DOCUNENRT RESUNE
ED 133 178 SE 021 735
TITLE Tendencies and Problems of the Traiming of

Mathematics Teachers., (Yaterials Prepared by the
Working Group "Mathematiklehrerbildung," Volume

1.
INSTITUTIUN Bielefeld Univ. (West Germany).
PUB DATE 75 )
NOTE 141p.; For related docunents, see SE 021 736=-741;

Contains occasional small and light type

AVAILABLE FROM Institut fur Didaktik dexr Mathematik, Universitat
Bielefeld, Heldsieker Heide 94, D-4800 Blelefeld 15,
West Germany (no price quoted)

EDRS PRICE MF-3$0.83 HC-$7.35 Plus Postage.

DESCRIPTORS Curriculum; Educational Innovation; Highex Education;
#Instruction; *International Education; Mathematics
Education; *Mathepatics Teachers; Preservice
Education; #*Teacher Education

IDENTIFIERS Ger Ba ny

ABSTRACT

This document is concerned with problems in the
education of mathematics teachers. Paxt 1 gives an overall
introduction to the papers included im this volume. Paxt 2 is
concerned with problems of educational reform and provides a survey
of the literature on innovation reseaxch, discusses some
contradictions in the innovation process, and describes prerequisites
for a refaorn of the teaching of mathematics. Part 3 deals with new
forms for relating theory to practice in teacher education,
desicribing special instructional methods and competency-based teacher
education and discussing a few problems that arise from these
approaches. Part 4 looks at general problems of the relationship
between theory and practice in teacher traiming. Part 5 is concerned
with nathematics knowledge and the training of teachers of
mathematics, and discusses some of the different conceptions of the
subject matter and of learning theories. Part 6 offers preliminary
conclusions for research and developpent as well as- for content and.
organization of the training of mathematics teachers. A list of
references from European and American sources is included.
(Author/IT)

s g skl e ok oo o ol o ool e o o ool ok ool o ok ok e ol o Sl o e kol o ok ol ok ok ok SRl ook stk e sk okl okokok
* Documents acquired by ERIC include many informal unpublished *
* materials not available from other sources. ERIC makes every effort *
* to obtain the best copy availabhle. Nevertheless, items of marginal *
* reproducibility are often encountered and this affects the quality *
* of the microfiche and hardcopy reproductions BERIC makes available *
* via the ERIC Document Reproduction Service (EDRS). EDRS is not *
* responsible for the quality of the original document. Reproductions *
* supplied by EDRS are the best that can be made from the original. *
¢ Sk 3 2k Bl o e oo e A R A ok ol oo ok oo A T Ao ol ke e ko A Sl ol o ook R o




Tendencies and Problems
of the Training of Mathematics Teachers

US DEROGRTMENT OF HE ALTH,
EDUCATION A WELFARE
NATIONALINITITUTE OF

ECUCATION

178

)

THIS DOCUMENT HAS BEEN REFRO-
DUCED EMACTLY A5 RECEIVED FROM
TME PERSON OR ORGANIIATION ORIGIN-
ATING T POINTSOE VIEW OR OPINIONS
STATED OO NOT NECESSARILY REFPRE:
SENTOFFICIAL NATIONAL INSTITUTE OF
EDUCATION POSITIEN OR PFOLICY

ED13

[;naterials \/&Q 4 !

~ . e —— o
prepared by the working group 'Mathematiklehrerbildung’

Institut fiir Didaktik der Mathematik, Universitét Bielefeld

December 1975 VERMISSION TO FEPAODUCE THIS GOPY-

e e AIGHTED MATERIAL HAS BEEN GRANTED BY

“SE 021 135

H -

10 EAIC ARD ORGAMIZATIONS QFERATING
¢ UNDER AGREEMENTS WITH THE NATIOMAL N |
z STTUTE OF EDUCATION. FURTHER REPRO. |

DUCTION OUTSIDE THE ERIC SYSTEM RE. |

GUIFES PEAMISGION OF THE COFYRIGHT |

OWNEA." . !

Q

ERIC

Aruitoxt provided by Eic:



Tendencies and Problems
of the Training of Mathematics Teachers

Materials

working group 'Mathematiklehrerbildung’
Institut fir Didaktik der Mathematik

Thomas Mies, Michael Otte, Veronika ReiB, Heinz Steinbring, Dankwart Vogel

with contributions by Gert Schubring




Copyright 1975, Institut fur Didaktik der Mathematik, Universitat Bielefeld,
Heidsieker Heide 94, D-4800 Bielefeld 15, W-Germany

Photo: Maria Otte

Manufacture: Robert Bechauf, Bielefeld




Our major mistake in mathematics education

har been our fallure to recognize that we
have not possessed the tools needed to do

it gaod Job in improving mathematlcs education,
and that {n the course of carrying out our
normal activities an teachers and as
mathematiclang we are not Zikely %o be

nrovided with these tonle,

B, Begie 19270

Teaching problems must be golved funda-

mentally.

H. Freudenthal 1974
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1. Intrhoduction

Teacher education 18 a key problem of educational reform., This
thesis i3 basic for a long-term rescarch and development plan
by the working=group on "training and further education of
mathematics teachera" (Arboitsgruppo “"Mathematiklehrerausa-
bildung und -weiterbildung") at the Institut fir Didaktik der
Mathematik at Bielefeld. This papur is a preliminary collection
of first results achieved in connecktion wiith the compilation of
a comprehensive documentation on the situation in the training
of mathematica teachers. Above all it is intended to serve as
an orientation for the seminar on "Tendencies and Problems of

the Training of Mathematics Teachers” at Bielefeld from Dec.2
to 6, 1975,

In the last few years the importance of the teacher has
Increasingly become the focal peint in the process of reforming
gschools and instruction methods. Insight into the causes and

the background of the fallures of material based curriculum
projects, experience gained in the field of school reform, and
the intensive discussions about a reform of teacher education

at the universities have helped to develop a more refined
understanding of the role of the teacher and the importance of
teacher education. At the same time c¢entral problems in connection
with the basic concept of teacher education have not been solved,
above all the relation of theory and practice of training in the
sclentific, paedagogic and socio~scientific field.

In this paper we are concerned with the problems of the education

of mathematics teachers in particular. Since the central aspeat

of a teacher's job, the actual teaching, is a soclal activity
determined essentially by the subject-matter it is an essential
prerequisite for all theoretical and practical efforts at
reforming teacher education to achleve a clarification of the
conception of the subject of instruction and its manifold
relations to all aspects of the teacher's job.
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On the other hand the problems of the training of mathematics
teachers cannot be approached from a subject-related angle
only. The significance of teacher trainlng within an
innovation strategy with its social, institutional, and
methodological implications requires an analysis of the
problems at a sufficiently complex level. Didactics, the
intermediary agent between theory and practice and between
subject-related and social aspects of teaching and learning
can only fulfil its task if its view of the problems starts
from a sufficiently broad and differentiated basis.

The complex character of mediatorial problems in the sphere

of teacher education mentioned above also had its effects on
the structure of this paper. The table of ¢ontents is proof
of the variety of Flelds that information had to be gathered
from. The structure of the paper is caused by the fact that
questions and experiences of central importance always run
against the division of labour as expressed in the individual
academic disciplines or in the distinction between theoretical
and practical work. Nevertheless the individual sections can
each only deal with some aspects of the problems contalned in
them.

We hope that this paper, if its characteristics as mentioned
above are taken ilnto account, offers possibilities for
participation of all the different groups taking an interest

in the training of mathematics teachers. This implies also a
cooperation across the various, often very heteregeneous
theoretical and practical fields of experience. One of the
mein difficulties here stems from the necaessity to develop a
common view of the problem. This difficulty is increased by
the fact there is a lack of broadness and differentiation in
the scientific discussion on teacher education within the
disciplines concerned; this also is one of the main

conclusions of this paper.

Therefore this paper cannot offer an adequate survey of the
problem area that would comprise all aspects involved. It is

3

2



O

ERIC

Aruitoxt provided by Eic:

intended as the starting point for an exchange of experlence. A
joint formulation of essential questions would already
constitute a first decisive step.’WE hope that this papér and
the discussion of it will provide a basis for the development
of a continuous and constructive dialogue between representa-
tives of the theoretical and the practical side and the

working group. Therefore in connection with and subsequent to
this seminar, we will publish a comprehensive documentation,
which this material 1s based on, together with the papers

delivered at this seminar and the results of our discussions.

Let us now make a few remarks about the structure and contents
of this paper: part 2, following this introduction (FErleems
of ecudational reform”) offers first a survey of the literature

on innovation research, which developed as a reaction to the
innovation movements of the last 15 years mainly in the United
States. It deals among others with the relation between
curriculum development and innovation research and with the
importance of the question of problem identification in inmova-
tion processes. Following this some contradictions in the
innovation process will be discussed, which often are treated
in the literature available in the form of false alternatives.
Finally some prerequisites for a reform of the teaching of
mathematics are described as e.g. the function of teacher
organisations and the position of mathematics and natural

sciences in the discussion of the concept of general education.

Part 3 ("New forms for relating theory to practice in_

teacher education") starts from the assumption that

the problem of conveying theoretical knowledge with relevance
to practice and teaching practical skills on a theoretical
background represents the central problem of teacher training.
The development in the Federal Republic in this field took a
different course from that in the United States: while dis=
cussions here concentrated on formulating new concepts for the

9



theoretical aspects of teaching (3.1) in the United States o
whole variety of different methods and processes of a
pragmatically oriented teaching of theory and practice have
been developed. As these developmeénts are largely unknown

in the Federal Republic a short description of some gpecial
instruction methods (3.2 - 3.6) and of the influential
overall concept of "Competency Based Teacher Educatlon”(3.8)
will be presented,3.7 deals with a few problems which are of
central importance in connection with all these concepts and
methods and which refer to the question of how theoretical
and practical aspects have to be taken into account in the
formulation of an adequate concept of teaching.

part 4 ("General problems pﬁftherralat;anship,begween theory

and practice in teacher training") systematically combines the

individual lines of argument drawn before. Starting from the
fact that teacher education and its reform are dependent on
prior normative decisions the question of the definitlior of
qualification dimensions and the formulation of training
programmes is dealt with. Then the indispensable difference
between theory and praétice is discussed,a difference and
distance which should not be abolished but rather made fruit=
ful. And finally we go into the problem of the authorities
engaged in the theoretical and practical side of teacher
training from an administrative and a contents-related side.

Part 5 ("Math. Knowledge & the Training of Teachers of Math.") deals

with the role of the subject matter in the framework of the
teacher's job in a comprehensive way; the arguments therefore
very often explicitly or implicitly refer to other parts of
the paper. It will be seen from the analysis of generally
proposed wrong alternatives in the didactics of the subject
that the way the problem of the teacher's function in sclence
and training is approached is characterized by a subdivision
into social and contents-related, theoretical and practical
aspects. The thesis will be developed that a synthesis of

10
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theso aspadgaaln teacher tralning can only be reached by
developing an adegquate conception of the subject matter,
and some of these conceptions will be discussed. Knowledge
about the origin, the development, the astructure, and the
application of knowledge (i.e.'knowledge about knowledge')
i of central importance to the clarification of the basic
conceptual problems of the teachling of mathematics and the

training of mathematics teachers.

Part 6 ("Conclusions") offers preliminary conclusions in

the form of theses, which can be drawn from the situation
outlined so Far, They are conclusions for research and
daevelopment as well as for contents and organization of the
training of mathematiesg teachers. As statements in the
preceeding parts refer to a large extent to experiences in
forelgn countrs 4, the particular institutional and political
framework and the concept of science In Western Germany is
taken into account in the formulatlon of this part.

11
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2. Probbemy of Uducational Refarm

2.1 Twnovation Reseanch

The development of inpovation research has been closely

I inkad with thDrﬂpéEd—Uﬂ of reforms in the cducatlonal
anctar Follewing the seo-callod "sputnlk shaeck ™ oy the
United States. A survey of the )iterature producad in this
field leads Havelock to Lhe statement: "The outpat of
relevant atudies has heen increasing at a very rapid rate
over the past decade. At the date which was arbitarily
chosen as a starting date for the search of major indices,
1955, a little over 100 studies appeared, a respectable
put easily reviewable number, but by 1964 the figure

was nearly [ive times as great" (Havelock 1971, p. 1-19).

For the same period of time Brickel in california finds

in his surveys an enormous increase in the rate of innovation,
in particular as far as the curriculum is concerned: "The
analysis showed that the rate of innovation i{n the public
schools had more than doubled im the fiftecen months following
the launching of the Soviet Sputnik I in October of 1957.

... Changes had swept not only foreign lanquaqen, mathematics,
and science = which had led the field by tripling their

rate of change - but all other subjects, nonacademics as

well as academic, without a single exception" (DBrickel in:
Miles 1964, p. 495).

A typical example is the curriculum of the PSSC for
physics. Development work on it did not start till 1956
and already in 1961 nearly 20% of all secondary schools
in the USA used the PSS5C-materials,

1t is characteristic of this phase of teaching refornm

to find a widespread bellef in methods of innovation as
developed in the area of medicine, agriculture and
industry for the production and dissemination of hardware

products.

12



This naive faith in addrect technological usability of
knowledge for thve immprowenemt ©f the educational system,
its contents, mexthod®s ard forms of organization has been
shaken by the poor results ©f the reform measures borne
by i€,

"Educsation, beirig ome 0 the laxrgest of human enterprises,

is cesrtadnly exprerie=ncixry all t=he pains connected with

the increasing Aeman d For irmprorvenments and the meagre

results of large—sca lt xefoxn efforts. In most of the

economically andl tecchnioBogical Ly advanced western countries,

ve are in the midile of i1 switch from 'educational optinism’
tovard 'educatiomsl reaXism™' (Dalin 1973, p. 24). |

This means an import.ant shiFt of emphasis for innovation
research, vhich ¥ecomes quite evident when comparing the
toplcs of two standaxd kmookss characteristic of these two
periods, Mathew B, M.iless' "XEmovation in Education" (1964)
and the OECD-stuidy om "Clhise §tudies of Educational
Immowation" (197 3), witlm MiZXes the emphasis is on

exten sive curriculum prosjects, technolegical inmovations,
adnin istrative c¥anges and comparatively traditional
controversies in teawher- ediuacat ion, whereas the OECD-study
centres much more on quessticond apout the social aspect of
educa tional refoxn Eeres, compley problems such as the

speci fie role and limits of admipistrative decisions on

the national, reqgional and Local level, the relationship

of polities and ssclerwe, quesstions of whether/how to involve
those affected i cumricyluma dewelopment, the question of
side effects ete . play a much gxeater part. The close link
with practical prxroblens -which characterises innovation
yeseaxch as appl #ed =soci a1l =clerice 18 something one was
avare of right £xom ®he star-t! "rhe current flurry of

educa tional chancye i Am<rica offefs an excellent opportunity *
to ptwudy problemss of plamned change in social systems = an
drea where our urdersstinaing ls decidedly less than perfect. T
Glven an increasex in imderstanding, it seems likely that
we may be able £t marife educit ional innovation somevhat

13
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more skillfully than we have in the past" (Miles in:
Miles 1964, p. 2).

What was not realised right from the start, hovever, was
that this link operates on various levels: on the one
hand through the concern with somewhat technologically

usable knowledqge, with strategies, techniques of behaviour,

forms of organization etc., on the other through comprehenszive
social and conceptual ideas of the reform process. 1f the
first phase of curriculum reform was characterised by an
optimism dve to a technocratic view of science, it 1s now

the second sort of reference to reality which forms the

centre of attention.

nseldom are the implied ideologies analysed; instead,
the problen=ate tyeated as technical ones. We see this
as one of the major problems in the innovation process
today" (Dalin 1973, p. 240).

There are no aspects of scientific knowledge concerninag
fundamental aspects of education as a gocial institution
which do not for their passing-on depend on gimilar
comprehensive views, on the relationship between school
and soclety and on the nature of knowledage itself.

The neglect of the ideological component could ba a key
to why the results of educational reform as well as of
the closely connected concept of innovation research
have so far been unsatisfactory.

nrhere are hundreds of studies of change, many of them
concerned with change in education. The weakness of these
studies, however, is that few of them are of an empirical
nature; few are rolated to specific educational conditiona;
1ittle is kmown of the role which different organizations
can play in the process of educational innovation; little -
if anything -~ is known of the intarrelationships between
different decision-makina levels in the educational system

14




as they effect innovatlon; and few studies have analysed
the term 'innovation® itself and the implicaticns of its
interpretation for the manaqement of the innovation process"
(Dalin 1973, p. 26). -

As a definition of the area covered by inpovation
search Dalin's sugoestion seems to us to bhe the most

"
\m\

appropriate one since it summarises the egsential aspects
discussed into a short formula according to which innovation
is "a deliberate attempt to improve practice inm relation

to certain desired objective" (Dalin 1973, p. 36).

hfhis definition obviocusly implies the significance of

value questions and perspectives of interest for innovation -
research. Innovation research is always research aiming at
the improvement of soclial processes and is therefore subject
to certain criteria as to what is optimal, In addition, the
definition implies that innovation followsg the available
state of knowledge which to an increasing extent has taken

a8 sclentific form. In this respect, there i3 a connection
between innovation research and the discugsion about the
problem of treating everything scientifically, 2 connection
vhich is also apparent from the title of the so far most
comprehensive survey of the existing literatuxe on problems
of innovation research, Havelock's "Planning for Innovation
through Utilization and Dissemination of Knowledge".

Innovation can refer to rathexr different agpects of the
educational system. Dalin distinguishes in this respect

four types of innovation: the first refers to objectives

and functions of the school In its broader soelal and
economic context; the second tywe is mainly concerned

with the organization and administration of the educational
system; the third is concerned with role definitions and
role relationships and the fourth finally centres on changes
in the curriculum (cf. balin 1973, p. 39-41).

one of the qreat difficyulties in controlling innovative
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processes lies in the fact that the various types have
their own adequate forms of organizsation although there
is at the same time a close interdependence between themn.
In what follows we are abc?e all concerned with the
fourth t
question of the connection between innovation and teacher

,,,,,,

e because this is particularly relevant for the

that the problem of a concept of professional autonomy
adeguate to the innovative process is particularly acute.
It is therefore to be hoped tﬁét the previously mentioned
interdependances too will be approachable from this

perspective.

The curriculum for mathematics waz one of the most important '

starting points for the wave of innovations which started

in connection with the sputnik shock. It is in this field
therefore that alternative strateogies of innovation with

thelr practical advantages and disadvantages have found

their clearest exXpression. The first major curriculum projects
to be developed in the USA followed in orientation experiences
made in the development and dissemination of hardware products.
This was not only true of projects based on behaviourist
learning psychology and on the hope raised thereby for more
efficient teaching, but also of projects centring above

all on a reform of the content in the sense of structure

based mathematics (c¢f. Keitel 1975, p. 28 sequ.). The
cerresponding strategic concept for innovation starts

from a careful separation of individual innovative phases.

"It posits a user population which can be reached

effectively and influenced throuch a process of 'dissemination’,
or by dissemination activities of various sorts, provided,
however, that the dissemination is preceded by an extensive
and complex process of research and development which

usually includes the following features: 'basiec research',
'applied research', 'development®, 'production', and
'packaging'" (Havelock 1971, 11-6). Havelock talks of

5 basic features of this model: (1) rational sequence,

16
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(2) plannina, (3) division of labor, (4) defined audience,

and (5) high investment for maximum pay-off, ..." (Havelock

Inasmuch as the expectations of changing the everyday
practices of teaching were disappointed and interest

shifted onto the pedadogical realization of new curricula

and theix psychological and social implications (cf. Ch.
Keitel 1975, p. 31 seq.) the shortcomings of this concept

of innovatiom strategies became more and more apparent.
Criticism pointed out amongst other things that the social
and psyvchological interdependencies decisive for the
acceptance ox rejection of an innovation by the system
concerned were neglected. "In criticism, the Research
Developnent & Diffusion Model can be said to be over-rational,
overidealized, excessively research oriented, and inadequately
user—oriented ..." (Havelock 1971, 11-7).

The realization of this model therefore led to an incongruity
between the rich financial and gualificatory resources of
develomment management and a lack of systematic, differen-

objectives. "While the institutions studied do seem to
manage projects fairly well, ona cannot automatically

assume that they are successful innovative agencies”
(palin 1973, p. 107).

These problems are well known from other areas of applied
social science., "Die Fixierung der Zielfunktion ist vielfach
in multivariablen, grofen Systemen notwendig durch will-
kirliche, zufillige und nicht wissenschaftlich bearlindbare

" Entschelidungen gekennzelchnet (Beherrschbarkeitsgrad und

Erkenntnis sind funktionell gekoppelt). ES entsteht daher
ein Widerspruch zwischen den teilweise qut durchgebildeten
Methoden der Optimierung (mathematische und kybernetische
vVerfahren) und dem vorwlegend qualitativen Charakter dex

‘Entscheidungsverbereitung bei der Auswahl der Zielfunktion

(W. Kriesel 1968).

17
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It is in the dissemination phasze at the latest that this
incongruity becomes apparent. Since they mark the critieal
point of transition of*new products, modes of behaviour
and forms of organization into practical use, problems

of dissemination are often simultaneously indicators

of deficiencies and difficulties in the whole innovative
process, although this becomes somewhat clear only in

the case of an obvious failure of an innovative attempt.
In the context of the reform of mathematics teaching,
howeve:, there are above all cases which under the cover
of official directives, curriculum decisions and corres-
pondingly labelled materials are presented to the outside
world as successfully concluded innovation processes
although the realization has little to do with the
original intentions. Sarason used for this the formula
"The more things change the more they remain the same." ~
"'the averaqe teacher has a very great capacity for going
on doing the same thing under a different name'" (Beeby

in: Howson 1970).

n the light of more recent studies on the implementation

]

of curricula it seems necessary tc distinguish clearly
between the intention to carry out.certaln sugoestions

For change and their actual realization and moreover to
posit a great numbexr of gradual differentiations in the
realization. A further defect of the traditional concept

of curriculum development with a view to the objectives

1s to be seen in the widespread interchange of aims and
means and the general tendency of didactic means to

become independent of the aims of teaching. "But the
intended consequences are rarely stated clearly, if at all,
and as a result, a means to a goal becomes the goals itself,
or it becomes the misleading criterion for judging change.
Thus, we have the new math; but we do not have those changes
in how teachers and children relate to each other: that

.are necessary if both are to enjoy persist in, and

prﬁducﬁively utilize intellectual and intérgezsanalA
experience = and if these are not among the lntended

12
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consequences, then we must conclude that the curriculum
reformers have been quite suceessful in achieving their
goal of substituting one set of books for anothexr”
(Sarason 1971, p. 48).

As a consequence of the immanent simplification of the
dissemination processz the research based on this model

of innovation developed methodic instruments for the
definition of sugcessful innovation processes which missed
the decisive question of the practical implementation

(ef. Fullan 1972, p. 5 seqg.). Only following the érawing
disenchantment with the practical effects of the reform -
attempts did appear sztudies that undertock more thorough
analyses of the effect of planned innovations on schools
and teaching, 1.e. they treated them from the perspective
of those who actually had to deal with them. This meant
the collection of individual data of observation which
can be used as correctives to the declarations and labels
of intent. These studieg = mainly thorough case studies
or summaries of experiences made in field vwork - by and
large cover the whole spectrum of the innovations
recommended and taken up in the Anglo-American countries
over the last 15 years. "A very subjective but nonetheless
general impression of those who gathered and those who
studied the date was that some of the highly recommended
and publicized innovations of the past decade or zo0

were dimly conceived and, at best, partially implemented
in the schools c¢laiming them ..." (J. Goodlad u.a. 1970,
p. 72). o .

If the predominant innovation model of the sixtles
considered the main problem to censist in overcoming

the resistance of the staff to new ideas, methods and
materials, there is now a shift of interest to the
difficulties arising out of the practical implementation
of innovations which cannot be reduced to paychological
defence mechanismg of those involved. "... paradoxically
the major problem regarding educational change is not

19
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g0 much resistance to change in traditienal schools
(although this is still a problem) but how to cope with
change in innovatlve schools®™ (M. TFullan 1972).

From the literature on curriculum development and innovation
research one can deduce two main reasons for the deficiencies
of curriculum reform as practised so far: on the .one hand
the separation of curriculum design and curriculum imple-
mentation which corresponds to a division between curriculum
theory and innovation research; on the other hand the
neglect of the organisatory context in which innovations
have to come into their own., In his summary of six case
studies on the change of the curriculum W.A. Reid comes
design and curriculum implementation that is above all
responsible for the incompatibility of curriculum theory

and the experiences teachers gain in teaching processes.
"The gaps between theoretical formulations and the
conventional wisdom of schools and teachers are, it would
seem, more attributable to inadequacies of the former

than the lack of sophistication of the latter" (W. Reid
1975) . Innovation research tends to discuss the problems

of innovation essentially in terms of individual or
social-psychological categories. This is closely connected
with the isolation of factors determining innovation and
with the neglect of the historic nature of the external
conditionsg: "... impact-oriented studies of innovative
projects have not produced generalizable findings because
they fail to deal with the interaction of the pfaject

with its institutional setting" (Howey 1975, p. 7). "Nearly
all reports presently in the literature treat conditions

as unchanging and implémentation as the result of an
accumulation of isolated conditions rather than as a

result of an interrelated and complex set of forces"

(N. Gross et al. 1971, p. 31).

To develop an alternative concept of curriculum innovation
it is necessary to start from a concept of curxriculum

20
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F

different from the one underlying the "research-development-
diffusion"-approach. This would make the original intention
of the curriculum as expressed in the materials and their
adaptation as reduced or amplified in the act of teaching
refer to each other. "... the parts played in decision-
making by aims and constraints are difficult to disentangle,
and statements of objectives are ¢énly one of many devices
for gquiding discussion, defining decision points and
adjudicating between alternatives. The problem has been
noted before, but often in terms of a defect to be

remedied rather than a reality to be grappled with, or

even built upon" (Reid in: Reid/Walker 1975, p. 253/54).

Such a concept of curriculum would have to take into con-
sideration that the curriculum is a social institution
determined by static forces tending to preserve the status
quo as well as by those fostering ¢hange and thatsthe
acceptance of new practices implies the abandonment of

old ones which as a rule is a rather painful and laborious
process. "In other words, studies of stability might tell

us a lot more than studies of change" (Reild in: Reid/Walker
1975, p. 247).

necessarily devote much more attention than customary
so far to the gualificatien anﬂ,éispas;tiﬂﬁ_fag innovation
on the part of the teacher and to the organisatory constraints

of his activities., After all he is the main agent in the
implementation. "There is one thing that distinguishes
teaching from all other professiensg, ... no change in
practice, no change in the curriculum has any meaning
unless the teacher understands it and accepts it" (C.B.
Beeby in: Howson 1970, p. 46).

The gualification of the teacher and his attitude towards
teaching reforms are therefore highly significant. Conse=
quently, a representative survey by Havelock and others

21

15




O

ERIC

Aruitoxt provided by Eic:

on innovation in the American school system reveals the

following factors as the main barriers to innovation:

"The highest rated barrier item was 'confusion among

staff about the purpose of the innovation'. Almost as
strong were the items 'unwillingness of teachers and

other school personnel to change or listen to new ideas',
"shortage of funds allocated for the innovation', and
'staff's lack of precise information about the innovation'"
(R.G. Havelock et al. 1973, I, p. 19).

Three out of these four factors refer to the gualification,
disposition for innovation and level of information of the
teacher. In a careful case study on the implemenﬁatian of
organisatory innovations Gross et al. have singled out

the following factors as decisive for the fate of innovations:
the initial digposition for innovation on the part of the
staff, the clarity in which the aims, contents and methods
of the innovation are set out to the staff, the qualificati@n
of the staff, the existence of the necessary materials and
resources and the compatibility of the innovation with

the organisatory arrangements of the school (time-table,
class information, grading system ete.). Here, too, four

out of five factors refer to the personal gualifications

and disposition of the teacher as well as to the organisatory

v

congtraints on his activities.

In a critical survey of empirical studies on the practigal
effectiveness of innovations Fullan comes to the following
conclusions: "... virtually évery significant change has
implications for changés in roles and role yelationships;
these changes must be part and parcel of the implementation
process.

.+» The dynamiecs of the process of role change has been
entirely misunderstood and neglected. There is little
awareness that innovations regquire unlearning and relearning
and create uncertaintly and a concern about gompetenclies

to perform these new roles. Consequently, very little
preservice preparation is included in plansﬁfcr change;

16




but more fundamentally, virtually no time, resources,

and other supports are built into learning of new roles

in the ongoing system once the change has been initiated.
Since these requirements are not understood and taken

into account, even innovations that are congruent with
user-objectives often fail. _

... Consequent(ly) ... new educational ideas and organizational
changes that are introduced become empty alternatives inasmuch
as they create unrealistic conditions and expectations for
ugser~performance. Structural changes are necessary but

anot sufficient to bring about significant change.

The most effective solution can probably never come through
the introduction of more and more innoVati@ns‘with additional
resources (such as better training in new roles) because

the existing systemic context of the user effectively

prevents the development of these new roles once they

are introduced” (Fullan 1972, p. 15).

In all this the most difficult problem seems to be the
achievement of changes in the area of teacher/pupil

interaction.

Hoetker and Ahlbrandt have pointed out that in spite of
an extensive research literature ranging over decades on
the necessity of individualised instruction and work in
small §raups, it is still recitation by the teacher which
is the decisive element in teaching - and this on an
international scale. Westbury tries to explain this fact
ag Follows: "The interaction between the demands on the
classroom and the constraints within it cause it to be

a social setting that has only a limited potential for
manipulation by teachers. The recitation is & teaching
strategy that permits teachers to deal, in at least a
minimally satisfactory way, with the tensions that this
interaction between demands and constraints creates”
(quoted from Reid et al. 1975, p. 250).

Whereas the reguirements are relatively well known, rather
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less 1is known about the constraints and their interaction

with the requirements.

It is still as true as ever that research and development
efforts in education reach the teacher above all through
written materials and informal contacts. "It is not
surprising, then, that materials have exerted far more
influence on practice in the teaching ... than has the
available research." And this although only one third

of the users "had confidence that they (the materials)
were based on 'definite scientific proof'" (Miles in:
Miles 1964).

The isolation of the teacher from research and development
means that information relevant for teaching is recelved
basically through informal contacts which are naturally
confined to his professional group and a narrow loecal
area. This fact has not even changed in the United States,
in spite of the development of Teacher Centers, of various
centres and laboratories for research and development and
of comprehensive curriculum development programmes. On
the contrary, as recent‘analysas show the traditional
reciprocal mistrust of practicians and scientists has
dévelapéd more strongly into the direction of forming
negative stereotypes of the other side (cf. Baldridge

" et al. 1974, p. 706).

The resulting distance of the teacher to the institutionalised
research and development process is also supported by the
redults of the Havelock study: “"Once again, outside resource
groups get very little mention as key factors. University
participation receives only six mentions as 'key factors'
(under 2%) while state agencies get only five (a little

over 1%). Regional labs get only one mention as a key

factor (less than %% of 1%) and private companles get

one. We feel that these findings are among the most
significant to emerge from our survey, for while they
probably underestimate actual utilization of outside
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resources, they suggest something about the very low
visibility of the external resource universe as far as

the overwhelming majority of U.5. school districts are
goncerned“ (R.G. Havelock 1973, p. 16). Miles therefore
calls the belizf in the independance and autonomy of

the teacher in his job and in particular in his practiecal
decisiong in teaching a protective myth. This myth is not
only in contradiction to the above facts but also to

the role of the teacher as a functionaryv in a bureaucratic
school organization: "Thus it seems likely that local
innovative are restricted by the fact that the teacher's
role is actually that of a bureaucratic functionary ...
who has little power to initiate system-wide change,

but - because of the ideology concerning professionalism
alluded to above - trends to resist innovative demands,
like most professionals in bureaucratic organizations”
(Miles in: Miles 1964, p. 634). The effect of this is
also, of c¢ourse, that innovations on a local level can
only to a very limited extent be started by the teacher
himself and that levels of educational administration

and politiecal decisions exert a much greater influence.
Miles summarises this as follows: "... in most cases

the initiation for change in an educational system appears
to come from outside ... Moving now to the local system,
it seems very clear that administrators, as authority
figures, are crucial in introducing inmovations, particularly
those which involve structural change" (Miles in: Miles
1964, p., 640/41).

This predominance of the administration is probably even
stronger in the more centralised Western European countries.

In particular in the Federal Republic where extensive

efforts in the sense of the "research-development-diffusion”-
concept have only intermittently been made, politic-administra=
tive strategies of educational reform are probably still
predominant. It Beems correct to suggest that the resulting
control of innovation processes through curricula rather
increases the problems of implementing innovative intentions
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as outlined from the Anglo-American literature. This,
howaver, results in a dilemma: on the one hand teachers

are neither sufficiently disposed mor gualified nor command
a satisfactory social status and a corresponding position
in relation to the educational administrxation; on the
other, centralised forms of curriculum development which
can make use of this lack of prerequisites for refoxm
activities in the teaching profession to rationalize their
strategies have the unpleasant side effect of being exposed
to the resistance of teachers to forced uncomprehended
innovation, a resistance which then leads to the previously
described phenomena of interchange of aims and means, of
wrong labels and of wrong integration of innovations in
practices

If, however, centralism no matter whether in the sense

of drawing together politlic-administrative or scientific
competence is in no position to remedy the situation,

the dilemma cannot on the other hand be solved by setting
the teacher free of all constraints in the hope that
adequate formulations of the problem would come up by
themselves. This kind of ideology is contradicted by

the fact that innovative processes at the school level

are to a significant extent initiated fxom outside and

that the decisive contribution of the administration to

the initiations of innovative processes at the school level
is not to be disregarded. It is furthermore contradicted

by the fact that innovations if trying to avoid the problem
of the 'side effects' can only be implemented systematically
and as processes at the same time. F4nally, it does not
congider the problem of the scarcity of resources.

The alternative 'central or local curriculum development'

is the wrong kind of question: "Successful implementation
would mean the abhility of the institution to be responsive
to centrally or externally developed and/or dirxected
innovations, on the one hand an, at the same time, the
ability to develop a creative growth and improvement process

20
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within the institution itself" (P. Dalin/M. McLaughlin
1975, p. 20; cf. also Dalin 1973, p. 179).

Educational institutions on a local, regional and national
level have to make their individual, specific contributions.
The central difficulty in their communication and co-operation
lies in the development of a common view of the problem

and of differentiated tasks developed on this basis. The

phase of problem identification, however, is one of the

poorest in the common innovative concepts and the corresponding
practice: "This phase is seldom based on systematic data-
collection about needs and priorities in development.

Usually problem identification is an ad hoc exercise,

seldom based either on careful examination of present

needs, or on long-term educational or integrated social
planning" (Dalin 1973, p. 107).

The connection with the deficits in the area of evaluation
of innovation is obvious. "Since problem identification
and the formulation of objectives 1is weak, evaluation

consequently cannot be strong” (Dalin 1973, p. 143).

It is therefore no surprise to find Miles saying: "Yet,
judgying from the chapters of- this book, a near axiomatic
statement is this: Educational innovations are almost
never evaluated on a systematic basis" (Miles 1964,

p. 657).

And even ten years of further efforts in educational
reform seem to have changed nothing: "Unfortunately,
however, systems evaluation is seldom part of the
innovation process. We do not know, and most innovators

do not know either, if the innovations are really working"
(palin 1973, p. 232).

It seems that the establisheﬂ'mgthods,of,égélgéﬁicg

are one of the key factors in the growing estrangement
between the practician and research and development

* 27
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institutions. "The people running the programs often see
evaluation as an effort to kill projects that are dearly
loved, and which have cost sweat, blood, and tears at

the local level. As a conscrjuence, the local people welcome
the evaluator as much as they would any other assasin"

(M. Scriven, quoted from Baldridge et al. 1974, p. 703),

1t is at this point that the distance between the per-
spective of problems and interests of the practieian and
that of the educational researcher becomes particularly

noticeable.

competence and readiness for self-evaluation on the part

of the, practician conceivably supported of course by
external resources (cf. Fullan 1972, p. 29). The first

requirement for the effectiveness of this approach is an
adequate concept of objectives and their identification.
On the one hand it is impossible to lay this down once
for all, since they are subject to continual modification
in the light of the experiences made with their implementation
as to the adequacy of content and the organisatory
realigability. On the other hand, they cannot refer to

an isolated innovation complex or one dimension of the
whole procaesg only, if it is true to say that "... the
readiness ol the users to implement new structures,
products and practices is more of a problem than the
development of a particular product itself" (Dalin 1973,
p. 260), ‘

This aspect is missed by attempts to structure the pr

of task identification more systematically without funda-

mentally changing the linear aims-means-relation and the
relationship between practicians and development teams.
As the concept of aim is inadequately simplified and

as the need for down-to-earth operationalizations and
the criteria for evaluation very often prestructure the
view of the problem and the task formation, more complex
aims and latent functions of innovation pr@éesges escape
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notice. On the other hand, nothing 1s achieved by an
cclectic momentary solution as attempted by Havelock

in his 'linkage model' which i3 less advanced than

his own realization that to understand the processes of
production, dissemination and practical use of knowledge
it i8 necegdary to have a theoretical concept of soeclety
and of the ezssential organisatory subsystems that are

part of this process,

The difficulty to understand the specific nature of
processes of problem identification and definition in
large social organizations as opposcd to individual beings
is not solved. Instead, there is an idealistic concept

of the state as the neutral guardian of public interest

and the regulator of conflicts.

"All the models presented are in some way or another )
concerned with how changes come about. But is it possible
to treat the how-question separately without considering
why changes should come about, and in what direction the

changes are Ilntended to bring us?

When we introduce these dimensions we are immediately
confronted by a political problem. Models which build on
an assumption of neutrality, rationality and consensus

about change are, in our view, unrealistic.
This question is directly linked with the question of
interest groups" (Dalin 1973, p. 54).

A concept of the process of problem identification to be
worked out is apparently faced with contradictory demands:
on the one hand it is supposed to follow up the needs of
those immediately concerned, on the other hand it is
supposed tO be systematic. It is supposed to be locally
adaptive as well as centrally integrated. It is supposed
to incorporate the political conflicts of interest of the
problems and yet to remain object-oriented. It is supposed
to afford a maximum of control and yet to be sufficiently
complex; and finally it is supposed to be scientifically
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wallafaundea and yet adaptable to new situations. It 1is
sufficiently clear that much remains open. Still, it may

be useful to realize that one-sided solutions as predominant
go far mark no progress and that the solution of the
difficulty can‘only lie in the reconciliation of these

discrepancies.

As far as the innovative potential of Leacher education is

concerned it is only realistie to assume that teacher
education can really change only the personal qualifications
which teachers bring to their tasks, whereas the organisatory
framework inwwhiéh these faculties are supposed to come
into their own remains untouched. This fact is all the

more important since it cannot be assumed that in the
FPederal Republic teaching reforms on a larger scale are

to be expected in the next few years. It must be taken

into consideration that knowledge, faculties and attitudes
as developed in initial training tend to get lost in the
course of adapting to one's professional activities (cf.
Koch 1972). 8till one can find important arguments to
support the view that within the framework of educational
reform higher emphasis should be placed on teacher training
as one of the most important institutional places to
reconcile the above-mentioned contradictions. Competence
and readiness for innovation are not developed by the
teacher by re=adapting his qualifications in the wake of
organization. If he is to make use of, or even enlarge,

the room for decisions which he himself possesses in the
framework of reform, then the improvement of his systematic
education which alone ensures flexibility in contact with

innovations is a conditio sine gua non.

The cooperation between science and practical teaching,

one of the decisive prerequisites to effective innovation,

is on the part of practical teaching in need of a’
differentiated internal structure providing the organisatory
framework for division of work, communication and cooperation
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between the practicians. A strategy of reform which tries

to start from a change of teacher behaviour in teacher
education is faced here with the problem of the isolation

of the teacher in hls teaching activities. In the Federal
Republic there exists at present hardly any organisatory

basis to gradually overcome this kind of isolation. The

system of in-sarvice training for teachers is not

sufficiently developed from the point of view of capacity

and organisatory set-up to meet the demands as outlined

above. If therefore Eggleston says, as a result of an
OECD-conference on new structures of teacher education

and teachers' tasks: "Overall it is clear that initial -
training and in-service programmes are complementary"

(OECD 1974, p- 39), this is certainly not applicable to

the majority of teachers working under the present

conditions in the Federal Republic. However,; there is

the not unfounded hope that innovation in the field

of teacher training will also lead to further qualification

and motivation for in-service training which will itself

then exert additional pressure towards the institutionalization

of appropriate measures.

In spite of all its shortcomings and deficiencies it may

be said of the present system of teacher training

-~ that it represents the most important organisatory link
between practical teaching and the sciences relevant fé%
teaching,

= that it forms decisive pa:adigﬁé‘éf teacher behaviour

- that it has a comparatively differentiated and unified
internal structure which could serve as a basis for the
specification of problems and generalization of results,

- that in this system the problem of the independance of
theoretical and practical perspectives and their
reconciliation has to be faced in all its urgency, as
iz borne out by the widespread complaints about the
lack of connections between the first and the second
training phase,

= that in this system the representatives of the practical
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teaching phase have reached a level of self-organization
of content which gives science the chance of fruitful
contacts with practical reality and whiech can be
conducive to the disseminatlon of results achieved

so far through multiplicatory effects.
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2.2 Conditions fon Rekonm

In contrast to the traditions in other countries, e.g.
in France, the subject of mathematics at schools of general

education in Germany had at all times to struggle for
recognition (cf. Th. Wilhelm 1971). A constant indication
of the low value attributed by society to the teaching of
mathematics and the natural sciences has always been its
relatively low share in the schedule of subjects at the
secondary schools (Gymnasium): without any significant
change mathematics has accounted for approximately 12%

of the weekly schedule ever since 1B37, and all natural
science subjects together for about 6% (cf. Kroebel 1971a).
The debate over the importance of the teaching of mathematics
and natural science for general education, which continued
during this long period of time with essentially the same
arguments, manifested itself in a variety of ways.

In dispute with the humanities attempts were made to
demonstrate that the subjects of mathematics and natural
science would meet the requirements of the neo-humanistic
cancept>af a general education. According to the prevailing,
purely formal ideas of education, which regarded the
formation of intellect and character as something detached
from the concrete content and substance of the subjects
taught; the learning of mathematics was credited with

being able to promote logical thinking, tidiness, diligence,
neatness etc. Utilitarian arguments were regarded as
inadmissible in the Alscussion by both sides (Riess 1972;
Vietzke 1958; Kroebel 1966).

Confronted with governmental authorities, especially on

the oceasion of changes in school organization, those
advocating the teaching mathematics and natural science
emphasized the applicability and the benefits of these
subjects in economics and for society, not, however, without

a certain feeling of apprehension for offering usefulness as
0 0
33
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After the 'sputnik shock' and the debate about the 'educat-
ional catastrophe' in the 1960's the issue of formal educat=
ion, which had dominated the discussion untll then, was

pushed into the background and applicability and utility

of subject matter were acknowledged as criteria for the

syllabl of general education. The teaching of mathematics

and natural sclence was legitimated "by its practical

value for technology and the direct applicability of school
subjects to the working process in form of knowledge, skills

and other virtues" (Riess). Accordingly, the Recommendations

of the Ministers of Education (Empfehlungen der stindigen Konfe-
ranz der Kultusminister) of 1968 concerning the modernization of
the teaching of mathematics no longer contained any of

the references to intersifying philosophic considerations

as had been the custom in earlier regulations: "Progress

in mathematics and the advancement of modern mathematical
concepts in science which are of consequence to the

economy, the soclety and the state call for the modernization

of mathematics instruction in all schools."”

Even those who at this time began to levy criticsm against
the technocratic appliéability of science recognized the
criterion of utility but contrasted this criterion of tech-
nological and economic utility with the criterion of "social
relevance", whose validity was measured against the attain-
ability of objectives of social learning, such as emancipation.
By playing off the instrumental aspects of knowledge against
its communicative aspects, the proponents of this course
developed hostile tendencies towards the teaching of mathe=
matics and the natural sciences. These academic disciplines
once again came under pressure to justify themselves and
remained on the defensive since no suitable concept of
social relevance could be developed. In this situation the
teacher is today even more helpless than he had been in

the earlier discussion about educational value, because his
training did not prepare him to consider soclal aspects -

he takes a strictly negative attitude or reacts cynically.
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This last ayndrome of hostility toward the teaching of
mathematies and natural science further aggravated the
social uncertainty of the mathiematics teacher in that

it adds to the already existing problems of cooperation
(with colleagues from other subjects, with educational
and soclial scilentists) the problem of having to justify
the relevance of the subject matter vis~a-vis the pupils.

The self-organization of teachers in associations, unions
etc. decisively determined the attitudes of teachers towards
the role of education in soclal policy. The structure of
teachers' organizations is an indication of the development
of the teaching profession into a homogeneous professional
group. Teacher organizations are an important platform

for the generalization of teachers' experiences and hence
of consequence for their willingness to accept and generate

innovation.

In addition to a separation into more subject-related and
more profession-oriented organizations, a differentiation
is made between unionized organization and those directly
representing professional group interests.

It is characteristic of the educational situation in the
Federal Republic of Germany that the largest number of

I

elementary school teachers are unionized in the GEW (union
for education and seience) while most of the secondary
school teachers are members of a professional organization,
the 'Philologenverband'. The GEW, which became a member of
the DGB (German Federation of Labor) in 1949, began to
develop a more and more union-like pcsiti@n as of 1968,

a fact characterized by the adoption of collective
bargaining rules in their statutes.

Another large teacher organization is the Deutsche Lehrer-
verband (German Federation of Teachers = DL), a merger of
the Philologenverband (Federation of Philologists), the

bi MO, 35
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Realschullehrerverband (Federation of Teachers at Intermediate
Schools) and the Verband der Lehrer an Wirtschaftsschulen
(Federation of Teachers at Schools of Economics). This
federation cooperates with the competing organization

of the GEW at primary and secondary modern schools, the
Verband Bildung und Erziehung (Federation for Education =
VBE). The DL opposes the GEW because of the latter's

support for the comprehensive school and for uniform teacher
salaries. The GEW and the DL/VBE have approximately the

same numerical strength.

In England und Wales the Nationa. Union of Teachers (NUT)
is the largest teacher organization. It comprises 50% of
all teachers (1967). It has members from all types of
schools, especially from the Primary Schools (50% of all
members teach there) and from the Modern Secondary Schools.
Since 1970 the NUT has been a member of the TUC. It
supports the Comprehensive Schools (H. Thomas 1975). In
contrast, the professional organizations of the "Joint
Four" (a merger of the organizations of the Headmasters,
Head Mistresses, Assistant Masters and Assistant Mistresses)
oppose the Comprehensive Schools and the salary demands
of the NUT. Its membership is made up primarily of teachers
from the Grammar Schools and the Public Schoels.

v
In France there are no professional teacher organizations;
there is a national teachers' union, the Fédération de .
1'2ducation nationale (FEN), which is composed of the
various branches representing teachers from different
types of schools. While basic agreement prevails within
the FEN about the necessity for a reform of the school
system (removal of social inequality) there is intensive
disagreement between the several branches. The union of
elementary school teachers for example holds different views
on the reform of primary school from the secondary school
teachers.

Among the countries mentioned above there are also differences

36
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in the activities of the subject-oriented associations of
teachers: The Verein zur Frderung des mathematisch-natur-
wissenschaftlichen Unterrichts (association for the
promotion of the teaching of mathematics and natural

slence - MNU) conducts annual seminars on the teaching of
mathematlics and sclence, as well as seminars for department
heads and publishes corresponding material including a
periodical. The French association of mathematics teachers
APMEP works on the basis of action programs which are
gontinually re-evaluated according to the progress of
teaching reforms. This association was instrumental in
founding the IREM (Instituts de recherche sur l1'enseignement
des mathematigues). The APMEP also publishes a periodiecal.
It has regional sub-divisions which support the work of

the IREM and carry out the curriculum work at the schools.
In the British Association of Teachers of Mathematics ATM
working groups develop materials for teachers. Its 40 local
branches as well as 4 publication series attest to its

degree of organization.

In contrast to the high degree of organization in the
professional organizations - in Britain and the Federal
Republic of Germany they comprise roughly 75% of all

teachers - organization in the subject-related teacher
associations lags considerably behind: of the approximately
98,000 qualified mathematics teachers in the Federal Republic
only about 3,500 are members of the MNU.

The APMEP in France, as we have seen, has a considerable
influence on teaching reform, In Britain, where the situation
is characterized by a much greater autonomy of the teacher

in his decisions, the representatives of the teacher
associations have more seats than government representatives
or scientific experts in nearly all commissions of the
gchool Council, which is the "major curriculum body in
England and Wales" (J. Nisbert 1973); they report directly

to the associations that delegated them. The Schools

Council does not have any exXecutive powers but it has taken
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declsive steps toward curriculum reform, e.g. in the
establishment of Teachers' Centers. Between 1964 and 1970
the School Council supported among other things 368
mathematics projects.

The "Nlirnberger Mathematiklehrplan” (Nuremberg mathematica
curriculum) of the MNU published in 1965, which was supposed
to have initiated a reform of the teaching of mathematics

in the Federal Republic of Germany, remained an istlated
initiative, since it ran into tough opposition even within
MNU. The teacher organizations have no influence on the
composition and the activities of the curriculum commissions
(cf. Flechsig/Haller 1973).

This comparative outline allows us to draw the following
conclusions for the Federal Republic: The structure of
teacher organizations is characterized by a split between
primary and sccondary modern school teachers and grammar
school teachers. The position of the teacher organizations

unfavorable. The influence of teacher organizations isb
more limited than in other countries.

In the conception of the sociology of education the over-
emphasis on organizational matters in the school system
correlated with the idea that obstacles for structural

change are primari;y.gf a social-psychological ﬁature.

Hence analyses concerning the social role of schools in
education were limited to a large degree to recording

to what extent secondary school teachers were prepared

to accept reforms. In addition to that a number of émgirical
surveys were conducted on the attitude of elementary school
teachers, on their job satisfaction and on their position

in society. Surprisingly there were no detailed investigations
invaléing teachers of intermediate schools. A comparison of
the various findings as to teacher attitudes is rendered
difficult due to the methodological defects of many surveys.
Leading questions and other drawbacks of the survey techniques
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ugsed often give rise to doubt as far as the internal

validity of the Eindings is concerned. It is also guestionable
whether results can be generallized because gamples were not
gufficiently representative. Thege facts often contrasat in

a curious manner with the cost and the meticulousness

invelved in the analysis of statilstical data. Not until

the research group "Lehrereinstellungen" (teacher attitudes)
began its work in Konstanz was this line of research put on

a methodological level whiech is normal for empirical social

sacience.

Although it must be taken into account that the attitudes of
teachers obtained in surveys do not permit a direct inference
as to thelr real behavior, a number of general statements can
be made with due caution. Among teacher attltudes concerning
the social role of education five relatively universal
dimensions may be discerned: 1. attitudes concerning the
social position of teachers, 2. political attitudes, 3.
disposition to reform, 4. attitudes toward job requirements,
5. attitudes concerning behavior in the classroom. In the
following some findings relating to 1. and 3. will be
outlined.

To 1. Unanimously the surveys arrive at the conclusion that
teachers feel socially insecure irrespective of their type
) of school. This feeling of insecurity relates to low

social prestige, low pay, lack of recognition by government,

society, the media, parents. Literature sees this feeling

of being brought down in the world in connection with the
. difficulties teachers have in developing a concept of

their own professional agitivities that is characterized

by both subject-related specialization and teaching:

secondary school teachers as well as elementary school

teachers find themselves cought up in the dichotomy of

'gpecialist versus educator’'.

Objective reasons for this feeling of insecurity aré.tg be found
in unsolved problems concerning teachers' salaries, disappoint-
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ment in the fact that promises of reform were not honored,

the dependence of educational pelicy on economic fluctuations,
the riging unemployment of teachers which coineides with

a shortage of teachers.

To 3. The surveys conducted so far fail to give a precise
definition of the term reform and use only general, at times
questionable indicators for disposition to reform. They
concentrate above all on two factors: attitudes toward the
threebranch school system versus attitudes towards the
comprehensive school, and the attitudes vis-d-vis the
ideology believing in a predetermined intellectual ability
of pupils. On this basis, a more accurate assessment of

the willingness of teachers to support specifiec reforms

in school can only be speculative.

Despite the increasing demands for participation ih decision-
making, teachers did not react positively to demands,
implicitly stated in a recent survey, for autonomy of

the school or the teacher in matters of curricula, for
example (Susteck 1975).
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3. New Forms forn Refating Theohy Lo Pactice in Teacher Education

education. Here we are faced with the difficulty that there
are different trends of development in the various countries.

In the Federal Republic where there is traditionally a
particularly wide gap between theory and practice, the
{psychology, sociology, education etc.) predominate the
discussion. With empirically oriented positions gaining
ground in these sciences after the war a corresponding
shift in the content of theoretical training took place,
while training methods remaind unchanged. During the 1960z

education and related social sciences; the concept of
emanicipation began to play a central role in scientific
discussions and political controversies c@ﬁcerning the
educational system. In connection with that the phenomenon
of 'practice shock' ('Praxisschock' e.g. Koch 1971) was
rediscovered which describes the influence of the transition
from the first (theoretical, university-oriented) to the

a broader concept of social sciences, and increasingly
focussed on the creation of stable basic orientations
which are meant to survive the transition of the students
into the new 'socialization environment' of the school.

In 3.1 the theoretical training in educational sciences
training in their major fields of study are described as

an example for such a development. Correspondingly there

was an urgent demand for more direct relation to practice
within the curricula of the universities (exemplary for

the most recent discussions: Blickpunkt Hochschuldidaktik,
32-35), and various ways of immediate contacts with practical
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fields were tried out (field explorations, inclusion of
practical fields outside school, etc.) and the ambivalence
of their effects was discovered.

Behind this tw@—frack development - enlarging the contents
of and stressing general orientationz in the theoretical
part on the one hand, experimenting with practical
experience as directly as possible on the other - there
is often to be found a specific interpretation of university
and research personnel: according to this interpretation

. of university and researchers the universities tend to
have more progressive views of education and society, while -
the school system is seen as having a 'conservative

between theory and practice are ascribed to the practical
side in a one-sided way (Bllrmann 1975).

The realization that one of the reasonz for the 'practice 3
shock' phenomenon is to be seen in the fact that most of '
the graduates lack practical skills especially with

reference to teaching has hardly been taken into account

in the reform of teacher training in the Federal Republic.

In the United States there are cantrasting developments.
According to their considerably larger research and
innovation capacities and at the same time fewer diascussions
there has been a tendency to concentrate on developing
rather pragmatic methods for a closer connection between
theory and practice (3.2 - 3.6). Some of the conceptional
problems of these methods are discussed in 3.7. The O
Competency Based Teacher Education movement (3.8) represents ;
the first comprehensive innovation strategy which attempts

to gain bétter control of the goals of teacher training

and to make training institutions as well as students
responsible for reading these goals.

The development in the United States is dealt with at
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relative length because it is largely unknown in the
Federal Republic. Besides it concerns certain préblems
of central importance in the relationship between theory
and practice which have so far only insufficiently been
tackled in the Federal Republie. :

bt
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3.1. The 'Supplementary. Studies' in Educational Science

The 'supplementary studies' (Begleitstudium) have tradi-
tionally been part of the first, more theoretically

~oriented phase of the training of secondary school teachers.

While the emphasis in teacher training for priméry schools

in Western Germany has always been on the pedagogic and

educational aspects,; the supplementary studies of the
secondary school teachers, who concentrate much more on
subject—rélated studies, are intended to introduce them.to
the pedagogic aspects of their future jébsg These studies

‘include theoretical courses in educational science,

sociology, psychology, political science and frequently also
in philosophy; occasionally they a
=

lso include periods of

in-practice training. The mainly subject-based preparation’
is increasingly questioned; and with the increase in the
professional character of teaching the necessity grew to
develop new concepts for the supplementary studies and to
give them higher priority (cf.Bund—LEnderaKémmission fiir
Bildungsplanung, 1973, II, A.7; and Deutscher Bildungsrat
1970, Kap.IV). ’

The most important instrument Df Government guidance for
the first cycle of teacher training, which is carried
out at largely autonomous universities, are the official
examination requirements for the 'First State Examination’

(Erstes Staatsexamen) which concludes this phase. The
examination requirements of the Lidnder Baden-Wiirttemberg,
Hessen, and Bremen can be taken as representative examples
of the differences inthese regulations from state to state:
in the sequence given they attribute inereasing importance
to the supplementary studies: the weight within the whole
examination carried by the grades received in these studiés
varies between O and 50 per cent. Only the examination
requirements of Hamburg do not fit into this picture: Here
the didactics of the subject is a.compulsory part of the
gupplementary studies, k

44

38




O

ERIC

Aruitoxt provided by Eic:

 Requirements for the general examination

- 1. Baden-Wiirttemberg (examination requirements of 19é6i

last amendments 1974). The ‘general! examination ("allge-
meine Pfﬁfung“) is voluntary, the results do not count for
the final grade. The contents of the studies correspond

to the'traéitional Philosophicum/Piddagogicum, twe courses
in philosophy or educational seience or child psychology
are required. E

2. Hessen (examination requirements of fééS, last amendmenté
1974). Examination subject is educational science, on
application it can be expanded by philosophy or political
science. The grade received constitutes % of the final

grade in the examination. It is an oral examination held at
the end of the studies. The candidate has to prove that he

on the background of the educational knowledge of the

present". In order to be admitted to the final.examination

the candidate must have had in-practice training for a
period of 4 weeks.

3. Bremen (Teacher Training Act and examination requirements
of 1974) . Examipation subject is "educational sciehce in-
cluding social sciences". The weight of this part within the

overall grade varies between % and % depending on whether ...
the written thesis for the State examination is taken from
this field, which is also possible in the case of secondary
school teachers. Tt is an oral examination held at the end
of thé studies, The requirements are %aid down explicitly.
They ére: knowledge of scientific methods, ability to
analyse practical work at school with the help of
educational and sociological theory, ability to deal criti-
cally with didactical, cross-subject and problem-oriented v

questions,

The Kasseler Modell - an example of a comprehensive concept of

supplementary studies. By decree sf 21 .March, 1974 the

Minister of Education of Hessen has exempted teacher training
at the university of Kassel from the above mentioned examina-
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tion requirements and tuzned teacher training there into a
model project. Within the scope of the Bildungsgesamtplan
(regulations for an educational framework) for teacher
training (two-cycle training, including in-practice
training and subject-related educational studies in the
first phase) this model turns the former supplementary
studies into the central field of studies ("Kernstudium")
determihing the contents and organization of the other
fields, thus attributing to this field more importance
even than in Bremen.

The- "Kernstudium". ('core studies') constitutes one third
of the total number of courses; the topic for the thesis
can be taken from this field. This means that it is of the
same importance as the two fields of specialization in-
cluding the subject-related educational studies.

Since this model project has been in existence only for a
short period of time there have been few tangible results
so0 far.

The first characteristic feature of the concept at Kassel is
that the "Kernstudium" deliberately is not built up on the
traditionally isolated scientific disciplines (educational

-aclence, political science, psychology, sociology). What is

aimed at iz an integration of the individual disciplines
and their different aspects taking into account that "the
educational work of the teacher is regarded as a social
activity".

As a;gansequencé the "Kernstudium" is arranged according to
"fields of concentration”: ”
(1) political system and society

(2) séciaiizaticn/sacial learning

(3) achool and the firm as training institutions of society
(4) curriculum/teaching

zodng

Another characteristic feature is the subdivision into three
phases of acquiring knowledge in these fields. In a first




phase it is tried to "make the student conscious of and

-remove the individual and ﬁlangSPEEific restrictions on

~experiencing the reality of society and his own self"; in
the second phase scientific knowledge and methods are - i
acquired and a critical distance with regard to methods e  §
uséa ih institutional p%@ceﬂures is developéd; in the

third §n§.1ast phase it is a question of coming to terms
with the Etactical side of teaching from a theoretical-
scientific and behaviour-oriented point of view, which is
to gutjthé student into a position of being able to "tackle
contradictions and confliects in the sense of changing
psycho-social and institutional reference structures in an

" emancipatory way."

A third characteristic feature is the inclusion of in-practice
training at school in the "Kernstudium". Here too, we find a

subdivision into phases: explorations of practice in the first
phase are followed by teaching jobs parallel to the studies in

order to scientifically analysSe, plan and carry out teaching
tasks in the second phase, and supervised in-practice periods
in the form of projects under actual school conditions in the
third phase. Especially the second and third phase come under
the joint responsibility of social and educatiocnal science,
sclence and didactics of the aubject. .

Trends and problems. An evaluation of the various examination

requirements and their révisian over the last few vearsa

reveals a number of trends showing the pressure towards an

increasing professionalization of secondary school teachers:

= increasing share of supplementary studies to a point where
they are equal in importance to the subject-related studies; ,

-~ restricting the topics in supplementary studies to educa- 12
.tional science, extending them at the same time into social g
gclences;

‘= a shift in the content of these studies from the histg:§ of

¥ ideas to a critical evaluation of subjects, knowledge of

*, methods, etc;

A
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trend towards standardizing supplementary studies through
teacher training acts.

number of important gquestions, however, remain unsolved:

There is a lack of concepts for structuring the content

of supplementary studies, which at present is more a
conglomerate of educational and social sciences.

What is needed is a constructive content-related relation-
ship between supplementary studies and didactics of the
subject and the subject itself.

Supplementary studies and the second phase must correspond
to each other.

In-practice training at schcél as part of the supplementary
studies must be integrated into the whole course of studies.
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3.2 Human Refations Training Ln Teachen Education

Education within the school is an interpersonal process
in which the teacher is the central figure 'of many
different interactions. In recent years there has been
ihéfeasing emphasis on 'social competence' (E. Becker
u.a. 1970) as a part of the teacher's professional
qualifying profile, The competencies which are normally -
not very systematically - attached to this concept often
comprise the following: adequate perception of one's own
self and others, reflection of one's awn role behavior,
sensitivity for group processes, competencies in
communication and cooperation with others, ability to
relate to others, genuineness, empathy, ability to handle
conflicts adequately (e.g. Freudenreich et al. 1974, Prose
1973, Bishop 1973).

In Germany many different procedures for improving
interpersonel competence are summed up under the collective
name of "groups dynamics" (cf. Meyer-Althoff et al. 1975) .
These procedures have emerged out of different scientific
traditions (human relation approach of the socioclogy of
organizations, branches of psychotherapy, antifascist
traditions of soclal pasychology around the school of

Lewin etc.). Heading 'affective consequences of teaching'’
Bishop (1973) states a growing urge for intfgaucinq
alements of human relation training into American teacher
education. The reasons given by different authors refer

to different realms of action and to different goals within
teacher education.

There is the special attempt to improve teaching behavior
by a general increase of interparsanal':ampéténcies of
teachers. Some authors approach the problem by training
in special behavioral skills ("socio-integrative style

of leadership behavior" Tausch/Tausch 1972) and often
relate it to the goal of a "democratization of the
teacher=/student-relationship". The last annual sets of
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'-canégrning §rablemsvana experilences refering to teaching

~ the Journal of Applied Behavioral Sciences and its German‘,,'
.correspondent’ journal "Gruppendynamik" contain studies

anavéeaeher education. Beside others there are revorts
of experiments with group dynamics within seience and
language courses (cf. Riickert 1974, Le Bon 1972).

If the teacher is seen as a socialization agent in his
relaticnship £0 his students, the demands to his 1nterpers§nal
competencias are even higher: "Within the process of - , ;
secondary socialization the teacher 1s the decisive multiplier
To which extend he is of any help or doing damage to his- -
students, he is seldom aware of" (Mahler 1974, p. 97). °

In its present form the teaching profession is more than .
many other professions running the risk of a ‘deformation v jf
professionelle'. This is due to its low degree of relief i
by a professional specialization andto a variety of
institutional constraints. lLatest since the well-known

work of Th. W. Adorno "Tabus ilber den Lehrerberuf" i
(1965) it has been pointed out that the teacher is .
specificly susceptible for the deficiencies of his

profession which result from the specific structural

problems of his job. "The heavy psychic stress to which

the teacher is exposed in his educational activities has

been the topic of many publicatiaﬂs ..., a detailed
paychohygiene of the teaGhﬁﬂg;prgfessicn, however, has

never been proposed" (Ddring 1971, p. 192)=~

A different reasoning proceeds from the fact that the
teacher cannot be qualified for a lifelong professional
activity during a preservice-training period of only

some years. Therefore it should be relevant the development
of learning strategies which refer to his everyday
professional life. Learning strategles of this kind are

the more efficient, the better the abilitieg have been
developed for self-perception, seif%éiagnasis and for
getting feedback from others (Natiocnal Institute of
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Education 1975, pp. 42).

In connection with efforts te get the notion of the
linnovative teacher' into more precise terms the fact

has repeatedly been emphasized that innovative behavior
within bureaucratic institutions requires a high degree
of readiness to take risks, to tolerate stress and to
behave flexibly (Frech 1972, Fittkau 1972). An adequate
self-assessment and the clarification of individual
uncertainties is a necessary prec@nﬂit%én for teachers
to get a realistic estimation of their scope of action
which in turn is necessary that they can make the best

‘use of it in cooperation with others (Filloux 1972,

p. 329). Finally the formation and change of attitudes

by which innovative behavior is gontrolled depends upon
affective processes. Some in-service training institutions
in the Federal Republic of Germany attempt to relate

human relation training for teachers to concepts of
political education which intend to help teachers
becoming more aware of the institutional and political
copditions of their fields of actien (cf. Hippauff

1973) . ’

fn

Human relation training procedures can be located at
different points in teacher education:

= it is a well known and often deplored fact that

during academic education the cognitive dimensions of
lesarning procesgses are stressed, while nmarallel affective
processes hampering or promoting learning and leading

to isolation or solidarity are officially not taken notice
of.

= with forms of skill-training, e.g. microteaching, where
it has been seen that ego-involvement is stronger than
with the usual academic courses, group dynamic preparatory
exercises can have the important function of practising
how to give and receive feedback in a way that is sensible
and does not endanger self-esteem (Wagner 1975).

= during the first contacts with practice the emotional
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'strain on the student increases. All studies in this

field (cf. Cope 1971) show that the first contacts with
practice are not seen by the students as an opportunity
of trying out ways of behaviour which are relevant in
teaching or testing educational knowledge by applying it.
Théy rather interpret them as situations where they
pergsonally have to stand the test, where it is important
te gain self-confidence and where adaptation to the
future social environment is essential.

The vwhole complex of psycho-social problems connected

with the teaching profession is experienced by the teacher
only when he starts teaching on his own. There are a

number of studies and analyses, based on experience and prac=
tice, and concerned with the difficulties of the prcbationary
vear and the ways in which young teachers overcame thum;

Ryan (1970} can be regarded as exemplary here. The

attempts of the young teacher to master the situation

in the classroom is compared with 'Robinson Crusce's

fight for survival' (Ryan 1970, p. 169).

Problems of discipline, subliminal struggles for power

with the pupils, the danger of perpetual conflicts in the
unaccustomed social environment, and general uncertainty
and overstrain due to a lack of experience make a

permanent learning by trial and error unavoidable (p. 177f£f;
similar in "Jahrbuch filir Junglehrer 1975"). The discrepancy
between the institutionally influenced role expectations
and the desire of the young teacher to shape his new

role, which arises out of his socialization so far, must:

be solved.

Generally the teacher is prepared for the psycho-social
dimension of his profession only in almost primitive way,
which is due to the predominance of cognitive aspécts in
his training. In the academic environment socalled
‘personal problems' are pushed off into the private

sphere although the restructuring of attitudes and patterns
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of behaviour ig carried out in the context of training’
and influenced by it. These problems are particularly
burning in fields where the character of communication
and cooperation processes favours the individualization
and isolation of those involved in the scientific

process.

If one can regard the studies Dﬁﬂthé personality structure
of students in mathematics and sciences as plausible
{(summarized in Huber 1974, or ReiB 1975) then processes
of self-selection at the beginning of the studies and

the subsequent socialization in a sub 'culture' bearing
the imprint of the subject lead to an inclination towards
certain ways of perception and acting, which need to be
subjected to self-reflection precisely for the reason
that they are essentlal for the interpretation and
shaping of the professional role but vwhich are completely
‘excluded from the fields dealt with in subject~related
studies. The subject-related socialization here runs
counter to the development of professionally adeguate
behaviour tendencies in certain-‘dimensions.

Naturally, thé'applicaticn of group dynamic methods is
eonly one possibility of correction as they have no direct
influence either on organizational conditions or concepts
of science. As far as the effectiveness of group dynamic
methods is concerned no uniform picture can be drawn
because of the heterogeneous character of methods and
theoretical background and the variety of conditions
under which they are applied. Attempts at an evaluation
are rarely made apparently because of methodological
difficulties and because they would interfere with the
methods themselves. The discussion revolves arocund
nc:mativé-iﬂeélcqical aspects (ef. Horn 1969, Meyer-Althoff
et al. 1975).

While in the United States human-relations methods are
gradually gaining ground in teacher education, in West Germany
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there are hardly any developments worth mentioning. In

addition to innovation-barriers that can easily be named,

this is also due to the fact that there is a lack of
gqualified trainers. Group dynamics has established its
position in the sphere of private services and thus
drains the educational sector of competent personnel.
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3.3 Analysds of Classroom Tnstietion

Analysis of classroom instruction comprised methods which
describe instructional processes by using uniform criterlia
that can be operationalized. Such methods have among others
been developed in connection with research on teaching under
the aim of constructing and empirically founding a "descrip-
tive" theory of instruction, of testing particular hypotheses
about the teaching process and about the effectiveness of
the teachers behaviour, and finally for finding empirical
support for normative concepts of instruction. A survey

of the 100 most popular procedures is gilven by Simon/Boyer
(1974},

For practical reasons within teacher education these mothods
gan only be employed as long as they are extremely simple:
categories must be easy to learn, 1t must be possible to
extract the evaluation rapidly and reliably. The interaction
analysis system developed by Flanders (1970) has beccme the
mogt fregquently applied in teacher training. According to
Frech (1974), this is because it is one of the most simple
procedures, because 1t claims to deal with an essential aspect
of teacher behaviour, namely contrelling behaviour authority,
and because it includes a normative-intentienal aspect. In
spite of that, the Flanders method 1s rarely used in West
gGermany, which may be due to its obvious shortcomings (cf.

the criticism by Spanhel 1971, Rumpf 1969, Mies/Vogel 1974).
The Flanders method has therefore been changed serval times:
refined by the introduction of sub-categories, supplemented

by adding complementary, specially cognitive dimensions,
facilitated in its evaluation method, and being used not

so much for the training of given categories with fixed
training objects but rather as a starting point for general
processes of category formation. In general, however, it

has to be said that all those observation methods which do
jugstice to the complex character of instruckion by using more -
complex category structures cannot be used in teacher training
because the tralning of the observer is too complicated,

1)
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and thils applies particularly to those vhich adequately

integrate subject-matter aspects,

According to Roth/Petrxat (1974) procedures other than the
Flanders method experimented with in teacher training in
West Germany are those described by Winnefeld, Bellack,
and Watzlawick as well as a number of pragmatic methods
developed partly on an ad hoc basis. Evaluation results
vary; there is only little definite information available
on the value of training in teaching analysis within
teacher education. It is seen as asset among othexs
{(Reichling 1975) that methods of classroom observation
provide one basis for feedback processes in the training
of beginning teachers and that they give rise to intensive
discussion about the underlying concepts of teaching.
Guidelines for classroom observation written for teachers
more often intend to give an incentive for the develop-
ment of flexible observation instruments rather than advise
the usage of standard procedures (c£. Bachmair 1974) .

Maethods of classyoom observation are freguently used in
research on teaching to examine the postulated connection
between teacher behaviour and student achievement. The
deficiencies of these methods, like usage of too abstract
terms, lack of complexity of design, insufficient conditions
for generalization,false assumptions about the constant
character peripheral conditions, incorrect concepts of
causality direction lead to research findings which give
an inconsistent picture in general (cf£. Frech 1974).
Theoretical deficits and a hich degree of irrelevance feor
practical purposes in leacher training parxtly have a

common origin, which we will go into latexr (cf. 3.7).

3.4 Microteaching

Microteaching (MT) is a method of situational skill training
developed in tiie early '60s at Stanford University for purposes
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of teacher training (Allen a.o. 1972). Meanwhile MT has been
employed on a broad basis in the United States in pre=-service
and Iln-service training, mostly in the form of 'minlcourses'
for self-instruction; in West Germany at some lnstitutions
of teacher training attempts are being nade at adapting MT.
The minicourses consist of instruction material in the form
of £ilms together with manuals for the teacher. In these
films a number of up to three teaching skills are
characterized and presented in a model teaching situation.
The teacher then makes plans for a short teaching unit,
carries it out with 5 or 6 of his students, and in the end
evaluates a video~record of his own teaching according

to given criteria. This step is then repeated with other
students. Discussions with colleagues or supervisors are
only held at the express wish of the teacher.

The prineciples of this skill training prepared by discrimi=
nating learning and controlled with the help of video
feedback ("mirror-TV") have been seen to be practicable

in many respects in spilte 0f theoretical deficiencies

(e-g. lack of training in analysing conditions for the
application of skills). At present about 25 minicourse
packages for various age groups, teaching situations,

and subject matters are available., Experience with MT

seems to be largely positive as far as scope and stability
of the change in behaviour, increase in self=confidence
and flexibility of behaviour are concerned (cf. Krumm 1972).
In West Germany methods guided by'MT are applied more
flexibly: individual determination of the training objective
by the student teacher or teacher, selection of particular
skills depending on the supervisors' diagnosis, subject-
oriented determination of skills, etc. Some combination
with techniques of group dynamics a&s well as non=-direective
behaviour of supervisors have proved to be helpful in
reducing the fear ¢reated by the exposure of the behaviour
of the individual concerned. In large areas of teacher
training, however, there is a lack of technical equipment
nesessary (video equipment,; instruction material, model
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filua) .

From observations of the course of learning processes in
MT, partly backed by empirical findinos some authors (cf.
Wagner a.o. 1973, Wagner 1975) drew the conclusion that
the effect of repeated training or conditioning is legs
important than the parallel process of cognitive discrimi-
nation learning. Thus a concept of microanalysia (instead
of MT) was developed, a sort of analysis of teaching with
special reference to situational aspects. In microanalysis
it is important to learn how to differentiate behaviour

in microelements of teaching according to categories. Even
here it seems important, however, that the individual
behaviour of the trainee himself is subject to analysis.
Finally the development of suitable categories (from the
socio-emotional or from the cognitive domain for situations
of classroom management) presents an as yet ungolved
theoretical problem.

3.5 Protocol Materi{als

Protocol materials (PM) are materials for pre-service and
in-service training of teachers, The starting point of the
PM movement was the influential book "Teachers for the
Real World" by B.O. Smith (1969), in which it was stated

against a firm background of relevant theory" (p. 28).
Teaching that is intended to go beyond being a mere craft
must be based on theoretical knowledge, and basic elements

of theoretical knowledge are concepts. The teacher is to

be provided with a repertory of concepts which helps him

to make an adequate diagnoses of "events of educational
gignificance" in the case of "instructional situationg”

as well as "extra clasgsroom situations” (p. 52). The training
of behavioural technigques is not aimed at directly. Therefore
protocol materials consist mainly of audio-visual material
presenting "slices of reality" and serving the purposes of
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i1llustrating important theoretical concepts. The fact that
the material can be reproduced as well as the fact that it
is concept-oriented are regarded as an advantage in
comparison to learning In non-reproducable practical
gsituations or with the usual observation methodz. The

PM movement, promoted by the U,5. Office of Education,

has so far developed units in the flelds of educational
paychology, language, literature, reading, social sclences,
and teaching competencies. The production of PM involves

a great deal of theoretical problems. While B.O. Smith
started from situationsg relevant Iin teaching as the

central element ("situations-first—-strateqy") this could
not be carried on due to a lack of research in teacher job
analyses. Gradually the focal point shifted more and more
tcwarés concepts (“égncepﬁ—firstvsﬁrategy“). A "Master
Coordinate Plan” (B.O. Smith 1973) was developed, which P
provided a basis for the originally rather uncontrolled
selection of concepts from all reference disciplines,

a basis whiech was of a more taxonomiec than theoretical
nature. The attempts to illustrate an increasing number

of concepts with the help of staged 'tefthing episodes'
made many authors suspicious of a 'condept overkill': the
'real world', for whi¢h the teacher was supposed to be ,
trained seemed on the way of degenerating into an artifiedal
world constriucted on the basls of the conceptual systens

of the various disciplines.

The production of PM involves great expense. The steps

in the development = creation of a theoretical reference
system, selection of concepts, decision on the media to

be used, staging the classroom episodes, and production

of technically servicable film material - are all extremely
complicated. The development of process can only be coped
with by joint efforts of various research and development

institutiones.

As the PM movement follows the traditional innovation
strategy of research - development - diffusion, daissemination
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and user=orientation represent the most difficult problems.
An adaptation for West Germany would certalnly invoelve great
expense for development because of the cultural differences
and their effect on the selection of relevant concepts as
well as situations. There do exist, however, parallel efforts
in West Germany in form of a model experiment set up by

the Ministry of Education of Hessen, where audio-visual
material For the illustration of innovative teaching
behaviour was developed (Analysemodelle 1974), The effective-
ness of PM in teacher training has not yet been sufficiently
evaluated but all existing evaluation studies report positive
and stable improvements in relaticn to the improvement

of interpretation competencies. Occasionally corresponding
changes in beshaviour without explicit skill training are
reported supporting the thesis which also underlies the
related concept of micro-analysis stressing the importance

of cognitive diagnostic competencies.

3.6 Modefs of Teaching

Models of teaching have always been used in teacher training
explicitly or implicitly, in most cases, however, in
connection with theoretical training and not in the course

of skill-training. Models of teaching as a connecting link
between theory and practice are particularly well suited

for use in teacher training because of their descriptive

as well as prescriptive character (Salzmann 1975). Information,
however, ahout the large number and great varjiety of existing
models is 80 limited that the resources for the improvement
of educational decisions and the stimulation of innovative
pehaviour that lie in knowledge about alternative models

are not used. A remarkable survey by Joyce/Weil (1972)

with the title "Models of Teaching" that has gained

influence in teacher training in the United States uses

as its basls a preliminary selection of 100 teaching models
from various fields: "Included were the works of counselors
and therapists like Carl Rogers, Erik Erickson, and Abraham
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Maslow; learning thecrists like Skinner, Ausubel, and Bruner;
developmental psychologists like Plaget, Kohlherg, and Hunty
philosophers like Dewey, James, and Broudy. Curriculuwa
development projects in the academic subjects mnd speclalists
in group dynamics provided many examples. The patterns of
teaching from the great experimental schools like Summerhill
made thelr way onto the general list" (Joyce 1873, p. 390).

According to Joyee's definition a model of teavhing consists
of "guidelines for designing educational environments through
speclfying ways of teaching and learning to aghieve certain
kinds of goals. It includes a rationale of itg likely
effectiveness and may be accompanied by empirival evidence
that it 'works'" (Joyce a.o. 1973, p. 48).

The models were grouped into four large families representing

different basic orientations as to the nature of the

teaching/learning process:

1. Social Interaction Models. They relate to processes in
which reality is socially constituted. Models of this

orientation mainly are directed toward the improvement
of an individual's ability do relate to others and at
developing democratic processes in society.

\
2. Thg,Lﬁfcfm§téqanracessing Models. They relate to the

process information, find problems, develop concepts,
find solutions to problems, and use symbols. Models of
this orientation primarily aim at the development and
perfection of such competencies.

3. Personal Models. They emphasize the processew by which
an individual constructs and organizes his ¢or her reality.
Models of this orientation mainly are intended to help
the individual in establishing a productive relation to

the environment and in gaining a positive self-assessment.

4. Behaviour Modification Models have evolved from attempts

to develop efficient systems for sequencing learning and
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shaping behaviour by manipulating reinforcement.

Starting from this classification a programme for teacher
training was developed at Columbia University, New York
(Joyce a.o. 1973): "A design for teacher education has been
made around the concept of providing teacher trainees with
the theoretical understanding of the major models of teaching
and the clinical competence to employ them in the elassroom"
(p. 47).

The training programme assigns to each student, independent
of his major field, the task to familiarize himself with
three models from different model groups in the following
stages: Stage 1 constitutes an exploration of the theory

of the model, stage 2 demonstrates the model using
audio-visual material, stage 3 involves peer teaching,

stage 4 is microteaching practice with small groups of
students and staqge 5 consists of application in a normal
clagsroom situation. Parallel to this work with the three
models various teaching skills are trained which have
proved to be useful if mastered in advance. At present three
skills form the bulk of the component: structuring,
modulating, cognitive level and focusing. Other essential
elements of the programme are feedback-=processes, continuous
increase of the share of the practical part, and subject-
related educational seminars to relate the models to the

subject contents.
The smaller studies on the quality of this training

acquire the basic teaching competencies largely independently
from their own preferences and independentlv from the style

of teaching of the adviser; some models, however, are
apparently more difficult to master than others. Experience
gained at Columbia University seem to suggest a more detailed
examination of the idea of "models of teaching as the care

of teacher education" (Joyce a.o. 1973) as a concept for
improving the way in which teacher training relates to practice.
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3.7 Theory and Practice and Conceptualdzation of Teaching

Any attempt to systematically tle theory and practice
eloser together in the training of teachers presupposes

a conceptualization of what makes up the core of the
activity of the teacher: teaching itself. In comparison

to the relatively highly developed state of sclentifically
based theories of learning, there are admittedly many

but not in the same sense scientifically based theories

of teaching, despite the existence of many diverse
research efforts (Feger et al. 1970). The reasons for

this may be attributed to different sources: either to

the widespread misconception that provided the existence
of an adequate theory of learning, the technicalities

of teaching could be derived from the empirical aspacts

of teaching sinmply by way of "reflection", or to the

fact that teaching pr@cessés are Atructurally more complex
than learning processes and thus lend themselves less to
theoreticsl or empirical analysiyw., What is specific about
teaching is its intentionality: Taaching is an activity
which aims at producing learning. Any theory of education
therefore presupposes a concept ©f learning and cognition,
and beyond that calls for ideas on the mechanisms via
which the teaching/learning process achieves or should
achieve a formation of the learngr through interactional

channels.

Finally it is of the greatest importance for the conceptual-
ization of the teaching process that the type of learning
which is addressed within the framework of teacher education
takes place in a social institution specially designed for
learning purposes, namely the school. This establishes
important basic conditions for (in~school) teaching/learning
processes: where learning becomes the main purposes of
permanently requlated social interaction, there arise
problems in the selection of objectives and contents,
problems of contreol of largely asymmetric interaction
between teacher and pupil, problems of discipline (for
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the purpose of maln=training topic-centered communication),
and problems of motivation: the institutionalization

of learning processes creates secondary motivation, whose
development cannot be dispensed with, while at the same
time deficits in intrinsic motivation are being created

by the process itself (Luhmann 1974).

From what has been sald so far one can conclude that
theories of teaching presuppose - compared with theories

of learning - a vonsiderably more complex conceptual
framework and at least implicit decisiong about a number

of normative premises. These premises relate, among other
things;, to the function of public education, the role
relationship between teacher and pupil, and the relationship
between an individual and society.

In face of this fact it is not surprising that there is a
tremendous amount of diffiecult-to-compare eonceptualizations

of the teaching process.

The abundance of aspects contained in the process of teaching
makes it necessary for any attempt at grasping this process
to reduce this complexity to a pragmatic level. Therefore

the term 'model’' (didaktisches Modell, model of teaching)

has been adopted for the concepts of teaching.

Models of teaching always contain a descriptive as well as
a prescriptive aspect: on the one hand they can be used for
the purpose of analyzing and explaining processes in the
class room, in a research strategy sense as heuristic,
theory-forming, prognostic instruments, on the other hand
they ecan be uged for the planning, control and evaluatien
of teaching processes. The attending orientation of
objectives in the development of models, which is more
explicit than in the development of theorilss, permits us
to be more consScious of the necessary selscotions and
facilitates the regulation of the selection process under
given objectives. 'Model of teaching' is a key concept of
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action-oriented didactics, "because this is the threshold
between cognition and action, research and application,
theory and practice and vice veréa“ (Flechsig 197%, p. 3).
As "the seam between theory and practice" models of
teaching can take up a central position in teacher training
(Salzmann 1975); indeed, the modern procedurss described
under 3.3 to 3.6 are based iﬁglicitiy or explicitly an
‘models'. Basically we can distinguish between three
variations of model construction:

1. Models of teaching: These are outlines covering lang,

complex teaching processes, which most frequently take

the form of a plan sequence consisting of learning steps,
teaching episodes and situation sequences. In older
literature the descriptive term "Unterrichtsgestalt”

{e.g. Schwerdt 1933) in used; the terms "teaching sktrategies”
and "didactie action strategy" (Miller et al. 1973) refer
models mentioned by Joyce/Weil (1972) as well as the models
which Blankertz (1969) and Walten (1971) compiled in

larger groups of "basic patterns of teaching"”,

2, Item models: These are models of smaller segments of

a teaching process such as teaching episodes, minigituations
which are reconstructed conceptuéiiy in analogy to the
structure of the larger unit. Another term used is

"element models" (Salzmann 1975). Examplés are "didaectic
approach", "problem-solving”, "punishment”. Models of

this category are the basis of many variations of
skill=training and alsoc frequently the training of diagnostic
skills (e.g. micro-analysis).

3, Non-actual models: This refers to selections patterns,

which are directed towards longer teaching sequences, which,
however, 1in contrast to models of teaching are not structured
chronologically, but apply to the'entire sequence of

teaching a uniform set of criteria of selected variables.
Almost all obhservation techniques used in research on
teaching can be traced back to such non-actual models.

‘To a greater degree than the previously mentioned modals

do they correspond to the paradigm of empirical ressarch
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since they are better suited to the formulation of
hypotheses concerning. the intercomnection between variables.
"Non-actual'models can, howevexr, only in a limited sense
ha usad ¥or the planning and controlling of teaching,

since they do not provide any behavioral criteria relevant
to indiwidual situations beyond general statements like
“yhis teacher is relatively dirasctive" (Uttendorfer et al.
1974) . The absence of the prescriptive and hence evaluative
aspect i% an indication for the frequently deplored lack

of pragtical relevance in empiricasl research on teaching,
whic. @lso may be caused by the application of the wrong
type of model.

in conclusion it can be stated that all practically relevant
procedures of developing qualification in teachers are impli-
¢itly or explicitly based on model ¢constructions. This is
also true for didactic behavior itself: "... the intended
rationality of an actor reguires him to construct a
simplified model of the real situatlon to deal with it.

fla behaves rationally with respect to this model, and

guch bahavior is not even approximately optimal with
raspect to the real world" (Simon 1937). It is safe to
assume that student teachers have simple subjective models
of the reality of teaching, inadequate under certain
perspectives, which in the course of their training must

be brought to a higher level. It 15 concaivable that

such transformation processes can only be set off against

a background of practical experience. The connection between
"implicit éevelapmeﬁt of theories, experience of reality

and strvategies for action of teacher" (Wildt et al. 1975)
has not yet been empiriecally investigated, let alone

made applicable for training purposes. in the United

States, however, there is a regent trend to empirically
analyse the cognitive processing mechanisms of teachers
(Melinical information processing”) and the condition for
their development within the framework of broadly based
research programs for teacher education {National Institute
of BEducation 1975). In selective perception and processing
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of realities concepts play an essential part. The importance

of the acquisition of central concepts in teacher education

has even been turned into the guiding principle of a
comprehensive attempt at innovation with the "Protocol
Materials Movemant". Concepts which refer to teaching on
the one hand vary according to the level of abstraction

on the other according to their usefulness in the control
of cognition and behavior: the more a concept yields the
greater its distance from what is directly observable.
Similarly Ph. G. Smith (1973, p. 33): "The instructional
problem in teacher education is that, typically, the more
powerful and useful a concept, the greater the inferential
distance". These circumstances can easily lead to the
following problematic alternative: empiricism without
concepts providing no constructive possibilities of

action versus concepts removed from reality without
productive relevance for dealing with it. In theoretical
learning the acquisition of isolated detailed concepts

may cause the student to lose touch with overall strategies

for action.

Conversely, more complex concepts may easily be turned
into fetishes and thus degenerate into global principles,
which will block the perception of the multifaceted
reality of teaching. Similar onesidedness can develop
during training of practieal behavior by isolating
unconnected miniskills or by drilling didactic 'attitudes'
without paying attention to specific situations. The
necessary selections therefore not only refer to aspects
and situations of the teaching process but at the same
time to the choice of a suitable level of complexity

among the hierarchies of possible conceptualizations. Such
decisions can be made only by considering the entire
situational context as it refers to cbjectivés; subjective
preconditions, and objective general conditions. Only

then can the uodel be adapted to reality and practical
work adapted to the model.
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In teacher education it will be not so much a matter of
working with fixed levels of complexity for the processes
of developing models but rather a gquestion of analysing
the respective conditlons of adequacy in the relationship
between model and situation or theory and practice and

of marking them useful for training processes. Flexibility
in the choice of a sultable level of theory; however,
presupposes the mastery of various levels of abstraction.

The same is true for the relationship between different

models of teaching of comparable levels of abstraction.

Any theory of teaching contains a host of theoretical

and normative implications; therefore the same two models
may be complementary as well as contradictory as far as
different pragmatic contexts are concerned. Hare again

the problem lies in the selection of a strategy of teaching
(or a combination of strategies) which is adequate to

a given situation, which presupposes the mastery or
knowledge of various strategies as well as the ability

to judge the conditions under which they may be applied.
An example for a relatively highly developed theoretical
foundation of such conditions of adequacy has been
supplied by Hunt (1970), who applies the rescarch findings
on the concept of cognitive complexity to the problem

of matching teaching strategies to the complexity of the

learner.

In veacher educatirn it will above all be essential to
improve the quality of the decisi n making processes

of -applying subjective model o~ epts in addition to
improving the quality of these concepts themselves. This
indicates that the theory-practice problem in teacher
education can also be approached via a change in feedback

practices: "A striking finding ... is that process feedback -
providing feedback on the policies or strategies used to )
make a declsion = is far more effective in modifying

the judge with the traditional 'knowledge of results'"

62

ERIC

Aruitoxt provided by Eic:



- (National Institute of Education 1975, p. 43). The concept
of 'lens model' feedback (Hammorid et al. 1972), in
stimulating reflection on subjective processes of theoxry
formation and decision making would form a corrective
for the necessarily individual character of models of
teaching.
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3.8 Competency-Based Teacher Education (CBTE) :

CBTE is the most comprehensive reform movement in the
educational system of the USA., It is a result in a shifting
of the focus of innovation in education. "During the first
half of this century, efforts to improve education contered
largely upon direct modification of the schools. About

1950 this emphasis changed. While attempts to directly
modify the schools continued, a marked increase occurred

in expenditures to change the pre- and in-service trainiayg
of teachers as a way of improving education" (B.O. Smith
1975, p. 102). In innovation research as well it was
gradually recognized that the teacher has a major role
in\édﬁcatiénal reform. Thus, after the extensive reform
efforts in the field of curriculum development, CBTE

became the first comprehensive reform movement in

teacher education and at the same time the first attwenptn

to organize the training of teachers entirely from the
practical point of view. "In its simplest form a conpotency
based program may be defined as one thak specifies the
objectives for training of teachers in an explicit form,
and then proceeds to hold the prospective teacher
accountable for meeting those objectivez" (Steffensen
1973, p.. V).

The CBTE movement was prepared by developments in the field
of research on teaching in which teaching was regarded as

a form of behavior and analyzed in its =lements, by the
results of job analysis or task analysis of the teaching
profession as well as by efforts to give the schools a
greater right of participation in the training of teachers.
The Bureau of Educational Personnel Development of the

U.S. 0Office of Education financed a number of CBTE projects,
among others that of the AACTE, the American Association

of Colleges for Teacher Education,

According to the official definition of the AACTE a teacher
training program is competency-based if it shows the
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following characteristics:

"1, Competencies (knowledge, skills, behaviors) to be
demonstrated by the student are derived from explicit
conceptions of Eea&her roles, statedlsg as to make
possible assessment of a student's behavior in relation
to dpecific competencies, and made public in advance.

2. Criteria to he employed in asszessing competencles are
based upon, and in harmony with, specific competencies;
explicit in stating expected level:s of mastery under
spacified conditions; and made public in advance.

3. Assegsment of the student’s competency uses his performance
ds the primary source of evidence; takes into account
evidence of the student's knowledge relevant to planning
for, analyzing, interpreting, or- evaluating situations
or behaviors:; and strives for objectivity.

{. The student's rate of progress through the program is
determined by demonstrated competency rather than by
time or course completion. '

5. The ifdstructional program ils intended to facilitate the
development and evaluation of the student's achievement

of competencies specified" (Elam 1971, p. 4).

Furthex characteristics of the CBTE-Programs are the following:
Individualization of training, frequent feedback concerning
learning achievement, close relationship between training

and practical work in the schools, emphasis on the necessity

to permanently revise the establishment of training objectives,
including in this process the commanities, colleges, schools
and students.

The CBTE principle itself establishes neither objectives nor
methods of teacher training. Accerding to current opinion

the ‘competencies' include, in addition to the mastery of
subject content, diagnostic—conceptual abilities as well a=
behavioral skills. Aceordingly all available procedures

~ which contribute to the training of these skills,; such as

teaching analysis, microteaching, protecol materials,
training in models of teaching ete., can be enployed within
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the framework of CBTE~Programs. The CBTE concept is so wide
that there is room even for personality-oriented approaches
(Humanistic Approach to Teacher Eduggti@ﬁ; Cooper et al.
1973). to

The American scene is alive with discussions and controversies +-.
pro and contra CBTE. The most significant objections are the
following: A sum of individual competencies does ncé necessarily
make for a competent teacher; behavior can be aequifadr. ' +
'superficially', i.e. withont touching or changing basie
theoretical and normative ase« mptions. Trivial behavior

is most easily operationslizad, hence the danger exists,

that more complex cognitive skills and more personality-
specific changes wil. |« neglected. Teaching competence does

not automatically mean teacher competence: if the teacher

is to be regarded as an autonomous, critical, innovative

individual, a more process-oriented education is called :

for instead of a behavior-oriented training: “training in
conscious self-monitoring rather than ia pe-{~rmance

competencies” (Elliott et al. 1975, p. 33).

The important objection is based on the argument that the &
existing research basis for the identification of relevant :

behavior competencies is insufficient. In thelr discussion
of the well known summary of the results of research on
teacher effectiveness by Rosenshine/Furst (1971), Heath/
Nielson (1974) arrive at the following conclusion: "o an
analysis of the research on the relation between snecific
teacher skills and student achievement fails to reveal an
empirical basis for CBTE" (p. 463). Similarly B.O. Smith
(1975) states: "The missing factor is valid content. ... It
is now feasible to develop systematic programs to guarantee
tat trainees acquire both the concepts and the skills of
teaching. Enowledge about the procedures and technigues

of training, however, exceed what is known about the
effectiveness of teaching'skills and the utility of concepts.
Knowledyge of how to train teachers has.outstripped knowledge

of what to teach them" (p. 1013f). 'y
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Considering these obvious weaknesses_ the impact of CBTE is

astounding. Since 1970° 15 States in,Ehe USA have intraduced
. * CBTE by way of lEqiletlﬂﬁ or ﬂecrea, there exXist a series
N of national research, develapment and ﬁcgrd;natlnq centers,

_pertinent periodical publleaticns aﬁd huﬁdreds of bhooks

and "Competency-Catalogues" (”ezgéw 1975, p. 10).

The most important cause for the widespread and growing

acceptance of -the CBTE .concept.in the USA may be characterized

by the catch—-phrase 'pgéés fc%'a:éauntability'. General
dissatisfaction with tréﬁitigﬁéi forms of teacher training,
- rapidly mounting costs and a growing interest on the part

of the communities in the school system gave rise to the

demands for a égecificaticﬁ of objectives, for control over. R
cost-benefit relations and for establishing fespansibili%y . !
for deficiencies (Good et al. 19735). !

4

The advance of modern management techniques in the field of
publie aéministratiéﬁ‘resulteﬂ in attempts to design entire
teacher training programs on the basis of svstems énalysis ’
principles (De Vault et él,i1973); The varicus teacher
organizsations protested agaihsé the introduction of
competency-oriented t&aeher,evaluaéigp procedures, fearing
‘a tightening of employment caﬁditi@hé at a time of teacher
surplus; political objections were raised against the
"technocratic methods of planning (Dodl 1S?§1 p. 198) .

An assessment of the effects of CBTE programs is not possible
at the present time, since the effects of moTe basic
organizational and substantive reforms of teacher training
can be established only in thep long run: On the other hand,
the CBTE model does offer the advantage of facilitating

the planning of teacher training and hence making it more
accessible to empirical analysis as well as unifying the
efforts of reform. In this respect éBTE proarams can be
regqarded as "testable hypcthesas“ and thus contribute to
putting the training of teachers on a more solid 5Gieﬂtific
basis. The concept of CBTE may %F assailable concerninag
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the determination of valid goals; its increasing influence
in the USA however would be inexplicable, if there did not
exist a huge store of procedural techniques and methods

for relating theory to practice in teacher education which

are based profoundly on scientific research and practical
experience. At this point the development in the Federal | -
Republic of Germany seems to be considerably retarded,
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4. Genenal Probfems of the Refationship between Thewiy and Practice
in Teacher Thaining

It is impossible to define the p:act;;gl_f}el&,@fjagtivity
of the teacher without referring to administrative
cﬁhstﬁa;ﬁié; prééominating strategies of development and
dissemination in the area of the curriculum, the teaclers’
view of their own role, and to sociological and political
ideas about the place and value of the educational system.
There is a widerspread tendency to identify the professional
practice of the teacher with actual teaching and to under-
estimate the relevance of activities related ito organisatory
questions, contacts to the environment (parent$ ete.), but

also the planning of teaching. :

"Experience has shown that the choice of research topics is
liable to be restricted to pedagogical and didactic issues,
above all on the grounds that these are the most 'useful'.

A deliberate effort must be made to break this tendency of
isolation and restriction to purely pedagogical questions
within the educational system and to expand tha topics dealt
with to cover the role and tasks of school and education in
social developments generally. i.e. economics OF education,
educational sociology, educational policy, edusational change
etc." (OECD 1974, p. 70). = "Es gehdrt inzwigchen lHAngst zum
Konsensbestand der Bildungspolitiker, die Notwaendigekeit be-
rufspraktischer Studien zu betonen. Die Praxisérientié:ung‘
des Lehrerstudiums wird dabeil allerdings zumeist mit der
Ineffektivitit der bisherigen Ausbildung begriindet und eine
stdrkere Betonung der zukilinftigen Unterrichtspraxis in der
ersten Ausbildungsphase. gefordert. 'Praxis' und 'Unterrichts-
titigkeit' sind dabei h#ufig identische Begriffe, womit ent-
scheidende Dimensionen mdglicher Erfahrung ausgeblendet sind"
{E. Becker et al. 1974). .
Indeed, the results of innovation research suggest to see the
cause of the unsatisfactory state of a theory uf teaching

in the separation of actual teaching and the other aspects’
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involved in the teaching process. The effects of this sepa-
ration become apparent in the incongruities between planning

. processes in the area of the curriculum developed from this

reduced view as opposed to real professional practice (cf.
Flechsig et al. 1973, p. 60ff). As far as attempts to
formulate theories of teaching are made at all, they tend
to neglect thé'partieular nature of teaching as a characteristic
feature of a social institution and to orient themselves along
the problems of interaction between the individual learner
and the teacher. Consequently P.H. Hirst incorporates the
institutional point of view in his definition of 'what is
teaching' only as an eclectic addition after having so far
defined 'teaching' exclusively in its orientation onto the
individual learner: "But perhaps it would be better simply

to recognize that we do use the word teaching both for
activities aimed at group learning as well as inaividuél
learning” (P.H. Hirst 1974, p. 111). This leads to the
parallelism of the notions of teaching and learning as
customary in psychologiecal literature. Inasmuch as
educational research tends to pursue a psychologiecal

approach to its subject this is co=responsible for the
neglect of the institutional context of teaching and

becomes at the same time practically ineffective. "Zu

kurz gerdt innerhalb der Reformvorschllge die Reflexion iiber
den Arbeitsplatz des Lehrers, durch dessen Strukturen sein
BewuBtsein und sein Verhaliten entscheidend bestimmt

werden" (Synopse zur Neuordnung der Lehrerausbildung 1971,

p. 47).

If teacher education is to refer to professional practice
then the definition of the concept of practice is highly
important because it is inevitably connected with normative
prejudgments: whether the teacher is to be educated to
preserve .the status quo, to implement more or less abstract
utopic ideas, to be adaptable to emerging trends in
educatidnal politics, to have the capability of taking

care of his own interests or with a view to long-term plans
in educational reform, in each case there are bound to be
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differing interests involved in situations like these.

When using data for the reform of teacher education as

made available by empir’ :al occupation research it is
therefore important to realize which model they are based
on, because socio-politic questionsg Qlay an important

role. School reform and reform of teacher education are

too directly dependent on each other to neglect this

aspect: "The reform and continous development of teacherxr
education is directly dependent on weform and developments
in the school system and education as a whole. Teacher
education can never be autonomous OF independent. On the
other hand changes in teacher education are not to be viewed
merely as a necessary consequence 9f changes in the school
system and the field of education. Teacher education is also
a developing motive force which can Jlead to changes and
improvements in the educational sygtem" (OECD 1974, p. 60).

By ignoring this interlinks one easlly arrives at a

fixation of exdigting prcfessional practice. There a numerous
studies for each of the three areas of recruitment, education
and professional situation of teachars, but no attempts have
been made so far to make these thres central aspects of
professional competence of the teavher refer to each other
nor to incorporate them systematically in attempts describe
teacher education (Thomas 1972, p. 30 seq.).

It is an often overlooked fact that scientific theory is
connected with the teacher's activities in two notably
different Qayss on the one hand sciantifie knowledge and
methods are themselves contents of teaching, on the other

the organization of teaching and tha processes of mediation
that occur in its [ramework need a g¢ientific basis. The
teacher is simultaneously the organizer of immediate social
relationships with strong subjectiva elements and the
mediator of predetermined, socially ¢odified norms, patterns
of evaluation, and kriowledge. To achieve a connection between
these elements 1 more difficult than to emphasize the

. necessity of it. When therefore Hirvst states, "It is

M- ,,
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as much a. logical absurdity to say 'One teaches children
not subjects' as it is to say 'One teaches subjects not
children'" (Hirst 1974, p. 109}, this is ¢ertainly
convincing, but it forgets the conceptual problems involved
in the formulation of a constructive alternative. The
integration of the two kinds of theory mentioned can only
be expected on tha basis of developed processes of theory
formation which on their part presuppose differentiated
practice. This is particularly true of some suhiects, such
as mathematies, where in addition differences i method
perspectives, modals and forms of organization hetween
research in social sciences and in mathematics and science

have to be coped wilth. -

One can agree with Griesel's attempt to establish an

analogy "between engineering and medicine on the one hand

and the didacticg of mathematics" (Griesel 1974, p. 118)

on the other sincs it points out that the application
orientation of the didactics of a subject constitutes its
central point of reference, as long as one Keeps an eye

on the limits of this analogy resulting from the different
relations of the’individual sciences to their respective practice.
The reform concept of 'prajegt’stuéies' in higher education,
too, which does not only try to integrate the subject=oriented
and educational parts of a study course gﬁt intends to

combine this at the same time with the development of a
eritical relationship to professional pragtice contains

this problem as the crucial and still unsolved question:

"Das grundsitzliche didaktische Problem, das die Organisation
von Lernprozessen in Froujekten ldsen muB, ﬂgg die Projekt-
kriterien des Berufspraxisbezugs, der Ermittlung der ge-
sellschaftlichen Relevanz des behandelten Problems durch

die Reflexion auf seinen gesellschaftlichen Eugammenhang

und der Interﬂisziplinari%ét erfilllen, liegt in der Ver-
mittlung der Aneignung fachwissenschaftlicher Inhalte mit

der sozialwissenschaftlichen Untersuchung ihrer gesell-
schaftlichen Kongtituierungs- und Verwendungszusammenhinge® -
(B. Berndt u.a. 1372, p. 298 seq.). The same problem
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is made even more acute by the fact that for sclencas

the distance and difference between the theoretical

concept, as ever reformulated in view of situations of
application, and the practical situation itself is
unavoidable and even essential. "Even where the precepts
constituting the theory of a task or activity até:egplieitly
formulated, such are the innumerable variations in individual
circumstances that there can be no hope of the thaory
encompassing them all. These variations will require that
the precepts be modified. Simply following them ungritically

can neither guarantee success nor constitute intelligent

practice. The precepts themselves, however, do not prescribe
how they are to be modified. ... This means that what

_precise action in particular eircumstances a pregaph

prescribes can only be learnt by practice" (Naish/Hartnett
1975, p. 15). ' '

Wwhen demanding that teacher education be more saientific

it i3 easy to miss the point that this cannot just mean

to purge practice of its handed-on 'craft wisdom' to be.
replaced by deductions from thecretical insights, but

that the main difficulty consists in enabling coemmunicakion
and reciprocal criticism between theory and essenhl&l
practical experience to take place and to develop the
capability of this reciprocal criticism in a gystematic
way. If this is not taken into account the result is just
the same dilemma between empiricistie situationworientation
and 'concept overkill' which seems to have determined the
development of the Protocel Materials movement. The aim

is not to abolish the 'inferential distance' asz B.Q. Smith
calls it, but to control and use it for the purposes of
practice as well as of theory.

The way out of the ineffectiveness of the relationshly
between theory and practice under the present condd tiong
of teacher education and educational research is nat shown
up either by proposing an immediate unity of theory and
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;i e and especially the personal union of educational
-.seaycher and teacher. "This is confusing because while

ghe first claim (without practice there can be no theory)

i% true, it is only true in the sense that there has to

e some practice or other for theory to be possible. But
Clark wants to say more than this =~ namely that it is
lagically necessary for all theorists to be practitioners.
This 1% an astonishing thesis. The point of all my analogies
was that this is not how we normally speak of theory and
practice. In other contexts it 15 usual to regard knowing
about Something and being good at dodng it as two different
things, and to treat the theary of the knowing as
distinguishable from the theory of the doing" (Earwaker
1975, B, 24). Desirable as personal connections and
flexible transitions between the twy systems may be,
research and school practice as ingtitutions necessarily
have their own respective objects and perspectives of
yeality which Persiét even against the good intentions

of the persons involved and which therefore cannot in
pringiple be disselved by them.

1t is on this level that the so~galled 'practice shock’
would have to be discussed in order to get bcyond the
phenomenolegical disc --ion of the shifts in the
attitudinal dimensi: . . rcged. "Man kidme dann zu dem
nicht sehr ilberraschv jen .rgebnis, daR die Kuperungs-=
formen und Handlungsveisen derselben Personen im Bezug

awf gleiche Fragen oder Aufgaben in unterschiedlichen
Situationen jeweils andesre gind oder zﬁmindest sein k&nnen.
In diesem Fall wire vor allen die Bedeutung der un@er-
sehiedlivhen sozialen Situationen flix das Verhalten und
die Einstellungen der Ausgebildeten 2u analysieren und
swar auwf der Ebene der institutionsllen Differenz Uni-
versitit ~ Schule, der Ebene der unterschiedlichen for-
mellen Sanktionssysteme, der Aufstisgs~ und Selektions-
kritexien sowie der Mechanismen ihrer Ausfibung (und der
sie durchsetzenden Michte und Interegssen) und schlieflich
der Ebene der Differenz zwischen "theoretischen" Situationen
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und den Zwingen praktischer Handlungssituationen" (Birn -nn
1975, p. 28).

It is equally true of the relationship between theoretical

‘concepts and practical school work as of the one between

the institutional foundations of teacher education and the
schools themselves that the attempt to resolve their
differences does not lead any further, but that this -
difference must be made a necessary and fruitful one.

The problem of theory vs. practice can only be solved
through internal differentiation on both sides and through
the establishment and close co-ordination of levels of
mediation. The simple attempt to bridge the established
systems of scientific distribution of work and the
restrictive conditions of practice e.g. by referring to
applicationally relevant problems is bound to fail in

the long run since it assumes the division of labour

in science and in relation to practice to be solely
dictated by certain interests of society and corresponding
narrow ideclogies of special areas rather then also by
organisatory and subject-dependent constraints.

If levels of mediation are to be .effective, they must

be developed in view of the content as well as of the
organisatory side. Owing to the importance of immediate
social relationships, of norms and ideologies for learning
processes at school, appropriate organisatory levels of
mediation in the area of szhé@ls.and teacher eduacation
are particularly difficult to establish. It would hardly
be enough to rationalize the aims-means relations: they
would also have to encompass the levels of problem
identification and formulation and decisions about aims.
On the pért of practice the main deficit in teacher
education is to be seen in the greatllack of perscnal,
material and conceptual resources for the training in
actual teaching which according to its claim would have
to effectuate the mediation from practice to theory.

On the part of the uﬁivérsiﬁy the institutional deficit
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is apparent in the lack of stable and efficient orgarisatory
agencies able to refer researuh under the specific aspects
of thearetical, practice~relat. . education t0 school
realtiy. Even in the United States where the curriculum
wave had given rise to a multitude of mediating institutions
with the task of relating research and development to

school realtiy this has been rather inconsequential as far
as teacher education is concerned: "The studies concluded,
that there were very few effective relationships between the

~ R&D network and the personnel training network"” (Baldridge . .

et al, 1974, p. 706).

From the content point of view the development of levels of
mediation takes various éireetimns, first, in the extension
of the topic areas and scientific systems of reference in
the training programme (c¢f. 3.1}, second, in changes in

the conceptual basis of the sciences involved or, alternativ;l}f
in the development of more recent and application-related
directions of research, and third, finally, in forms of
simulating future practical situations wgfking with

reduced complexity and building up the capability to
control real situations in systeﬁatic sequences (ef. 3.2

to 3.8).

Quast{éns of topic extension are for instance involved in
the discussion about the educational component of studies,
in particular if its function is seen in the passing=on

of qualifications in innovation strategies, which includes
knowledge of the organisatory and political framework and
constraints of educational reforms, of the interests of
s@éiety involved, of the possibilities and limitations .
of procedures for the organization of processes of problem-

. formulation and task identification, of the management of

innovative developments and of the effect of immediate
interactions and Eubjéative digpositions on inné;atian .
processes. If one wants Ydie Verselbstindigung dexr ge~
séllschaftswissenschaftlishen (innovationsstrategischen)
Qualifizierung gegeniiber der didaktisch-methoedischen zu ver=
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der ersteren flihrt" (Reck 1974, p. 266), it is necessary
to extend accordingly the topic areas of the course components
concerned with dldactics and methodology.

It i3 here at the latest that the limits of shifts or
extensions of topics become noticeable 1if they remain
unaccompanied by corresponding conceptual transformations.
The necessity of these transformations has become apparent
for instance in chapter 3.2 in connection with the
insufficiency of the observatiun procedures modelled on the
traditional paradigm of the hypothesis-testing empirical
social seciences. For the didactics of a subject this
necessity is evident © -om the difficulty in referring
sociological and sul iect-related insights *o0 each other.
"Es ist aber unsere These, daB die mangelnde Berilicksichtigung
des inhaltlichen Aspekte mathematischer Lernprozesse die
fruchtbare Aufarbeitung .gesellschaftswissenschaftlicher
Einsichten genauso behindert, wie wngekehr in Ausblenden
der psychologischen und sozialen Vorausset .agen solcher
Lernprozesse nur zu einer Fetischisierung der Fachinhalte
und damit eben nicht zu ihrer Aufarbeitung fiir die Zwecke
des Mathematikunterrichts fithit. In der mathematikdidaktischen
Literatur arbeiten sich diese beiden extremen Standpunkte
oft wechselseitig zu, so sehr sie auf den ersten Blick
ainander entgegengesetzt zu sein scheinen" (Otte et al.
1974, p. 20).

I+ seems roasonable to suggest that it is in the conceptual
field that there lies one of the decisive bottlenecks in the
development of a practically efficient and unrepressive

kind of teacher education. This is shown particularly

well by radical attempts to overcome the inconsequential

ané unrelated side by side existence of theory

and practice, as for instance in the USA through PFrotocol
Materials and CBTE. If the latter again and again complains
about the insufficient research basis for the derivation

and identification of competencies of the teacher, the former
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have difficulties in dissolving the empiricistic fixation
of concepts to situations In practice without losing the

productive connection with reality.

As gxpgfiencas in Sweden show, where the relatiuns botween
usually intensive and differentlated, conceptual problems
mean that difficulties of communication and information
turn out to be incomparably more persistent than originally
expected. The tendency, too, of attempting to simulate
situations of practice in teacher training is in its progress
likely to keep meeting conceptual difficulties because of
the immense problems of selection it is faced with. For

the time being it is here that there are the limits to the
exploitation of the potential that lies in the rejection

of courz:.s exclusively concerned with cognitive faculties
and the development of proc:dures of behaviour training

and the acguisition of 'social competence’

The establishment of organisatory and content-related levels
to mediate between theory and practice in courses leads

to a growing awareness of the degree of differentiation

of the gualificational profile of the teacher. This

inc” .. s subject competence, kn. =2dge and faculties

to et o © learning processes, - he ability to relate
acrive! - o the social conditi =7 his own activities.

Howe o, lists of qualificatio.al di: insions as have bean

set up under different theoretical perspec. ses amongst
others by Héndle and Luhmann/Schorr (cf. Luhmann/Schorr
1974, p. 5 seq; Chr. Hindle 1972, p. 72 seq.) are only
a first step, for the central difficulties lie in the
distinguishing of these dimensions from each other and
in their interrelationship. As we have seen, bo:h
inﬁavaticn research and curriculum theory are deficient

because of their separation which allows important problems

8 1
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qualifications which refer to the congfideration and change

of s.rganisatory and social conditions.

The mediation of the two previcusly treated different
kinds of relationship between theory and practice in
teacher education, main difficulty in the development of
the didactics of the subject, also encompasses all these
qualificational dimensions mentioned. This can be shown
2.9, in the relationship between the acquisition of
specific contents and the implicit passing-on of general
ideas about schools, their social function, their relations
to science, production and politics. ITnasmuch as subject
contents are always connected with a specific selectivity
in view of reality and with certain perspectives of
changing this reality and inasmuch as ccntents can only

be assimilated in these contexts, they play their pavt

in aim orientation and in the development of general views
on which orientations are based. To consciously realize
similar contexts and connections demands on the part of
the teac’ er the capability to integrate rather different
qualifications, and this integration should be prepared
for in teacher education. However, it ie here that the

conceptual gaps are felt most strongly.

In the context of theory and practice in ceacher education
certain amount of sceptical reserve secms justified

a
toward ambitious attempts at an organisatory and content-

conceptual roots of many organisatory problems, as does

the one-cycle model of teacher education, or which, a=s

in 'project studiss’, underestimate the objective constraints
and content deficits detrimental to an integration.
"Obviously an advarnced intagration of studies and teaching
pra.cice is doomed to failure. The practice of details and
parts before the trainec has acquired a sound general view
of his subject, of the subject matter involvedzand of the
potentialities or lirmitations of the latter as a means to

the personal development of the pupils, can easily result
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in mechanical and rigid teaching behaviour during the practice
peried., Advanced integration in this sense is also a dubious
proposition because the trainee's studies would acquire a
short-term objective ganges exclusively according to what

was useful for the moment. A constant preoccupation with
'ugeful' things is liable to result in a fragmentary view

of the subject and in a simplification of issues” (OECD

1974, p. 32).

Large—-scale in:.gration attempts in the system of teacher
education in the Federal Republic additionally give rise

to szcep*' cal reserve since the education system of the
Federal Republic is particularly characterised by its
extreme lack of mediating institutions, and, as is shown

by the fate of the recommandation by the 'Bildungsrat'
(Educationrial Council) to establish 'regional educational
centres', (Regionale PAdagogische Zentren) nothing is likely
to change in this respect in the foreseeable future. The
deficits iﬁ the areas of curriculum development and
2ducational research have been sufficiently deplored and
point *towards gaps which have to do with the content aspect
of teaching problems. Therefore the gquestion suggests itself
whether the fa‘®’1ire of correspondingly ambitious attémptsl
at integration as more as more admitted by their representatives
n mathematics

o be attributed

-

(cf. P.M. Miller 1974, for project studies

t

cf. Hinrichsen et al., 1973, p. 23) is only
to the growing hostility of national politics toward
educational reforms or perheps alsc to *he insufficient
diiferentiation and development of the concepts which were

to form the basis of this inteqration.
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5. Mathonatical Knowfedge and the Thainding o4 Teachens of
Mathematics

1

"There was a time -aen the statement, 'I teach children not
subjects', was music to my ears and a positive indication
of a dimension of educational philosophy I niqh%y endorsed.
I still feel that way but I must confess that recently I
lhave been somewhat alarmed by what I sense on occasion to
he a de-emphasis of solid intellectual achievement. Our

programs, humanistically based curriculums, personalized
school experiences and open classroom are not to be denied
as worthwhile educational directions. The tragedy is that
many regard solid intellectual achievement as the enemy

in this gquest" (Hagen 1973).

This was written by the American teacher 0. Hagen, and the
dichotomy deplored in his statement is one of the most im-
portant ones out of the many contradictory ideas which
seem to govern the discussion of didactic and pedagogical
issues and which cause the well-known swing of the pendulum
of ped-qgogic opinions on adequate teaching methods. If
therefore one wishes to find a suitable approach to the
analysis of the current state of the scientific and
didactic aspects of education and to make suggestions

for further development without falling back onto those
unreconciled positions, one cannot = in addition to the
analysis of special problems in teacher training = avoid
considering the fundamental problems of the role of the

subject matter and the function of the concept of content

for the organization and planning of teaching.

However, we do not intend to provide another repetition of
the toplcs which make up the contents of the scientific
subject studied as part of teacher education. It is enough
to state that the rather numerous descriptions of the

course content seem to be in agreement as to their essential

points (¢f, Bishop 1972). E.G. Begle too is right in pointing’

S
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out the "relative consistency" of the scientific contents
determined by the state of devclopment of the science of
mathematics, and the situations is similar at tertiary
level: "1 am sure that many of our teachers look on our
neyw curricula as a revolution in school mathematics. In a
sense this is correet, but it is merely a small aspect of
a revolution in mathematics itself which has been going
on for a century and a half. This reveolution stems from
the work of Abel and calois. ... There are two important
observations which now need to be made. The first is that
this revolution has been successfully concluded. The second
is that no new reveolution is clearly in sight. Even if
the first stirrings of a new revolution might be taking
nlace in mathematical research, its effects could not
appear in the pre-college program for generations.
Consequently we can agree on the broad outline of the
content of the mathematics curriculum for the schoois.
This content is well enough known that we need not spell

it out here in detail" (Beqlc 1969),

We do believe, though, that this description uncovers

a number of unsolved questions and vroblems which are in
need of a scientific analysis within the framework of
the three parameters of sa~%.ity = science = education,
This however, would go beyond the scope of our topic in

hand.

In what follows we are thereforz m. .y concerned with
the question 2f which kind of knowledge of the subject
matter a teacher must have and which concepts of the

content of teaching must be developed to clarify its

connections with the various aspsctz of the teaching

process tc make it more practically controllable. The
ignificance of this approach for teaching itself and for

. the teacher's view of his own role becomes immediately

obvious when realising that to this very day the relationship

us groups of teachers, notably between Primary

o
and Secondary Modern School teachers on the one hand and
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Grammar School teachers on the othszr, are determined by
differences which go back to diffeiing ideas about the
significance of the secience studied for the teacher's work.
Although it is true to say that (a) the difficult and
laborious development of the principle of the subject
teacher at primary level and that (b) the attempt to

pr@vide teachers at secondary level with a more professional
educational basis, considering that especially grammar school
teachers traditionally saw themselves as representing a
scientific subject, have become key problems of teacher
training, we believe that our aim of a synthesis of
scientific and educational knowledge and insights can

only be achieved via «» appropri.te concept of content.

We start from the hypothesis that all didactie, methodological
or pedagoqic diff{urences and all the various views on teaching
objectives ilmply differing approaches to the content of
cognitive activities and of its development as theory and
method. This results in the task of developing a concept

of teaching content which prevides for an integrated view

of the dynamie and svstematic, cperative ard objective

nature of knowledge and which as a basis allows the teacher

to prestructure the determining role of the subject matter

in a pedagogically and psychologicallv appropriate way-

ke can only share the surprise expressed in the following
quotation by T.W. Fason on the neglect this aspect has

met within +the traditional discussion on the reform of
teacher training: "It is odd that for so long anyone should
have conceived of education studies as specialized alorg

the dimensions of, first +he sequential development of
children; and then of the four now conventional ‘diseipliness’
(PPHS); yvet overlooked what 'schooling' means to ordinary
folk - the content of instruction and learning, the intellectual
skills and concéptualizations which make up the texture and
fabric of the growinag and educated mind. Because, when all

is said and done, the unifying area, the starting point and

touchstone, must be curriculum. It would make a fascinating
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subject in intellectual histovy (or the sori dogy o Frowledge)

to trace the rise and declina <f that irs!" grenc. Lo conten®,

that rejection of the notion of prooocor’ed subjett-matter,
curriculum, which lies (but only just] in the lmmediate
past, and made this omission even ccncelivable” . Ta .n 1971,

p. 92).

and didactic research. There are three respects ‘n which the

gituation is rather unsatisfactory.

~ First, activities in the didactics of mathematics and
the development of mathematical curricula have until very
recently shown little interest in the theory and practice
of teaching and the central figure of the teacher. A brief
glance into the literature on the didactiecs of mathematics
is enough to be able to say this: the starting-=point even
if they are explicitly meant to be training materials are
always teaching models derived from learning theories and
not from elements of a theory of teaching. Very recently
only have there been signs i(¢r = change in this respect.
"Tt is now becoming more clear., acknowledged that the
teacher's role in curriculum development is central. The
teacher's status as a professional must be observed and

it is a mark of a professional that he is prepared to

make decisions and to accept responsibility for them"

(Howson 1974).

- Second, the immensely broad field of 'research on teaching'
has in ne way taken the problem of content intc consideration.
punkin and Biddle, who are probably right in considering

theii1 book the first comprehensive study expressly and
exclusively concerned with this aspect of teaching (cf.

p. vii), comment accurdingly: "Given the importance attached
to the intelleectual aspects of schooling, one mighk*® expect
that research on cognitive processes in classroom would be

at least as prominent as research on social-emotional

characteristics. Such is not the case, however. The 1963
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edition of the Handbook of Regearch on Teaching ... contained

chapters on the personality of teachers, the measurement of

interaction i+ the elassroum, and the social background of
teachers - but none on cognitive aspects of teaching. Indeed,
there was only one entry (.:rtinent to this topic in the
entire lengthy index of the handbook" (Dunkin/Biddle 1974,

p. 232).

Nor have the sociolegieal ‘schools of thought researching
into the social nature of the production, organization and
d1 :seminatiorn. of knowladge been interested in the function
of knowledge in the educational system: "The almost total
neglect by sociologists of how knowledge is selected,
organized and assessed in educational institutions hardly
needs documenting" (Young (ed) 1971, p. 19; cf. also
Esland 1971, p. 72).

- Third, the lack of a translation of 'research on teaching
into research on teaching education' (Cyphert 1972) is a

serious shorteoming.

The research described above has had surprisingly litile
influence on practical teachiny which is demonstrable for
instance from the mass of empirical data »n teaching
behavicur as collected by Ahlbrand and Boweiker. "The studies
that have been reviewed show a remarkable stability of
classroom verbal bekaviour patterns nver the last half
century, Jdespite tha fact that each sgiccauzive generation
of educational thinkers, no matter h-w else they diifere?,
has condemned the rapid-fire, guestion-aaswer pattsrn of
instruction ... If the recitation is a poor pedagogical
method, as most teacher educators long have believed, why
nave they not been able to deter teachers from using it?"
(cf. Ahlbrand/Hoetker 1967, p. 163).

Tt seems obvious bto attribute this lack of effectiveness
91

85



O

ERIC

Aruitoxt provided by Eic:

to a reductionalistic, merely psychologlsing view of the
problems which misses the institutional and content-determined
nature of teaching: "Educational psychologists tend to regard
the links between learning and teaching as stirong.
Reductionalistically viewed teaching simply means the
arrangement of external conditions for learning ... derived
from psychological knowledge of the learning process. ...

But ... we must begin to doubt the claim ... that teaching

as a phenomenon can be reduced to a psychological process”

(Kallos/Lundgren 1975).

If, however, one turns on the other han: . idactic concepts
which keep close to the content in forn . seientific
analysis of the subject matter", one nec. i 1 universal

mix=up in conceptual and practical difficulties: The
"structufé of the disvipline"-approach is limited by the
complexity and compler=ntarity of the thenretical (basie)
concepts to be learned (cf. Otte 1974); the problem= or
application-orientated approach suddenly discovers that
relevant problems are not just factual relationships, but
highly complex products of a develupment which covers social
and factual relationships and their interdependance (cf.
Mies etréi. 1975); the subjective-heuristic approach
"process as content" faces the problem of the relationship
between method and theory, of strategy and object (cf. H. Weyl
1966, p. 206), and, finally, the exemplary approach which
attempts to cover general points by treating specific ones,
end~ in an empiricistic reductionism which destroys the
unity of the process of human cognition and ean hardly

go beyond the teaching of trivialities.

The centre of the above difficulties is to be seen in a
reduced view of the connections of the various aspects
of the subject matter and its relationships to science
and sccial reality. This results in the well-known swing
of the pendulum of pedagogical methods, the traditions

of which A. Rash Enar followed up in the mathematics books
of the 18th, 19th and 20th centuries. 8She summarises them

92

86



as follows:"Various aspects of the eourse content have
remained ‘with us through the centuries, but more remarkable
is that some methods of presentation have remained unchanged"
(A. Rash 1975, p. 434/35). The survival of certain methods
d. to a periodic movement of pedagogical modes is described
a. follows: "The current popularity of discovery learning,
+hs induective method, and the spiral curriculum in education
i ; ko suspect that the presentations of Ward (1719;
_he autrors) and Davies (about 1850; the authors) were
fen
the thecrem better or appreciated its usefulness more if

nd v e satisfactory in that the students understood

the lavorious attempts at multiplying binomials raised te
various powers by brute force was tried first" (aA. Rash
1975, p. 434/35). '

It should be easy to show that the prominent and by now
time~honoured dispute about "discovery learning" versus
"expository teaching" was (and stil. is) determined by
differing concepts of content. Two positions of learning
theory, viz., Bruner's and Gagné's, which had to serve
as justifications of this dispute, are being compared
in Shulman's summary as foliows: "The implications for
the sequence of the curriculum growing from these two
positions are quite different. For Gagn&, the lighest
level of learning is problem-solvinyg; lower levels invalve
facts, zoncepts, principles, and so on. Clearly, for

4gné, the appropriate sequence in learning is in term
of tne diagram below, from the bottom up. One begins with
simple prerequisites and works up, to the complex capability

sought.

-

} BRUNER
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"For Bruner the same diagram may be appropriate, but the
direction of the arrow would be changed. He has the learner
begin with problem-solving. Once confronted with a problem,
whether embedded in the materials of instruction or directly

presented by the teacher, the learner will be led to move
back through the hierarchy to fo m the needed associations,
attain the necessary concepts, and, finally, derive the
appropriate rules for solving the problem." ... "While

for Bruner 'knowing is a process, not a product', for Gagné,
'knowledge is made up of content principles, not heuristic
ones', Thus, though both espouse the acquisition of knowledge
as the major objective of education, their definitions of
knowledge and knowing are so disparate that the educational
objectives sought by each scarcely overlap" (Shulman 196!
and 1970).

In view of this situation it will be comprehensible thatl
the following conceptual ideas and reports on our part
will result in a rather preliminary and incomplete pistire

only.

Of cour:-:, the above description of the situation doey not
imply that the problem as outlined has never been scin and
,that there are not a number of references to it in the
literatu==~. Thus, thr gsychalcqistjj,é. Easley writes for

instauue: "o can sa, ... that the demand will be an

increass¢ n'.iiily ‘o werceive opportunities for teaching
which-wi.l ¢ ~ond in turn on developing teachers' conceptions
of mathematics and the teachinz ~f mathematics ..." (Easley
1975). Geodlad, too, is aware of the problem although for
him it is more or less merely a problem of transforming
existing knew’ sdge to the use of the pupils even if in

some respects he goues beyond . this point of view: "Teachers
have fcound that psychological prineciples must be translated
inte implications before they aia useful. Similarly, one
can become a student of history, chemistry or the fine

arts without giving enough thought to the relation of his
field to teaching. ... The teacher must be both a student

9.4
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of content organized for prese. i  on and an organizer of
content for instruction. ... In large measure, the adequacy
is dependent upon the adequacy of tle organizing framework -
gpan of control - developed hy the teacher. ... A too
limited or an erroneous view of content in the teacher's
span of control deprives all but the self-directing student
of an education” (Goodlad 1959). :

(cf. Bernstein 1971, Esland 1971, Kallos/Lund-

A second grour
gren 1975, Mies et al. 1975) approach the problem from a

fairly comprehensive sociological point of view which
emphasises the content and social factors determiniry ‘'«
teaching process. The intention aiming at *"-se fuirvaeinial
relationships is clearly brought out by ¥. ' and  undgreon
(1975) in the following deseription contre ... .j their own
approach with a merely psychologising one: "The main
assumption guiding educational psychologists seems to be
that educational problems may be reduced to psychological
ones. ... we would suggest a more direct approach. Such

an approach should focus on the relations of wiat is being
taught, not to drives or motivational construects, but to
the student's present knowledge and life situation, ...

The starting point is the system and not the psychological

orocesses within the individual learner or the teacher."

A central concept in this con*ext is the notion of 'frame'.
Bernstein explains: "... frame refers to the degree of
control teacher and pupil possess over the selecrion,
organization and pacinc of the knowledge transmihted and
received in the pedagogieal relationship (Bernstein 1971,
p. 50). Kallos and Lundgren comment as follows: "In our
writings we have used the concept of frame to covar other
aspects of vne constraints on the pedagogical relationship
in the classroom, too. We guive adree, however, that
content frames ars of prime importance in the establishment
of rules operating in the teaching process. The classification
and framing of knowledge (contents), usirg Bernstein's

(1971} terms, explicitly reflect fhe image of mar. . ad the

Yo
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very nconcept of knowledge applied within a particular
educational system" (Kallos/Lundgren 1975).

Annther concept with a very similar function is given
expression by the term 'problems as variables' (cf. Mies

et al. 1975).

Finally, Esland (1971) attempts a very instructive view

"of teaching and learning, not with but as the organiza® .on
of knowledge" (p. 73). He shows how the core of many pcic o=~
gical and psychological questions is to be found in certain
conceptualisations of knowledge. This second group focusses
on the relationship beéween "perspective of teaching" and

"nature of knowledge" as che cantral issue.

Ancther set of discussions of ocur problem stems from the

area of philosophy of education. Paul H. Hirst (1v74) for

instance has the following hints on our problem: "Any

subject like history or physics or mathematics is based

on the use of certain logical principles in terms of which

the explanation and theories distinctive of the subject are
validated, I refer here to the logic of historical explanations,
of scientific explanations, mathematical procfs and s0 on.

Any teaching method for the subject must therefore respect
the fundamental logical principles without which no under-
standing of the distinctive form of validity peculiar to
this subject is posszible. ... The logical grammar involved
and the various possibilities for the logical sequence to
be used, are m:.ters for Getor vination by an analysis of
the subject to be taught, not for empirical investigation.

How far tnese logical features do determine the teaching
of a subject, and areas within the subject, can be worked
out in detail only in terms of the specific content that

is to be taught" (Hirst 1974, p. 13C).

Finally, the literature on the didaciics of mathematics

in a narrower sense gontains important references to the

teacher's concept of content as a dynamic element in the
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deverlaopment of the teaching/learning procesg. "Most poople
whu uge mathoematlios ag a tool In soience, industry or
commerce [ind themgelves, from time to time, puzzled by
doubts as to the nature of the material they are ugineg,
suach doubts are quick ly dinmisnscd 1§ the pathemat] cal
Leechn lqued hring the required results and 1f these resulbs
make sensce in torms of the material world in whigh we Live
and work. For teachers, gquostions eoncorning the nature of
mathematics are likely tos arise mone fregoently and
attempts to resolve them nust lnevitably be more sustained

in duration” (Baron 1972, p. 21).

An mathematles g almulbtancously an important instrument
of other sefencos and of soeial reallily and a theory of
{ts own, and as the polnk of view of application has
become increasingly prominent in recent years, discussions
on the coporpt of econtent tend teo centre on a clar{fleation
of the relatlionship between applied and pure mathematics.
Howaver, the result i1#a often no more than a plea to
omphasize one aspect al the okpense of the other. Thus,
Ormell desoribes reactiong Lo hls concapt (¢f. 1972a) as
fellows: "A number of teachiers have remarked tn us that
this approach swcems to emphasize applied mathematlices at
the expense of pure. In this article the author wants to
try to deal as constructively as possible with this
¢riticism of the project's aﬁprcaeh. and to throw some
light on the role of pure mathematlos within the

philosophy underlying the approach” (Ormell 1972h)

The central importance of this relationship between pure
and applicd mathematics for &ﬁe concept of content and

the reform of mathematles teaching is also underlined

by BRaron (1972): "If we introduce modern mathematics into
our schaols ia Lt because we are interested In new content
and more powerful applieations, or is 1t because we are
interested in new methods and new ways of thinkimg about
mathematices? What, in fact, are the aims and purposes of
mathematics teaching? Unless we give some careful thought

97
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bo such guent jons our teaching iy Likely to remafn at o a

mediocre level and our day~to-day procedurcs will be basged
an Lradition, conveption and Imitation. We wil | nowor have
the vourage te init tate reforms or Lo bhroak away Trom the

practices of our predece

snarg” (p. 21/.22).

An bl ceganblog walerial takers boooe ther shows, Eliipre nieems

to be a growlng consensus as Lo Lhe relevanco ol Lhe sub contents

aned the apeci fio gignificance of tho variouy school subijecty for

ane

regsearch into . wgnd

Ve DEoCs clal inter

& with a view to optimisme practical teachineg,

Sphepee i85 a growing literature supporting the notions

of subject-matter specif lcity In the structures of kpowledge

and forms of learning; it also supports the prohlem- or
case-apocifiecity of nrocesges of judgement and deeisjion-making.
Al thougt: the"psychalaqy of school subject® originally

enjoyed fts greatest popularity in the 20s and 130s, there

is a growing sensc among cducational theorists that our

quest for universal subject—independent, theories of

learning and instruction has been hampered by ignorinyg

the very real @ifferences among the subject mattey areas

to be learned" (NIE-pancl 1973, p. 28).

To a cortain extent this tendepcy also finds expression in
newer concepts and procedures for a more practical orientation
of teacher training. In the area of empirical rescarch on
teaching, essentially based on indirect models of homodgeneous
category formatjon for all phases and nearly any kind of
teaching, use is made above all of models of abservation

and analysis which are content-independant. These develop
categor ies not according to the subject of teaching but

rather out of its socio-emotional characteristies, It comes

as no surprise here, of course, that the reasults of these
analyses although using identical instruments depend heavily
on the subject matter: "Sabject being taught exerted massive
influence on frequency of oecurrence of all the Flanders
categories except praise and e<riticism. The colessal influence

of the subject on the nature of classroom interaction is
[ .
Yo |
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eertainly the most strlkineg ancl important finding ..."

(Westbury et al. 1971, p. 127). Hovwever, to turn to the
*micros tructure of the detall" (Spanhel, 1971) as
recommended by the critlics of content—-independant obscrvatlon
procedurcs merely leads to an ingreasing complexity of
research designs, The only observation procedure speclially
developed For mathematics teachlng (Weight et al, 19¢1}
gontains so maay vartables that for this reason alone

It is only suitable for purposes of hypathesigategtlnq
regearch. As observation procedures of this nature are
onily suitahle for descriptive nurposes and not for the
nlanning of teaching hehavieur, a stronqger incorporation
of didactic theory of the subject cannot be expected to

overcome their practiecal ineffectivenass.

As far as models of details are concerned which describe

sections Dfit@a:hinqrgituaticns and situationally usable
4kills there arc —ontent—independant ones (e.q. "yaerbal
reinforcement”) likely to oceuxr in any kind of teaching

and others whose frequency varies accordina to the subject

or which in certain subjects deo not occur at all. pecordingly,
microteaching and microanalysis practise and analyse

subject-spacif ic skills and situations as well as

this context: "Zwar lassen sich viele Lehrer-Verhaltens-
welsen zumindest kurzzeitiq in jedem Unterrichtsfach ein-
setzen, doch haben einige Teaching Skills Elr bestimmte
Facher hdhere Relevanz." The consequences of this for
teacher training are obviously that a combined subject=gpecific
and subject- independant approach to diagnostic and action-
orientated training makes more sense and is more efficient
than a merely subject-independant one. "Intelligent
diagnostic teaching of any subject requires that judgments
be integrated regarding both student characteristics and
properties of the subject to be learned. ... In general,

it will be insufficient to prepare teachers as diagnostlclans
and decision makers, per se; they must learn to match their

99
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chharacterist icg ot the aubject area in which they are

working® (S8hulman 1974) .,

In the [ramework of the minicourse progrmmme there arc a
nuamber of undty vwith sgpcecial referonce to mathematics
teaching (o,¢. for problems of individualisatlen), The
"Catalogue of Protoccl Naterials" of 19745, hoewever, makens

nee mernt ion a0 far of any units for mathomatics. Aeecording

tex the "Master Coordinate Plan” {(g. 3.5.) which monitors

the development of orotocol materials there are four general
cl

"1, Concept 1o be taught—--from the conceptu

i

amses of concepts hasic te the teaching process:
al structure

of the subjeck

ol

Concepts to teach with-=from the coneeptual foundations

of the gubject

3. Concept for professional understanding--frem the human-

istie and behavieral foundations of cducation

4. Concepts for skillfull teaching-—from the humanistic

(Ph.G. Smith 1973, . 29,

This list is remarkable for varieus things. The intention

to represent audio-visually concepts from the subject

content itself has se far been carried out only for the
subjects lanquage literature, reading and social sciences.
This approach shares the problems of the "structure of the
discipl ine™-concept as outlined above and it is certainly
questionable whether practisinag a taxonomy of mathematical
notions via their empiricistic representation is in any
gionificant way favourable to the development of adequate
strategies to deal with the content side of teaching. Rather,
it seems highly remarkable that this introduces metaknowledge
of the content (2. above) as the real subject leaving it

omen whether teaching isolated notions is sultable for the
109
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acauisltlon of thia kind of knowledge, Some PM gpeciallsts
gsecm to notice though that tho concepts from the protocol
materials themselves are in need of being placed within

a complex theoretical framework if they are to contribute
to "professicnal insight and onderstanding” (Ph. 6. Smith

1973, p. 34).

Finall-w, it is gtriking that despite the explizit place
conteont has found within the areas [rom which concopts

are being chosen the classes of concepts mentioned under

3 apd 4 show no reference to the subject matter. As usual,
the content side is only considered in connection with

tho cognitlve side of teaching, its consequencesg from a
social and psychological point of view however remain
untreated. In conjunction with corresponding nrocedures
and models this can lead to teachers without an eye for
the recessary mediation between cognitive, emotional

and interactional aspects of teaching who then take rather
narrow points of view which develop in many places through
the established organization and concept of science as
subject-gpecific processes of specialization and which
gain an unchecked influence on the actual teaching itself.
Concepts relevant for the didactics of a subject which
refer to subject-orientated teaching strategies are once
again a victim of the unfortunate separation of science

of a subject and educational sciences.

It is clear that for more complex teaching stratecies the
dependance on the content is more prominent. Accordingly,
more than a third of the teaching models listed by Joyce
et al. (1972) cannot be used in all subjects. The "General
Cataloque of Teaching Skills" edited by the Multi-State-
Consor tium on Performance-Based Teacher Education in 1973
starts by laying down the following objectives for the
teaching of mathematics:

"1, To develop in the student an awareness of the nature

of mathsomatics as a legitimate human endeavor.

2. To equip the student with the skills needed to implement

101
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any carcer declislon which s consistent with his or haet
interests and ability.
31, To develop problem solving ability" (Lester 1973, p. g) .

On the basis of these objectives (ndividual skills are

then specified and described within the framework of the
three basic models of mathematics teachlna, t.e. expository
teaching, structured inquiry appreach, unstructured inguiry
approach., "... the focus is on identifying a core of gkills
which cnables the teacher to pull together the underiying
knowledge about students, goals, mathematics, and pedagogy
and various external cues to make sound decisions about

instruction” (Lester 1973, p. 9).

Here, too, the ambivalent relationship to the content aspect
is quite apparent: on the one hand the prime objective of
the training of teachers of mathematics is to be an
"awareness of the nature of mathematics as a legitimate
human endeavor, on the other hand the specification of the
individual skills is based on models which are not subject-
specific and therefore make it hardly possible to implement
the suggested priorities. What needs to be done iz to unfold
the connections betwsen the “perspective of teaching" and
the "differentiated view of the content". Reduced concepts
of content usually lead to reduced views of the variety

of aspects of teaching and the teacher's role and conversely
the concept of content influences and monitors the inter=
dependance of the various dimensions of the teacher's
acitivities. The difficulty hers is that the various contents
play a double role in the teachina/learning process in that
and knowledge in general always represent objective and
social implications at the same time as subjective and
objective ores. Knowledge is of an anti-empiricist nature:
Teaching of learning a concept is not comparable to the
handing or taking over of an object. The teacher therefore
must not only know the individual concepts (theories etc.)
he wants to teaci, but he must also know something about
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the nature of the scientific concept, 1.¢. nature of

concepts ag theoretical entities.

In his very influentlal book "Teachers for the Real World"
(B,O. Smith 1969) which has run into many editions Smith
makes a distinction between 'knowledye' and 'knowledge

about knowledge' thereby marking probably the nost conscious
and influential expression of this problem. It is true Lhough
that Smith's concept of 'knowledge about knovwledge' is full
of eclectic ideas which have given rise to problematic and

ambiguous developments.

"It is generally recognized that extensive knowledge of
both subject matter and basic psychological principles
applicable to classrcom instruction are essentlial aspects
of a teacher's knowledge basze. What is not as readily
recognized is the fact that there 1s another type of
knowledge that is basic to effective instruction. As

Smith (1969) puts it: 'It has only recently been recognized
that there is ancther sort of knowledge that can influence
the performance of the teacher: that used in thinking about
the subject matter and the logical operations used in
manipulating 1it'" (p. 125).

And Smith himself continues: "To handle the subject matter
of instruction in certain difficult situations the teacher
does well to understand its elementsg, its lpooical dimensions,
its uses, 1ts relation to pupil needs, and the degree of
its social 'neutrality'. Because teachers do not now possess
such.undarstanding, they freguently handle the subject matter
of instruction in superficial ways. Conseduently, class
discussion often suffers from undue vagueness and ambiguity,
from unfounded and unchallenged claims, from a failure to
develop the significance of the content" (B.0. Smith 1969,
p. 126),

i

If they are to become part of educational programmes,
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'knowledoe' and 'knowledge about knowledge' must develop

some kind of cohesive form. For Smith the borderline of

the relationship between 'knowledge' and 'knowledge about
knowledge' runs along the line of specific/gencral.
*Knowledge about knowledge in general enables the teacher

to gain this higher and more comprehensive perspective.

This sort of knowledge is built upon more particular
knowledge of the elements of subject matter and the relations
among them, the uses of the disciplines' knowledage, and the
way thelr informatlion is manipulated and its dependability

decided" (Smith 1968, p. 113].

To avoid the problem of the intersubjectivity of the
meaning of empiric ¢ohncepts this approach makes it seem
natural to identify 'knowledge about knowledge' with the
codifiable knowledge of formal logic. Correspondingly,
Henderson who in the area of mathematics teaching has

done a great deal of research and development work
coordinated on the basis of Smith's appreach (cf. Henderson
1970, Cooney/Henderson 1972, Cooney et al. 1975b)

starts his explanations of a model of the acquisition of
concepts by talking about the generally ‘problematic’ and
difficult relationship of psychology and logiec: "In the
first case, a concept appears to be the set of associations
a person has with the term that designates the concept.
This point of view emphasizes the individualistic nature

of a concept, but in so doing it loses thecretical power;
it is not useful in a theory of teaching mathematies.
Ordinarily, the mathematics teacher is cencernad about a
restricted set of assvciations which are supposed to be
invariant as to concept-holders; he is net concerned with
the emotional and attitudinal connotations of the designating
expression" (Hendersoh 1970, p. 160). And consequently he
defines 'concept' as follows: "It seems consistent with

the foregoing to regard a verbal concept as an ordered
pair, one component being a designatory expression, a name,
and the other being oke or more rules for using the designatory
expression. (Some may wish to say 'meanings' rather than

104
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'rules for uslng'. But meaning ls not a well=defined torm;
one hags only to consult an unabridged dictionary to realize

its amblguity.) Hence one component ls in the metalangquage

and the other in either the object language or the metalanguage,

depending on its use" (Henderaon 1970, p. 170).

The gonnections to the problem of meaning tend to remain
implicit and underdeveloped in most educational theories
or paychological theories of cognition. More devuloped
approaches can be found in Ausubel's distinction between
logic and psychological meaning or Plaget's desdgnation or
different deep structures in any empirical subject hy the
termg of 'psycholngical subject' versus 'epistemic¢ subject’
{(cf. Beth/Piaget 1966, p. 308). Generally, the attempt is
(including Henderson) to exclude the problems of meaning,
because meanings are considered individual, theoretically
useless, alogle, even 'unsocial', whereas the logical
relations only are considered teachable and learnable

as concepts and concepts as structures. This is the

notion of concept in formal logic in which the ¢oncept

has no intuitive, disparate nor genetic features. Of
accordingly high importance are concepts of the 'structure
of ¥nowledge' in the sense given to it in formal logic:
they represent as it were the backcloth on whigh learning
happens. "Since one of the emphases of curriculum movements
in mathematiecs and science in the last decade has been

to produce materials which help students in seelmng the
overall structure of the subject matter .rather than
viewiﬂq the particular items of knowledge within tha
subject as ends in themselves, it behooves teachars to
utilize teaching strategies which maximize the understandings
of the interrelationships present in knowledge which are
exhibited in these curriculum materials” (C@éﬁayiﬂéﬂdersan
1972, p. 429/430). ‘

'Nature and characterizations of formal logic are context-

dependant and not absolute. Disputes on whether a problem
100
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H

is of an algorithmie¢ or heuristie nature or whether logle
is a means to acquire new knowledge or is only helpful

to codlfy what one knows already are quite fruitless If
carriced on in lsolation, in an 'absolute' framework and

in an 'absolute' form. Consequently, logle cannot serve

as a basis to the structure of knowledge and 1ts objocti~
vity (cf. Churchman 1973). Above all, however, therc is

no logle of operations or procedures of teaching aanid
learning without a logic of the objects. Now ona is
justified to say that any 'logic', and formal logle in
particular, has its roots in the interrelationship of
"logic of actlons' and 'logic of objects': that 1s what
makes lts status as logiec. In formal logic, however, this
has taken a form which does not directly accommodate the
development of the system of cognitive operations, the
means and instruments of these operations, the aims and
problems, the values and purposes. In teaching and also

in science, there cannot be an equilibrium between cognitive
activities and their content, bhetween the aims, means and
purposes in any statie, fixed way, in the sense of, say:

a superstructure a comprehensive, unified formulation

of all the interrelationships from which one could then
deduce a model of education. The concept, too, is not a
structure 'as such': definitions and notions obviously
refleet certain functional objectives, are context~dependant,
just as the statements and interpretations of formal logla.
H. Fehr (1966, p. 225) comments on this as follows: "A
mathematical concept, even the most elementary or so~callad
basic one, is not a simple thing but a very complex entity.
gimilar to the structure of an atom which in its nuclear
description becomes a more and more complex structure,

the apparently simple lidea 'cardinal number' becomes on
investigation a multiplicity of ideas. Indeed a general
concept of number is attained only by very few persons

after many years of mathematical study."

The model by Cooney/Davies/Henderson as the only systematie
attempt so far to make 'knowledue about knowledge' the
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cﬁntra] puln& of the uduritnun of mathemabic teachers

reduces bhese ln(gr:(]a!innthpv and can thorefore not
guffleiently gqive justice to the importance of the new
approach for the development of an adequate concept of
content [or the teacher. The Ldea of *epopgept' on which
thts model 1s baued Ia {l1lustrated In thee follewing diagram

showing the elassification of coneopts:
Mingnlae
Conrrete <
/ CGeneral
Desinlative
‘%“‘“x Enmuhr

"= Abatract *"ﬂr

R(ﬁﬂrul

sme———= Numdenolitive

/meulnr
Atrthaine \\

Geperil

Couerpta

(Henderson 1970, p. 176)

Oon the basls of this analysis and additional ones of various
functions of selentifle concepts individual steps, or 'moves',
in the teaching of concepts are being identified and explained.
Taken togother, this results in the following typology which
corresponds to the above cencept cla ification system:

, - With & resens
Eanmpin m—— -
- Vi thowy § FeewEn
, comrere VMR B copiEIR
Eadmpditication €= Nands i -ﬂ:
PfFaiid | & FRARGH
Coyntwesample

Muwat i lesching

& cuntent Dalinivian
Eutlichnt condiimn
. Hacaiuaty gondition

Chasctari Hlian Nacoaary and nifhoent

conditian
Haithar necasity nof
sufficiant condilian
Camparing and contraileg

(Cooney et al. 1975, p. 107)
This typology fits in with the methodology originated by
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B0, Gmith which trios "o devaelop o way of dividing verba
teaching behavior into pedagogically gigni ficant unlos,
and to analyse the unlts in logical ly meaningful ways"
(Smith/Meux 1970, p, B),

The centre of interest for the authory s the vxact description
and identiflcation of these "movers' we?d thefr typology: the
devolopment of these 'moves' inko strateqgles, the declsion
on the meaningrful use of these "moves!' in learning sequences
undoer apeefal social and psychological condflions, these

are agpects which receive only global treatment and which
are dealt with in a few words, This, however, s where

wo are faced with one of the thorny problems of a teaching
theory: how aroe the various 'hits and ploces' (in Lhig

case the 'moves') to be composed, under the qiven social,
psychological and (mathematical) content conditions, into

a kind of sequence which makes a cont {nuous tcaching

process possible?

Cooney ot al. glve an example of a lesson on the acquisition

of a concept which throws an interesting light on the
underlying theoretical positions: "To {llustrate the other kind
of counterexample posgsible from a false definition, let

us suppose a stadent states ag a definltion of an exponent

that it 18 a number written to the right and slightly

above another numbey that tells the number of times the

number is taken as a factor. The following dialogue is
concelvable:

T In 4 %, is =2 an eyponent?
5 Yus.

T 1T agree that the -2 is written to the right and sl ightly
above 4, but what does it mean to say that it tells us
how many times 4 ig taken as a factor? How can a number
be taken as a factor -2 times?

§ The exponent has to be positive.

1049
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T Ah, yes, Iz 1/2 in 41"rz ar eiponent? It's ypositive.
5§ Yes,

T Does 1/2 tell us how many timnes 4 is taken as a factor?
What does it mean F£or a factor to be taken 1/1 times?

S Well, an exponent is a vhole numnber writtem ... Mo, it's
any number written to the rightand slightly abowe
another number.

T Is there an exponemnt in 454?

§ Suyre. 4,
T But you said 'to the right and slightly abgve another
number®, which seems to say the nunbers are different.

In 44 the two 4's are the same number.

5 O.K. Slightly above and to the right of any numker.

T Well, you'xre gétting there. 18 0.5 in ';;Q"S

And how about b in ;E? Is b an exponent?

an eseporaen?

§ Yeah. They're both exponexts. ©@.K. Slightly abovo and to
the right of any namber ox any varlable,

T Just to be sure we®ve got it right, state the definlition
as 1t ought to be.

S An exponent is a nunber ot a variable that is wrlittm
to the right and slightly above ary rumber or variable.

T I'll buy that"(p, 100/1).

Evenn 1f at the beginning the pupil still has a concpt
of the exponent which tells him something about its oxlgin
and function ("multiply as often as the exponent indicites")
and vhich could serve as a basis to develop the compleste

' concept from, in this leamimg segruierice 'sultably' selected
counter-examples drives hin Lxto a cornexr £rom where he
has eventually no altethative but to giwve the required
repetition of the purexly forsal definition of the conept
"An exponent is a numbzer or 2 varioshle that is wiicters to
the right and slightly above any number or vazialle." - M
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if this definition could tell anyone anything about the
content of the concept!

If there are a great number of combinable properties of
concepts and therefore long 'move' sequence, one has to
make a choice between a great number of different strategies.

algorithmic system, because the concept as a gqiven inventory
of fixed elements and the process of change from the examples
to an insight into the general value of a concept are thought
to be 'linear processes'. Cooney et al. reduce the teaching
process to the structural level, i.e. to the problem of
‘transporting parts of a theory from the head of the teacher
to that of the learner®, This idea is consistent with the
belief that Lt is pomsible to make the process of teaching
automatic: starting from a Fixed, given strxucture a set

of rules and procedures is developed which monitors the
transmission and composition of the concepts in such a way
that something like a copy of the existing mathematical
structures is the result. Yowever, with scientific concepts
it is impossible to see at a glance and once for all how thay
are qoling to be constituted. Concepts have not been under-
stood or learmt if their passing-on can ke acknowledged
through an enumeration of their properties, Withoutt
interpretation, without knowlcdge of the meaning of

concepts and without reference to existing knowledge

and oxlsting mathematical theory the learner will be

unable to make usc of these mathematical structures, Just

as the teacher himself must have 'knowledae about knowledge',
i.e, in particular about the use, origin and doevelopment

of knowledge; he can only help theo loarner to acquire new
knowledge via the learnex's previous kriowledqe, his syatenm

of activities, thoe socio=communicative and object-related
world in which concepts are directly meaningful, comprehensible
and interpretable for the pupil. The 'smecond kind of knowledge'
must therefore inevitably include the reference to the
previous knowledae of the pupil. The teachinq procesa
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does not follow a direct immediate line from the given
cognitive content structure to the one to be established.

Based on his understanding of content and the nature of
mathematical concepts and under reference to the learning
disposition of the pupil the teacher has to match ‘content
of concept' and 'activity system of the pupil'. This matching
is 'g:ﬁblematie', {.e. it is not solvable once for all and
cannot be made aytomatic. Openness of the systems of '
‘content’ and 'acouisitive activity', their variability

and the 'statistic nature' (cf. N. Wiener v.y., particularly
p. 270/71) of their combination render the creation of a
final definite teaching strateqy impossible. The only vay

one can suggest of dealing with these problems is to keep
using the teaching strateqy concerned, in parts at leas®,

as tegchinf c .

content of & new strateqy.

A similar suggestion has been made in the 'Concept Attain-
ment Teaching Model' by Joyce/Weil (1972, p. 109-122). Here,
three of the four phases of the model are concerned with
strategles of concept acquisition, whereas one, the fourth,
qivesfthe pupil the role of the 'teacher' and makes him

teach concepts to his fellow pupils. The strategies of this
nhase, too, are being turned into the content of teaching.

To 'tyrn strateaies into the content of teaching' does not
mean, of course, that it is intended to train the pupil’

as teacher; this is already impossible from the content

point of view, since there is no treatment of mstrategies

as such, but only strategies and procedures of teaching

as developed from the content and 'experienced'. It still
remains the tagk of the teacher to structure this effectively
as a teaching strategy vhere the aim remains the teaching and
acguisition of concepts and where 'strateqy fox strategy's
gake' is not going to be the necessarily formal teaching
content. To 'make strategies the content of new strategies’
is probably too difficul- to be carried out in a constant
change of methodic levels. It can only be our task herxe to
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show up how the teachers' netaknowledge about the meaning
and function of contents can find expression in teaching
strategies. This resulis at the same time in indications
how to develop conecepts of tn*s metaknowledge further and
how to intaqtate thenm in educational programmes so that
they real ly penetrate and structure the acquisition of
content rather than just Fformally reducing them to a common

denominator,
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6. Conclusdons

It iz with reservations only that it is possible from

a survey of the research situation in the area of teacher
education to arrive at further theoretical and practical
conseguences. This is particularxly true for the practical
consequences if the failure of empiric—rational strategies
In what follows we are therefore not concerned with more
or less directive pieces of acdvice, but with offers of
discussion to potential future.partners of ggaperatiéﬁ,
Much is in need here of greater‘précisign and of correction
through experiences and knowledge from other theoretical

and practical contexts.

As the institutional and content conditions of a reform
of teacher education in the Federal Republic has as yet

been insufficiently disclosed by reseaxch and as this

position on the basis of the present regsearch situation,

the external conditions have so far been neglected. At

this point, however, where we are concerned with formulating
suggestions as consequences of the results worked ocut so
far, this practical and theoret ical context must of couxse
be taken into account if the suggestions are to be more

than just a list of desiderata. In addition to the results
of the apparently incomplete research-literature therefore
we have also tried to take into consideration the conclusions
we arrived at through pilot interviews in relevant
institutions of teacher education in variaﬁs states of

the Federal Republic. A summary of the zeaﬁlts is given

alsevwhere in the documatation.

‘At the end of these introductory remarks there is the

reservation that according to previous experience in
aeducational reform research and development represent
only one factor determining changes in contents, methods
and forms of organization of the education system, and in
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view of the influences of educational politics and
administration it is hardly the decisive one. The conditions

for the implementation of the following suggestions offered

for discussion to re=structure the training of mathematiecs

teachers therefore go far beyond the range of activity

and framework of cooperation of one research team.

The above situation, as background and precondition to any

discussion of possible alternatives to the present practice

and research in the training of teachers of mathematics in
the Federal Republik, can be hfiefly Eharaéﬁefiseé as

Eollcws* predoeminance of a&minlstrative innovation 5ﬁrategies

and &orres§anélmg Adeficits in the field of curriculum

development and in—service training of teachers; little

influence of teachers' organizations on educational

reform, particularly in the field of the curriculum;

ambitious integration attempts failing because of the

division and individual momentum of the disciplines and
institutions to be combined, whereas institutional and
content-concerned levels of mediation with restricted scope
and limited tasks are lacking. All of this has to be seen

on

of

the background of a changing legal framework in the area
teacher education which is oriented towards the

reduction of the length of studies and the continuation

of

the differences in the lenght and quality of the

education of various groups of teachers according to

aifferent types and levels of schools. The corollary

is
of
of

is

a financial policy pressing for cuts and the re-consideration
expenditure and investments particularly in the field
education. I't s well-known that public opinion too

no longer as Favourable to educational reform as it

used to ‘be.

At

the same tlme it becomes more and more épparént that

the research preparing the ground for the implementation

of

reforms in teacher education is insufficient and that

many practical and ocrganisatory problems do not only necessitate

new extensive research, but also a re-structuring of the
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conceptual basis and of the established system of division
of work in science. "Der politische Frilhling der Bildungs-
reformex zog 50 schnell vorbei, daB die Forachung nicht
mitkam"” {(Luhmann 1974a, p. 16).

In connection with the justification from the point of

yview of innovation strategy for the increase in importance
attached to teacher education in the context of the reform

of the carriculum for mathematics it must be taken into
account that the re-structuring of study courses within

the institutional framework of university and 'Studiensemi-~
nar® (training phase) poses serious problems of imglementatiaﬁ
and that this area as opposed to innovation at school level
has so far hardly been covered by innovation research.’

such a restructuring would need the cooperation of institutions
whogse forms of organization, predominant values and
perspectives of reality are in certain respect extremely
diverse and can therefore be reconciled with great difficulty
only. It yould for instance seem obvious to suppose a
comparatively low degree of difficulty to arrive at a
correspondence between the general educational components

denies that this is necessary. One of the main complaints
of those responsible for the training phase is indeed about
the deficiencies of the educational component of the uni-
vargity course which forces the training phase to fulfil
tasks which it is 11l equipped to do and which keep it

away from its proper job. On the other hand the problem

has to do with agreements about identical or at least
related contents and metheds. However, in the institutional
context of the university and of the training phase, the
differences in the research relations of the asducational
sclences, in the organization of teaching, in the hinding
nature of course plans and in the administrative
responsibilities under the present conditions are guch

as to make this agreement an apparently Sisyphean task.

Because of thelr marginal status it is easy for mediating
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levels with coordinating functions to be choked out of
existence between various disciplines or between science
and school realtiy or to bhe swallowed up by one of their
more powerful partners. There is for instance ag ardent
dispute in the faculties about the institutional place

of the didactics of a subject which would have to fulfil
such a mediating function between the subject and the
educational sciences although there is no clarity about
the conceptual implications of a mediating function of
that nature and the position of the didactics of a subject
in teacher education (cf. West German Conference of
Principals (WRK): Proposals for Teacher Education 1975}
and although no corresponding emancipation of the didactics
of a subject from the subject and from the educational
sciences has to any great extent taken place. "In some
sense, the organization reflects the way 'knowledge’

is defined. A redefinition of knowledge (e.g. an inter-
disciplinary approach) will meet a number of constraining
factors, many of them reflecting power parriers within

the institution" (Dalin/McLaughlin 1975, p. 13).

All these points can only mean not to pitch one's hopes
too high as to the next steps in the reform of the education
of teachers of mathematics. Their institutional and
administrative back-up will be rather inadequate.

From the organisatory side the aim can therefore only be

to make use of the existing institutionalized channels of
cooperation and communication and to establish a network

of informal contacts between representatives of the various
areas of experieﬂeé concerned with the education of teachers
of mathematics. If however these informal contacts between
those concerned are to become productive, they must have

a content basis as a precondition for the exchange of
experiences and the development of common or coordinated

concepts of problems.

1t is not sufficient to merely coordinate the identification
110
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of shifts of topic areas and to create more efficient systems
of information and communication, because this does not change
the established state of knowledge and system of science

in any way. For the development of content basis the most
sensitive points in our opinion have to do with the
rélatiahship between theoretical education and practical
training on the one hand and between the subject—-related

and educational aspect of the education on the other. For

the first relationship the most promising startingpoints
seems to u% to be the use and the theoretical analysis

of the various procedures of simulating practical situations
as developed above all in the United States. The second
relationship necessarily implies a reconsideration of

the basis of the didactics of a subject. In the context

of a theory of teaching this would have to account in
particular for the institutionalized nature of teaching
processes and it is against this bamkground that it would
have to analyse the interrelationship of social and
subject=-determined aspects of school work.

A basic reconsideration of this nature includes the development
of a concept of general education which establishes connections
between the contents and methods of a subject, the personal
development of the child and the social function of the
appropriate science. It is this alone that enables the

teacher to relate consciously to problems of relevance,
motivational difficulties, but also to the essential
cooperatiom about content questions with ¢olleagues from

other subjects.

This raises of course also the question of possible aims

and @bje%ﬁives. As in organised caoperative working processes
ObjéétiVé%uGaﬁﬁﬁt be kept invariable and as this text can
only be an introduction to working processes of this kind,
the authors have adopted a certain reserve in this respect.
Factors ‘for the identification of aims would probably result
from analyses of the effects of completed or nearly

completecd changes in teaching and schooling on the Tole
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and task of the teacher as they are being attempted,
although non-subject~specifically, within the framework
of OECD {cf. OECD 1974).

One of these factors would be the subjective disposition
Reichwein 1971; Frech 1872); in view of the stated lack

of mediating institutions and of integration of the
content of practice~related knowledge these dispositions

gain additional importance. In this context, however,

one would also have t& consider the deterxmining influence
of schools as institutions to avoid asking too much of
the personality of the teacher and to attribute to it
what in fact has institutional reasons and is therefore
only changeable on the institutional leval.

A further factor whigh in our opinion has so far been
rather underestimated would consist in the development

of some subject-specific metaknowledge about the subijeet
content which could @nable people to keep & gritical

and conscious distance to reforms and at the same time

to contribute actively to them. This could become a
decisive link betwaeen the subject-related and the innovative
or pedagogical and paychological qualifications, since

it determines the contents within the saclal context and
under reference to the personal development of the child,
From the point of wiew of stabilising innavative subjective
dispositions the importance of the recourse to the subject
contents has also been noted in instances where the
innovation process is basically seen as the individual
enforcement of progressive attitudes resulting from
experiences made during university studies. "fiie von uns
erarbeiteten Ergebnisse weisen darauf hin (wenn sie diese
These auch nicht im strengen Sinne belegen), daf eventuell
der Immunisierungseffakt, den ein kritisches Hochschul-
studium gegeniiber dam Anpassungsdruck deyr Berufgpraxis
besonders wihrend das Referendariats haben kann, dann am
gr8ften ist, wenn inmovative Haltungen $ehr stark auch
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fachlich konkretisiert sind" (Frech 1974, p. 119/320Q).

In order to further clarify these ideas of objeativas
which we have intentionally left open, the follawing
deductions concerning the passing-on of theory and
practice in teacher education and concerning possible
formg of the subject-related and the didactic camponents
of & study course are put forward for discussion.

Individual integrative achievements and their support

in teacher education are to receive by far more atkention
thamn they have been given so far in teacher edugation.

For & practically efficient study course for teathers it

is peressary for every student to evaluate and t¢ integrate
gained insights with a view to his behaviour in his own
job. Teaching, more than any other activity, contimually
demands new achievements in the subjective reduction of
complexities which even an optimally integrated kind of
education can only prepare, but not entirely prevstructure.

This means that in the whole framework of theoretical and
practical education procedures of a reflective natura

are 0f great importance. They encompass all learming
sitvations in which personal knowledge, personal attitudes,
personal feelings and'persénal strategies of bahawiour

can be made conscious. This implies éroup dynami,e a@rangements
as well as aids for the clarification of subjesﬁiwa'@rgeesges '
of theory formation and of decision, the various kinds of
behaviour training as well as the support of saif%ﬂlagnﬂsié
and of the development of individual aim perspettives

and learning strategies. The discrepancy betwean thea
superficial objectivity of the contents and the ingwitability
of permanent subjective (aithaugh not necessarily irrational)
decisjons during studies and later is particularly wide in

the subject of mathematics; therefore reflective procedures
should also be used in a subject-related way,” &.9. Within
correspondingly structured learning sequences in the didactics
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Subjective interpretations of situations by the learner can
change curricular intentions to the contrary also in teacher
education. This' is quite cbvious for a central component
particularly of the traéiticnai’twaiphaSE-Educatién, viz.
for the first contacts with practice during studies.
Available international findings agree that the function

of school practice is seen differently by students as
opposed to lecturers or tutors. "At the moment school practice
fulfils diffuse purpoSes "and provides for wide but an-
differentiated larning experiences. The result is that
students have difficulties in realising and coming to terms
with their school practice role. This is apparent from the

amount of ambivalence and potential conflict revealed by
student responses. ... Their value systems ... indicate
that students place most importance on the opportunities
practice provides for the adjustment of the self to the
demands of the student teaching role" (Cope 1971, p. 107).

The important though ambivalent significance of this
experience for the ability to céggzyith the 'practice shock'
is continually being referred to. The variations developed
within reform conceptions as for the re-structuring of

the first contacts with practice are numerous (cf. Blick=
pﬁnkt Hochschuldidaktik 35, p. 237 seq.) but as yet not
sufficiently evaluated. The 'Empfehlungen zum Praxisbhezug
im studium' (Herz et al. 1975, p. 64) say in this context:
"Die hitzlg gefilhrten aber unabschliepbaren Diskussionen,
welche der alternativen Intentionen und Formen besser odex
gar einzig richtig sei, widren vielleicht Uberfliissig, wenn
es eine Sequenz funktional verschiedener Praxisphasen und
-arfahrungen im Studium gdbe." To agree with this view

does not yet mean to be in possession of an adequate
concept of differentiating the functions. However, the
following separation of three different functions suggests

itself: adaptation to a new social context while reducing
as far as possible additional subjective stress, systematie
exploration of the social context ‘school' (pre~structured
through theoretical kncwledge and specific abseréatigns),
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the trying-out of professional competencies in teaching.

For the last point the procedures for camnecting theory

and practice referred to in part 3 would be of particular
value and would at the same time offer the posaibility of
additional function-specific differentiations under the (
aspects of strategy formation, skill deweglopment, development
'of psycho-social competence etc. Parallel to growing
experience with individual functions the degree of
differentiation can be gradually reduced and the complexity
to be coped with be increased. It is indeed the great
advantage of reflective procedures to develop selection

and complexity in a systematic and consoious way. This
means that theoretical knowledge becomes easily connectable
and that experience with practice is deweloped which shows

. reality as consciously controllable and not so unstructured
as to leave adaptation as the only possible reaction.

The closer identifications of the problem of theor
practice which in America have led to a pragmatic restriction
to teaching in the narrower sense provide at the same time
the possibility to define more closely thelr relationship

to the teaching contents. The respective evaluation of the
various procedures as attempted in chapter 5 yields two

main results. First, by focussing on skills, concepts,

and models of teaching certain conceptual defirits in the
concept of content in these procedures hecome more apparent
and are at the same time more specifically identifiable.
During the development of Protocol Matexials for inastance

this became obvious in connection with the difficulties
resulting from the individual characteristics of didactic

as opposed to subject-specific or educational concepts.
Secondly; just because of their dual, 1.8, descriptive

and prescriptive, function many of thege procedures represent

a compromise between the passing-on of general educational
information and the unsystematic approdch to acecidental
practical occurrences. They therefora wffer more systematic
and concrete orlentations for didacties than the Fast=changing

121

115

_versus




'fashions' in the educational sciences or thanm practice
entirely based on 'craft traditions'. In this respect
these procedures if used widely and accompained by
corresponding pfogressive developments could become
integrative elements between theory and practice in
teacher education and could provide important impulses
for a re-definition of the basis of the didactics of a
subject,

It is changes in the subject and methods courses within
training which in our opimion provide the mogt hopeful
prospects although it is precisely the field of didactics
which has the greatest need for development.:

The specific difficulties of integrative attermpts in teacher
education which are the result of the previously .discussed
dual nature of theory in its relationship to practical
teaching are bound tao increase in future, since on the

one hand more emphasis is to be given to the subject
reference of teacher studies while on the other tle
educational and so6cialogical components are to be extended
and re-gtructured. In all probability the resgpective
disciplines and components will develop still further

away from each other while the didactic of the subject

are at present too feeble as integrative force to bhe

able to counteract this trend.

Capacity problems at university level encourage the tendency
of established disciplines to look after, and keep to,
themgelves and with this they contribute to the desintegration
and reduction of didactics, It is no surprise therefore

that at present the didactics of a subject are supported
neither by a developed system of educating theix own

future personnel norby a @Qeveloped and sufficiently
documented teaching tradition. Emancipation from the

concepts, approaches and kinds of teaching of the corres—
ponding science has bean slow; it is still true that neaxly

in all Colleges the subject-related component in the sducation
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of future teachers of mathematics is taken care of by
people primarily concerned with didactics and that the
more theoretical aspects of didactics are hardly reflected
in the tecaching at our Colleges (c¢f. Bauersfeld et al.
1971, p. 111). Lack of material and equipment is often
the cause of provincialism in work on didactic problems.
The construction of content-oriented courses at school
level has been very much the centre of interest of those
concerned with didactice, whereas basic problems and
problems of dissmemination are much less prominent and
have often been consldered untreatable even where they
have aroused interest (cf. Bauerafeld et al. 1971).

There is a wide gap between the objective demands on

the didactics of mathematics as an integrative diseipline
of teacher education and the present state of its con-=
ceptual and organisatory development. This can only be
overcome, and its key position in the framework of
teacher education been done justice to, by inereasing

the theoretical demands towards it and by confronting

it with more ambitious tasks. It is in this sense that
the following remarks about the subject studies of a

teacher are to be understood.

We start from the assumption that every teacher needs
wellfounded studies in the suhject itsalf. There are
indicatlions that teachers of mathematics with a more
thorough mathematical education are more flexible and

open in their teaching behaviour when dealing with materials
as well as when interacting with pupils. What is not

clear so far though are the problems of which kind of

mathematics teachers should know, how far advanced they
should be in individual mathematical disciplines and
what degree of specialization would be desirable (Begle
1972).

We consider it neither possible nor useful to look at the
mathematical studies of future teachers entirely from the
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perspective of their future profesaion, e.q. in the sense
of a curriculum instruction or a mathematically enriched
voralon of ‘elementary mathematics from a higher polnt

of view'. An education focussing extremely narrowly on
later professional activities would not do justlice to the
characteristics of the scientific disciplines (B.O. Smith
1969, p. 114) and would leave the teacher with a rather
distorted view of mathematics. In addition, the unsecure
professional perspectives of teachers make geparate study
courses for teachers have little to recommend themselves.
Instead, a high degree of flexibility in keeping the
options open between all kinds of study courses should

be aimed at.

We do maintain though that the teacher of mathematics,

as opposed to the future scientist or mathematician in
industry, should receive a relatively broad mathematical
aducation extending over a range of mathematical disciplines.
The teacher = much more than for instance a research
specialist = needs a comparatively broadly based mathematical
education; on the one hand because of objective professional
demands, on the other because the faculty to open up.
entirely new content areas in one's future professional

1ife cannot he rated very highly.

The +{ime available for the spuhject component proper of
the study course is severely limited. It seems sensible
to try to meet the resulting problems by instituting,

for the subject studies of prospective teachers, a series
of additional special courses with a different, e.g.
application- or method-related, orientation. "Analysis

of Algorithms" (D. Knuth 1968) would for instance be

arl appropriate topic in this context. Above all, however,
the greater differentiation of the mathematical studies
of prospective teachers is supported by the fact that
mathematical knowledge plays a different role in the
activity of the teacher than in that of the mathematician
in industry or research: "Nevertheless, it is impossible
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to disregard the complicated relatianxbetwean academic
disciplines and subject courses at general education
achools. Modern natural and social science disciplines

from which subject courses in secondary schools are
constituted are highly specialized and represent dynamic
research which very rapidly changes its standpoints and
methods. At the same time from the point of view of pure
research the relation of knowledge in natural and social
sclence to man is not relevant. This relation is however
important if a secondary school subject course created from
a number of partial disciplines is to fulfil its educational
purpose., This fact also should be taken into consideration
in courses in academic disciplines for prospective teachers
whose preparation should, at least in some of its components,
differ from that of researchers - a differentiation which
should take place particularly at the end of the period of
study.

It seems that this solution has a certain hope of success,
while extreme orientation of content and organization of
academic disciplines toward the teaching profession is
unacceptable to the university" (Kotasek 1972, p. 118).

it will be necessary to introduce a second level, a kind
of meta-level, as part of the study course. There, the aim
would be to gain 'knowledge about knowledge' as basis of
an introduction to the professional use of knowledge.

This 'knowledge about knowledge' would encompass first

of all knowledge of methodology and theory of seience,
secondly of the history of sclence, and third, knowledge
of the relationship of mathematics to other subjects.

Asvects of methpaglagyﬂand theory of science could initially

be treated on an explicitly theoretical level; topics e.g.
‘Mathematical Abstraction and Experience', 'Methods and
Structures of Mathematics', 'Problems of Application’,
iMathematfcal Sciences and Teaching' (cf. in this context
e.g. Weyl 1966 and Otte 1974b). Parallel to this there-is.. .-
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the possibility of personal learning strategies being made
conscious and developed while dealing with scientific

~ topics. Here, a special kind of anticipation of later
professional activities suggests itself: whoever, as a
student, has consciously followed his own learning process
in mathematics also in view of the relationship to various
teaching methods will have less difficulty in changing
over to the role of the teacher who must obviously keep
an eye on both sides of the teaching/learning process.
The so-called principle of congruence (van Dormolen 1974,
Springer 1973) attempts to provide a systematic foundation

'

for this connection.

Finally, the methodological aspect can also find expression
in practising special working procedures; a period of
practice in 'information processing' could for instance
provide explicit criteria about how to approach a
mathematical monograph, an entry in a work of reference,

a eourse book. Some of this can be realized within the
framework of the traditional seminars if these are provided
with a more method-conscious basis. "... in the conventional
lecture course it is the teacher who is responsible for -
collecting and preparing the material. He it is who irons

out conflicting pieces of evidence, and evaluates alternative
presentations. He, the teacher, learns as a result - we all
know that the best way to learn a subject is to give a

course of lectures on it. Yet students are traditionally
denied such opportunities for learning” (Howson 1975,

p- 22 seq.).

If pieces of methodological information are presented in
too high a degree of 'isolation and purity', instead of
being organisatory elements they can turn into hindrances
pre-structuring too narrowly the learning capacity and
cognitive activity in a formal sense in relation to the
subject and contents. "Wenn methodologische Fragen einzeln
herausgestellt werden, erweisen sie sich fiir den Unter-
richt als ein HuBerliches Wissenssystem und beeinflussen
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das Verstindnis und die Aneignung der Inhalte im System

nur unwesentlich, d.h. das Ziel, dessentwegen sie eingeflihrt
werden, wird nicht erreicht. Werden methodologische Kennt-
nisse nur in das Material hineingearbeitet vorgetragen, ge=
winnen Schiiler keine ganzheiﬁlichen Vorgtellungen Uber die
Methoden der wissenschaftlichen Erkenntnis ... daher ist es
zweckmiBig, methodologische Kennthisse {lberwiegend in

das Sachmaterial einzubauen, sie dabei aber einzeln heraus-
zustellen" (Zorina 1975).

It is ovur experience, too, that a "two track approach' is
necessary. Methodological knowledge has to a certain extent
to be presented explicitly in advance, since in teaching
one has to work right from the start with general
gselentific terms ('definition', 'concept', '‘method’ etc.)
whose structure and meaning should at least roughly be
familiar. Billeh et al. (1975) report on an empiric
experiment in conjunction with a summer course for gcience
teachers comprising the following topies: "What is science?;
Science and common sense; sclence and technology; art

of scientific investigation; nature of scientific knowledge
(characteristies, classification, scilentific theories,

and models); growth and development of scientific knowledge;
and sociological aspects of science" (Billeh/Hassan 1975,
p. 211) emphasising that "... the major component of the
training course that has contributed to the gain in
teachers' understanding of the nature of science was the
formal instruction in the nature and structure of science”
(Billeh/Hassan 1975, p. 216; similarly Carey et al. 1970).
To redress the balance it must be pointed out that
methodological information necessarily has a partly

formal status and should therefore as far as possible
always come into its own a second time as generalization

of experience gained from actual contacts with the subject

matter itself.

Historic aspects of science should form an integral part

of the studies of teachers to pass on at least some
127
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elementary knowledge about the dynamics of concept
development, of the specifiec nature of mathematical
matters and an understanding of interdependance of the
history of mathematics and social development. A
systematic justification can be found in Otte (1974a);
an adequate description of the problems connected with
the incorporation of historic aspects is given in
Howson (1975): "Yet teaching the history of mathematics
presents a great challenge. It is very easy for it do

degenerate into a collection of anecdotes, ...".

An example of what an adequate conception of teachers'
studies could look like can be taken from a publication
by Lakatos (1963). As regards the state of development
in view of the actual incorporation of aspects of the
history of science the following statement by Howson
(1975, p. 21) is probably representative also for

other countries: "In England it is not usual to offer

a ecourse on the history of mathematics within the framework
of the undergraduate course. Indeed, I bhelieve, that
and in permitting the student's work in it to affect
his degree classification.”

Knowledge about the relationship between mathematics and
other school subjects belongs to the essential amount

of knowledge of prospective teachers. The treatment of
applicational problems of mathematics presupposes already
some minimal knowledge of other subjects, and this 1s

even more so for complex objectives such as 'multidisciplinary
teaching'. Knowledge of this kind can be acquired within
the framework of special courses, e.g. on the theory

of science, but also by studying a second subject. Usually,
studies in two subjects are recommended for school
organisatory reasons (e.g. in Kotasek 1972, p. 199; or

in the National Council of Teachers of Mathematics,

14th Yearbook 1966). However, there are-also internal
reasons for studies in a second subject: Certain multi=-
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disciplinary qualificatiéns can be gained most economically
ot perhaps even exclusively on a comparative basis. In its
most radical form this insight leads to the demand (OECD
1972, p. 234): "It is necessary for the future teachers

to get the feel and practice of pluridisciplinarity

right away."

The demand for studies in two subjects for teachers of
mathematicas does not necessarily imply that the second
subject must be one of the natural sciences. On the
contrary, to devélcp a realistic view of the possibilities
and limitations of mathematics and in order to keep a
reciprocal check on one-sided views as encouraged by
subject-specific studies it is in particular the combination
with a sﬁbjgét from the social sciences which offers
excellent possibilities. Since there is not doubt that

the teacher is faced with enormous problems of integration
in the cognitive field, problems of the relationships
between the various disciplines of the natural and the
social sciences ~re deservedly of interest for teacher
education. It is well conceivable that the cooperation
between teachers of different school subjects later in
everyday school teaching is as highly important as the

so far underdeveloped though essential cooperation and

communication between the teachers of mathematics themselves.

H
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