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Abstract:

For some time we have worked on a theory of constitution
and development of technological and scientific teaching
subjects. This article gives a systematic exposition of
some main elements of our theory. The idea is to consider
the constitution of subjects as a process where three
important components has to be integrated. These components
concern, respectively, epistemological, qualificational

and instructional requirements. The integration of these
components occurs as a system of justification of the

content, structure, and delinitation of the subject.
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I The Nature of the Theory

Curriculum theory'(ﬁachdidaktik) is concerned with teaching

subjects, their development, constitution and function, as
well as the all-round educational and socializing effects
of teaching itself. It is not our intention in this article
to discuss all aspects of curriculum theory, but one of

its important parts, i.e. the éonstitgtiqn of teaching

subjects.

The theory of constitution of teaching subjects, which
will be expounded in the following, is concerned with the
structure and development of teaching subjects. We con-
sider that some characteristic features enter into the
constitution of a teaching subject, and that a theoretical
discussion of the process of constitution will make an
important contribution to the understanding of many problems
concerned with curriculum theory .and pedagogy as a whole.
Thus, a theory of constitution of teaching subjects must
necessarily enter into a-comprehensive theory of curri-
culum. To judge from the existing literature on curriculum
theory, little interest has been shown in the constitution
of teaching subjects. Therefore, in this article, we hope
to be able to demonstrate the pedagogic and critical

significance of a theoretical discussion of this process.

As previously mentioned, curriculum theory is concerned
with many different factors relating to the teaching and
constitution of a specific subject. For example, it is
concerned with the socializing and attitute-forming pro-
cess to which the students are exposed. This latter forms
a reciprocal relation with the constitution of the subject:
the socialization of the students depends on how the sub-
ject is constituted, whereas the constitution of the
subject depends upon its socializing and all-round educa-

tional functions. We shall briefly discuss this phenomenon.

Much of the knowledge and many of the attitudes possessed

1)

by educated persons exist as "tacit knowledge" we have

acquired both as a direct result and a side-effect of our




‘lay the groundwork for.our professional activities

education. This latter has helped us to establish a freme-

work of understanding and to adopt certaiﬁ'attitudes which
: 2) :
. It

is obvious, of course, that as a teacher of a specific

teaehinglsubject one contributes to the constitution of
this . subjeet'iﬁ the light of the framework of understandinq

derlved during the. course of one's own education. In this

-sense, any socrallzatlon undergone in such manner w1ll

affect the constitution of the subjeet.'

- The general_edueational circumstances affect the constit-

ution of subjects‘in_yet-anofher way, namely 'by way of
pedagogic conceptions, principles and theories. A teacher's
contribution to the constitution of a subject is intimately

connected with his 6r her conception of education and of

‘how 'a teeching~course ought to be organized, e.g. as to

whether he or’ she wishes to employ an exempiaricsh"'

structural, or other prlnC1ple when organlzlng the teachlng

.material.

It is‘very'importantAte'srudy these relations between -

socialization and general education. on the one hand‘ahd.
the constitution of. subjects oﬁ the other} It is also im-

portant to analyse and determine the all-round educational

- effects of advanced technological education,»thiS»involVing

both "techniéal.ratidnality“ and the formation Qf political

attitudes establiehed'during-the study'of’ehgineerings);

.In‘this article, however, we shall confine ourselves to

the more limited task of considering some specific aspects
of a theOry of constitution of subjects. For the present
we shall suspend the connection with the theories of

socialization and all-round education, well know1ng that '

."these are essential aspects of an adequate theory of curri- -

culumnm.

By way..of introductioh we shall briefly discuss the nature

of our theory. It is not our intention to evolve a

»descrlptlve theory to be used for classifying ex1st1ng

technological subjects.-We regard the constitution of -
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subjects to be a continuous process of_which, at any given
time, a teaching subject forms a cross-section. The purpose
of our work is to describe the mechanismwthat underlies .

" the process_of constitutibh, pfoviding it with its dynamics;
If it thus;proves possible to analyse the dynamics of the

process of constitution, the theory will obviously possess

explanatory power. Although it will not constitute an
empifical description of'Véribus subjects; it will be able
to form the basis of an explanation as to why the subjects,
at any given time,possess the structure and function they
in féct have. The theory can be used to identify some
important preconditions for the actual structure and
function of certain subjects. Thus, not only can it be
used for systematizing various subjects and discussions
thereof, but can be used critically as a basis for an
assessmentAof the structures, importance ana weighting

of these subjects within the system of technical and

scientific education.

The theory of constitution of teaching subjects has the
specific subject as its object of investigation.
Consequently, in relation to the subject in question it

is a meta-theory on a par with other meta-theories, as

for instance the philosophy of science and the philosophy
of technology. An epistemological analysis of a scientific
subject does nof constitute a contribution to the science
concerned, but can contribute to an understanding of its
nature and function. Similarly, thé philosophy'of techno-
logy is not itself technology, but can contribute to
technology's understanding of its own role and significance.
First and foremost, a meta-theoretical analysis helps to
develop professional self-understanding and consciousness,
and thus its function is primarily critical. Hereby it is
also of importance to the technological subject itself,
because it influences the estimation of the subject's
significance and its- developmental trends. We regard the
theory of constitution of subjects as having a like
function: it forms an essential part of an analysis of

a teaching'subject's developmental tendencies.




II The Constitution of Teaching Subjects-

In all types of education new teaching subjects are being

created and existing subjects altered. The constitution

of subjeéts forms a continuous'precess during which the

. content of knowledge and skill, its structure and delimi-

tation, are determined. It is consideration for the
representation of the basic disciplines, for qualificational .
requirements'and mode of instruction, that determines this '
constltutlonal process (see’ Flg 1) . Thus, we may. talk about’.
components in the constitution of subjects relating -to

eplstemolqu, quallflcatlon theory and theory of 1nstruction.

Consideration for: ' Determination of a subject's:

basic'disciplines\ } : 2eontents
qualifications +~ constitution of subjects—delinitation
N\ structure

instruction
Fig. l;'Constitution of subjects.

S

Thesebéonsiderations_may be - though are far from always -
coined in didactic principles, where, by "didactic principle"
We mean an explicitly formulated precept or deliberation -

concerning the determination of content, structure and/or

'. delimitation of teaching subjects.

.'1l. The epistemological component

A teaching subject is usually constituted on the basis of
a eertainvfield'of knowledge represented by one or more
specific areas, the basic disciplines. For example, the
teaching subjeét may be based on ECientific knowledge,

in which case the basic disciplines will consist of one

‘or more scientific disciplines.

We shall now take a closer look at the existing relations

between teachlng subjects and basic dlSClpllneS in the

study of englneerlng The relatlons between these subjects,

’



however, are not so direct and unproblematic as they are
sometimes represented. This is due, firstly, to the fact
that teaching subjects are related to the production of
knowledgerés well as to its application. Secondly, some
of the subjects in engineering education are founded on
technological knowledge, craftmanship and skills, as well
as on scientific disciplines proper. To understand the
constitution of these subjects it is necessary not only:
to study thé interrelatioﬁs between variégs types of basic
disciplines and between .arious types of téaching subjeéts,
but also the relations between basic subjects and teaching
subjects. Furthermore, ié is necessary to investiéate the

epistemological status of technology.

The different types of subjects and the relations between
them can be illustrated as shown in Fig. 2, where the
vertical lines represent:the relations between the basic
disciplines and teaching subjects, and the horizontal lines,
the relations between pure science and technological
knowledge, on the level of basic disciplines and teaching

subjects respectively.

1. Scientific disciplines 2. Technological

knowledge

/

4, Teaching subjects

3. Teaching subjects with

content of scientific with content of
knowledge technological
knowledge

Fig. 2: Relations between basic disciplines

and teaching subjects.

A concept central to both epistemology and pedagogics is

the concept of structure. This concept can form the basis

of an illustration of the different categories in the

diagram (Fig. 2). At the same time we are able to illustrate




" the delimitation of the»content of the eubjects as well
as the different types of knowledge formlng part of the
subjects. o

‘Generally speaking, we define structure as the prevailihg
order in the relations between different'parts of the
content of a subject. We shall examine structures, both
in basic disciplines (1 & 2 inIFié. 2) and in teaching’

subjects (3 & 4 in Fig. 2).

- An example oftthe’eignifioance'of the'concept of structure.
in‘scientific disciplines.is given by Kuhn's idea of
"disciplinary matrix". Aocotding to Kuhn, the structure

of a field of scientific fesearch is that of a.disciplinary
matrix..Such‘a matrix contains, among other'thing51'the: _
‘following elements: (1) symbollc generallzatlons, i.e.
generalilaws,esuch'as Newton's SecondALaW7,models, of both

a metaphysical nature (such as the atomistic conoeptlon

. of a substance) and a heuxistic’ﬁature (such as the . ¢
hydrodynamic model for electric current)}‘(3)'Values,:such
as specific-requirements.concefﬁing consistenoy}'exaCtitude,
étc,}'(4) models constituting prototypes of how the research
is to be carried out?) ‘ ‘ o o
‘Like othef’epistemologiCal concepts of etruoture, Kuhnfs
.concept of'paradigm (i.e. concept of diSciplinary’mattix)
is associated with a subject or a discipline in toto.
StrdCture in the %orm of organization of knowledée around
separate parts of the theorles or of solutlons to problems -
is subordinate to the dlsc1pllnary matrix constltutlng

the primary structure.

Different, however, is the situation-as regards the struc-
ture of'technological knowledge. Here the primafy structure
or oréanizing principles are associated With specific
practical problems and their'solution Typically, it is
around the latter that technological knowledge is organlzed.
In the field of structural engineering, for- example, theory
and methods are organlzed-around certain types of construc-

tions..In sanitary engineering, for example, the various




forms of knowledge are organized around problems concerned

with the design of water supplies and drainage systems.

Thus, the structure found in technoldgiéal subjects (in

the sense of basic disciplines, category 2 in Fig. 2) is
secondary,'and often based on categorizations of problems for
which technological knowledge has been developed in order

to solve. Seen in this lzght, it is uﬂﬁerstaﬂdable that

the delimitation of technological disciplines is often

vague and uncertain. A piece of knowledge can be applied

to many different disciplines, and it may be difficult to
determine the discipline to which various practical problems
should be referred.

We have hereby touched upon types of  structure found in
basic disciplines (categories 1 & 2 in Fig. 2). In teaching.
subjects (categories 3 & 4 in Fig. 2), pedagogic consi-
derations in connection with the progression of notions,
the forming of meaningful sequences, making knowledge
concrete, etc., will have an effect on theirAstructure.
Additionally, there have existed pedagogic principles,
which have prescribed - at any rate within the teaching

of science - the use of the structure of the scientific
discipline concerned as structure in the teaching subject.
A similar prescription with regard to a theoretical
discussion of the structure of technological subjects is
not seen. An investigation of structure in a number of
technological subjects, carried out in conjunction with

the development of the theory in questions) shows that
such subjects often build upon a relation to the practice

at which the subject is aimed.

2. Qualification theory component

In the process of constituting teaching subjects the question
as to how the subject qualifies will always play a part.
Such considerations are especially important in vocational

training.

It is our opinion that irdustrial conditions and industrial

development largely determine the requirements regarding
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quallflcatlons, where by 1ndustr1al condltlons we mean‘ .
competltlveness, d1v131on of labour, type of trade and
technology, etc. It is approprlate to ‘divide the determin-
‘ation of qualification requirements into three types.

\

Firstly,Aspecificlqualifications may of course be required
at various’times.‘These may be‘purelyiprofessional'quali—
fications, or qualificationS'such as stability and

reSponsibllity.

aSecondly, development w1th1n technology, 1nclud1ng ‘the.
“technlcal aids used in englneerlng oractlce, ‘and develOpment;
within the organlzatlon of englneerlng jobs, causes a '
change in the type of problems englneers have to .solve.

'Thls 1n_turn may cause a change in the quallflcatlon_

requirements.

Thirdly, a change.in the~qualification -requlrements may

be due to the.altered character of technological knowledge.,
* Thus, for’ekample,vtechnically determined:possibilities o
1for more advanced - and sc1ent1f1cally correct - methods

of calculation (i.e. computer aided calculations) may lead
to a change in. quallflcatlon requlrements. Or it may be

due to a development in Wthh technologlcal knowledge

will be based on. system theory

\

3. The instruction theory component

A number .of the factors entering into a determination of
the constitution of subjects are internal in relation to
‘the teaching;institution in queStlon. This applies to
schedules, organization of subjects and the purely phySical.
educational framework, as well as to the teaching methods“
and media employed-by'the'institution, the . background of
both teachers and students, etc. We have aSSembledhsuch
.factors, which are w1dely dlfferent in character, into a

component we call the instruction theory component..

A good example'thereof is the fact that the total contents
of the study of engineering in Denmark is at present d1—

v1ded up into partly optional modules, each not exceedlng
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half a year's duration. An examination is taken after
the completion of each module, and the study of engineering
is ‘thus pieced together out of the recognized participation

in a number of such point-giving units.

Obyiously, the introduction of such a:system has an influ-
ence on the content, delimitation and structure (i.e. the

6)

constitution) of subjects . Firstly, it must be antici-=
pafed thét the'norméi effeét of examindtions iﬁ fécusiné
upon certain types of knowledge and understanding, and.
thereby upon certain types of content, is reinforced in
such a system. The type of knowledge, understanding and
experience which cannot be. reproduced in examination form
after the half year is over must necessarily be given a

lower priority.

Secondly, the fact that a process of learning has to be
completed within half a year must have an affect on the
néture of the content and on the experience gained by
the students. '

Furthermore, the system splits up the students, since

these tend to change group every half year. This curtails
the use of pedagogic principles when compared with a longer
course of concrete studies. Nor will the students have

the same chance of gaining insight in the subject by

means of discussion and acquiring influence thereby on

the constitution of subjects.

4. Constitution of teaching subjects - an example

We shall now attempt by means of an example to indicate
some possible contents with which to f£ill out the above
schematization of the components of the constitution of
subjects. At the same time we shall point out some
curriculum problems resulting from the technological
development which has been taking place within the field
of building materials. In slightly simplified form, this

development can be characterized thus:
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1. More and more materials become relevant as building
materials. One only has to think(of the number of
plastic materials developed within'recent years for
widely different’ purposes w1thin the building sector.

2. Engineers to a greater and greater extentruse the
materials in the form of building components, the
content and composition of Which are veiled in
obscurity. This probably- applies most markedly ‘to
such construction elements as walls or facades.

3. Several of the "new" materials, such-as the above-
mentioned~plastics, have . a complicated scientific

structure.

This development obviously affects the qualification =
requirements for those engineers dealing in some way Or
other with building materials. A closer analysis of this
development and of ‘the qualifications7required of various
'_groups of engineers concerned in different ways with | ‘
building materials,belongs under the qualification theory

component. !

Under the epistemological component belong analysesl
contributing to an understandlng of the nature .and develop-
‘ment of the knowledge contained by the teaching subject

We have already outlined the main categories of knowledge

- containeéd in the study of engineering, 1.e._sc1ent1f1c
knowledge, ‘various forms of technological knowledge and

practical skills or craftsmanship.

An important,element in_tne distinction between these forms
of knowledge is the way in which they are justified. We
shall con51der two aspects of the justification of knowledge.
Firstly, when justifying knowledge it may be 1mportant

to observe the rules for verification and internal con-
'Sistence. Such justification characterizes the. production

of scientific knowledge. On the other hand, justification
may consist of practical validity, i.e. a high degree of
probability of practical expediency or efficiency. This
type of justification characterizes botnlknowledge or

craftsmanship and many types of technological knowledge.
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Secondly, it is é matter of importance as to whether the
kind and extent of the justification is explicitly stated.
In scientific knhowledge, as-a rule the justification - and
the limits of its validity - is clearly stated. Where
technological knowledge or craftsmanship is concerned,
justification is not so explicitly stated, sometimes not
at a}l; there is often very little interest in doing So.
Furihg:more, thé determina£ion of the limits of validity
of technological théory and methods may give rise to

practical problems.

" The developﬁent of the constitution of teaching subjects
concérned with building materials may be envisaged as
proceeding in several different directions; this has in
fact been observable in technological and scientific
education. An attempt to keep pace with development may
be made by increasing the amount of traditional technolo-
gical knowledge on the curriculum. This possibility has
its limits, however, not only on account of the rapidly
growing amount of knowledge, but because the problems
connected with determining the limits of validity for
methods based on experience are growing, especially where

development is accelerating.

It is also possible to develop - and to teach - methods
for analysing properties determined by function and for
analysing the specifications of building components and
materials. Such teaching naturally provides no true under-
standing of the structure and properties of materials, and

would only be applicable until the system is "overhauled".

In addition, it is possible to provide teaching which con-
tains scientifically correct knowledge of the properties
of materials, i.e. teaching which includes knowledge of

the validity (and its limits) of the knowledge in question.
Such knowledge, however, has frequently little application
to other subjects, where an operational knowledge of

materials is demanded.
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" The 1nstructlon theory component comprises among other
thlngs a consideration of the relatlons bewteen the teachlng
subject. (e.g. in the.alternatlve forms mentioned above)
and other parts of thé training~-‘betWeen the'basic_scien—
tific disciplines and the teaching subject, for ekample,
or between the subjeCt in gquestion and other teaching" f

 subjects. to which its knowledge. is applied.

Moreover, several aspectsdof the problems;described»above
can be seen in the light of general pedagOgic theory .
Developmental tendencies which stress methods rather than
facts; or which tend towards_the general (here, a knowledge
.of pure science) constitute well- -known patterns within -
currlculum theory There is a danger of error here, however,
if the problems are interpreted as only general pedagoglc
problems and a more detailed analysis of the subject in
‘question is omltted Although it is generally supposed.

" that technology is a dlrect appllcatlon of sc1ence - ‘an

applled ver51on of pure science - a closer analy51s shows

that much technologlcal knowledge is only indirectly re—‘
-1ated to scientific knowledge Thus, a greater empha51s
on scientific knowledge does: not necessarlly constitute-

S a tendency towards the general

‘The question as to which tendencies.gaih the upper hand
and how teaching subjects are actually constituted'will,
in our opinion, partly depend on the factors outlined
above. Such deliberations are often implicit, and.mixed
up with other 1nterests, such as questions'of institu;
.tlonal polmcy, etc. We also conSLder that a more w1despread
understanding of the matters rn guestion would produce a
more rational debaté and thus a more rational COnstitution
of subjects, for the sheer fact that the premises under-
lYing»assertions'and,points of view need_to be clarified

and made explicit.
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III The Coherency of Justification

In the process of constitutihg teaching subjects, the con-
tent, delimitation and structure are decided upon. As
indicated, this process is based Qh considerations regard
ing qualifications, basic disciplines and matters con-

cerning the instruction.

" This determination comprises all the elements - of the sub-
ject, including theory, skills and exercises; it comprises

their presence and relative placing.

Thus, the presence of an elément, whether it be part of
a‘subject or the subject as a whole, may be justified
according to the part played by the element in the subject.
It may be justified on the basis of its relation to other
elements or to the practice for which the subject qualifies.
Justification, however, may also be based on values,
conceptions and ideas about eddcation, or about technology

and science.
We shall examine the following forms of justification:

- justification of practical elements of content because
their aim is more or less directly to providé possibilities
of action towards certain types of problems in practical
situations. (seen from an educational innt of view),

-~ justification of some elements of coﬁtent because they
constitute the theoretical basis for other elements,

= justification of some elements of content because they
concretize the knowledge included in other elements, 4

- justification of some elements of content because they

are related meta-theoretically to other elements.

Consequently, justification concerns (1) the coherency
between the elements of a subject or of the content of
education as a whole (2) conceptions of the particular
practice at which the subject aims, and (3) the explicitly

expressed purpose of the education.

Furthermore, the contentes may be justified on the basis

of conceptions, values or attidudes which, in principle,
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. lie beyond such coherency, i.e. conceptions of the role
of education or of the relation between science and
technology. In the latter case we are in fact concerned
with legitimization, i.e. the concept of justification,
as used here, is more eomprehenSive than that of legiti-

mization.

1. The framework of understanding

It may be difficult to determine the form of justification
involved in a given context. One or more of the forms of
legitimization and justification mentioned above will often

appear simultaneously.

To a certain degree all justifications of content are
legltlmlzatlons, in so far as justlflcatlon comprises

" aspects which possess relations over and above the coherence
between teachlng subject and practical aim of the education.:
4 In the last instance the juStifications, in order to be
meanlngful must refer to some fundamental ontologlcal,
-eplstemologlcal, polltlcal or moral assumptlons and

attitudes, or to some conceptions of value.
' ¢ y 1 . .

VAThese fundamental assumptions'constitute our primary
orientation in the world "On the ultimate level they corres-
pond to Heldegger S Foncept of-"Entwurf"7), which. COnStl—
tutes the fundamental categorlzatlon of the world and of

our pattern»of actlon, and forms the foundation of every

undefstanding.

It is not our intention here to go into detail. Of greatest
importance to us is the fact that, et a more abstract and
fundamental level than that of epistemology and theory

of technology there are some assumptions, categorizations
and attitutes which are of importance for our concrete
undefstanding, and which form a categerical framework'for
reasoning and argumentation. all justifications operate
‘within this categorical framework, which we call frame—

work of understanding.

It is on the basis.of such frameworks of understanding
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that different attitudes to and conceptions of technology,
society and technological education are outlined. This
applies, for example, to both the conception of technical -
rationality and the attitude to problem-solving which
characterizes engineering. This applies to the fundamental
conceptions of the relations between science, technology
and society - conceptions which among other things are
coined in concrete theories of technology and science.
Furthermore, this applies to the normative attitudes
towards morality, politics and education which form the -
basis of concrete conceptions of general education and

didactic principles, etc.

2, Justification

We shall now examine each of the above-mentioned forms of

justification.

a. Relation to practice.

The utility-directed parts of a subject must be related

to a conception of practice, because knowledge of the sub-
ject provides understanding and a possible course of action
when faced with problems and situations in an envisaged
practice. There are two aspects of this relationship:

1. The nature of the given possibilities of action, which
may be a question of specific methods or of a wider
background of knowledge.

2. The extent to which the problems and situations for
which possible courses of action are provided are

unequivocally defined.

For example, the qualifications provided by the teaching
of such engineering subjects as that of structural engi-
neering has in some instances consisted of exercises in
the use of certain methods for calculating constructions
exposed to specific loads, i.e. the question here is of
directly providing courses of action in the form of spe-
cific methods for solving clearly defined problems. On
the other hand, a subject like the theory of materials,
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at any rate in some of its forms, provides knowledge which
"~ only in a very indirect. way gives increased possibiiities
for action when faced with problems or situations which

are only very broadly defined.

A third type of relation is tq:be seen in subjects like
-the theory of construction, which aims to provide possi-
pbilities for action in a very broad spectrum of problems,
such action being in the form of SpelelC methods. The
development of system engineering can be regarded as an

attempt to make such a type of relation p0551ble.

b. Theoretical preconditions.

It is p0551ble to identify parts of a subject - even whole
" subjects - which are aimed at utility -in the sense that
the;know1edge theypcomprise‘pro&ides understanding and
possible courses of action when'carrying out industrial
/functions.~0ther subjects -:or<parts thereof - ccntain':
knowledge’which forms a theoretical precondition for |
utility-directed subjects. This applies, for example,

to certain fcrmsbof mathematics and physiCS, which are
preconditions for  the understanding of a subject like

statics.

' Such coherencies ofdpreCOnditions can be extended "backwards",
so.that'subjects wh}ch in themselﬁes constitute a theo-
retical precondition for other subjects have. in turn

other subjectsdas_their'preconditions..For example, the
theory of continucus,functions, i.e. knowledge of limits
and continuity,'constitutes a precondition for differential

" calcules in most types.of mathematics teaching.

Thus, coherency of justification in the form, coherency
of preconditions, is to be found not only in the indi-
vidual subject but in larger sections of education and

often enters into the structure of a subject.

Moreover, the same two aspects may be found as in the

relation to practice:-
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1. The question as to whether it is a matter of specific
methods or, more loosely, of providing a framework
or -background of understanding. ,

2. The extent to which the problems or relations for
which theoretical preconditioné are uhequivocally
defined.

- There may be reason to point out that such coherency of
preconditions does nof as a rule constitute any logical
necessity, but is only one specific way of organizing the
contents of a subject. For example, the teaching of
mathematics can be organized in such a way that differential-
’ quotiénts are dealt with before - and form a precondition
for - the theory of continuous functions. This does not
mean that the order of these concepts is logically
arbitrary, but that it is possible to adhere to different
didactic principles. Naturally, fields may aléo,be found -
in mathematics, for example - in which the order of con-
cepts 1is arbitrary, but where concepts - as far as
teaching is concerning - form preconditions for one
another. Thus, if we consider the fundamental concepts

in elementary geometry, reflection, for example, may be
selected as a basic concept from which the properties of

congruence may be derived, or vice versa.

So far we have mentioned theory as forming the precondition
for other pieces of theory, which - in advanced education -
is the most common. In basic vocational training, where

the utility~directed subjects (or parts thereof) often
include manual skills, theory may form the precondition

for these manual processes or for understanding the

context in which the manual processes are carried out.

c. Concretization

It is often necessary to concretize the theory contained

in the study of engineering, both the scientific and the
technological theory. In many cases this need is sufficient
to justify the exercises and projects, although they can

8)

of course have other - possibly legitimizing - functions
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Furthermore, the Concretization»of cohcepts can be used

as a substitute for that part of the contents which forms
the theoretical precondition for other parts. Thus, concret-
ization will often play a role when an adequate study of

the theoretical precondltlons lies beyond the practical
possibilities. Many such examples can be seen in technical
~education. In mathematics teaching, for example, a study

of the extremely comprehens1ve theoretlcal _preconditions

for an understandlng of Laplace transformations is re-
placed‘by a .series of exercises designed to concretize

Laplace'transformationé and their application.

Here, a distinction must be made between two forms of
concretization, involving different relations between the
‘theoretical system of conéepts and the reality represented

by the exercise.

On the chér hand, the'exerCiseé can be organized sd that
’they‘merely‘facilitate.the learning and uhderstanding‘of
a system of concepts,'i.e. so that the exercise is
adjusted-to and confirms the theory. This we shall term

i a9 . . . C . - ¢
assimilation ), i.e. the exercise is assimilated under the

theory or system of concepté. This has been prevaleht in
baéic laboratory exercises, where the exercises have been
so designed ‘as not to achieve results which might cast
doubt upon thé theory. CircumstancesAnecessarily involving
results that might diverge from the theory'are regarded

as disturbance to be eliminated or disregarded.

On the other hand, circumstances may be such that practice
cannot easily be assimilated under the system of concepts.
In this case it is the theory, the system of concepts,
which must be adjusted to practice. This we shall term
'adaption.g) ‘
As to whether it is preferable, in teaching, to select
exercises which confirm the theory or exercises in which
the theory is tested and adjusted‘to practice depends on
the circumstances, i.e. among other things, whether the
content represented by the theory consists of pure sc1ent1-

fic or technologlcal knowledgé 10) .
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d. Meta-theoretical relations

Subjects with a content of epistemology and technology
‘assessment, as well as some types of social studies, have
as their field of study aspects of other disciplines. Thus,
their relation to these is meta-theoretical. In advanced
technical education teaching in such subjects has in
rrecent years been planned and carrled out, espec1ally

ras regards educatlon dealing with the precondltlons for,

and consequences of, technological development.

3. Legitimization

"When the content is justified in accordance with conceptions
or values lying beyond the coherency between elements of
content and the conception of préctice mentioned above,

it constitutes a matter of legitimization (in our specific

use of these concepts).

The legitimization of teaching contents is often uncons-
cious and, as is also the case with other coherences of
justification, legitimization is seldom explicit except

what appears from the educational aim of the subject.

There are many ways of determining the validity of a
legitimization. In some cases it may be determined in
accordance with the existence of a logically consistent
relation to a conception of value, in other cases, in
accordance with the truth or falsity of this conception.

In still other cases legitimization lies beyond conceptions
of truth or falsity. This does not make it any less im-

portant, however, to determine the type of legitimization.

Of considerable interest is the fact that invalid legiti-

mizations often appear to be ideologically distorting,

and we shall examine some examples to illustrate this

phenomenon.

As previously indicated, it is characteristic for many
engineering subjects that they comprise two types of
knowledge, i.e. both theory and methods designed for
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~~solving practical problems (technology) as well aslscien—
“tific knowledge proper. In many cases, pure.science appears
as a theoretiCal'precondition for the appliedxparts'of

. subjects. In many cases, however,'this is not”the case.
The. scientific component is not justified by forming a
‘theoretical precondition, -but is legitimized in accordance
“-w1th a conception of technologlcal knowledge as being

synonymous w1th applled science.

Another example of legltlmlzatlon concerns the 1mportance
.of exercises in the study of englneerlng It is very '
~common to see exer01ses organlzed in such a way as to test
-or verlfy laws of nature, i.e. they concretize theory by
way of’ a551mllatlon. Such verlflcatlon is in reality
1llusory, because thlS type of exercise 1is not. justlfled
accordlng to a. w1sh to concretlze theoretlcal knowledge,
’but legltlmlzed in accordance w1th an exaggerated idea

of,the.lmportance of the ba51c_sc;ences for englneerlng:

Both these examples ;llustrate a. type of legltlmlzatlon
we regard as cruc1al as far as conceptlons and values in
the various forms of englneerlng educatlon are concerned.’
It is based on a conceptlon of englneerlng whlch to a.
'hlgher degree than there is reasdn for d01ng, empha51zes
its close relatlon to sc1ence, ‘while at the same time
depreciating the conceptlon of engineering work as consti-
tuting social applic%tion_of technological theory and 4
method.’ . ' | o o

1

IV Conclusion

Thus, the contents, limitation and structure of a teaching
subject is laid down in accordance with the way in which
different justifications and legitimizations have de-
termined the presence and placing of the separate'elements

of the subject
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The present theory of constitution of subjects‘comprises

different levels. The lowest level is made up of concrete

forms of justification and legitimization. This in turn =~~~ 7 -

is subordinate to more abstract relations to basic
disciplines, qualifications and instruction, whereas =-:on
the most abstract level - is the relation to our‘basic'
framework of understahding. Connected with the theory of
constitution of subjects are of course traditiohélﬁéeég—
gogic theories and principles; Thus, theories connected
with our conceptions of general education (Bildung) are
concerned with the intermediate (the qualification theory
component) and the highest levels (our basic,framewofk;
of understanding) in the theory of constitution of sub; 
jects. Correspondingly, didacticgprinciples are concerned
with the three components on the intermediate level. - -
Cdnsequently, as far as genetic or pedagogic principleé'
‘are concerned, the instruction theorybcomponent will be
given priority, while, as far as certain structural
principles are concerned, great importance will be
attached to the logical structure of the basic discipline.
Furthermore, the didactic principles concerning key
qualifications, as formulated by Mertens, are essentially

connected with qualification theory.

The theory of constitution of subjects represents part

of the outcome of our work on advanged technical education,
from which our examples and empirical material is also-
derived. We consider, however, that many of the con-
clusions we have reached possess such a degree of genera-
lity as to be applicable to didactic investigations of

other types of education.
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