

1992), and has been reinforced by the formation of SAARMSE (the 

SA Society for Research into Maths and Science Education), but 

much more should be done.

The need is to provide, as far as possible, sound knowledge on 

which to base educational methods: a questioning and testing of 

presuppositions about the effectiveness of lectures, laboratory 

work, tutorials, and other educational resources and experiences. 

Research in this area investigates children's ideas in science 

(Driver et al 1993), errors and misconceptions that abound, the 

difference between expert and novice approaches to structuring 

knowledge and solving problems, the effectiveness of different 

teaching methods and learning environments, and ways of improving 

learning (Shayer and Adey 1989, Grayson 1992), for example 

through implementation of group learning methods (Pastoll 1992). 

An important issue is what effect computer technology can have in 

improving the situation (Papert 1980, Reinhardt 1995). 

Fundamental to all this is the nature of learning and the 

learning process.

Thus as well as knowledge of the subject matter, this work 

involves educational psychology, cognitive science and role it 

can play in understanding learning, and the understanding of 

group processes and educational methods. It must aim at the most 

effective use of scarce resources (it is no use suggesting 

teaching methods that require intensive contact time with 

lecturers or teachers, when that time will not be available). 

All of this is true for education from the pre-primary to the 

tertiary level. Thus there is a need for courses in this area, 

and research projects into science education at each university, 

technical college, and training college, with some selected 

institutions chosen to house centres of specialisation in this 

area, acting as resource centres for all the others. This 

activity should feed into and be informed by science education 

research at schools. 

Finally, a particular aspect that needs to be addressed is 

improved communication of education research. At present teachers 

cannot easily access ideas generated by research and theory, 

because the level of discourse and jargon-laden language by which 

education research makes its findings known can be an 

insurmountable barrier (I thank Alan Kenyon for this comment). 

Some of the jargon and problems experienced here may be 

essential, but some of it may be poor communication - raising yet 

again the paradox of education experts who are unable to simply 

communicate their knowledge and understandings to others. There 

is a need here to examine these communication problems and to 

learn how to communicate those findings that are important in a 

simple and usable way. 

                              * * * 

      I should like to thank Marilyn Brink for support and 

             encouragement in pursuing these themes. 

                              * * * 
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