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1. Introduction

Seen from a historical perspective, the relationship between science,
mathematics and technology is very close. One can find many examples
of developments net were caused by a common effort in which each
discipline had it's own contribution.

A nice example of this can be found in: 'Mathematizing and Society,
or: What is the end of a success story?', an article which tells,
among other things, about Tartaglia, a 16th century mathematician1).
Tartaglia developed a theory on the trajectory of biulets. and in
particular the angle that was needed to get the furthest range. He did
not dare to publish his theory, because he realized that he was what
he called himself: 'perfecting an art that hurts other people and is
aimed at the destruction of humankind'. He even burnt his papers. The
momen, however, the Turks attacked Italy, he thought it was time to
'defe.nd himself against the fierce wolf that threatened his flock' and
he revealed his ideas. Thus Tartaglia was initiating the theory of
ballistics. Later on Galileo found out that in vacuum projectiles
follow a parabola. In practice, one also had to take into account the
air resistance, which was very problematic in that time.
Besides Tartaglia and Galileo, many other, among them Huygens, Newton,
Bernoulli and Euler, worked on this theory. Until the 19th century it
was-a pure mathematical theory, in which factors of resistance were
numerically estimated. That numerical calculations, however, were not
effective, because the real resistance functions were yet unknown and
there were many complications in the artillery of that time, because
the guns did not shoot regularly and the speed of the bullets when
leaving the gun was inconstant.
But technology standardized the artillery and the projectiles and
resistance functions could be found experimentally. This worked out
well for many years, until technology demanded more and resistance
functions had to be determined more accurately, because of the
development of long-range artillery. So many kinds of artillery were
developed that enormus numerical tables had to be made. This was one
of the main causes fGr: the development of computers in the period
between the two. World Wars. Of the 13 known computers, that were
developed in the years 1937-48, at least 9 were primarily developed
for ballistical calculations. Further automatization was reached by
connecting the computers directly with the artillery.

This story shows clearly at various moments the contribution of the
various subjects to this, doubtful, progression.

1) an article of H.J.M. Bos, publiced in 1976 in Euclides, the Dutch
journal of the Society of Mathematics teachers.



In Dutch education, and in particular in secondary education, these
historical relationship seems to have disappeared. Education is -Irked
by a division in subjects, that causes developments that are spec'fic
for the various/subjects. A continuing divergence is the result of

this.

Therefore it is welcomed that the Organization for Economic
Cooperation and Development (OECD) planned to initiate a project in
which the three subjecLs Science, Mathematics and Technology are
brought together.

The aim of the OECD project 'Scient:e, Mathematics and Technology
Education', that is part of a broader project 'The Curriculum
Redefined', is to formulate recommendations for educational policy for

these three subjects, on:
- the nature of the various subjects,

- their mutual relationships,
- the relationship between these subjects and the rest of the

curriculum.
The project will deal with the following themes:

- goals and content of the curriculum,
the sty:lents' perspective,

- methods and settings,
- the teachers' perspective,
- evaluation and assessment.
The first issue is to find out what aspects are worth studying in the
project.

Preparations for the project are Lade in each of the various member
countries. The official start will be in Paris, March 1S90.
In the Netherlands, a mini conference has been held in order to
prepare for the project. The report of this conference is what you

find in this book.
We have selected two themes to be discussed: 'Goals and content' and
'Methods and settings'. The latter theme was focused on the use of
contexts in education. A selection had to be made while it is not

possible to iscuss all five themes properly in a two day conference.
Another reason is, that we think our country can contribute in

particular to ...hese two themes.

The three aims of the Dutch mini conference were:
- survey the state of affairs with respect to the two themes,

- study the coherence between various trends in the Netherlands and
see to what extent differences and relationships between the
subjects account for this,

- determining questions for the OECD project to be studied in the
planned national surveys, of which we think that they can be

answered internationally.

This report contains the papers that were presente.1, as well as
impressions of the discussions that followed and suggestions for
questions to be studied in the project. It is evident that a two day
conference is not enough to study the themes exhaustively.
It .7.s also evident that the conference and this report should be seen
in the context of Dutch education, in which several political factors
play a role. For a good understanding it ..; necessary to describe this
briefly.

6
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VINIMNMMOIV 1

After a long process of integrating pre-primary ('Kindergarten') and
primary education we now have one type of primary education for
children of ages 4-12. The integration also affected the curriculum of

this school type.
The discussion on the structure of the lower part of secondary
education (ages 12-16) now seems to come to an end. It seems that this
structure will be a common collection of subjects for the various
types of lower secondary education (both for the general and for the
vocationai part of secondary education). These 14 subjects are called
the 'Basic Education' ('Basisvorming' in Dutch) and for each of the
subjects 'End terms' (goals) are stated and legitimized. The higher
part of secondary education will still be divided intv a general part
(preparing for a higher vocational education or for university) and a

vocational part.
The discussions on the Basic Edvcation were a great stimulus for
rethinking the curriculum for the lower part of secondary education.
The: goes both for science and for mathematics and for technology, the
last mentioned being a new subject that will be introduced as a part
of the Basic Education of pupils.
Other political trends deal with adult education, the introduction of
computer technology, the curricula of teacher training institutes,
modularization and the quality and effectiveness of education, leading
to more attention for central evaluation and assessment.
Constitutionally there is a freedom for education in a sense that
various ithological types of schools are all paid by the government.
Partly as a result of this it often takes a long time for educational
changes to be implemented. The conviction and approach of curriculum
developers plays a vital role here.

Although the situation in Dutch education seems to ha rather restless,
this could be a suitable situation for joining the OECD project 'SMT
Education' because of the possibilities to use results in our
discussions and learn from what is going on abroad.

In this report you will find impulses from the Netherlands for the

project.

Chapter 2 contains the papers that have been presented in the first
theme, 'Goals and content', as well E a brief report of the
discussions that were h ld. Chapter 3 contains the same for the second
theme, 'Methods and settings'. Discussions here were focused on the
use of contexts in education, an issue that plays an important role in

to-day's Dutch deliberations.
For each subject we have stated a number of questions of which
participants thought it would be useful to have them answered in the

international project.

We hope that this report can be a valuable contribution for the
conference in Paris, March 1990, during which the actual start of the
OECD project 'GMT Education' will take place.

7



2. The theme 'Goals and content'

2.1 K. Boersma: 'Towards providing tha basis for sustainable
development? The reality or fiction of environmental education in
schools'

2.2 J. van Dormolen: 'Goals and contents, how can they be assessed?'

2.3 J. van der Velde: 'Introduction to the teaching of technology in
Dutch secondary schools. A survey of the developmeot of Goals and
Content for technology education'

2.4 Discussion report



2.1 Towards providing the basis for sustainable
development? The reality or fiction of
environmental education in schools
Kerst Boersma,

National Inrtitute for Curriculum Development (SLO), Enschede

Introduction

During recent years, a situation seems to have occurred in which the
want of appreciation of the relevance of cur education has come to
an end. Those involved in education are invited to make a
contribution to great social problems such as heAlth,
over-populat',on, war and peace, hunger in the Third'World and the
environment. Part of these social problems is, among other things,
translated in educational issues which try to settle into regular
education, also into the so meticulous science education. The waves
of education in healthcare, sex, peace, development work and
environment have subsequently caught up with us. And the height of
those waves is, to 4 large extent, determined by the politi'al swell
which occurs.

Several months ago, I ontained from the Netherlands MinistLy of
Education and Science a 'request' to compile a brochure for members
of parliament so that they could De informed about the activities
which had been organized in education f,Dr 1990 for Environmental
Education. The brochure as entitled 'Towards providing the basis
for sustainable development'. For the Ministry of Education and
Science the brochure was a logical result of the fact that, as a
result of a parliamentary motion, they were forced to make
additional funds available for the purpose cf Environmental
Education. The Ministry of Education and Science wanted to show that
they had done their homework properly. Rather striking is the fact
that, in doing so, this not only provided the recognition that
Environmental Education deserves its own place in education, but
also that Environmental Education are also considered as being an
instrument for the implementation of environmental policies. In
other words, that Environmental Education also contributes to the
realization of objectives already defined for policies with regard
to natu-e and the environment. This situation evokes s,:veral
contradictory considerations or questions. Of course, on the one
hand, it is without any doubt that an effective policy must be
implemented with regard to nature and the environment, and if
Environmental Education can make an important contribution to this,
then e.tey should.

However, on the other hand, the question arises whether it is
appropriate in our present* cultural society for the Ministry of
Education and Science to assign such ingtrumental roles to
education, because those roles are not directly or in the first
instance related to the development of the individual or the way in
which the individual functions in social systems, but to the
solution of socially determined problems. Of course, in its proposed
Bill for Environmental Education, the government has been sensible

c_I9 11



enough to acknowledge the fact that Environmental Education also
fulfills a pedagogical function (Agriculture, Nature Management and
Fisheries/Puolic Housing, Planning & Devel pment and Environment
Control), 1988) and some people have attempted to illustrate that
both the instrumental and pedagogical approach are not necessarily
mutually exclusive (Boersma & Schouw, 1988). However, this does not
imply that preference is not given to the instrumental function,
certainly in the view of environmental lobbyists.

Another problem which is certainly not unique in the case of
Environmental Education, is that the rhetoric is extremely
impressive, but that it is in the least clear as to what exactly can
be achieved by this. In other words, whether or not the objectives
formulated for Environmental Education can actually ne achieved. The
problems with regard to the instrumental role of Environmental
Education and the extent of reality of the formulated objectives are
interrelated, as soon as one accepts ale f.:act that Environmental
Education may also play a significah: instrumental role. I accept
this. The question then arises to what extent one will be in a
position to meet the high expectations one has. This issue is
especially cogent since it seems very likely that in coming years an
extensive national innovation will be programmed for Environmental
Education which will be socially legitimized with the aid of that
instrumental role. The required funds can only be acquired as a
result of such verification. This means that the following questions
have to be answered:

1. Which objectives must Env ronmental Eaucacion reach in education
and to which objectives should the subject contribute?

2. To what extent can these objectives be achieved in education?
3. To what extent can the objectives that can NI achieved

accommodate the instrumental role of Environmental Education?

The first guestion, i.e. which objectives must Environmental
Education reach in education, has aleeady been answered in the
Net!-erlands in several different ways. Considerable agreement in
opinion has gradually become apparent in this connection. The
objectives as formulated by the project group for Environmental
Education for advanced secondary education (NME-VO, 1989) are now
considered as being a useful start to furthcr implementation and
discussions.
The second question, i.e. the tension between the required
objectives and the objectives that are actually attainable, is only
seldom posed (however, refer to Boersma, 1989). An answer to this
question, on the one hand, can have unintentional consequences in
the sense that the interests of bodies providing subsidies could be
reztrained by this.
On the other hand, however, it seems rather useless from the poin',
of view of the developers and the researchers to leave the
subsidizing bodies with expectations that are much too high. As yet,
the third question, i.e. to what extent the objectives that can be
achieved can accommodate the instrumental role of Environmental
Education, has not been posed. in other words: the instrumental role
of Ervir)nmental Education has only been mentioned, but as yet there
are no signs indicating that the proposltion will be assessed within
the near future. In this present contribution, provisional answers
will be given to these questions.

12



The answers to these questions can be no more than provisional since
(more) conclusive answers can only be given after much development
and research pork has been carried out.

The desired objectives for Environmental Educat on in Schools

Various answers can be given to the question as to what the desired
objectives for Environmental Eaucation should be. In the first
instance, it can be concluded that, certainly within the last years
in the Netherlands and in other countries (e.g. NME-VO, 1989; Maas
Geesteranus, 1988; Boersma & Schouw, 1988; Breiting, 1988),
Environmental Education has been expressly placed in the perspective

of sustainable e velopment.

Secondly, it can be concluded that Environmental Education should
contribute to what is called 'the enlargement of the social
fundament for the policy with regard to nature and the environmezt'.
If these twc objectives are combined for Environmental Education, in

the first instance, sevral questions arise:

- What is sustainable development? Sustainable development is
certainly not easily defined. It's meaning can vary from
sustainable economical development to development based upon
renewable resources. The policy with regard to the environment as
it presently stands can certainly not be defined as being
'sustainable' in an ecological sense: the boundaries of the
environment are still, to a large extent, determined by the
economy and not the other way around.

- Enlargement of the fundament for an effective envirr:nmental

policy can only mean that the government is being increasingly
forced to realize an environmental policy that extends
considerably further than is presently the case. In all, this
will inevitably lead to disapproval of the current environmenta.;
policy and it doesn't seem realistic to assume that the present
cabinet, or future cabinets will invest very much in their
downfall. So, what does 'enlargement of the fundament ..' imply?
Approval of the current environmental policy? Filling in the red
square in time? Being prepared to make material or immaterial
sacrifices?

As a consequence, it seems inevitable that Environmental Education
is directed to the enhancement of 'environmentally justified'
behaviour. We must all use energy more effirently and separate
different kinds of waste. Many have already contended this and the
argumentation in support of this is evident: if we all act in an
environmentally justified manner, environmental problems will, as it

were, be automatically solved.

Environmental Education should focus upon environmentally justified
behaviour: in other words, that people will need co make choices
(frum behavioural alternatives) which contribute best of all to
sustainable development. In doing s.. however, another problem
occurs: problems related to the environment often have the structure
of the 'prisoner':-, dilemma (Van Asperen, 1966): environmentally
justified behaviour is only in the interests of the individual if
everyone behaves in the same way. The chances that individuals will

act on their on account, i.e. without such behaviour being imposd

- 13
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on them by the authorities, is therefore only very small. Moreover,
in the long term, nobody benefits only frcl environmentally
justified behaviour on an occasional basis. At present, the
conclus'on seems to be that promoting environmentally justified
behaviour can only be effective in combination with a simultaneous
government policy. Without that government policy, pupils are more
or less deceived and environmentally justified behaviour would tht.
lead to no more than just peace of mind. Extension of the fundaments
just means that we must hccept the environmental policy as it has
been determined, together with all the possible effects it may have
on our personal lives.

Of course, it could then be easily said that this does not
necessarily contribute to sustninable development and that, from an
ethical point of view, this uould not be the right thing to do. Of
course, on the other hand, this is the only way for changes to be
effectively implemented. This is not possible without first
establishing a sound fundament. Naturally, it is understandable that
those who are concerned with Environmental E,..catIon from a
pedagogical point of view are less inclined to stimulate such a
pa sive form of support. 2hey are more concerned with fine
educational categories of objectives by developing values, or
forming attitudes, decision makina, or problem solving. These are
the kind of educational objectives which have been frequently
discussed during the last 20 years or more and the rhetoric of
science education is full of it. We now see the same sort of
rhetoric in Environmental Education. This is evident, for examp,e,
from pleas for 'environmentally literate persons', as the equialent
of 'scientifically literate peri:ons'. The environmentally literate
person is described as follows:
'... a citizen able and willing to make environmental decisions
which are consistent with both substantial quality of human life and
equally substantial quality of the environment. Furthermore, this
individual is motivated to act on these decisions either
inaividually or collectively' (Hungerfort & Payton, in: Breiting,
1988, p. 41).

A beautiful summarization. Account is taken of both the fundament
and the pedagogical verification; in essence, it means that you make
the right choices (and have the will to do so) and that those
choices determine the way you act.

The reality content of the objectives of Environmental Education

When we are concerned with determining the content of reality of the
objectives of Environmental Education, two courses can he taken:
following the course of applying common sense and conducting
empirical research. Both can result in a tempering of the rhetoric
and that more realistic (and desirable) objectives can be formulated
for Environmental Education.
Let us first address the level-headed qu,stion of common sense. Let
us apply this to the abjective of Hungerfort & Payton. What strikes
us most of all here is that the objective is based upon a number
assumptions. These assumptions can be expressed more explicitly and
assessed accordingly. These assumptions are as follows:-
1. It is known which choices must be made when we .re concerned with

sustainable development;
2. A choice can be made between different ways of dealing with the

environment;
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3. Behaviour (as defined here) is determined by the cnoices one

makes;
4. It is significant for behaviour to be acquired in school.
Let us attempt to assess the objectives.

1. It is known which choices must be made when we are concerned with

sustainable development
In the introduction, it was already pointed out that there is a

great deal of confusion with regard to the concept 'sustainable
development'. Moreover, it is often emphasized (e.g. by Soeteman,
1988) that the parameters of the concept are by no means clear or
consistent. At this particular stage, we will probably come no
further than defining a number of golden rules derived from
various environmental reports, e.g. non-renewable resources
cannot be called upon without the availability of alternatives or
without compensating them in some other way.

2. A choice can be made between different ways of dealing with the

environment
Unquestionably, there are more ways of dealing wi'h the
environment. Some ways, however, are quite objectionable since
they do not comply with the criteria for sustainable development.
The problem here is the fact that choices for alternatives - or
perhaps in particular those which are objectionable are related

to all kinds of people's interests and/or groups of people.
Making certain choices therefore, does not only mean taking un a
certain position, but also choosing 'sides against your own
interests or against the interests of the social syste.; of which
we partake. The so-called 'prisoner's dilemma' alreaGy qhows that

this is difficult. In many cases, the 'side' one chi-oses is
probably 4etermined by the parents, the school, the work one
does, the council and/or the government. Choices can sontimes
not only be against your own interests, but more often than not,
those choices can probably not really be made.

3. Behaviour (as referred to here) is determined by the choices one

makes
In all kinds of models for decision making and problem solving,
procedures are described which must be followed in order to come
to a decision and to implement that decision Such models assess

the c'vantages and disadvantages of different alternatives, after
which they are implemented. Such models are probably useful for
solutions or approaches to certain technical problems, or as a
procedure to bf.: followed by process-sensitive leaders of
discussions with sufficient authority. In many cases (at least),

behaviour is not based upon ratior.c.' considerations or
argumentations (Margolis, 1987), buc upon an 'acquired' meaning,
strongly influenced or determined by that which is (11%%-rable in a
specific context (refer also to (2)). The assumption in its
general sense, therefore, doesn't appear to be tenable and
rational models for decision making probably only have pragmatic
significance within specific contexts. This is the reason why it

is repeatedly suggested that an appropriate justification or
argumentation is applied only after the choice (for behaviour) is
made (Veen & Wilke, 1986).

4. It is significant for behaviour to be acquired in school
Much of so-called environmentally justified behav:our only has
significance within a specific context, e.g. in the home.
Whatever the case, environmentally justified behaviour can only
have partial significance within situations in school. Therefore,
in schools, most efforts will be aimed at encouraging

rI 15
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environmrntally justified behaviour in relation to contexts and
it will only be par:ly possible to learn within contexts. Only
fieldwork in the broadest sense offers this opportunity. Due to
the fact that behaviour is certainly, in part, determined by the
specific context in which it has significance, it seems doubtful
what the significance of learning behaviour in the classroom is.
From research conducted by Langeheine & Lehman (1986), among
other things, it has become evident that education has no
influence on environmentally justified behaviour in one'a own
surroundings. For the time being, the conclusion is that the
learning of behaviour, i.e. acquiring skills, is only of
significance only if it is related o the acquisition of
instrumental skills like the care of animals. For the rest, it
seems sensible to fall back on the argumentations of A.D. de
Groot (1978) when he states that education should be aimed at
developing a consciously applied repertoire of behaviour.

The conclusion must therefore be:
- that it is only known in broad terms which choices have to be

made;

that pupils can make choices (now and later) only to a limited
extent;

- that the 'choices in relation to behaviour' are based on rational
considerations only to a limited extent;
that it is significant, only to a limited extent, to learn
behaviour within a school-context;

Within the framework of objectives such as those defined by
Hungerfort & Payton, 'decision making' often holds a very important
position (for example, refer to Zoller, 1987). Research conducted
within the framework of the development of the course module
entitled "Fuel" for pupils in grade 3 at higher and advanced
secondary level by the project group for Environmental Education at
higher secondary level (de Jager & Van der Loo, 1990) may serve to
illustrate how difficult it is for such objectives to be achieved.
Decision making is explicitly implemented in this course module as
an educational objective. In this project, a distinction is drawn
between 3 different levels of decision making, namely:

1. pupils include arguments relating to environmental issues in the
decisions they take (criterion: completeness of the analysis of
the problem);

2. pupils can assess environmental measures to be taken correctly
froal an environmenta] point of view (criterion: completeness of
alternatives):

3. after careful consideration, pupils take an environmentally
justified decision (criterion: choice of the best possible
solrtion);

The information collected was derived from interviews and discussion
sheets which could be completed at home. Among other things, the
research r.arried out visualized the 15ollowing problems:
- pupils mention few measures to 1m taken to save energy which have

consequences for their own behaviour;
- pupils mention fewer measures to be taken in relation to air

pollution which require an adjustment of their behaviour than
before;

- conEideration on the basis of one criterion (fuel consumption) of
simple measures like cooking on gas or by using electricity is a
complex assignment;

14 16



- the consideration of issues not relating to the environment in

choosing either the use of gas or electricity;

an important consideration fcr reducing the maximum speed to 100

km/hour is road safety;

- pupils hardly seem willing to save energy if this concerns

measures which affect their own comfort or when this affects

their own pocket money.
On the grounds of these problems, it can be concluded that, as yet,

the topic 'Fuel' does not result in pupils forming a complete or

correct picture of environmental problems which result from the

consumption of energy. Furthermore, most striking is the fact that

pupils mention a lot of technical solutions and it appears that the

pupils, when mentioning measures, have already made a pre-selection

in the sense that they consider measures which they themselves must

find acceptable. They are not very willing to mention measures which

require an adjustment of their own behaviour. A good inventory of

possible solutions hardly seems possible.

Despite the direct.,i!ss of the topic relating to aspects of the

environment, when __Aces have to be made, other arguments than

those relating to the environment determine the decisions taken and

if no specific reference is made to environmental aspects, they are

readily considered when decisions are taken. On the grounds of the

above, the significance of decision making as an educational

objective is questionable if, on the one hand, it is not
self-evident that attainment level 1 is achieved and that attainment

level 3 is really unsuitable as an educational objective on the

other. Common sense and empirical research point strongly in the

same direction: making proper choices and basing one's behaviour on

those dhoices is an educational objective with a very doubtful

reality content.

If this objective cannot be achieved with Environmental Education,

the question remains how Environmental Education in schools could

then contribute to such an objective. 7.et me (again) give several

provisional answers and let me do this on the basis of the

assumptions made.
1. Sustainable deveopment

1.1. Attention can be paid to the content (or contents) of the
concept 'sustainable development';

1.2. Attention can be paid to the necessity and possible
consequences (for the personal world of the pupil, society)

of sustainable development;

1.3. Attention:can be paid to the necessity to assess the
effects of choices on their implementation once they have
been made and, possibly, to adjust or to revise them.

2. Making choices
2.1. Attention can be paid to the different ways in which to

deal with the environment (and environmental issues);

2.2. Attention can be paid to the context-dependency of choices
and the importance attached to those choices;

3. Decision making/problem solving
3.1. Attention can be paid to the way in which decision making

actually takes place in relation to nature and the
enviroment, both at an individual level and collectively;

3.2. Attention can be paid to (a) decision making model(s) or
model(s) for problem solving as models to guide decision
making processes or problem solving processes, or to assess
the way in which solutions are given and decisions are

taken;

r
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4. Own behaviour
4.1. Attention can be paid to the influence of one's own

behaviour (or collectiVe behaviour) towards nature and the
environment and, in particular, to the prisoner's dilemma.

4.2. Attention can be paid to practicing instrumental skills in
relation to the zare of plants, animals and people;

4.3. Attention cen be paid to the context definiteness of
environmental be.aviour.

In order not to make too confident judgements at this stage in the
development of Environmental Education, the formulation 'attention
can ie paid to ....' has been purposely chosen and is a formulation
in terms of teaching and not teaching effects.

The content of reality of objectives in Environmental Education

With the adjustment of the posi,ion taken with regard to the desired
objectives of Environmental Education, the question must now be
answered to what extent these (or: this type of ) objectives can be
achieved. This question can be divided into 2 parts:
a. are educational strategies available which can result in the

achievement of the objectives?

b. can the educational strategies be sufficiently implemented?
These questions cannot be discussed and answered in detail, since
the required specific research and development work has hardly been
carried out. I will suffice wii broad answers:

a. The availability of educational strategies
In the Netherlands and abroad, not much research has been carried
out with regard to educational strategies specific to
Environmental Education. Certainly in the Netherlands, most of
the relevant research in this field is related to concept
development in physics and chemistry in which emphasis is laid
upon the fact that effective educational rtrategies must be
largely concept-specific, due to the role of preconcepts with
regard to learning syecific concepts of teachers and pupils. Up
until the present, concept-specific research for Environmental
Edu-ation has hardly been undertaken. Until such research is
undertaken we will have to suffic4., with models ..:tf a mocc general
nature like that of Licht (1938).
The research and development of educational strategies in other
psychological dimensions or fieldz. such as the development of
values (refer to Delhaas et al, 1990) has only been underta%en to
a very limited extent. And very little attention has been paid to
the development of educational strategies in which the various
psychological dimensions and fields have been correlated after
the development of the concept 'confluent education' (Brown,
1975), certainly at higher secondary education level. As far as
the availability of effective educational strategies is
concer%ed, as yet, it must be concluded that there is hardly any
reasor. 'or an optimistic view.

Thore are very few strategies available for Environmental
Education which are specific to nature and the environment and
most realistic therefore would be to collect and use strategies
which are used in adjacent subject-related didactical research or
which have resulted from that research. As yet, it seems that no
more can be guaranteed than 'knowledge and insight'.

r.:*
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1

Pupils can acquire knowledge and insight with the use of
educational strategies such as those which have already been used

/

and criticized by many for a number of decennia.

b. The implementability of educational stratqies
As yet, there seems to be hardly any reason to assume that
educational strategies in which teachers are requi:ed to act in a
conside.ably different didactical manner than they are accustomed
to can he easily introduced. At present, it looks like this can
probably only be done if, when it is introduced, use is made of
written (lesson) material in which the teacher is given more
precise and clearer Instructions on didactics by way of
procedural specifications (Van den. Akker, 1988).

As yet, the conclusion must therefore be:
that there are hardly any effective educational strategies

available;
that there is hardly any reason to assume that if they were
visible they would also be easily implemented.

An important choice (also politically) must be made in this respect.
If the effectiveness of Environmental Education is to be increased,
this means that a lot will need to be invested in the devel,pment of
implementable edu,ational strategies and their actual implementation.

The instrumuntal role of Environmental Education

On the grounds of the previols paragraphs, it can be ea:A.1y argued
that high expectations with r.,gard to the instrumental role of
Environmental Education arr not very realistic. That conclusion is
alJo justified and therefore must be drawn.
Nevertheless, on the otner hand, it is an illusion to assume that
the instrumental role of EnvironmeAtal Educztim in schools is
easidy demonstrated. Environmental Education in schools will never
be the sole instrument for an effective policy with regard to nature
and the environment. It only has significance in combination with
other instruments (such as information, 3egislation, subsidies,
etc.,) and events (such as environmental calamities/disasters and
the press reports on such events) and aE. soon as there is a
sufficient basis for nature and environmental policy, it can be
stated that that is partly due to the teaching of Environmental
Education in schools. Besides, Environmental Education in schools is
the only policy instrument with which i3sues relating to nature and
the environment can be addressed structLrally and over a longer

period of time.
Environmental Education in schools is the only instrument with wh:ch

a minimum line can be set for all present and future citizens. This

is a wav to ensure that all citizens in the Netherlands can be held
responsible for contributing to future policies concerning nature
and the envirotunent. From a political point of view, one is not
primarily concerned with the resultant effects of Environmental
Education in schools, but vith the insurance of a minimum teaching
content in school curricula. In our present society it is customary
to consider the successful attainment of examinations as a guarantee
for quality, partly on the grounds of thoir civil effect. The actual
question with regard to the resultant effect is not posed, i.e. what
the significance is of what the pupils have learnt, both for their
own benefit and for the benefit of society. If Environmental
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Education is incorporated into the school's curriculum and school
examinations, the instrumental role of Environmental Education is
then sufficiently guaranteed.

Divactical experts, curriculum developers and researchers find this
an extremely dissatisfying state of affairs. This is why they are
always the first people who contend repeatedly that more relevant
aims must be formulated and that a lot of development work and
didactical research has to be carried out. Most tragic of all is the
fact that, although they might be right, nothing is being done about
it. Moreover (and they seldom realize this), the extensive
development of Environmental Education in schools benefits from
upholding the line of distinction between the actual and the
required situation. Rhetoric is necessary. So. let us remain
convinced of the assertion that it is necessary that Environmental
Education in schools will contribute to forming a sound fundament
for sustainable development. We haven't got that far yet, but we
must, or rather: we could at least do considerably better than at
present. This cannot be disputed and if our rhetoric is both clear
and loud enough, we can be assured of the fact that we could do
better. Environmental Education in schools will have to remain
fiction, at least for a part.
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2.2 Goals and contents - How can they be
assessed?
Joop van Dormolen

Introduction

This paper is intended as a poster:or consideration of the ways and

mean- by which a group of authors (Werkgroep Zestien Min/Zestien

Plus) have come to define objectives and contents for a new series
of student textbooks for mathematics for grades 7 to 12 (Wiskunde
Exact, vol. lmhv, 2mhy, 3m, 3hv, 4m, Meulenhoff Educatief, Amsterdam
1986-1990). It is not a historical description of the way the group
worked, but rather a reflection on the result of its work and, thus,
an attempt to generalize certain experiences while defining

objectives and contents. The group consisted of teachers of
mathematics and teacher trainers.
This paper does not contain a description of the development from a
hetarogeneous set of persons with different and often opposing ideas
about mathematics to a group in which different skills and knowledge
could be taken and used as an advantage. Although, what is written
in this paper about objectives and contents might seem the result of
a smooth decision process, much of what was produced was the result

of long and difficult discussions and attempts on the part of the
group of authors. It is our contention that any new group of writers

of a mathematics course should spend ample time on the devel-..oment

of adequate group processes.
Initially, the position of the group, like most groups of authors in
the Netherlands, differed from other groups of curriculum developers
because they were required to adhere to the current curriculum. In

one sens^ this was an advantage because the group had no difficulty
in deciding upon the minimum mathematical content of the course. In
plain terms, the requirements for the final examination should
include this minimum curricular content which the students in
question should meet on ompletion of their schooling.
On the other hand, the current curriculum was also felt as a
restraint, because the gro...p denied the importance of certain
subject matter that is part of the curriculum and felt this could
hamper the development jf the course. In the long run, however, this
fact forced the group into intensive searches for useful material,
both Aathematical and non-mathematical, in which the challenged
subject matter could play a significant role.

Objectives versus values

For several reasons, the group decided not to commence with the
development of the course by defining goals and otjectives. Firstly.
this was because of a tendency to consider goals and objectives as
'absolute' once they have been chosen. This resulted in a paralyzing
effect, comparable to the well-known centipede riv:Itaphlr: Ask a
centipede in which order it moves its legs and it cannot walk any
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iurther. Much in the same way, the group seemed to be unable to
produce dlafts for students' texts, because it was feared that they
would not satisfy the standards required by the objectives. Another
reason was that defining objectives seemed to suggest that the
development of educational material is a deductive process, which is
not the case. One cannot deduce the content from the-objectives. The
defining of objectives makes 3ne aware of how and where one would
like to finish. One cannot deduce from them the roads through which
one should travel to attain that finish. The next section will show
an example to clarify this view, %owever, these reasons seem to be
more or less of a technical nature. In fact, objectives are more
profoundly built upon a set of values. Values are c! Jsen
subjectively, but not always consciously. It was discovered, for
example, that drafts of student texts were not felt satisfactory for
some reason, although they tended to aimed at the required
objectives. Facts like these led to the conclusion that it was more
important to state explicit values as starting points, rather than
goals and objectives as final attainment targets. In plain words:
"What we find important" seemed to be more essential to the growth
of the group than "What is the final aim?'. A set of nbjecives
appeared to be one of several other aspects of "What we find
important".

Values: an example

The choice of ccntent and objectives depends on many different
values. Not in the least on the value of ;feeling responsible to
instruct students well enough to put them through examinations. In
this way, almost every step we take in teaching seems to depend on
values. Most of these are hiddei. values, and more often than not,
one is unaware of their presence and their use in one's own
decision-making. However, it is necessary that some of the values
become explicit in order to make decisions on what, how, why, when
and.wilom to teach. Only then is one able to choose content and
objectives, and if one does not know from where to choose, one must
have a strong indication as to where to search for it, in corners
other than those of the official curricula and in existing
textbooks. Here is an example (all examples are taken from Wiskunde
Exact).

fig. 1

You often can calculate with numbers, but not always. The numbers on
photograph a are not used for calculations.

How are these numbers used?

What about the numbers on photographs b and c.
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The intention of these pictures (and the accompanying text in the

book) is to mke students aware of the difference between numerals

and numbers. In the English language, the word 'number' is used in

wany cases where 'numeral' would probably be more appropriate. In

the Dutch language, we have something similar. The authors wanted to

start from situations outside of the mathematics environment. In

this case, it was not difficult. Many instances can Ixa found and it

was hard to restrict the choice to these three examples. With which

values were we concerned in this particular case? There are several,

all of them given here in random order.

- We find it important to help young people to develop in life so

that they have power over their own abilities and can cope with

the situations they meet with. One of many possibilities is to

learn to perceive the world 'with knowing eyes', instead of

allowing the world envelop you in a flood of intuitive

experiences.
- In order to have this power and to develop these 'knowing eyes',

one must acquire certain skills. In this case, the skills involve

communicating mathematical notions and evaluating phenomena that

appear to be mathematical. We call them values of general

mathematical objectives.

- In order to write texts and to teach, we should be more precise

than in the generalizations mentioned above. In particular, we

must say something more about the matematics involved.

Mathematics has several aspects. For example, we might stress the

aspect of algorithmic skills and understanding, or we might at a

certain moment want to focus more upon the conventional aspect,

such as how to write things down. In the case of numbers and

numerals, we find it most important that the reader under'stands

the difference between the ttro. This is a theoretical or

structural aspect. PresentlI, more will be written aboJt cti,er

aspects.

Principles as a junction of values

What was described in the last section certainly relates to values.

What is difficult in appreciating them, however, is their seemingly

accidental occurrence. It seems as if they occur by looking around

and if one discovers something that might involve mathematics, one

derives values from it. Instead of applying principles which occur

ircidentally, a group of developers needs to have a set of

principles that act both as starting points, as well as the ultimate

assay of the product. In this sense, this would be a guide for the

authors during the group's work. The group has chosen the following

principles.
1. The material has to be presented within a realistic context of

situations recognizable by students and, in addition, problem

solving and an active participation of the students should

take up a more central position.
2. Mathematics is useful.
3. Students must be able to acquire a good idea of their

individual capacities for learning and applying mathematics.

4. The material must comply with examination requirements.

Some remarks about the principles selected

All principles have both idealistic and practical components. The

idealistic components follow from a general belief that school
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education should be focused upon helping students to prepare
themselves for their life as adult citizens in society. The
practical component is based on the expectation that the principles
promote the production of learning material that can motivate
students, and that motivated students learn better. This expectation
also supports the idealistic component in the sense that it is felt
to be important that students, as normal human beings, should be
able to do things that are significant to themselves.
The word 'realistic' in the first priaciple, requires further
clarification. We contend that the word is neither synonymous with
'from daily life', nor with 'authentic'. in our view, a realistic
situation is a situation which somebody can recognize on the basis
of his or her own personal experience and can identify with. In that
sense, fantasy, like fairy tales, as part of ones own personal
experience, can be realistic for that person, whereas large parts of
daily life may not be experienced as realistic at all. iloreover, in
most cases, a situ.Jtion must be made realistic by means of a
well-chosen description of the problem in quest 1.

The second principle does not imply that all ma -ematical content
must be considered as a technological instrument for the solution
non-mathematical problems. The principle expresses the opinion that
subject matter, however interesting and problematic it may be in
itself, must also be useful and usable to solve new problems, either
vathematically or not mathematically.
Teaching mathematics as being useful has very much the same
underlying ideal as the first principle: students should be exposed
to subject matter which they feel has some use for some reason or
another. In this sense, mathematics that gives a person pleasure is
also useful to that person. Moreover, it is also useful in the sense
that it gets people acquainted with a subject that plays such an
important role in our society.
The third principle conce-ns the same idealistic and practical
component as the first. In order to be able Lo live more or less
independently in a democratic society, one ought to be aware of
one's own aptitudes, abilities and restrictions. We believe that
many students drop but of mathematics because they are convinced of
their mathematical deficiency, whereas in many cast:s, the true cause
of their inability to understand mathematics has much more to do
with the sequencing of the content and the fact that they are often
forced to work at too high a level of abstraction.
This means that stltdents must be given the opportunity to reflect on
their own learning process.

Criteria for teaching materia) as a consequence of values

Principles like the four above are fundamental, but they appeared
not to be practical enough for the benefit of the consistent
assessment of the quality e. learning material. A more detailed list
of criteria was required in order to achieve this. This list
consisted of five categories, each divided into further
subcategories.

1. Objectives
- Subject matter
- General objectives
- Mathematical objectives

2. Mathematics content
- Correctness
- Aspects of mathematics
- Authenticity

26
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3. Sequencing of content and objectives

- learning content
- personal development

4. Adaptation of the content to students' abilities and knowledge

- Instructional activities

- Short term sequencing
- r nguage
- Text management by students

5. Drawing up a framework of conditions

- Teachability
- Implementation

Objectives

In the tirst example, something has alre'kdy been 53id of the first

category. Here is another example which involves criteria relatino

to both general and mathematical objectives.

fig. 2 2. 1,444 44444, b40 Own.
1444 142 443

+ Pox
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How many motärvehiLleswere in The Netherlands on August 1,1983?

How many of them were passenger cars?

Could there have been 4 728 173? Or 4 727 941? Or 4 728 668?

Whatother kinds of motor vehicles werethere according to the

table? If you add the numbers of the different kinds, do you getthe

number of the first question?

This is one of the many exercises in which one can see an attempt

toaim at the general objectives of emancipation. Reading complex

tables like this one, and realizing what all these numbers mean, is

one way, among many oti.ors, of helping students to become

independent and critical members of s;.ciety. In addition, they also

learn to appreciate mathemztics as a means to become such a person.

Now .c; remark on subject matter: the relevant criterion is not

subject matter as such, but the importance one attaches to it and

the choices one makes. This is also true for the two kinds of

objectives.

Mathematical content

In mathematics, we have chosen three kinds of content. Correctness

is less trivial than it seems. Correctness does not relate tc typing

errors and mistakes. In actual fact, we often decide that we cannot

be as precise as we might like to be from a mathematical point og

view because we expect that students will not understand us if we

are. So do we compromise, or do we have a genuine didactical means

of teaching a certain concept? Look at the drawing of the two

islands.

0.77. 27
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fig. 3

Hans is living on Rockisiand; Mieke on Goam. They lika to see each
other every day for a short wt :e. They stand at the crosscs. There
they ca... it see each other.

Would you stand there too? Draw the place where you would stand.

This problem is one of the first of a sequence leading up to the
concept of distance. We assune that the students understand
(intuitively) what the distance between two points means. We want
the students to learn about the distance between two figures and
then, as a special case, about the distance from a point to a
straight line. Is it correct to talk about the distance between two
figures without explaining what a figure is and without defining
what the distance between two points is? We think it is, and will
cork back to this point later in this discussion when we describe
'sequencing'.

We recognize five aspects of mathematics. The theory has already
beer mentioned (w... prefer to call it structure). Next, the:e is the
necassity to have good algorithmic skills, so algorithms are yet
another aspect to be considered. In a sense, the counterpart of
structure is logic. F'zting definitions dnd theorems and
understanding them is a theoretical aspect, while using them to
prove a theorem is an aspect of logic. Authors and teachers have to
decide how and to what e_tent they must teach students to understand
and.to apply logical rules. The next exercise is concerned with
several mathematical aspects.

fig. 4

What differences and what similarities do you see in these two pictures?

There is a logical aspect, because we want students to learn to make
a distinction between relevant and irrelevant arguments. There is
also the aspect of methods. In this case, there is no algorithmic
way in which to find an acceptable answer to the problem. But
students can learn to deal with the subject in a mire or less
rational way. For example, they could realize that there are sever:l
different ways in which they could talk about- differences and
similarities: form, color, environment, dimendion, life form, etc.
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Finally, this problem was incorporated in the textbook because we

want studeuts to realize that mathematics, just lik all other

subjects, has a strong conventional aspect.
When one reflects upon and discusses several answers to the

problems, one discovers that some differences are not considered

important to others. The only way to solve this is to reach a

conventional agreement.

So much for the aspects of mathematics. Authenticity of mathematics

has a special meaning in our group. We consider mathematics as a

dynamic activity in which kernels and problem situations complement

each other. Kernels are statements from bare mathematics, like

definitions, theorems, algorithmic rules, conventions, etc. Problem

situations give us good reasons to make such statements. In t'

exercise involving the two islands, a problem occurs. We want the

students to realize that there is a reason to talk about the

distance between two figures. We did not just want to explain to

them what is meant by distance, either by definition or by giving an

example.
There are two other reasons why we bel_eve it is important to take

problem situations both as starting points to learn new kernels and

as applications afterwards. Both reasons relate to motivation.

The first reason is a tactical one. Psychologically, one is 1..rce

motivated to learn and to make an effort to learn when one

recognizes the problem as such. So this might make a teacher's job

easier.
The second reason is an ethical and idealistic one. Wt-n

interrelating with people respectfully, one is obliged to make them

aware of why you want to teach them iomet'ing instead of just

telling them to do just what you say.

Sequencing of content and objectives

Sequencing has to do with long term planning. This planning can be

viewed in two ways. One way is to look at the course learning

content takes. It is simply the planning of which topic shonld be

learnt prior to another. For example, we want students to understand

the concept of variables before they learn about the use of

algorithms for solving equations. One of the many difficulties in

planning the sequence of subject content is that it is not unique.

This has already been illustrated in the example used to describe

distance. Another example is the concept of variables and the

ability to solve equations. We want students to understand the

concept of variables before they learn to use algorithms f'r solving

e,uations. However, some types of equations can be solved without

understanding the concept of variables. To a certain extent, this is

even possible without losing oneself in senseless rote learning.

Another way to look at sequencing is .0 consider ways of personal

development. This has to do with the way people learn concepts.

Theories of learning by Piaget, Ausubel, Van Hiele, Vigotskii, Skemp

and others, and not in the least experiences of teachers in the

classroom, make us aware that, generally speaking, we cannot teach

explicit kernels (definitions, rules, theorems and the like) unless

our students are ready for it.
In collecting material for our textbooks, we rely very much on

Vigotskii's idea of zones of proximate development. The next example

explains how.
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Zig. 5

a. weight---4 1.---L* price

b. distapce-40-16-(distance-4)21.* height

C. distance rr--1-0-inus
4 Agplafr deduct from 16

height

The temperature can be calculated with the function:

height 4- 16 - 6 x height

This diagram shows the way we discuss variables and functions. The
examples are taken from different places in the course. Whenever
possible, we want students to learn concepts through gradual
development. This idea has been developed in particular with the
concept of variables and function. Why do we believe this is
import.ant? Because we are convinced that the most important reason
for not understanding mathematics is the bad prclaration with regard
to the concept of variables. By slowly and gradually allowing the
stadents to get acquainted with the phenomenon of variability,
closely rele'-ed to i...enomena thz they know in reality, we put as

it were, thc idea into their heads. Not before having worked with
variables in maniproblem situations, do we help them to realize
this and to make it more explicit. In this particular case, students
begin to work on page 9, vol. 1, with variables. However, variables
are not made explicit until page 165. We call this way of using the
theory about the zones of proximate development implicit gradual
development.

Here is another example of implicit gradual development of the
concept of variables. The picture shows two apartment buildings, one
behind the other, facing the south.

In summer each floor of these apartment buildings get sun at noon.
The distance between these buddings is computed as follows:
distance =2 x height

Do people on each floor get sun in winter.



It is also an example of the criteria of meneral and mathematical

objectives as we saw in the example of the table of motor vehicles.

The same principle of gradual implicit development applies to the

concept and the symbolic form of functions. Here, we have a

complication. The traditional symbolic form, as in the examole in

the diagram above, is an unfortunate one. There is no clear

distinction between the output and the prescription of the function.

We deplore this because this must also be one of the reasons why so

many students have no understanding of the concept. In the beginning

of our text (see example a in the diagram) functions are called

'calculator boxes', because of the way in which they are closely

related to calculators, automatic weighing machines, petrol pumps,

etc. with which students are well-acquainted. In the symbolic form,

one sees a clear distinction made between input, output and

prescription. At first, the box is black, like in a. In b, one knows

what the box does. In c, there is a transition to a more abstract

symbolic form. Unfortunately, teachers have to teach a still more

abstract form too.

One last example of the use of implicit gradual development - in the

example of the two trees, the students implicitly learn to realize

that it is important to agree on how two things differ and in which

way they are similar.
This applies to many things, such as congruence and similarity in

geometry, but also to equivalence of fractions, the equivalence of

equations, the way we draw tvo dimensional pictures of three

dimensional bodies, the "equality" of expressions like
*a*a*a*a*a+land as +lon the one hand and

a *a*a*a*a*a+land as on the other, etc., etc.
Consideration of differences and similarities is an important

methodological aspect of mathematics.

Adaptation of the content of the students' abilities and knowledge

It means that a decision has to be taken on how and when we want to

adapt our teaching to the students' abilities and interests. In the

category of sequencing, this is done through long term planning.

Here, we consider the short term planning of the subject matter. One

way to do this is to decide on the kind of instructional activities

we want the students to do.
Another item in this category is short term sequencing. The example

of Hans and Mieke was taken from of a series of exercises in which

the students learn about distance. When starting to get acquainted

with a problem situation, the students have to select different ways

to talk about distance and finally to arrive at an explicit

description of the distance from a point to a straight line.

Similar remarks can be made about the example of numerals and

numbers.
Here is another example. We wanted the students to learn about

determining places in a grid by way of polar coordinates. We ask

them to imagine that they are at the position marked on the map with

a star and that there is a thunderstorm.
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fig. 7

Draw the three lines.

Can you decide something from these data about the direction of the

thunderstorm?

tine direction

4.17 p.a. 163'

4.19 p.a. 233'

t.22 p.a. 264'

The actual lightning is some kilometers away and the problem
situation is to determine where. The students are given the table:
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After this, the text goes on to the situation in which one can
determins a place on a grid when one knows the direction and
distance. This example, like all others, also has to do with
decisions about the instructional activities of the students, like
examining, representing, transforming, proving, applying, measuring,
etc. Another important issue is the way authors and teachers use
language. Here we have to answer questions like:
- Do we use complex sente.-ces and, if so, in which situations?
- How much information and how much superfluity should we put into

our texts? Do we use verbs that imply an activity, or verbs that
describe existence? For example, instead of saying: "Draw the
shortest possible line from this point to that line and measure
it. Now you have measured the distance from the point to the
line", one could write: "The length of the shortest possible line
segment from this point to that line is the distance from the
point to the line".

- Another problem in texts is when and where to use metaphors. The
calculator box is clearly a metaphor for function. In which
situations do people learn zomething from metaphors?

- The last item on this list is text management by students. This
has to do with the implicit or explicit didactical agreement the
author (or the teacher) reaches with the student. Very often, such
agreements are implicit. Do we expect students to,answer the
second question just with a "yes" or a "no" in the example of the
thunderstorm, or do we want an e.planation from them? If we make

1 such a choice, shouldn't we tel1, the students about it? Or do we
want them to decide for themselves? And if so, how do they know
that we want them to decide for themselves? This hind of question
should be answered before sending text manuscripts to the
publisher.
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Drawing up a framework of conditions

The last category is concerned with the framework of secondary

conditions, such as the ability to teach and to implement. These

values have to do with the necessity that teachers understand and

accept the underlying principles, Gbjectives, vatues, didacticEl

methods, mathematical content, etc., with the possibility of

finishing the book in time, with being acquainted with the existence

of the book, with the price, etc. etc.

Remarks

A person's set of personal experiences is a good starting point for

learning. It must be understood that this set does not just result

from experiences in the outer world, which is usually referred to as

'daily life'. One's r.:74.7sona1 world also consists of imaginary

experiences, or expzIriences that can easily be imagined. In other

words, subjective reality is not congruent with authenticity. This

was a great help for our author group, because it took away the

necessity of spasmodically trying to find things chat really

occurred. In the above examples, I have given examples of fictional

situations, like in the example of Mieke and Hans on their

respective islands and like the thunderstorm and apartment

buildings. For students, fictional situations like these are real.

The social environment of students is a great source for teaching

mathematics, not only for practical reasons. since one can expect

the students to understand better and become more interested in

learning the subject matter involved, but also for ethical and

idealistic reasons. It depends both on the teacher's and the

author's set of values and when and in which way each of these

reasons are significant to their students.

- 33



literature

On can find more about the issues raised in this paper in:

Dormolen, J. van (1986), Textual analysis, in: Christiansen, B, et
al, Perspectives on Mathematics Education, Reidel Publishing
Company, Dordrecht. And also 3n other. chapters of the same book,
togei...n. with extensive bibliographies.

34



2.3 Introduction to the teaching of technology
in Dutch secondary schools
A survey of the development of Goals and Content for technology
education

Jenne van der Velde,
National Institute for Curriculum Development (S1.0), Enschede

Introduction

It is highly probable that Technology will be introduced as a

subject in secondary education in the Netherlands within the next

few years. The new government intends to introduce a package of

fourteen subjects starting on August 1, 1991. The objectives or

aMtainment targets for the subject will be described centrally.

Technology is one of the fourteen subjects. Although there was a

possibility for schools to include technology in the curriculum

before, a legal framework has now been devised to introduce the

subject in schools.
This introduction was preceded by a long period of problems, hope

and frustration. The start of this period is hard to identify. In

1973, schools for vocational education were given the opportunity to

address technology in a different way than just as a preparation for

a technical profession. The name of this subject was General

Techniques. In 1980, the Institute for Curriculum Development was

given the assignment to develop a curriculum proposal for Technology

in secondary education. This appears to be the prelude to the

overall introduction of technology in the curriculum.

Phases in the introduction of Technology

Looking back on the development and introduction of the subject

Technology in secondary education, two successive periods can be

distingaished: firstly, the introduction of Technology as a
generally formative subject in the vocational part of secondary

education and secondly, the introduction of Technology in various

types of secondary education. Schussler divides the first phase into

two phases: the prologue and the pioneering phase. The first period

ran up until 1980. In total, seven phases can be distinguished in

past and future developments.
- the prologue (up until 1973)

A period of deliberation led to the introduction of General

Techniques in the vocational part of secondary education;

- the pioneering phase (1974-1979)
Vocational schools started to introduce General Techniques under

unfavourable circumstances, having no curriculum examples and no

textbooks. In many cases, General Techniques seemed to be a

preparation for other subjects in vocational training. Some

schools developgi a more integrated approach;

- project phase (1980-1983)
In 1980, the Institute for Curriculum Development started the

General Techniques project which resulted in a curriculum

proposal in 1982. This proposal was based on the concept th..t

education in Technology should prepare pupils for living in a
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society in which technology p.ays an essential role. The proposal
can be considered as the first broad legitimation of the
introduction -f Technology as a generally formative subject in
secondary eaction. A special Working Group submitted proposOs
to the government to split up the subject Technology into
Technology and Care. This proposal was accepted;

- policy phase (1984-1987)
In this same period, some important decisions were made.
Technology will be introduced in all types of general education.
Elements of "Care" (the subject house economics/health care) will
be incorporated into a separate subject. A number of important
publications accompany this process:
- "Techniek in he, onderwijs" (Technology in education") by the

NKSR (1984),
- "Proeve van een Concept-Ontwerp Ontwikkelingswet Voortgezet

Onderwijs" ("Trial of a Concent Development Law Secondary
Education") (May 1984),

- "Techniek en Verzorging" ("Technology and Care") by APVO
(January 1985),

- "Wat zouden ze krijgen in het voortgezet basisonderwijs"
("What would children be offered in furthar basic education"),
a proposal for .lements by the SLO (November 1985),

- Working Documents Basisvorming (Basic Education) by the WRR
(December 1985),

- "Techniek binnen de Basisvorming" ("Technique in Basic
Education") by a Working Group chaired by inspector M. Viz:3er
(December 1985),

- "Leerplanvoorstel Techniek deel 1 en 2" (Curriculum Proposal
for Technology parts 1 and 2") by the SLO (1986-1987),

- The WRR report "Basic Education" (1986).
A stream of government notices shows that the introduction of
Technology has now become an irreversible process;
broadening phase (1987-1990)

Objectives for Technology are being developed. The introduction
of Technology has been delayed because of a change of government.
Its introduction is now planned for 1991. Many schools start
orientating on Technology. A part-time teacher training course in
education in Technology was started. Some publishers hesitantly
take steps to start developing textbooks.

?.t the end of this period, approximately 20% of all schools will
have introduced Technology in the curriculum.
introductory phase (1991-1995)
It is expected that Tachnology will be introduced in 1991. About
one third of all schools already have a Technology classroom. The
introduction is guided by experienced institutes. Educational
publishers will provide textbooks. The objectives for technology
will be transposed into annual programmes.
However, a number of problems still remin, like the problem of
girls in technology education, differentiation of levels, the
introduction of new technologies, classroom organization,
minority groups and pupils who do not accompl'-h the general
level. The need for the extension of the number of hours
allocated to lessons in Technology will be recognized, mainly by
the growing role of computers in industry and because problem
solving is considered as an important pillar for programme
development. The development of assessment methods will also
remain a problem;
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- completion phase (1996-2000)
Technology will be generally accepted as a school subject. The

function of Technology as a subject preparing pupils for further

education will become increasingly important. There will be a

small improvement in the position of girls. New technologies will

be introduced in Technology education. Educational software will

also be drweloped. There is still an increasing need for the

extension LZ hours allocated to lessons in order to realize

problem solving as an objective.

Features of the subject Technology

A remarkable stability can be seen in fe description of features of

Technology. Of course, there are diffe.Ances in concrete

elaborations. The most striking differences can be seen in the

absence of "care" related topics in Technolot education. Didactical

differences also exist. However, we will not pay furtI.Jr attention

to these differences.

We will now mention some of the features of the subject Technology

according to the centrally developed objectives (= attainment

targets) for Technology.

Description et Technology within the framework of basic education at

secondary level.
The advanceinent of technology is a pluriform phenomenon which

greatly affects society. On the one hand, it affects a person's

immediate environment, and on the other hand society as a whole.

This advancement is brought about my man himself. Both society and

the individual are, to a certain extent, capable of directing the

development of technology, i.e. technology and society affect each

other and vice versa. Following in the footsteps of its neighbours,

the Netherlands feel the need to prepare its citizens for

functioning in a rapidly developing technical culture and society.

The education system can contribute to this.

Technology in relation to the starting points of basic education at

secondary level.
The WRR report (WRR = Scentific Council on Governemental Policy)

entitled "Basisvorming", i.e. "Basic Education at Secondary level",

distinguishes three types of basic skills and knowledge which apply

to all subjects:
a. knowledge of the cultural heritage with which each individual

should be acquainted;
b. knowledge and skills necessary in order to function properly in

our present society;
c. knowledge ,nd skills necessary for advs ced studies or further

vocational training.
All elementary teaching subjects should deal with the three

categories of basic skills and knowledge mentioned above.

a. Cultural heritage.
Technology as part of our cultural herii-age implies that the

pupils gain access to the communality of knowledge which forms an

essential part of our culture. Such access can be gained by

processing materials and examining the design and operation of

tools and utensils. Sperific attention to the historical
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development of Technology can broaden the individual's
understanding of the position of Technology and technical
developments in our present society. It can also widen the
insight into how and why the sophistication and innovation of
technical products are achieved. Technology is a product cf human
activity which has both a past and a future. Existing knowledge
and available means and methods form th: basis for a continuing
process of elaboration.

b Social Functioning.

Education in Technology focuses upon the pupil's social ls
which are useful and of value in everyday life. Pupils are
increasingly confronted with Technology in all possible forms. It
is therefore of great importance to create order and to acquire
practical knowledge and skills so that pupils will be able to
cope with everyday life, both in the present and in the near
future, also by means of increasing their capacity of judgement.
The world of the pupil, with the di'ferences which exist in that
world for boys and girls, will form the principal point of
departure from which a selection can be made from the wide
variety of technical products. Because we are basically concerned
with the education of 12-15 year-olds, the curricula will be
based on context-orientated education in which the choice of
context is such, that pupils will be able to recognize and
experience the relevance. The following contexts were chosen for
these proposed tainment targets:
- the enviroL in which we live;
- work and profession (including medical technology);
- leisure;
- transport and communication.

c. Further education and professional career.

Because education in Technology contributes to the discovery and
development of the pupil's personal capabilities and field(s) of
interest, it can also contribute to the right choice of further
education and professional career in the technical sector. This
is particularly important to pupils who follow general and
advanced secondary education and for girls. If one considers
technical vocational education, it appears, in this particulur
field, that various disciplines and subdisciplines can be
distinguished.

Within the context of education in Technology in the basic
education of pupils at secondary level, it is not realistic to
address technical training and professions in which technical
kncwledge and skills are of great importance. However, it is
possible to develop the manner in which pupils relate to this and
these possiuilities should be used. Besides this, exemplary
education could be provided which ha: a specific bearing on
technology in various profccsions.

Description of the subject
Based on the characteristics of technology previously mentiol.cd and
in consideration of the points of departure for the provision of
basic education at secondary level, the Development Group arrived at
the following description of Technology Technology focuses upon the
aspects of Technology which are of importance for a sound
understanding of culture, for functioning in society and for further
technical development. To achieve this, pupils gain knowledge of and
insight into the three cornerstones of technology (matter, energy
and information) and into the close relationship between technology
and the sciences. They gain insight into the relationship between
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technology and society and learn to form their own opinion about

applications of technology in our society. They learn to produce

technology and "to becvne techndlogi:ally involved". Pupils learn

how to deal with a number of technical products and are provided the

oppoemnity to discover personal capabil;ties and interests in

relation to Technology.

Summary of the subject components
The general description of the attainment targets is divided into

three principal components. These three subject components are

further elaborated in the attainment targets. Here, we will confine

ourselves to mentioning the three subject components of Technology

and a summary of the various topics. We should like to remark that

the sequence in which the descriptions are given does not

necessarily indicate their precedence.

The subject components are:
A. Technology and society
B. Working with products of technology

C. Producing tochnology

Technology
The topics are drawn as much as possible from the real-life

situations of pupils and are interrelated with the components of B

and C.
The topics are:

- the cornerstones matter, energy and information,

- the relationship between technologica_ ,,rogress and economical

and social conditions;

- the consequences of technological progress in everyday life.

Production process:

- characteristics of the manufacturing industry,

- phases in the production,

- the concepts automation, mass producticn, systems, mechanization,

quality control & assurance, logistics, economy of scale,

standardization,
- working conditions and distribution of tasks between men and

women,

- recent developments in the field of machine and tool operation,

- visits to industrial firms.
Technology in professions:

- the nature of technical activities,

- technical aids and equipment,

- working conditions and personal satisfaction.

Chemical technology:

- the effects of technical developments on changes in the

environment,
- technical solutions for environmental problems and their

limitations,

- relation between offer and demand of technical provisions and

environmental effects.

B. Working with technology
The topics derived from the everyday world of pupils are covered in

the form of practical work in which the rqntral focus is put on

practical involvement and investigation-. 1 activities.

The topics are:
Principles of operation:

- motion and transmission,
- transformation of energy.
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Technical systems:
- shaping material,
- principles of design and construction.
Automation:
- system elements,
- connecting models and making them operational,
- solving control problems.
Use:

- proper nomenclature and expressions,
- selecting and using the right tools,
- product assessment,
- the use of assembly and operating instructions,
- relationship between maintenance and the environment.

C. Producing technology
The. topics are covered within the framework of producing functional
(= operational) products (work projects).
Topics are:
Preparation of work:
- the use of technical documentation and instructions,
- problem analysis,
- working according to a planned schedule.
De7ign, drawing, interpretation of drawings:
- solving construction problems,
- simple sketches and technical drawings,
- reading technical drawings,
- conditions of material,
- (precision) measuring,
- transferring data to materials.
Working pnd prncessing materials:
- the ploduction of work-pieces according to DTMC-models (i.e. a

strategy for design and production) from wood, plastic, textiles
and metal,

- working on a production line.
Assessment:
- process. assessmenc,

- product assessment based on prescribed criteria.

AEter the first advice for attainment targets had been discussed by
educetcrs a second advice was developed that did not differ much
from the first. Some formulations had been changed, the tatal amount
had latten reduced.

The Development Group characterizes the subject as
practice-orientated (75% practical work and 25% theory). Each pupil
should be given the opportunity to experience practical work and to
gain insight by self-activity.

A brief analysis
Related to the various types of conterts as described in the
attainment targets, we can see that the same characteristics of the
subject reappear time and again. We have selected some citations
from various publ.lcations and have related them to the
classification in three types of basic skills and knowledge.

Dealing with products of technology
In publications ot pedagogical centres, published before 1980,
acquiring skills in developing and executing a strategy for acting
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took an importz:nt position. Problem solving activities also appear

time and again, as well as "the ability to cope with technology".

Pupils should not just learn various partial skills, but also learn

to shape a desired technical situation.

Learning the social si nificanc- of technology
Citations that can be found, contain terms like "critical review of

tozhnology and its significance to humans", 'learning to assess

technical application", "responsible adaptation of the environment".

From almost all publications, it becomes evident that Technology

always concerns the relationship between humans and technology.

Reflecting on technology is also a part of education. Another aspect

is "vocational orientation".

Producing technology
"Techno)ogy as a practical subject" is often found in publications

on technology education. "Acting in a technical way", 'learning
basic skills", "dealing with the pillars of technology: matter,

energy and information" can be found frequently.

Problem solving

So far, we have presented a survey of the attainment targets and

given a brief comparison of the characteristics of the content of

technology as can be found in various publ:cations. From 1980, a

growing convergence of objectives and contehts for technology can be

recognized. Whether or not this convergence will remain in its

further concretion is yet uncertain. Internationally, some new
developments can be identified.
In American publications, two concepts become increasingly

important: "technological literacy" and "problem solving". These two

can also be important for the developments in the Netherlands.

Here, we propose a development of technology education directed

towards a problem solving process.

Many schools will select, adopt and adapt the SLO proposals for

annual programmes. Adaptatiorl are often minor and include: making

the material look nicer, attempting 4-0 present a clear concept of

technology.
The presenting of a clear concept of technology to pupils can be

achieved by introducing a central theme in the programme. Problem

solving couldbbe such a theme.
In my opinim, developing an annual programme based on problem

solving activities is the right course to be followed when the

theoretical concept is clear. Whether or not will act as a remedy

to assist pupils in solving real problems wili depend on the

recognition of the need for problem sol...ing activities and the

choice of subject matter.
Problem solving can also contribute to the effectiveness of

education in technology. Instead of precious equipment that is

perhaps only used for ten minutes each year, problem solving

activities could take place using cheaper materials. In my op^nion,

problem solving should Include: helping pupils effectively

solving technical problems in such a way that they can then solve

r her technical problems independently.
According to Lowell D. Anderson (in The Yechnology Teacher, an
American Journal for Technology Education), learning to solve

technical problems is learnt best of all by practicing the problem

solving process. Everyday reality is then simulated in the school.



Problems should be selected in such a way that they appeal to and
stimulate pupils and constantly demand the application of new
elements of knowledge and skills.
Solving technical problems requires three kinds of skills:

process skills
basic skills
skills related to decision making

Process skills are requird in order to distinguish between the
various phases occurring in the problem solviag process.
Basic skills are required in order to solve the problem in question.
An example of this kir') of skill is: the right use of materia:s and
tools and the skill of decision making, such as the collection of
the right data ani information in order for the correct decision to
be made.

A problem must be chosen in such a way that it allows for practicing
these three kinds of skills.

It is poss:ible to develop an annual programme based on the problem ,

solving process as a central theme. There should also be pericds in
which the information required for problem solving is presented.
These period: should also be interesting and important in tnemselves.

The materials that have already been published by the SLO so far can
be used to devise such a programme. A critical remark will have to
be 1.4de here. Although it is highly desirable to devise an annual
programme in terms of problem solving activities, the number of
lessons (180 hours) will probably not be sufficient to realize this
programme. Time will also need to be allocated to both exercising
skills and for the realization of the problem solving process.
Experiments in education will have to show whether this is feasible
or not. It can be calculated that about half of the time allocated
to teaching will have to be focussed upon exercising skills.
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2.4 Discussion report

The first theme, 'Goals and content', has been discussed in three

groups. Results of these discuss.ons are reported here.

The discussion has focussed on five issues:
1. the way in which goals and contents are selected,

2. the process of teaching pupils to reflect on the knowledge they

gain,
3. the question of whether or nor it is allowed to use education as

a means for changing behaviour,
4. the relationships in goals and contents between science,

mathematics and technology,
5. strategies for innovating co--ls and contents,
6. the role of teachers in innovating goals and contents.

The way in which innovations in goals and contents have taken place

in the past seems to vary considerably between the subjects in the

Netherlands. In science and mathematics education innovations are
often initiated by educationalists with the results of research

studies as a basis. In chemistry education, however, initiatives for

updating goals and content more often come from specialists in the

academical subject. It has happened that chemistry educators rather
suddenly were confronted with decisions by policy makers to adapt

the.chemistry education programmes.
It would be interesting to know how innovations of goals and

contents take place abroad and to discuss what would be the most

appropriate way for inducing innovations.
Another iwportan'c question is: what is the role of goals and

contents in rhc educational practice in schools? Is it worth stating

goals and contents that have hardly any influence on what teachers

are doin ? Would it be suitable to study what goals and contents

teachers realize in class and then to formulate realistic goals and

contents with practice as a basis?

With respect to reflective learning it was stated that pupils shculd

not only be taught knowledge but also to think about the way this

knowledge is gained in science, mathematics and technology. Pupils
should for example be aware of the fact, that all observations are
biased by pre.:ous knowledge. It is important to make clear to them

in what structure of knowledge the subject m...er is positioned.

From that perspective they should also be able to transfer this

subject matter to context situations. Education should help them to

solve problems in a process oi both thinking and acting.

A third issue that has been discussed is the question of whether or

not It is suitable to use education as a means for changing people's
behaviour. This question came up in particular after the
presentation on environmental education. It seems as if education
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becomes more and more normative. Pupils are more and more confronted
with morals in the field of sex equity, environmental behaviour,
etc. It was suggested that in education we should show pupils the
various ideas about these issues that are found in society, in order
to help them in developing their own. Especially in environmental
education this awarenlss development plays a vital role.

A special problem i3 the relationship between the subjects science,
mathematics and technology with respect to goals and conteats.
Each subject has its own jargon and it is hard to communicate in
such a situation. Even the fact that this meeting is one of the very
first in which educators and researchers from the ,hree sub.;ects
meet in one place underlines this.
Not only the jargon, but alswthe status and the scientific
background of the subjects differs. Technology has a sz,r....kal problem
here: the conceptual structure of this subject is hardly known yet.
Some common themes were identified: legitimization of goals, the use
of contexts, the role of theories of knowledge, the relationship
between knowledge and behaviour, the balance between developing
goals by policy makers and by educationalists, the issue of problem
solving in the various subjects.
It was sometimes questioned whether or not it is appropriate to
think in separate subjects at all. Especially young people
experience reality as a whole and not as differentiated in subjects.
On the other hand, subjects can help them to structure reality and
enable them to find their way in reality.

In the Netherlands we have seen some examples of innovations that
were not as effective as had been hoped and expected, because the
innovation was too drastic. Teachers found it hard to implement such
a change in their educational practice. The lesson that can be
learned from these experiences is, that it is important to make sure
that the majority of teachers is able to keep pace with the
innoyators.

This., however, means that there is a danger that too much of the
innovation is sacrificed to todays practice and the fact that
education has a tendency to be conservative.

Finally, the importance of updating the teachers knowledge and
didactical skills was dealt with in the discussions.
Innovations can only be realized with teachers that are both willing
and able to make changes.
In primary education there is much inter_st to implement technology
education in the programme. Teachers, however, have no or hardly any
technological background. This means that it is necessary to p:ovide
ready-to-use learning materials. This creates a danger of lessons
being defective in content, because teachers lack knowledge and
skills.

In a way, the same goes for the other subjects as well.

During the discussion a number of questions were staced, of which
participants felt, that it would be useful to answer them in the
international surveys that will be carried out in the SMT Education
project of OECD:
1. how does the development of (new and inno ative) goals and

content take place? What forces act upon this process? What is an
appropriate process here?

2. to what extent is a knowledge base conditional for teaching the
problem solving process?
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3. what are various interpretations of the term 'problem s. ring'

and how can this be seen in learning materials? What should be

the level of difficulty for stating problems? And what is moria

effective: field work or classroom work?

4. how do pupils' attitude changes through educational programmes

take place?
5. in how far is education normative? And in how far sLould it be

normative?

4 4
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3. The theme
'Settings and methods'

3.1 H. Krabbendam: 'In search of contexts in mathematics for
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3.3 M. de Vries: 'Settings and methods in education in.technology in the

Netherlands'

3.4 Discussion report
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3.1 In search of contexts in mathematics for
12-16 year-olds
Hans Krabbendam,

National Institute for Curriculum Development (SLO), Enschede

Introduction

One of the subjects referred to by the OECD for consideration within

the part-project "Mathematics, Science and Tachnology" is "Methods

and Settinc-". Within the framework of each of these three subjects,

the use of contexts is one of the teaching methods used. In this

contribution, the use of contexts in mathematics is explained on the
basis of examples taken from the project "Mathematics for 12-16

year-olds". The points of departure for the development are
illustrated after placing the project within the context of
theoretical developments in teaching mathematics. The examples give

a clear impression of the elaboration in terms of student

courseware. Finally, one paragraph will deal with the suitability of

contexts in education in mathematics.

Position of the project Mathematics for 12-16 year-olds

Teaching realist;c arithmetic/mathematics
Under the influence of Wiskobas, a departmeni.. of the IOWO which was
dissolved in 1981, the programme for arithmetic/mathematics at
primary school level has undergone drastic changes within the last
two.decennia. The result of those changes can be found in "De proeve

van een nationaal programa voor het reken/wiskundeonderwijs op de

basisschool" (Treffers & De Moor, 1989). The examination syllabus
for mathematics at advanced secondary leve:L has just recently been
revised. The mathematics in the courses Mathematics I and
Mathematics II has now become Mathematics A and Mathematics B after
considerable adaptations had been made. Mathematics A focusses upon
applications, whereas Mathematics B, which is more theoretical, is
intended more as a form of preparation for further courses in the

scisnce-orientated subjects.
The nature of the mathematics in the HEWET project which has
resulted in these adaptations is characterized by realistic
mathematics which can be again be characterized by five learning
principles based upon the theory of realistic education (Treffers,

1986):
a. Phenomenological exploration by means of contexts

b B2idging by vertical instruments
c. Pupil's own construecions and productions

d. Interactive instruction
e. Intertwining of learning strands; the broader connection

To a large extent, these principles determine the form of
mathematics teaching, even though, as we shall see, these principles
have an effect on the content of the subject matter. With the HEWET
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project serving as a model, at higher levels of secondary education
in the Netherlands (HAVO-level = Higher General Secondary Education)
experiments are presently being Undertaken which must result in the
introduction of the Mathematics A and B syllabus in schools for
higher general secondary education. This so-called HAWEX-programme
which must be integrally introduced is based upon the principles of
teaching realistic mathematics.

Social changes
In addition to arguments in support of a theoretical approach, there
are also arguments in support of changes bascd on social motives.
During the last decennia, in our present society other kinds of
p7ob1ems have also played an increasingly important role, namely:

issues relating to traffic, trade and infrastructure;
problems concerning decision making in respect of significant
social topics, such as energy and the (natural) environment,
decision science;
questions in the field of information science, such as working
with flow-charts and the organ; ,ation and structurizetion of

computer files/data;
In order to be able to function in such a highly technological
society in which mathematics becomes increasingly less apparent
(Keitel, 1989: "So what about the contradiction of increasing
mathematization of modern society, together with potential
demathematization ot its members") other skills are required than
those several decennia ago. In their book entitled "Descartes'
Dream", Davis & Rersch (1986) provide a list of the skills requized
in a mathemati7ed society:
- the ability to symbolize, abstract and generalize the primary

experiences of counting and spatial movement. A sharper sense of
quantity, space and time;

- the ability to dichotomize sharply: YES/NO; TRUE/FALSE; 0,1.
- the ability to discern primitive causal chains, e.g. : If A then

B. The ability to concatenate aPkd reason about such chains.
- the ability and willingness to extract from the real an abstract

surrogate; correspondingly, the willingness to accept formal
manipulations of the abstract surrogate as an adequate
representation of the behaviou: of the real.

- the ability and desire to manipulate and play with symbols, even
in the.absence of concrete referents, thus creating an imaginary
world which transcends the concrete.

The author re-arranges the list of skills directly related to the
use cf computers as follows:

1. Algorithmic thinking
2. Modular thinking
3. Systems thinking
4. State thinking
5. Metathinking

The consequences for mathematics education

As a result of the previously mentioned changes, the Mathematics
syllabus at junior secondary level is intended for pupils between
the ages of 12-16, dates from 1968 and is characterized as being
relativ ".y fomal and andlytical, being based upon collective-
theoretical principles, has now ended up between two modern syllabi,
which makes adaptation inevitable. Consequently, the Dutch Ministry
of Science and Education has assigned the COW - the Committee for
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the Development of Mathematics Education - the task of developing a

new curriculum for Mathematics based on extensive experiments. This

new curriculum must be ready by 1992 so that it can integrally

introduced in schools as from 1993.

The SLO at Enschede and the specialist group OW & OC (Research group

on Mathematics Education and Computer Centre) cf the State

University of Utrecht will be responsible for the implementation of

this project.

As far as the content and the form of the new syllabus for junior

secondary level is concerned, the above implies that it will be

necessary for specific attention to be paid to such skills as:

- finding structures for problems

- making schematic outlines of given situations

- making models

- a critical view of models

In addition, as far as content is concerned, the described changes

also imply:
* (small or large) shifts of emphasis in existing syllabi such as:

- a broader and more qualitative approarth and treatment of

graphs in algebra and analysis;

- less emphasis upon formal aspects of mathematics;

- emphasis on applied spatial geometry;

- specific attention to arithmetic, which was previously only

occasionally tre3ted at secondary level;

- paying increasing attention to statistic activities;

* the introduction of completely new subject matter such as that

which is related to situations in which structures play a role

within finite clusters.

This extensive positioning of the project Mathematics for 12-16

year-olds should be considered as being a sketch of the backgrounds

of the use of contexts in the junior secondary level syllabus for

mathematics in general secondary education.

The use of contexts in teaching mathematics

The call for extra-mathematical elements in mathematics education is

not just of recent years. Traiitionally, the scientific structure

of mathematics has always determined the content of mathematics

education.
This means that the construction of mathematics which had gradually

developed over the centuries was reflected in the structure of the

subject in education. Making advancements in mathematics meant going

up to the next stage. The elaboration of mathematics as an abstract

cognitive subject with its own specific structures also alienated

the subject mathematics from its application in daily practice.

Initially, this was permitted, especially in respect of its

educational value, but later the desire to return to the

fundament..ls of mathematics, i.e. reality, became much stronger.

Initially, this desire was met with by enabling the context as a

field of application and as a climate for exercising specific

mathematical skills. This was called the 'livening up' of school

mathematics, as well as the use of contexts as introduction, often

in the fern of motivation. The use of applications alone seemed to

meet with the call for a return to reality insufficiently.

Freudenthal advocated ut the genetic method, the rediscovery of

4
53

a;



mathematics, was a good opportunity to enable children taking
mathematics in the first phase of secondary education to personally
experience the subject in a rapid and controlled manner. He used the
context as a possibility to develop mathematical concepts in which
the context takes the form of a phenomenon of a mathematical
structure. This concept meant that contexts taken from the real
world, and also from the wor.ld of fantasy, could serve to allow
mathematical concepts to deve ,p, to give them significance and, in
doing so, allow them to function as a reference framework for the
children. In this connection, such terms as horizontal and vertical
mathematization were mentioned. By horizontal mathematization is
understood, the mathematization of the situation so that a situation
is created that can be investigated with the use of mathematical
means. By vertical mathematization is understood, the course taken
throughout the previously mentioned personaly formed mathematical
structure in search of further, more abstract mathematical
structures. The realistic theory of education (Treffers, 1986)
distinguishes four roles of contexts:

concept formation
- model formation
- applicability
- training in applied situations

The didactical phenomenology

In what way can such a use of contexts be achieved in education? In
his later works on didactical phenomenology, Freudenthal advocates
this particular approach. The contexts proposed by Freudenthal and
others too, (e.g. Terwel, 1986) were 'rich' contexts, i.e. wirh rich
mathematical structures from which many (mathematical) questions can
be derived. Freudenthal himself mentions as an example of a rich
structure the collection of toys from which a small world can be
built and as an example of a poor structure, a collection of
building blocks. In his opinion, education should be directed from a
rich structure to a poor structure. This does not mean that
Freudenthal advocates a link with the structure of mathematics which
is presently the case, partly resulting from the influence of
Bourbaki. He draws a distinction between the structure of the
mathematics and the mathematical structures themselves. Mathematics
is an activity; it is the re-creation of mathematics. He sharply
opposes attempts to structurize education according to scientific
structure. Freudenthal (1984) briefly characterizes this didactical
phenomenology as follows:

starting from those phenomena that beg to be organised and from
that starting point teaching the learner to manipulate these
means of organising. Didactical phenomenology is to be called in
to develop plans to realise such an apprnach. In the didactical
phenomenology of length, number, and so on, the phenomena
organised by length, number, and so on, are displayed as broadly
as possible. In order to teach groups, rather than starting from
the group concept and looking around for material that
concretises this concept, one shall look first for phenomena that
might compel the learner to constitute the mental object that is
being mathematised by the group concept. If at a given age sue-,
phenomena are not avallable, one gives up the -useless- attempts
to instill the group con,..ept.
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And Treffqrs (1986):

The novelty in the realistic conception is that reality does not

function in the way of embodiments, but as a source of concept

formation, i.e. in order to deve/op intuitive notions, or in

Freudenthal's terminology, to constitute mental objects.

The search for contexts which, didactically and phenomenologically,

are useful for the desired mathematical structure - also designated

as paradigmatic contexts - is one of the tasks assigned to the

project group Mathematics for 12-16 year-olds. Examples of this can

be derived from development work which has been carried out at

primary level and at the upper level of advanced secondary education

(HAVO/VWO). In this connection, Treffers (1986) mentions e.g. the

road problems, the grains on the chessboard and Gulliver's Travels.

CD a4t I IP

wegenprobleem muizenprobkem
from: Wiskobas doelgericht

An example from the HEWET project for the upper secondary level is

the concept 'growth' in the rats context of Maarten 't Hart (De

Lanae, 1987).

EXamples of contexts for Mathematics for 12-16 year-olds.

Let me explain a specific use of contexts within the project

Mathematics for 12-16 year-olds by giving several examples.

Example 1: a geometrical structure
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Het zaaltje is vol met mensen die zich vergapen
aan Koosjo. Koosje is de naam van de zeemeermin,

gevangen door een Katwilker visser b7j de Doggersbank.

Zij is genoemd mum zijn vrouw.

Een handige adememer heel de zeemoermin gekocht
van de .:Isser. HI Waft eon deel van de visafslag gehuurd.
Van veilingkisten heeft hij een zaaltje gebouwd met een
ruimte voor Koosje. Hij heeft zand, schelpen en zeewier

neergegooid, cien tuinvijver inpeoraven en kippegaas
gespannen.
Een pliaar van de Wsafslag ummen het uitzicht op
Koosje die steeds op dezelfde Oak ligt te treuren.

De ondememer maakt de mensen wijs dat Koosje af en

e mitt. Zo kan hij do plaatsen waarvandaan twits te Zion

is ook nog verkopen.
De ingang is een name opening in de wand van voilingkisten

waar 66n mons tegelijk door kan.
Bij de ingang hangt een bordje:

PRICES OF THE DIFFERENT POSMONS

/ 10,- to see Koosje entirely

/ S.- to see Koosje partly

1.- just to hear her sing.

1. De floor is painted in three colours to point out the different positions.

> colour the floor of the room.

r- ti
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A nice context which is certainly not an easy one for pupils to
understand and which contains a lot of geometrical activities.
The solution automatically cOmes from the search for tangent
points, 'half-shaded areas' and 'shaded areas'. The mathematical
structure, i.e. constructions circles and tangent lines, is
then achieved.

A previous form (from: Zie je wel?) was as follows:

At which position will the lighthouse-keeper see the most rabbits (at A or B)?

Do you see the simi2arity in matheuatical struc.lure? Here, too,
the circle, tangent lines and shadow and half-shadow force
obtrude and a geometrical sketch becomes self-evident.

In both situations, we are concerned with the same mathematical
structure.

Would a further quest enlighten us on these issues, implying that
there is apparently question of an important mathematical
structure which, in many cases, presents itself to us? If this is
the case, a search must be made for the context which,
didactically, represents the mathematical structure best of all.
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Not so long ago, we put the folloving problem to a group of

teachers present at an afternoor post-training session on

geometry:

Measure the width of the pots. Try to find an explanation

photo: Aad God*

A lot of surprised faces, disbelief and 4..,spicion towards the

photographer because the consequence of the fact that the pots of

paint on the outside look or 'seem' bigger than those on the

inside is certainly shocking. The reason being because, for

example, this would also mean that if you look at a house, the

bricks on the outside seem wider than the others. The circle and

tangent line structure was very helpful that afternoon, although

11.he actual solution to the problem still had to be found since

projection onto a flat surface (the photo) also plays an
essential role. In Dan Pepe's book entitled 'Geometry and the

Liberal Arts', this examp2e is presented in the form of a paradox.

Leonardo verwiiu naar cen duideliike paradox in de perspectieftheorie
die nog steeds interessant bliikt te ziin. Dem wordt ook besproken door
Pierro 4frella Francesca. Ms u voor een nj zuilen nut, zoals die van een
voorgevel van een tempt!, en u tekent ze, dan zien de zuilen un de
ziikanten er bred er uit dan die in het midden, hoewel de titimste verder
weg stun. Natuur!ij veronderstellen we dat alle zuilen dezelfde breed te
hebben. Een dwarsdoorsnede lut een lantal cirkels op een rii zien. Het
is voldoende om cc drie te bekiiken (figuur 28). Zoa is we in de tekening
zien, ziin de beelden van de buitenste twee cirkels groter dan het beeld
van de bir-aenue. Dat wil zeggen, PQ is groter dan SR

from: Perspertieven doorzien, Pedoe



The 'sun, the mcon and the stars' are soon discovered when in
search of the context which, didactically speaking, is best
suited to these geometrical structures. The nice thing abovt it
is, for example, that within the framework of the phenomenon
'moon eclipse', the same structure can be used in order to
i7larify 'shadow' and 'half-shadow'.
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from: Volkskrant 17/10/'86

The 'richness' of the context 'Sun, Moon and Earth' is very
useful in explaining the given geometrical structure. From this,
it seems very possible for pupils to develop an understanding of
these structures. In this connection, this particular context has
been provisionally selected in the project Mathematics for 12-16
year-olds.

Based upon the fact that the mathematical co-'ent mentioned, i.e.
the use of circles and tangent lines is a good one, a
phenomenological analysis of this structure can be made. So, how
does this structure present itself to us? Several examples have
already been given. The next step is to select the option which,
didactically speaking, is suited best of all, and the context 'Sun,
Moon and Earth' seems a good one. Other factors which play a role in
the selection are addressed in the discussion paragraph of this
present report.

Let me first show some examples. namely of a structure which plays a
role within the framework of concrete mathematics and another in the
field of equations.

Example 2: A discrete structure

The subject 'discrete' is a relatively new phenomenon in mathematics
education. As indicated in paragraph 1, there are, however,
sufficient arguments in support of incorporating this as learning
content in mathematics education. This is already the case in the
upper grades of advanced, pre-university secondary education (VW0)
and also in experimentations in the upper grades of higher general
secondary education (HAVO).

L
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The phenomenological structure of the 'discrete is expressed by the

points and relations between the points. The geographical position
is not rAlevant and, in some cases, can even be annoying,
particularly if weights are allocated to the connections between the
points and if algorithms are needed in order to discover the
'shortest', 'quickest' or 'cheapest' possible path to fellow. Tx the
introduction of the 'discrete' concept at junior secondRry
this placed us in a didacticP1
One can select a geographic context as the basis from which to work,
for instance, the construction of an underground railway network in
the city of London, or one can choose a context which is not related
to any specific ;eometrical structure, such as, e.g. a 'tournament
graph' so as to emphasize the essential elements of the 'discrete'
concept, i.e. the independence of the position of the points and the
length of the lines. For various reasons, in the project Mathematics
for 12-16 year-olds, we opted for the geograpnical context as an
introduction. In the elucidation that wae chosen (iefer to the
worksheets entitled "Journey to the North ), the progressive
schematization plays an obvious role where one increasingly abandons
situational aspects, in this case the geographi-al aspects. Ir the
end, the step taken towards the mathem,....ically rich grid structure
which plays an important role, both in a combinatorial sense and
algorithmically, is only a small one.
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from: De kortste wag, W12-16

The Journey to the North
Although limited, the experiences with these worksheets are every
encouraging. The pupils follow the steps taken with relatively
great ease. We also see that the increasing styling of the model
gives perspectives to arrive at a better and more justified
soluLion. We also discover the essentials of creating models and
that the attributes of the phenomenon 'discrete' become
increasingly clearer. Even so, the link with reality'remains
continually within reach while, at the same time, there is a
clear motive for the activities carried out. This is because they
simplify the solution to the question. The abstraction, as it
were, ar'ses automatically from the mannec in which the question
is raised.
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The applicability of contexts in teaching mathematics

In almost all examples, contexts are applied to designate

mathematical structures and to explicate them. We are concerned here

with the recognition of the mathematical structure and to enable it

to be applied in various situations. The point of departure in the

use of contexts therefore is the creation of a model (horizontal

mathematization) and the mathematical construction ?rtical

mathematization). The search for the contexts whiL irom a

didactical and phenomenological ,point of view, make the structures

the most accessible is the right direction in which to search as far

as the project Mathematics for 12-16 year-olds is concerned. The

fact that such contexts can be found becomes apparent from the

examples given above. It is also the direction which is most

preferable, as far as the taeory of teaching mathematics is

concerned. Even so, its implementation is only partially successful.

There are many aspects which should be taken into account in the use

of contexts in teaching mathematics.

Considered from the perspec,ive of the subject content

A. The process of sequencing the content f subject m"..er is .:c1

longer dependent upon the structure of the mathematics, but is

partly determined by the contexts themselves. The fifth teacrhing

principle derived from the teaching theory: 'Intertwining ot

learning strands , the broader connection' is not easily

achieved. Arra4igement of the content at a local level is quite

feasible, but longitudinal planning is rather difficult.

B. For some of the subject matter, it seems difficult to find the

required contexts. Negative numbers are a good example of this.

Many attempts in recent years (Goffree, 1989) have been

undertaken in order to find phenomenologically justified contexts

for these negative numbers. As yet, these attempts seem to have

produced only few results. Intentionally, no example has been

given of a good context for an algebraic structure. As yet, this

has not really been found, although a lot of work has been done

in this field and still is bei.ng done (Ten Hove, 1989).

The (ultimate) consequence of this could be that some of these

topics could not or should not be incorporated into the

curriculum for these pupils, as Freudenthal remarked in his

publication entitled 'Didactical Phenomenology' (Freudenthal,

1984).
C. From a phenomenological point of view, some of the subject matter

contains so many aspects that no suitable context can be found to

cover all of these aspects. When using such contexts, it could be

that pupils envisage an incomplete picture of the intended

structure.
D. Criteria for the choices made to determine the content of subject

matter both greatly determine and restrict the choice of

contexts. This becomes apparent from expressions like:

'Mathematics is useful', 'Mathematics must also be significant to

girls' and '
Mathematics should be geared to the world in which

the pupils live'.
E. An interesting context can disguise the mathematical structures

to be learnt in such a way that the pupil does not use the

planned mathematical instruments
naturally, but instead chooses

an instrument with which he or she is more familiar, or even

chooses a solution within the context itself.
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From a teaching point of liew
The ability to teach a subject is an issue which requires the utmost
attention, since the ad,..lity to implement is greatly determinel by
that factor. Among other things, the ability to teach is determined
by the following factors:
A. The pupil must be willing 'to step into and experience the

context'. In doing 20, account must be taken of the emotional
barriers of pupils when confronted with certain contexts.
Likeoise, the distance between the pupil and the given context
can be too great resulting in the fact that the context is not
adequately geared to the pupil's own world. In the eyes of the
pupil, the context can also seem too far reaching which is often
related to the invisibility of the mathematics in that particular
context.

B. Teachers must be capable of dealing with the given contexts
themselves. The teacher is confronted, for example, with 'context
interference', i.e. both the positive and the negative reactions
of the pupils to the given context. Teachers must '-oe aware of the
context itself and must be able to introduce the context swiftly.
The use of contexts often results in different solutions and ways
in which to solve a given problem. Teachers must learn how to
apply these differences positively. The assessment of contextual
mathematics also requires specific attention when using contexts.

After more than two years of development work on the project
Mathematics for 12-16 year-olds, the following (provisional)
conclusion could be dram:
Despite many promising results, the use of contexts as a steering
instrument in teaching mathematics to 12-16 year-olds seems much
more difficult than was anticipated. As yet, it seems to be much
more difficult to find contexts which are of significance to the
teaching of mathematics to 12-16 year-olds than it is or has been
for pupils at primary level and in the upper grades of advanced
general secondary education and at pre-university level (i.e.
HAVO/VWO).

r`lti
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I.

3.2 Teaching physics and context in the
Netherlands
Pieter Licht,
Department of Physics Education, Free University of Amsterdam

A brief retrospective view

In 1974, the 'Committee for the Mcdernization of the Physics

Cur.iculum' (CMLN), expressed the need for development work to be

undertaken and for subject-oriented educational research to be

carried out in peparation and in support of a new curriculum. A

positive aspect here was the fact that the Project Group for

Curriculum Development for Physics (PLON) was assigned the task of

commencing with this development at junior secondary level. In doing

so, the discussions about the innovation of education in physics

were to take place 'from the basis upwards'. It was no longer

university level Physics that primarily determined the form and

content of physics at secondary level. This new point of departure

offered the opportunity to base tlaching on the capabilities and

interests of pupils at junior sec.indary level and to gradually adapt

and extend the curriculum as the discussion moved on to schoci-types

at higher levels catering for different categories of pupils.

From the start, the PLON opted for an impbrtant shift of the

emphasis upon education in physics directed at a curriculum

providing functional knowledge of physics within the context of a

variety of situations in both the physical and technical world, as

well as in the world of research. The innovative element of this

form of education is that the context of the practical relevance of

the subject is taken as a starting point and placed in a framework

within which specific concepts and rules of physics are discussed.

The form in which the teaching of physics takes place is then

thematic instead of systematic. Moreover, use is made of an wide

variety of pupil activities, laying emphasis upon the active

participation of pupils. The changes pursued imply an extensive

adjustment of the way in which physics had always been taught in

schools up till now. The following summary of problems, as listed by

PLON staff (Kortland & van der Lc) 1986), indicates that, towards

the end of the 1970s, many of those involved in teaching physics

were clearly not ready for this kind of change:

i) the time available for teaching the subject is based on a non-

contextual approach of the examination syllabus. A contextual

approach of this curriculum either requires more time, or

results in a reduction of the subject c;ontent;

3;) from the teacher's point of view, the previous certainties with

regard to subject content and subject structure disappear and

the teacher's authority on controversial social issues

diminishes. Many teachers find it difficult to cope with these

situations;
iii) a passive and consumptive attitude of pupils does not adapt to

the new approach. Pupils have difficulty w:.th their active

role. Moreover, most of those involved in education have their

own views on the 'ideal' learning process, with clearly



demonstrable steps in the way of acquired knowledge and
understanding which do not correspond with the impressions they
have from classroom situatibns.

A breakthrough of the kernel ideas of the PLON on a more nation:7d
scale did not occur until the 1980s. Discussions on new examination
syllabi therefore, do not only relate to the content of new subject
matter, but also to the contexts within which the subject matter
must be presented. In the following section, I shall address the
c.cncept of context itself, since the word often leads to confusion.
Suboequently, I shall discuss in detail, the functions of contexts
in teaching and the possible design of teaching in contexts.
Finally, attention will be paid to developments anticipated in
relation to the use of contexts in teaching physics in the
Netherlands.

The concept of 'context'

The various meanings of the term 'context'
Van Genderen (1989) lends various meanings to the word context:

(i) Context is the environment of a (part of a) text in as far as
it aisects its form, meaning or function. This can also mean
calling upon the use of information not contained in the text
itself, such as historical, cultural or social information.
The latter forms the context in a much broader sense;

(ii) in literature on psychology, the word 'context' can be
considered as being any 'peripheral' information which might
affect the processing of the required information;

(iii) in educational psychology, the term 'context' is applied to
denote a problem situation, or a type of problem, particularly
when one is concerned with the maneuverability or transfer of
knowledge, in which case one then speaks of the application of
concepts and skills within a new context.

None of the above definitions specifically relate to learning or
teaching and are therefore unsuitable as a definition of the word
'context' in an educational sense.

The use of 'Context' within the framework of the Physics syllabus in
the Netherlands.
The 'Physics Syllabus Project Group' (the WEN) defined the word
context as follows: (Experience) =text: a structural part of the
realifl of the pupil (the way in which the world is perceived by the
pupil) in which concepts, phenomena and events are in some way
interrelated (WEN, 1984). In defining the word 'context', the WEN
draws a distinction between 'school contexts', e.g. scientific
experiments, and 'contexts outside of school', such as the weather,
traffic, electrical appliances in the home and the human body. Here,
the question arises as to the extent in which an examination
syllabus can contain refelences to the world as it is percei--4 by
pupils. In this connection, the conzlus'on of Boersma and Sc is

that: 'The world as it perceived by the pupil is an attribute the

individual pupil and if teaaing is to relate to that world, clth a
view to the learning process of the individual pupil, we will have
to I-larch for ways in which this can he achieved.
The content of subject matter of a curriculum therefore cannot
relate to the way in which the iadividual pupil perceives the world.
Of course, the content of subject matter can be derived from or
related to contexts recognizable by pupils' (Boersma & Schouw,
1985). However, yet another problem arises from the definition of
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the term 'context' as given by the WEN. In the definition, we read

that, for the pupil, a specific part of reality already has a

structure. We may assume that, for most pupils, this does not

include a physical structure. On the contrary, the ideas and images

pupils form of r.iality often dif:er substantially from the physical

image. Bridging the gap between pupil structure and subject

structure offers us the opportunity to relate to the world as it is

perceived by the pupil. Whether or not the WEN has considered the

consequences of the given definition is doubtful. This also smells

rather much like state-imposed didactics which is rather odious in a

country like the Netherlands which is well-known for its free views

on education. It is questionable whether ths pupil should form part

of the definition of the word 'context'. I shall come back to this

in the next paragraoh.

Context as a subject-related educational concept

It was as early as 1985 that Van Genderen suggested an alternative

to the definition of the word context as proposed by the WEN (Van

Genderen, 1985).
Later, he adjusted his definition somewhat and indicated that it is

possible to choose a description for the word 'context' in such a

manner that it becomes a clear and usable concept witMn the

framework of subject didactics (Van Genderen, 1989). He chose as a

point of departure the original link between context and text and

formulated the following definition:

The contexts of a physical rule are the situat.,ons to which this

rule is a2plied.

He explained the definition as follows:

a. A familiar situation does not necessarily imply a familiar

context;
b. 'situation' refers to a category of similar situations;

c. a situation can become a context of an increasing number of

physical laws;
d. and be, or become, a context of types of laws, e.g mathematical

laws;

e. or even alternative laws (pupils' own laws, P.L.);

f. the definition does not include optional criteria in relation to

situations best suited or desirable as contexts.

In Van Genderen's opinion, contexts are as much part of the subject

matter as are the laws. The contexts themselves constitute a

physical topic. In addition, he draws a distinction between

'practical contexts' and 'school contexts'. In this sense, practical

contexts are situations occurring in the physical or technical

world, or in the world of research. However, these are often of such

complexity that they are not suitable for direct study. It then

becomes necessary to make use of situations specifically created for

educational purposes, such as demonstrations and practical

laboratory experiments and practical exercises in relation to

specific issues.
These special situations beco- 'school contexts' of physical laws;

then, those laws can be app.! to real-life situations which then

assume the function of 'practal contexts'. School contexts are

applied as an aid to linking the physical laws of nature with

practical contexts.
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However, the definition of context given by Van Gelderen does
confine situations to the fielq if physics, but the motivational and
insight-encouraging effect of contexts often assumed cannot be
deduced from such a definition. In his explanatory notes, Van
Gelderen indicates that no optional criteria have been included in
the definition. As a result, although the concept is well-defined as
a subject-related educational concept, unfortunately, the
possibilities of applying the concept in the design of a curriculum
are rather limited. In principle, any practical context can be
chosen which c'n be 'conveyed' to the pupils by way of a school
contexts in physical terms.
By excluding the 'pupil' from the definition of context, the entire
definition seems to become objective and therefore suitable as a
definition within the framework of a syllabus or curriculum.

A different approach lonsiders contexts as situations in which the
pupils concerned undertake specific activities as if by intuition.
Although tne thinking and acting thus incited by the context might
be considered as being spontaneous, they may not always be
considered as adequate. This is also where there is the possibility
of an important learning moment for the pupil, i.e. where this
relates to the possible improvement of the pupil's thinking and
acting considered as a matter of course. Whether something is a
context or not does not depend primarily on the 'didactical
translation' provided by the teacher, but rather on the pupils'
in_erpretation of the situation. A definition of 'context' which
suits this approach is:

The contexts of an intuitive rule, or a rule as perceived by the
pupil are situations in which the pupil applies that specific
rule.

By explicitly including the pupil in the definition of context, the
whole definition seems to become subjective and therefore, at first
glance, unsuitable to be incorporated as a definition in an
examination syllabus or curriculum.

In my personal opinion, the entire definition only becomes of any
relevance for the purpose of curriculum design if the situations
referred to in both of the definitions are the same. If that is the
case, both definitions can be integrated to form the following
definition:

The contexts of an intuitive rule or a rule as perceived by the
pupil and of a physical rule, are those situations to which these
rules are applied.

Such a definition does set specific requirements for situations
derived from the real world of the pupils and, similarly, for
situations in the school environment, or in the world of physics.
They must be situations for which pupils already have the disposal
of a specific language and behavioural repertoire, but also
situations which, from within the framework of physics, also provide
the pupil with a new language and new behavioural repertoire. It
must be admitted that even this definition does not contain
well-defined criteria for the choice of contexts.
They must be at least situations to which pupils can relate their
own specific rules. The definition only gains in practicability in
relation to curriculum design if we know beforehand which specific
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intuitive rules or rules of experience are applied by many pupils in

specific situatons. Here lies an important point of application for

subject didactics. After all, both nationally and internationally,

subjectrelated educational research into the content and nature of

the intuitive notions of pupils is a focal point of interest. We

already know from many situations from various subject fields which

intuitive rules or rules of experience are applied by many pupils to

those situations.

There,..fore, if specific physical rules can also be applied to these

situations, they would appear to be suitable as contexts. The

definition of context I have given can be incorporated in an

examination syllabus or curriculum, provided

we have sufficient knowledge of the rules most frequently applied by

pupils to specific situations. My definition of context has to do

with the function of contexts within education in the way in which I

have come to view this over the past years. However, before going in

to this in further detail, the concept of context.has to be further

differentiated and distinguished from other concepts.

Differentiating the concept of 'context'
In relation to the laws in a specific part of a subject, e.g. the

laws of Mechanics or Electrical Science, a wide range of situations

qualify as practical contexts. These can be categorized a...:cording to

'areas of reality', such as the solar system, space technology

(travel), traffic, electricity in ;he home, thunder, electric power

stations, etc. In the teaching of contemporary physics, practical

contexts are selected from al] of these areas. However, it is also

possible to select practical contexts which all fit into the same

'reality area'. This is then referred to as a context area. Also

frequently used in this respect, are the terms 'broad context' and

'smaller context'. The 'broad context' is then the context area and

the 'smaller context' a practical context within a specific context

area.
Besides the concepts school and practical contexts' and 'broad and

smaller contexts', we also distinguish between 'acquisitional' and

'applicational' contexts. An acquisitional context is a school

context or practical context used in the learning stage of the

development of specific concepts. An applicational context is a

school context or practical context used during the applicational

stage of concept development.

The function of contexts in teaching.

Contexts in teaching Mathematics
Before we look at the function of contexts in teaching physics, it

is wise to examine the situation in teaching mathematics. In

literature on the methodology of mathematics education, mathematics

in practical contexts is often referred to as 'realistic mathematics

teaching'. The development of this type of mathematics teaching in

the Netherlands has commenced considerably earlier than was the case

for physics and has already been implemented on a wide 3cale. For

example, the mathematics A syllabus at upper secondary leval (aimed

at students preparing for university degrae studies such as

)iconomics, Medicine, Psychology, etc.) is based entirely upon

'realistic' models. Within the framework of the innovation of

mathematics teaching in the Netherlands, various different functions

are ascribed to contexts. Dekker c.s. (1985) draws a distinction as

follows:
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a. It is a means of relating to child-like notions;
b. It is a means of verifying the use of a concept;
c. ft is a means of motivating;
d. It is a means of demonstrating the characteristic features of a

concept (representation)
e. It is a means of applying concepts in daily-life situations and,

as such, a means of providing a clearer insight into everyday

life.
Treffers and Goffree (1985) mention yet again slightly different
functions of contexts than Dekker c.s., namely:
a. the forming of concepts i.e., that they should suggest

conceptions by which the situation can be approached;
b. model forming. On account of its structure, the context functions

as a model in similar situations;
c. practicing and applying skills.
From Dekker's choice of words, it is clear that a context is an aid
in achieving concept forming and concept application. The ultimate
objective is not a better insight in the context, but the best
possible insight in the subject. I consider thn approach of Treffers
and Goffree much the same. as that of Dekker c.s., in as far as the
function of context is concerned, except that the former emphasize
the proto-typical nature of a context. The context structure should
be so clear and transparent to pupils that it can be used as a model
in similar situations.

Context in teaching physics
In the development of teaching physics in the Netherlands, the
emphasis is also laid upon the correlation between context and
concept development. The arguments in favour of the use of realistic
contexts in tsoching physics are found both in the cognitive and
affective fields, as is the case with mathematics.
Only the cognitive aspects are interpreted differently because of the
earlier mentioned definition of the concept 'context' (see page 68).
'Cognitive' arguments include:

* an opportunity to elicitate the pupils' own intuitive ideas
(experiences, actions) in relation to a specific realistic
context and to confront and translate them in terms of problems;

* the subject concepts yet to be developed are more effectively
adapted to the cognitive structure of the pupil because they are
related to relevant experiences and actions;

* the scope of the subject concepts developed by the pupil can be
demonstrated in a variety of situations. In doing so, the chances
that the significance of the pupil's own intuitive ideas
diminishes in favour of the subject concepts is reduced;

An 'affective argument' includes:
* pupils are generally motivated (girls in particular) because both

the social and personal significance of the subject becomes much
clearer;

Another argument relates to the nature of the subject itself:
* the discovery of physical laws in realistic contexts is an

essential aspect of practicing the subject.
Moreover, if the contexts are incorporated into the examination
syllabus, the following argument can be added:
* further clarity is provided to both teachers, pupils and

examiners with regard to which concepts and skills may be
presumed familiar and in which specific context.

However, it should be noted that, as yet, the arguments brought
forward are still only, to a limited extent, supported by subject
related educational research.
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While the function of the broad context is specifically

motivational, aimed at both girls and boys, the smaller context must

provide sufficient basis for concpt development. Here, the point of

departure is that pupils are inclined to accept the cognitive

complications of smaller contexts if it is obvious that these

smaller contexts are part of a broader context in which useful

applications are possible. Moreover, a context should result in the

recognition of particular intuitive structures and should help the

pupil to construct new, physical structures.
The fact that specific broad contexts are at least as appEaling to

girls as they are to boys is demonstrated in subjects such as

Medical Science and Bio-physics.

In my own work with a group of eight physics teachers, the ro_e ot

the broad context was also primarily one of motivating the pupils.

And this is also the way pupils perceive this in practice. The

selected context of a module entitled 'Electrical Provisions in the

Home' (grade 4, general higher secondary education/pre-university

education) is greatly appreciated by the majority of pupils on

account of its recognizability and applicability. However, this does

not mean that the same pupils therefore appreciate the complete

series of lessons. Apparently, they are quite capable of drawing a

distinction between context and physics and of understanding that

the objective.1 involved go beyond gaining insight in the selected

Lontext. In aedition to this, school contexts involving battery

connections and electrical lights fulfil an important role in

exposing the intuitive ideas and rules of experience used by pupils.

Also in relation to the module entitled 'Thunder', (grade 5,

pre-university education), much appreciation is expressed for the

broad context. Nevertheless, more than 3/4 of all pupils still find

the theory of electrical fields (very) difficult to grasp. The

latter is not a negative result of working with contexts. The fact

is that the function of contexts cannot be that of simplifying the

theory, but it is clear that the pupils' willingness to learn

increases and that they ( .iress enthusiasm with regard to the

practical relevance of t studied framework of concepts. As opposed

to the situation in mathematics, where contexts have primarily

retained the function of encouraging concept forming, in recent

years in teaching physics, a shift of emphasis has become visible,

directed at gaining insight in the selected context itself. The

context then becomes an educational objective.

The correlation betwee:1 physics and contextual learning

Depending on the educational objectives involved, there can be

question of a correlation betwesn physics and context in different

ways. Illustration 1 represents three possible situations with

regard to the correlation of physics and context.

figure 1 Possible correlation between physics (P) and context (C)

possibility 1 possibility 2
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Possibility 1 appears suitable in order to achieve the following two

educational objectives:
a. Increased insight in the broad context itself; and
b. the development of a framework of concepts that can be applied in

a variety of (broad and smaller) contexts.
The correlative framework of concepts (N) is capable of describing

and explainiag of a large number of objects and phenomena in a
correlative broad context (C). In possibility 1, the balan..:e between
physics and context is placed somewhere in the middle.
Possibility 2 places physics in a central position and a?plies it to
a variety of contexts. This means that only objective b, as

mentioned above, is aimed at and not objective a. This possibility
results in systematic subject-teaching in which the balance between
physics and context leans towards physics. After all, the smaller
contexts run the risk of being forced into a secondary role in
respect of physics. On giving this possibility its specific content,
suitable contexts aro selected to match a previously selected
framework of concepts. Moreover, the contexts do not necessarily
have to bear z-11, relationship to each other.
Possibility 3 places the context in the centre in which a range of
different topics related to physics are then discussed. This means
that it only aims at the objective mentioned under a. and not at

objec...ive b. This possibility results in thematic teaching in which
the balance between physics and context leans towards the context.
After all, it is doubtful whether, when using this possibility, a
framework of concepts can be developed that could be applied to a
variety of contexts.

After having discussed possibilities 1 - 3, it is possible to retain
in at least two ways an even balance between context and physics:
either by making usa of the previously mentioned possibility 1, or
by combining possibilities 2 and 3. Furtheron I shall come back to

this.

The.extent of correlation in examination syllabi
In designing the r..-Lw examination syllabi for MAVO (lower general
secondary education), HAVO (higher general secondary education) and
VWO (pre-university education), the WEN project group envisagad the
following changes:
1. towards 'environmental' physics;

The emphasis shifts from subject matter which particularly
supports the building structure of theoretical physics towards
subject matter which is directly applicable in everyday life;

2. towards applications of the knowledge of physics and skills in
technology and society;

3. from knowledge of physics in concrete situations towards more
abstract nations;

4. towards knowledge of physics acquired by personal experience; in
this respect, we do not only imply experimentation, but also
participation in discussions, reporting, literature research,

etc.;
5. towards further knowledge of physics in contexts; Here, the WEN

project group not only envisages applications of physics (see 1
and 2), but particularly the learning situation of concepts and
laws of physics;

6. towards a more realistic view of physics;
This does not only mean that tha syllabus should include more
up-to-date topics, but also that the pupil must acquire a true
idea of the way in which physics is currently applied and an
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u.nderstanding of the value of the reality of specific physical

statements.
This list of shifts can be summa;:ized in terms of an aim towards

teaching physics in a more reanstic muner, following the

development i;/ the approach to the teaching of mathematics. In this

respect, it should be noted that the relation between the realistic

problem and physics is often more complex than it is in mathemEtics.

The WEN project group has gone furthest of all in combining subject

content and context in the examination syllabus for MAVO (lower

general secondary education). This syllabus includes so-called

'broad contexts' which can serve as points of departure in teaching

the subject. An example of this is thy context 'the human body'. The

WEN project group draws a distinction between three aspects within

each context, i.e.:
i) physical aspects - here, the function of the lungs (in terms of

lung pressure and lung volume), the ear, the eye and the

muscles;

ii) personal aspects - re: safety and health in relation to the

pollution of the atmosphere, radiation, noise nuisance and

damage to the hearinci sense;
iii) social aspects - here: physical techniques in healthcare.

The correlation which 116s been established between physics and

context in the MAVO examination syllabus (lzwer general secondary

education) makes it possible to teach physics based on one of the

three possibilities mentioned on paga 72.

It has become clear from discussions on this syllabus that we still

have insufficient knowledge of the use of contexts. Questions such

as 'what exactly are contexts , or 'what are suitable contexts in

respect of achieving specific objectives', or 'which contexts do

pupils really find relevant Plid interesting', are only now being

raised. We may expect answers to these questions when more progress

has been made in the development of physics teaching and the

subject-related educational researc% related to that development.

Perhaps this lack of clarity in respect of the function and potItion

of contexts in education has contributed to the fact that the

proposals submitted by the WEN project group with regard to the HAVO

and VWO curriculum are far less radical. These curricula also

include contexts, but only in relation to particular, specific

components of the subject content. Moreover, in respect of large

sections of the subject content, it may be added that this merely

concerns examples of contexts.
This means that the required 'manoepvrability' of concepts in many

areas of the subject matter is just as great as it was before. At

VWO level (pre-univers3,ty education) a more 'restricted

manoeuvrability' is only required in the subject areas physical

informatics, nuclear physics, atomic physics, bio-physics ani

physics relating to celestial bodies and satellites. In developing

examination assignments within these subject areas, examiners are

not co tread beyond the bounds o!..; specified contexts.

In the examination syllabi for HAVO and VWO, emphasis is lai.d upon

physics. Possibilities 1 and 3, as mentioned on page 72 seem

difficult to achieve. Possibility I can only be put into practice

if, in making choices when compiling the examinatim syllabus, we

allow ourselves tc, be guided both by the strJcture a the framework

of physical concepts, as well as by the structure of the. broad

contexts thus selected. The pressure of tertiary educatisn or
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possibly other social influences apparently on't 'seem to allow a

change in the HAVO-VWO syllabus in the same way as has taken place
in the MAVO syllabus. In view of the dit:Irences between MAW. HAVO
and VWO, it can be concluded that the balance between physics and
context depends upon the category of pupil.

Ir a nutshell, the most significant changes in respect of previouz
examination syllabi ..re a follows:

1. 'estriction of subject matter (at lower-general, higher-general
and pre-university level);

2. defining context areas (at lower-general secondary level) and
specific contexts (at all levels);

3. the distinction between 'flexible' and 'flexible only to a
certain extent' (at higher-general and pre-university level); 43%
of the questions in examinations at higher-rjRneral secondary
level and 60% of the questions in examinations at pre-university
level will refer to subject areas which include 'flexible'
concepts.

Dealing with contexts in practical teaching situations in the upper
grades of secondary education.

Four ways in whicb ks.,ntexts can be appliee
Roughly speaking, there are four methodr t". applying contexts wiin
the framework of the conditions specifi lor tho new examination
syllabus for the upper grades at higher and pre-university level
(HAVO/VWO). I shall present these methods here in their true forms.
In practice, however, the lesson material is likely to be of a mixed
nature.

-oth the first and second method are related to possibility 2 (page
72), in which the balance between physics and context leans towards
physics.
The first method relates most to traditional physics. Physics is
init_ally presented according to systematic conventions and in
student assignments 'trips' are made to other contexts. All contexts
used are so-called application contexts and bear little or no
relation to one another.
The second method makes a shift in thR direction of working in
contexts. Physics is still presented according to a systematic
approach, but during this stage of presentation the objective is
work with so-called 'acquisitional contexts'. However, in its
entirety, these acquisitional and applicational contexts show Ilttle
or no relationship at all. The relationship is determined by
physics. Methods 1 and 2 will occur particularly in all existing
teaching methods which- in view of the introduction of the new
examination syllabus, will have to undergo a 'facelift'. Both
methods fit in well nith the new examination syllabus.
The third aad fout;.h method should be considered as attempts to
shift the balance between physics and context slightly more in the
direction of the context as is the case with methods on ' two.

The third method is a combination of thematic and systemat.x
teaching (possibilities 2 3 of page 72). In the thematic stagd,
one specific context is selected and an attempt is made to expose
its physical structure. In doing so, it is possible that specific
subject concepts are discussed which are relevant to a better
understanding of the context, but which in fact lie beyone the scope
of the examination syllabus. The relationship is determined by the
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selected context. In the systematic stage, the starting point is

formed by the physical structure from the thematic stage. This

structure is extended and applied in a wide variety of situations.

In broad terms, this is the method chosen by the PLON for the

curriculum of the upper grades of secondary education. The teaching

material developed by the PLON consists of themes and modules.

The fourth method is systematic physics presented within one broad

context. Within the frameworks of the WEN syllabus, this is the most

difficult method to put into practice because the WEN project group,

in selecting subject contents fox the syllabi at higher and

prc-university levels, did not have a broad context in mind for each

topic. This method is by no means suitable to be applied to all

parts of the examination. A project gror of the Free University of

Amsterdam is presently implementing this fourth method in the form

of teaching material which consists of 'modules'.

In the following I shall discuss methods three and four in further

detail because, in my opinion, these are the most fascinating in

relation to possible future developments.

Method 3 in practice
One of the combinations of thematic modules is entitled 'Energy and

Labour'. The theme is set within the broad context of 'energy supply

in the Netherlands' and within this context it gradually works

towards the law of energy conservation. Within this module this law

is taken as a theoretical point of departure and applied in a

variety of (smaller) contexts. One of the didactics experts working

within the framework of 'thematic modules' expressed himself as

follows with regard to the contexts mentioned in the examination

syllabus: 'So far, there doesn't seem to be any reason for rejecting

any of the specified contexts. A more concise formulation would only

be helpful if it would more clearly specify the ways in which

contexts should be applied in teaching material and in educatran in

general', (Dekker, 1989).
Based upon my own personal experience, in relation to the topic

'electricity and magnetism', I would agree with this statement, but

I would also like to add a few comments to this. It seems that those

in favour of method 3 find it relatively easy to fit their products

within the new examination syllabus. In the thematic stage they

focus upon one broad context and thea, roughly speaking, they simply

see which specific topics from the field of physics can be chosen

usefully from the examination syllabus (possibility 3, page 74).

During the course module physics takes up a central position while

the objective is also a broad application of the framework of

concepts and it is thercfore quite acceptable if this includes

components from a wide variety of contexts (possibility 2, page 74).

The balance between pir-sics and the context is positioned somewhere

in the centre )y creating various teaching periods (first the theme,

then the module) with a different emphasis. An important question is

whether it is possible, when applying structure of thematic modules,

to address all components included in the examination syllabus,

because the impression is give: that this method of teaching

requires more teaching time than a systematic approach to the

subject.

Method 4 in practice
Those in favour of a systematic physics in a iroad context can make

things easier for themselves by selecting possibility 2, (see page

72). In L41, opinion, this possibility pursues neither of the two
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educational cbjectives previously mentioned and the balance then
leans towards the side of physics. But shifting the balance through
method 1 (see page 72) in the direction of the context is very
difficult. In the syllabus for higher and pre-university level
secondaty education (HAVO-VWO), the WEN project group hasn't chosen
specific broad contexts in which smaller contexts can be integrated,
thus forming a harmonious overall structure. Nevertheless, should
one attempt to work within a broad context in which, in principle,

all relevant physical concepts of that topic should be discussed, a
number of concepts and relationships remain that only function
within a number of school contexts (i.e. experiments, assignments)
and not within the broad context selected. However, within the
structure of systematic physics placed within a broad context, you
can't take the decision to temporarily exclude those components.
After all, the structure doesn't include teaching periods with
different emphases. So, you'll have to include them in the teaching
material and, consequently, it becomes impossible to work on the
basis of a central issue in a specific series of lessons.
It then requires considerable effort to keep track of the aroad
context and spend sufficient time on the physics required by the
examination syllabus at the same time. In general, experience gained
in relation to a module entitled 'Thunder' has been quite positive,
but even so, when dealing with subject matter, pupils seemed to have
great difficulty in drawing a distinction between topics of
importance and of less importance. They found that theory was
concealed too much between issues relating to the context. This is a
significant didactical problem. In practice, interim summarizations
of the subject matter seem a possible solution, but must be more
closely assessed.

A comparison of methods 3 and 4
For the time being, the conclusion is that method 3 (the theme-moduIe
structure) lends itself relatively well to a didactic translation of
the new examination syllabus. Method 4 (the systematic approach to
physics placed within a broad context) includes the distinct danger
of the balance leaning over towards the physics side, while the
context is merely included in the form of a few examples and
applications. The practical realization of this possibility may well
remain confined to a number of topics in which physics and broad
context may successfully be linked, despite the requirements of the
examination syllabus (see Licht, 1989). A complete curriculum based
on this method would only be possible if examiners would allow
themselves to be guided by the broad contexts selected when
selecting course and subject content.

Future dnvelopments in relation to the use of contexts

The trend, initiated in the 1980s, still continues. In the new plans
for basic education for all secondary students in the age group of
12-15, attainment targets for Physics & Chemistry have been selected
within the framework of ten broad contexts. Among others, nese
context areas include: 'the use of water', 'Substances and materials
in the home' and 'Hearing and producing sound'. Following the
examination syllabus for lower general secondary level (MAVO) drawn
up by the WEN project group, the broad contexts largely determine the
actual subject content to be dealt with in the classroom. In the
textbooks which have been recently introduced on the market for use

by pupils in the lower grades of secondary education, contexts also
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play an important role. For the time being, the methods which

dominate are those which are applied according to methods 1 and 2,

i.e. with a lot of application Contexts and relatively few

acquisitional contexts. However-, if these methods of dealing with

contexts were to be placed within the framework of an implementation

strategy, methods 1 and 2 could be considered as being a first phase

in the implementation of contexts in physics.

It can be expected that some teachers will get stuck at this stage,

while others will 'develop' towards methods 3 and 4 in dealing with

contexts.
In the short te., no major developments are anticipated with regard

to the examination syllabus for the upper grades. After all, this

programme has just recently been approved by the Minister in

September 1989 (Uitleg 21, 1989). With a certain anxiety, everyone

is now looking forward to the 'translation' of this syllabus in terms

of new methods. It is expected that the traditional and widely used

methods will contain more context-related material than in the past,

but will probably not include any drastic changes. As yet, it is

unclear just exactly how new methoas are going to perform on the

educational book market, such as PLON upper secondary level and

modular physics, in which contexts sre explicitly placed in the

course material. Among other things, ivportant is-ues with regard to

the future assessment of working in contexts include:

a. to what extent are the pupils motivated by the broad context?

b. will teaching in contexts cost a lc more time than before?

c. are pupils capable of keeping track of a specific line in concept

development amidst a wealth of context-related information?

d. to what extent will pupils be capable of transferring their

:mowledge to new, unfamiliar contexts?
It would take some presumptuousness to introduce the described

changes in physics without first having answered the above mentioned

questions. However, on the other hand, there are sufficient

indications that working wiLh realistic contexts will make physics

much more attractive and appealing to botL pupils and teachers.

However, it is both desirable and necessary that new developments

are critically followed.
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3.3 Settings and methods in education in
technology in the Netherlands
Marc de Vries,
Pedagogical Technolopical College, Eindhoven

Introduction

The third of the five main themes inc]uded in the OECD project

'Science, Technology and Mathematics Education' is entitled:

Settings and Methods for Students' Learning.

This paper deals with settings and methods with regard to teaching

technology in the Netherlands. I shall discuss six issues: the role

of contexts in presenting the subject matter, the role of practical

work and experimentation, the role of problem solving as a

didactical method in teaching technology, the role of visits to

industry, the of interdisciplinary project work and the role of

'informal' learning.

The use of contexts in teaching technology

In general, dally-life situations can be used in two ways: an aim

in itself, or as a context in teaching something else.

In the case of technology, both produce specific problems.

The use of daily-life situations as an aim poses a problem with

regard to the choice of situations, since the nvmber of situations

applicable to tedtnology is enormous. Technology involves all

aspects of our lives. It is difficult to say which part of our lives

is affected most by technology.
Attempts have been made to divide all possible situations into a few

major groups. In the USA, for example, topics from technology are

selected from the broader fields of Transport, Communication,

Production and Construction (Todd/McCrory/Todd 185). Initially,

these broader areas may seem rather complete, but it is nut quite

clear where, for example, domestic appliances or medical equipment

belong.
In the Netherlands, the National Institute for Curriculum

Development (SLO) has proposed the following themes: the Living

Environment, Leisure, Won.. and Professions (SLO 1986). Later, the

committee who had drawn up the aims and objectives for t)aching

Technology in Basic Education (Basisvorming) added the topic

'traffic' to this list of themes and explicitly mentioned Medical

Technology as belonging to the category denoted as 'Work and

Profession' (Eindtermencommissie Techniek, 1989). It is clear that

these our areas are merely a selection and that completeness has

not beea pursued. The entire field of Communication, for instance,

has been omitted.
These categories are an important improvement in comparison to

conventional subdivisions such as: Wood-Metals-Te-tile (and

sometimes plastics), as they existed in the past in schools for

lower vocational education (Ploegmakers-Verstegen, 1985).

ancommwr assouromair

,3to 79



However, the problem of apparent incompleteness still remains. This
becomes even more evident when further selections have to be made
within each of these areas, resulting in the :.-election of topics of
which it is not always clear why they have been selected and why
other possible topics have been rejected. The following example
illustrates this: in the SLO's 1986 curriculum propusal, the chosen
themes for a two year curriculum included bicycle maintenance,
technology and living, machines, levers, cybernetics, technology and
drinking water, and energy. The same publication also included
proposals with regard to other themes. Apparently, a ariety of
choices can be made, but the reasons for these choices are not
always evident.

An alternative is to take the 'laws and principles of technology' as
a starting point and to use daily-life situations as a context for
learning these 'laws'. Here, a ,--ther unique problem arises, which
makes the discussion on teaching Technology different from the
discussions on teaching Scie' a and Mathematics (and most other
subjects, too): we hardly have sufficient knowledge of the laws and
principles of technology. Universities have faculties of Electrical
engineering, Building Enaineering, Mechanical Engineering, Chemical
Engineering, etc., each developing and using its own specific laws
and principles, but o faculty of technology. The laws and
principles that are more general in scope and more common among the
various technological subdisciplines have only just recently been
investigated. A wc11-known example of such a principle is the
systematic approach to the description and development of
Technological objects (De Vries 1989).
A second example is the 'function triangle' in which reletionships
between flynctions, forms, materials and processing methoas are
described.
The Pedagogical Technological College (PTH) has initiated the
development of a general philosophy and concept with regard to
technology and the devel--,ment of various subjects which deal with
this concept as a whole qth the various aspects and parts of
this concept. (Peters/Verhoe7en/De Vriez in De Klerk Wolters/Mottier/
Raat/De Vries 1989). Figure 1 illustrates ' Lis particular concept.
It briefly describes the process of technology as follows: each
technological development starts with human needs. To a certain
extent, human standards and values determine whether and how we want
to fulfil these neeas with the use of technology. We also have U.-
availability of scientific knowledge as an input, after which a
process of designing, makirg and using takes place. Here,
'Production' is applied in the sense of: taking matter, energy and
information and transforming these into products and waste. The US3
of technological products takes place in a society in which
standards and values affect the way in which we use technology.

^
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figure 1: The PTH concept of Technology

N iTEIRE

cal-ant
, norms/vaiues

human needs > designing
scientific loowledge

matter

energy

1

Informal on

product

making

C0.

norini/vAies

using

Wa te

Ue

fittlPEDAGOWSCH
TECMHISCHE IWO-SCHOOL
KDERtAND

With the development of such a programme, we became aware that we

weren't only developing a teacher training programme for a specific

subject, but also for the very subject itself. We were also aware of

the fact that previous attempts to formulate general technological

principles and to transform these principles into educational

programmes weren't always successful. (In this context we may refer

to the pwlication by the Engineering Concepts Curriculum Project

entitled 'The Man-made world'). Nevertheless, it seemed to us that

an understanding of the way technology functions in practice forms

an important component in the pupil's education.

With regard to this option, the choice of contexts is not essential

to learning atout technology. The principal objective here is to

help pupils understand the nature of technology. The lessons should

be designed in such a way that pupils recognize this concept as a

constant throughout all the examples of technology they come across.

It not only helps them deal with a choice of contexts, but also

understand other possible contexts. Research into pupils' concepts

on technology has shown that many pupils have indeed understood

other possible contexts; De Klerk Wolters 1989). In aeneral, pupils

aren't aware of the human aspects of technology. They are inclined

to consider technology as a broad array of various appliances and

machines. They hardly ever mention words like 'designing',

'developing', and 'creativeness' when talking Jr writing about

technology. On the other hand, they can give an extensive array of

examples of technological objects, many of which they would like to

learn more about. It would be a valuable result of teaching

Technology if pupils were to be provided with a concept of

technology that would help them understand all of these various

objects, and not just a selected group of objects.

In selecting contexts, one silould be well-aware of the differences

which exist between the ideas of girls and boys with regard to

technology. In general, girls have a more lim:ted concept of

technology and are less intJ:ested in technology than boys.
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Therefore, a very careful selection of contexts should be made which
relates to the interests of both girls and boys.

The situation in the Netherlands also seems to be one of two streams:

- The first stream considers the production of technical products
and the ability to use and maintain technical objects as a
principal aim. It then seems evident that learning from
daily-life situations is an objective in itself;

- On the other hand, the second stream considers the need to give
students an .-lersanding of technological rjacts and phenomena
as a principal vojective. In this case, the Aaitial or machine

production of products and the use and maintenance of appliances
serves as a context in achieving this objcotive.

In lower vocational schools, where a kind cf Technology is taught
under the heading 'General Techniques', the first option is usually
advocated. Most of those who advocate the second option are found in
the main core of lower secondary education. Undoubtedly, this is
related to the category of pupil found in those two types of

education.
The committee which has drawn up objectives for teaching Technology
at Basic Education (Basisvorming) level has not yet made a clear
choice. There appears to be a kind of conceptual organization of
objectives, but this organization is not based on a clear concept of
technology, nor is it based upon a set of technological laws and
principles. The contexts are mentioned independency of this
organization and seem to serve as a kind of criterion for the
selection of topics.
The introduction of Technology in all types of lower secondary
education may provide further clarity in respect of the choice
Letween these two options. As yet, there is no research data
available with regard to the effect the use of contexts has on the
learning of technological concepts.

Practical work and experinantation in Technology

Some remarks have already been made with regard to the role of
practical work and experimentation in Technology. Practical work
concerns the production of technical objects, whereas practical
experimentation deals with existing technical objects. In teaching
Technology in the traditional way at lower vocational level, i.e.
General Techniques, emphasis was principally laid upon the teaching
of practical handicraft skills which were considered as the
principal aim of the subject. On the other hand, at lower vocational
level, cognitive lls were considered lest relevant to pupils.
Again, the probley selecCion aroso because of the wide variety of
technical handicraft skills from which to choose. Wood and metals
were the materials usually chosen to work with. A second option is
to use practical experiences to help pupils understand the nature of

Technology.
As opposed to the first option, it should be emphasized that the
second option doesn't necessarily lead to a more theoretical
approach to the subject Technology.
The option thus selected will also affect the way in which the
classroom is equipped. The traditional classification of tools is as
follows: tools for wood-working, tools for metal-working, etc. This
approach is usually taken when practical work is considered the most
important objective. A curriculum for Technology aimed more at the
understanding of technological principles will probably rysult in a
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different approach, e.g. one in which tools are classified according

to the kind of process in which they are involved, i.e. the

integration of materials, the forming or deforming of materials, or

the separation of materials. The way in which the classroom is

equipped can certainly contribute to a better understanding of the

principles of Technology.

Problem-solving as a method of teaching Technology

Whether or not problem-solving should be an aim in itself has been

discussed in the paper presented by Van der Velde. In this

connection, I shall confine myself to the topic of 'problem-solving'

as a method of teaching. It is a generally accepted viewpoint that

problem-solv:ng is a useful msthod in teaching Technology. The

National Institute for Curriculum Development of the Netherlands

(SLO) has chosen to describe this method in four stages, i.e.

Thinking, Drawiny, Making and Assessment (Dutch abbreviation DTMC

(C stands for control)) (SLO 1986). In reality, nowever, this scheme

is only partly used. Most of the time, the process is confined to

the reading (interpretation) of drawings and production. (In their

description of schools, Feteris and Streumer mention only a few

examples of real problem-solving in teaching Technology). Designing

is not often done by the pupils themselves. Assessment hardly ever

leads to fundamental adaptations/modifications of designs. The

failure of the four-stage method probably results from the fact that

teachers have never been trained in dealing with the outcome of the

pupil's creativeness. The process of dealing with a technological

problem requires proper guidance by the teacher. The lack of such

guidance frustrates the entire process and tea.Thers will lose faith

in the process itself.

In the United Kingdom, problem-solving is a commonly used method in

the subject CDT (Craft, Design and Technology). In this subject,

pupils are initially taught the baLiic knowledge and skills necessary

for solving technological problems. (Rees, 1988; Toft, 1988) They

start to solve technological problems, first assisted by the

teacher, then independently. This has proven to be a feasible

approach. However, it should be noted that in the United Kingdom

more teach':ng time is allocated to this subject than to the subject

Technology in Dutch schools. Still, 'the problem-solving approach

could be the right direction for teachers to take. With regard to

teacher training, this would mean that teachers will need to be

trained in the guidance of pupils, with the objective of increasing

the independence with which pupils deal with solving technological

problems.

Visits to industry

A number of aims for teaching Technology in Basic Education

(Basisvorming) relate to technology in industry. Pupils should

there& e learn how technological processes take place in industrial

plants ane companies. Of course, this can be taught from textb ks,

but obviously *he best way to gain insight in these processes is by

organizing vits to industry. Up till now, relationshios between

schools (in particular schools providing general education) and

industry have been very weak. Visits to ind'Istry are a new

phenomenon in general education.
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Some years ago in the United Kingdom, a special 'Industry Year' was
organized by people involved in education and industry. The
objective was to stimulate collaboration and relationships between
schools and (often local) industrie (Cook, 1986). People involved
in industry visited schools to discuss their work. Teachers were
given the opportunity to 'work' in factory for some weeks and
teachers and classes visited ind4st.ial plants. Once the subject
Tachnology has been introduced in both vocational and secondary
education, it could be beneficial to organize our own 'Industry
Year' in the Netherlands.

Interdisciplinary project work

The subject Technology is related to various other school sajects,
e.g. physics, chemistry, biology, mathematics, history, geography,
economics, languages and crafts. It could even be argued that these
relationships are essential in order to gain an understanding of the
nature of technology, in which case specific attention should be
paid to ouh.settings and methods (Harrison in Raat/Coenen-van den
Bergh/De Klerk Wolters/De Vries, 1988).
In this connection, I ..ould like to refer once more to the United
Kingdom as a source of useful inforwAion. In a number of schools in
the United Kingdom, interdisciplinary projects were undertaken as
part of the school's Technology activities. A specific technological
problem was selected am the various subjects all contributed to the
discussions on poslible solutions to the problem. This is often
referred to as 'Technology across the curriculum' in which
technology functions as an adhesive component between the various
disciplines.
Although experiments with project work in the Netherlands have had
some popularity, there was never a full break-through. In most
schools in the Netherlands, project work involving a variety of
subjects is rare. A second problem is that, traditionally, the
subject Technology, or rather, 'General Techniques', has been more
closely associated with Crafts than with Science and Mathematics. As
it stands, the content of the subject does not offer many
opportunities for links with Science and Mathematics.
Moreover, the discussions between the groups who formulated the aims
and objectives for Basic Education (Basisvorming) with regard to the
subjects Physics and Technology have led to a bundling of topics, so
that the teaching of physics and technology will not contain any
common topics at Basic Education level. Perhaps experience can be
initially gained from technological project work in primary
education, where interdisciplinary work is much more commonplace. It
seems to me that project work in the near futAre in secondary
education will be rather exceptional in Dutch. schools.

Informal learning of Technology

We are becoming increasingly aware of the fact that the learning
process does not only take place in school, i.e. in formal learning
programmes. In the case of Technology, research has shown that
pupils already have some knowledge and ideas about technology when
they first embark on education in technology. Unfortunately, their
ideas are often distorted and incomplete, as I previously stated.
Various groups of people attempt to stimulate the interest of
youngsters in technology by taking an informal approach to the
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teaching of technology. Examples of this include: Technika 10

(specially for girls), (Hylkema-Knotenbelt and Nauta in

Raat/Coenen-Van den Bergh/De Klerk Wolters/De Vries, 1988), De Jonge

Onderzoekers (Young Explorers), the Museum of Technology (NINT) in

Amsterdam and the Evoluon Museum at Eindhoven (which has just

recently been closed down). Another informal teaching project is the

one entitled 'Kijk op Techniek' (Vision of Technology). This
multimedial project resulted in a television series on technology,

textbooks on technology for the junior level of genera] secondary

education and a conference on the societal aspects of technological

innovations.
It is still unclear how these different ways of informal learning

will contribute to the teaching of technology as a whole. It seems

that, until now, television programmes have only limited pupils'

images of technology in relation to modern technological equipment

and machines.
However, attention is rarely paid to the human processes which

result in the production of these products. Practical activities

such as 'Technika 10' and 'De Jonge Onderzuekers' could broaden the

scope, but on the other hand, they could also confine the pupil's

concept of technology to the manufacture of products only. The

combined use of various methods of informal learning may, or may not

lead to a balanced concept of technology on the part of the pupil.

1
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3.4 Discussion report

In three groups the second theme, 'Setti. js and methods' was
discussed.

Correspondence and differences between science, mathematics and
technology.

An important corresponden:e between science and mathematics is that
both of these subjects try NI select learning contexts for concepts
of the subje-t. In physics ication contexts have been de4.ined as a
source of empirical mles a. applications of physical laws.
Preconcepts are regarded as empirical rules that have been 'learned'
in specific contexts. In science and mathematics it is constantly
questioned how contexts (realities) and concepts of the subject
(mentalities) can be turoad. A difaerence between physics and
mathematics seems to be that in mathematics contexts are balance
more carefully.
However, both in science and in mathematics there is a tendency to
look on contexts as a goal and to relate the selection of contexts
to the existence of suitable contexts. WhEl there is no suitable
contexts it is questioned whether the concept should be learned at
all. An example of this is the concept of 'negative numbers'. So far
we have not been able to find an appropriate context.
Technology seems to be different in nature. Here coatexts are often
regarded as starting point and pal.

An important difference between the subjects is the selection of
contexts. On the one hand one can iind the criterion of subservienc-
of the contexts to the concepts, on the other hand there is the
criterion of the relevance of the context for later use. Her( the
cr.terion is not jest what the engineer needs, but what the uitiTens
need. Relating education to society cannot be accomplished withalt
the use of contexts. In education we want to help pupils to bring
ordEr in reality, which often seems to be a chaos, and make them
feel comfortable in it. It would be nice if we could find contexts
that include a potential problem, maybe a dilemma.

There are other contential differences between the subjects. Biology
and technology for a major part are phenomenologirl in rature,
while mathematics and physics historically seen are more theoretical
and decontextualized in nature. It is not surprising that the call
for conte:ts mainly comes fro-N mathematics and science.
D:stributing contexts over flu various subjects seems to be a rather
random procesr. It would be possible to find clustv-s of skills, for
example dealing with 'surviving', 'controlling', producing', that
are interdisciplinary. Especially by using this type of clusters
bringing together the subjects could be realized.
The heart of technology seems to be problem solving, an issue that
also plays a role in other subjects.
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Correspondences and differences often can be explained by the role
of tradition in science and mathematics education. Technology,
however, is a new subject, that besides that cannot build on a basis

that has been prepared in primary education.
The conceptual structure of technology is yet v-ry unclear, the

structure for the other subjects has been determined already. In

those subjects there is a distinction between the structure of the

subject and the structure of the education of the subject. In those
subjeuts overall theories have been developed. From those detailed
theories can be derived, that can be transformed into an educational

structure for that subject.
Technology maybe can be typified as a school subject with a certain
conceptual kernel (for example using a systems approach) and with

applicational contexts from other school subjects (science in
particular). In that perspective, technology can be compared to
environmental education, which also is a way of reflection. Both in
technology and in environmental educa'_ion making decisions is

essential.

Problems

Problems with respect to the use of contexts for curriculum
development or in sch.eol practice, are now discussed.

A first problem is the se1ection of contexts. For pupils often other
contexts appear to be relevant than the ones chosen by the

curriculum developers.
'Learnability' is an important criterion for the selection of
contexts. By far not all contexts from the living environment are
interesting and even contexts from far away can arrest pupils'
attention. Should contexts always be fed by experiences and the
living environment? Or is it sufficient to look for 'new' and
'challenging' contexts? We still do not fully draw from the pupils'
own'environment. Their basic experiences should be completed in

order to stimulate conceptual growth.
It should be admitted that ultimately concepts of the subject are
the aim. Pupils note that very well and that reduces the effect of
using the context. Another problem is, that youngsters of ages 8-14
often do not romance very much any more. Finding contexts that are
related to the culture of that youth is very hard. A 'thinkable'
reality for such cases may be even more successfal than a 'real'
one. Age therefore should be one of the criteria for the
construction of education.

In general problem solving is regarded as a curricular organizer. A
problem is that the type of situations to be chosen depends on the
skills and knowledge that pupils have. The level of openness and
complexity of iroblem-situations should link up with their problem

solving skill-.

A second 1.rob1em is that learning in contexts is time/consumina, and
time is precious for mathematics and science education because of
the exams. Using contexts therefore could mean that exams (and

content in general) must be reduced.

A third irrobleo's comes from school practice. Some pupils even in
thematical phases cannot be held back from giving
subject-systematical answers. This can increase pupils' uncertainty.
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In other cases obscurity can be induced by not clearly
distinguishing between knowledge of the context and concepts of the
subject, so that pupils :an not decide whether or not knowledge can
be relevant in certain contexts. A clear distinction between these
is important from the perspective of transfer of knowledge.

A fourth problem is the conflict between the need for pupils to
identify their own constructs and the need to relate contexts with
concepts of the subject. It is not always clear to pupils that
concepts can have a meaning in reality.

A fifth problem is the consolidation of gender roles, which in
secondary education is even stronger than in primary education.
Often, educators are not aware of the differences between girls and
boys. In doing experiments it is important to make sure that girls
do not constantly serve as secretaries. Separate classes for girls
and boys in certain situations can stimulate the girls' learning
results. In Belgium examples of this can be found. Learning from
each other, however, is reduced by this.
In the various subjects there are sufficient opportunities for
working on this problem seriously. The choice of contexts is
important here.

A sixth problem is implementation. Teauhers judge from their own
frame of reference. Then a dilemma can grow between what they
themselves regard as useful and new insights of which they do not
immediately see the relevance.

Questions to be studied in the OECD project

From the various discussion groups questions on the first theme have
been stated, of which participants thought it would be relevant to
have them answered in the OECD Project.

1. What do we generally mean by 'contexts'? To wl..at extent does
youth culture play a :)le here?

2. In what ways contexts can be used? Can they be used to derive
theoretical concepts? Can they be used to apply these concepts?

3. Is it possible to derive criteria from reality, so that certain
matters should not necessarily be iealt with in education?

4. What is the relation betwegn lear .ng achievements and the use of

contexts? Does knowledge that is , Lned from contexts more easily
lead to behavioural changes than knowledge that has not been
gained from contexts?

5. Are there experiences with the implementation of contexts in
education? To what extent does using contexts play a role/in the
education of teachers?

6. How should the conceptual structure of a subject and the
didactical and educational struc re be related? Are there

experiences in member countries:
7. Where do we find obvious interfa_s between the three subjects?

What interfaces have been explored? What concepts from the
subjects yield opportunities fof a common approach?

8. What are results of projects that are esricially aimed at
reducing gender differences?
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4. The Dutch participation in the
OECD project 'SNIT Education'

4.1 Opinions on the Dutch participation

Part of the conference was a discusion on the question whether or
not participants thought it would be useful to uarticipate in the
OECD 'SMT-Education' project.
Here we describe an overall impression of that discussion

Doing survey studies in the OECD project seemed,to be valuablc for
us in the Netherlands. Fcr technology expectatiOns are higher than
for other subjects, because cf the fact, that technolog\ is just
beiag introduced now; several other countries hare more experiences
here.
Surveying the various quesjons that are relevant MO P a iurately
was regarded as useful. It initiated a discussion on 0.1. final aims
for the three subjects. At a national level we have not discussed
that systematically ir the Netherlands with the three subjects
together, nor for eaca subject separately. It is important that
barriers betwPe-i thP suhjects ai:e pulled down.
It is important to note here, that as tScienze education' as such
does not exist in the Netherlands, SMT might not be the most
appropriate point of view (but rather something like 'Physics,
Chemistry, Biology, Environmental Education, Mathematics and
Technology Education').

In the OECD project the following issues should be dealt with.
In education we see a conflict between choosing content from an
educational and developing point of view or from the perspective of
the academical discipline (bottom-up versus top-down). In the
Nether,ands it seems that we are still undecided. This could be
studied in the surveys.
What lacks in the Netherlands at this moment is an underlying
relationship between concepts that make the subject a unity. We do
find certain conceptl from the st-ucture of the academic discipline.
When that structure is removed we may find more room and rake better
use of the differences between the subject: An important issue for
the OECD project can be the coherence between the various contents.
Possibly that will reveal correspondences between tha subjects. Now
we often look for those in issues like 'problem solving' or
'reflective learning'. A number of parti_upants do not regard that
as an appropriate approach. There Is a danger that such
corredpondences are raised to be content, which is not always
desirable.
Another important issue for the OECD project can be th
implementation of new contents in relationship with the/production
of pupils and teachers' materials, teacher training programs and
in-service-traning of teachers.
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A general impression was that participation in the project can be
useful, provided that the questions that will be stated are relevant
and well-considered.

4.2 Specific Dutch contritntions and expectat as for the project.

In a final discussion session, for each of the subjects Science,
Mathematics and Technology, both contributions and expe.. ations from
our Dutch perspective were listed.

For science the Netherlands seems to have been active and rather
successful in the development of teaching in contexts and research
into preconceptions and the wai in which pupils learn conceps
science. Other strongly developed areas are: conceptualization _a
environmental education and the analysis of concepts in chemistry
that are taught.

The group was interested in further information on the way the
problem solving process should be dealt with in education,
develop g science education for primary schools, teaching norms and
values in science education and the selection of goals and contents
that saould not thrown away when an innovation takes place.

For mathematics education the following strongly developed isries
were identified: the development of a theory of learning and
teaching mathematics and the didactics for primary school
mathematics.

A yet unsolved problem in mathematics education, as we in the
Netherlands experi:nce it, is the wav we should deal with
mathematical proofs.

Technology education in the Netherlands is just about to be
implemented as a general subject in all kinds of secondary
educaLion. There is some experience with technology in vocational
education.
F ill. there are a number of potential Dutch contributions here.
Several research studies have been zarried out: research into
pupils' concept of and attitude towards technology, research into
the way pupils learn to solve problems in technology education,
research into the way rupils learn psychomotor skills.
Development work is also being done in the fields of relating theory
and practice in technology education, the search for a conceptual
structure for technolgy, introducing technology in the teaching
training programmes for primary teachers. In many studies special
attention is paid to differences between boys and girls.

Participants would be interestA in information on the way
technology teachers are educated in other countries. In tha.
Netherlands recently a number of duch programmes have stetted.
Another point of interest was the interaction between research,
developmental work, policy and teacher training in innovations.

As can be seen from this list, pe....ticipants noticed both Dutch
contributiors and expectationr for the OECD-project Science,
Mathematics and Technology Education and therefore were inclined to
be positive about possible Dutch participation in the project.
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