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I. Introduction: three examples 
This paper is devote d to the relation shi p between mathe
matics and the social use of mathematics, i.e. the applica
tion of mathematics in and by society . I intend to focus on 
some aspects of the topic on a more theoretical level of 
consideration which , as far as I can see, is still much 
neglected. As a consequence, in my view, much labour in 
the domain is spent in vain. 

As an introduction to more general observations I will 
report three short clas sroom stories. They represent 
rather typical classroom situations, characteristic of the 
problems rooted in the relationship in question. 

The first, borrowed from Alan Bishop , refers to an 
aboriginal student who had studied some mathematics at 
school." ... (he) told me that in his village in Papua New 
Guinea, when there were disputes about areas of gardens 
the measure used was that of adding the length and the 
width (the gardens were roughly rectangular). For him, to 
multiply these was the "white man's system" which he 
had learnt at school, but at home he would always add!" 
[Bishop 1988, p. 35) 

The second case I met in an English comprehensive 
school, but it could have happened anywhere in Germany 
or France as well. It was a lesson under the heading of 
"ratio and proportion" and the teacher told me that she 
wanted to approach the mathematical concepts in a prac
tical way. So she offered the following question: "Some
body is going to have his room painted. From the pain
ter's samples he chooses an orange colour which is 
composed of two tins of red paint and one-and-a-half tins 
of yellow paint per square meter. The walls of his room 
measure 48 square meters altogether. How many tins of 
red and yellow are needed to paint the room the same 
orange as on the sample?" The problem seemed quite 
clear and pupils started to calculate using proportional 
relationships. But there was one boy who said : "My father 
is a painter and so I know that, if we just do it by calculat
ing, the colour of the room will not look like the sample. 
We cannot calculate as we did, it is a wrong method!" In 
my imagination I foresaw a fascinating discussion start
ing about the use of simplified mathematical models in 
social practice and their limited value in more complex 
problems (here the intensifying effect of the reflection of 
light), but the teacher answered: "Sorry, my dear, we are 
doing ratio and proportion." 

The third story happened in a German school and is 
about a lesson given by a very ambitious teacher who 
emphasizes the practical value of mathematics to the 
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pupils. It is a problem about "wasting energy" which she 
report s in a book on "Practical learning in mathemati cs 
and sciences". [Kammerer , 1988) In a previous lesso n, the 
class had discussed the way that energy is wasted. A vivid 
debate among the students was going on when the 
mathematics teacher came in. The question they were 
arguing was whether an individual could contribute sen
sibly to saving energy, e.g . by being careful at home. 
Spontaneously the teacher had the idea of showing how 
mathematics could help to make argumentation rational 
and to clear up debate. She set the following task: 

"Let us assume that the radius of a..cooking pot is 
half the radius of the electr ic plate, how much 
energy is wasted? 
a) Give an estimate in percentage form! 
b) Give reasons for your estimate and check by 

calculating!" 

The teacher also had it in mind to do some remedial work 
on the formula for the area of circles and comparing the 
relative areas of circles to their relative radiuses, focusing 
on the difference between linear and quadratic relations. 

Their estimates were about 20% or 30%. Now she 
directed them to the second task of checking the estima
tion by calculating. Students went into the school kitchen 
to measure some pots. With the teacher's help and insist
ence, finally all of the pupils arrived at the nice and 
surprising result : if we cook under the above condition s, 
75% of the electrical energy will be wasted. 

Several girls did not believe that the result was correct, 
in spite of their calculations. They did not trust the 
numbers: "In reality it is not like this!" A normal mathe
matics lesson would have ended here. In this case, it did 
not. The teacher thought that the superiority of the 
mathematically established result could easily by proved 
by an experiment. One litre of water was brought to the 
boil in the smallest pot available, and then another litre in 
a big pot, and the respective times needed were measured. 
Although crude, the result of this experiment was most 
surprising for the teacher: there was no significant differ
ence between the boiling times for the two pots; contrary 
to the result of the calculation, the smaller pot even 
needed slightly less time. The girls reacted: "We knew 
from our experience in the kitchen that it does not matter 
very much". 

What do these stories tell us? All of them deal with 
geometrical concepts, namely areas. From the first to the 
third, the view focuses down from very general to quite 
specific problems of mathematical applications as re
flected in school mathematics. 

The first example shows a difference in the treatment of 
applicational problems in school and in society, which 
here apparently is due to the different cultures effective in 
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a mathematics education imported from one culture to a 
country with quite another one. Admittedly this is an 
extreme example, but it shows all the better that even the 
simplest use of mathematical models in social reality is 
bound to and relies on a specific background of values 
and intentions: on the one hand an exact, however 
abstract, rating of ground by referring to the predominant 
criteria of individually-owned ground versus commons, 
to taxes, rents, prices; on the other to a concrete under
standing of a garden as a useful piece of land, implying a 
manageable (rectangular) shape, and with characteristics 
such as shadow, humidity, quality of soil, that are much 
more important than the precise size. In Euro-American 
societies, such qualities might be expressed in a price per 
square meter; in Papua New Guinea they remain the 
properties of a specific garden. For the comparison of 
gardens, the size, as approximately indicated by the sum 
of length and width, may be, after the comparison of more 
relevant properties, a largely sufficient criterion of de
scription. 

The second example may contribute to the recognition 
that society reproduces its culture in its youth, but not by 
making its youth understand its culture. Certainly the 
latter is not reproduced to the same degree. So it may be 
regarded if not as a deliberate, yet as an effective, end to 
this purpose that the application problems provided by 
mathematics education do not really refer to social prac
tice, but serve as more or less artificial embodiments of 
mathematical concepts or techniques without practical 
correspondence. Students come to understand that their 
practical knowledge may be irrelevant in school math
ematics. 

In the second example the teacher may simply have 
been unwilling to leave the old rut for a moment or she 
may have been aware of the contraints of her syllabus or 
the risks of a piece of reality she was just not too familiar 
with. In the third example on the other hand the teacher 
gets lost in the complications of the matter. She is not 
even aware of the reasons for the fiasco: the mathematisa
tion of the problem mismatches reality by inadmissible 
simplification (equating area to amount of energy) to a 
degree that spoils the result. She gives a faulty example of 
dealing with technology to her students and the result is 
certainly fateful for their understanding of applied math
ematics. 

If we take a second look at these examples we may find 
that the first of them suggests an explanation of the 
second and the third: it may make us feel we are looking at 
the small visible top of a tremendous iceberg when dealing 
with the social practice of mathematics in terms of con
ventional mathematics applications in the classroom. We 
may either stubbornly contend that the visible top is the 
whole, and continue to cling to a mathematical pro
gramme, which is very helpful in this case-this is the 
second example. Or we may bravely acknowledge that 
there is something under the surface and get hold of one 
or another odd piece of context, only to again miss the full 
complexity of reality-this is the third example. 

How can we resolve the dilemma? In my opinion, there 
cannot be any promising resolution without an attempt to 
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get a more comprehensive notion of the complexity of the 
iceberg, i.e. mathematics in social practice. Our first 
example suggests that by the very fact that social practice 
is involved, mathematical application is inextricably 
interwoven with the constituent components and hold
ings of a culture. The impact of culture is effective in both 
the conditions, values, intentions, which direct us, and in 
the technologies which the culture has developed and 
keeps at hand for us. In Papua New Guinea the technol
ogy for measuring "area" is addition of lengths; in our 
culture it is multiplication. 

In the following I shall concentrate on the role of 
technology as it mediates the use of mathematics in social 
practice. This will allow me to keep closer to our topic 
(and nonetheless provide a notion of the pervading influ
ence of cultural premises). 

II. What ls technology? 
Using a definition of the German sociologist N. Luhmann 
[Luhmann, 1982], technology can be seen as "the science 
of the causal relations which underly practical intentions 
and which have to be acknowledged if these intentions 
aim at success". Technology is therefore determined by 
causality (presupposing the aptness of chronological, lin
ear, regular order), rationality (following the scheme of 
means and ends) and sociality (since the ends of actions 
are determined by social subjects). 

The point of interference of mathematics within this 
complex is the causal-logical order as a prerequisite of 
any mathematical modelling, the mathematical model 
both providing the means of acting and delineating a 
scheme for action. Action is rational if both the context of 
action and the adequate modelling follow the principle of 
causality and if it corresponds to the "practical inten
tions" which prompted the action. The ends of action 
represent a second constituent of mathematical modelling 
and by these the technologically determined structure is 
infused with social implications and significance. The 
context of the action may be mathematics itself; in this 
case the role of a mathematical model may contribute to 
the technology of mathematics which in turn may gener
ate more generally applicable mathematical techniques. 

This statement about the relationship of mathematics 
to technology includes also a relation to school mathe
matics. If mathematics is a necessary and essential
although not the only-precondition of technology, then 
mathematics teaching and learning is a necessary pre
requisite for everyone who wants to understand and 
reconstruct or develop technology-and to judge its use 
or abuse. 

On the other hand one can only partly be introduced to 
an understanding of mathematical technology by refer
ring to mathematics itself, since the means-and-ends
relation stringently requires knowledge about both the 
objective and subjective contexts of the interference as 
well. Hence an introduction to the understanding and 
evaluation of technology within mathematics education 
cannot be restricted to mathematical techniques or theo
rems but must constantly refer to a broad understanding 
of the subject of the context. 
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111. An example of technology: the 
mechanical clock 
Let me illustrate these abstract considerations by an 
example of technology familiar to all of us. I draw on L. 
Mumford's fascinating interpretation of the mechanical 
clock [Mum ford, 1977]. The invention of the mechanical 
clock represents a qualitatively new stage in the develop
ment of technology: all technological tools and instru
ments so far had served as extensions of man's natural 
abilities. The clock, however, is no longer a sort of artifi
cial, multiplying prosthesis; the mechanical clock is a 
machine which functions by itself. It is the first auto
nomous machine. Its construction is based on a particular 
perception of one aspect of nature, namely, time in rela
tion to the movement of the planetary system. This 
approach is generalized and condensed to a mathematical 
model, transformed into a technological structure, and as 
such installed outside its original limited realm of signifi
cance. Earlier human perceptions of time, which had 
grown out of both individual and collective experiences 
and remained bound and restricted to these, were now 
rivalled and ultimately substituted for by this novel way 
of perceiving time. 

Its superiority consists in its regularity, uniform valid
ity and presence, by all that makes it an extraordinary 
tool for measuring. However, the notion of time now 
loses its connection to and dependence on concrete sen
sory experience . From being a physical notion time 
mutates to become a part of social organisation. 

The consequences and implications of this change can 
hardly be overestimated. 

-a new understanding of time develops: time particu
larized by arbitrarily regular units comes to be 
viewed as a sum of such units. The association of 
time with periodical or circular movements is now 
replaced by the idea of time as an irreversible pro
cess. The telelogical Christian view of time merges 
into concepts of progress and endless evolution; 

-the mechanical clock extends the domain of quanti
fication and measurability. Applying measure and 
number to time means measuring and quantifying 
all other areas, in particular those where time and 
space are related to one another. The measurability 
of time pushes forward the development of the nat
ural science as (empirical) sciences of measurement 
(and hence objective sciences) and mathematics as 
the theory of measurement. The problems of con
structing precise and accurate measuring instru
ments become a concern of mathematicians; 

-the new concept of time encourages explorative 
approaches to reality by suggesting an interpreta
tion of the world as a machine, as an extension of 
the model of the mechanical clock as a sum of 
autonomous subsystems which arbitrarily can be 
atomized and synthesized; 

-the clock, used from the beginning as an instrument 
of social order and social coordination, changes the 
organisation of social life by following rigid "objec
tive" determinaiion, organisation and control of 
various social interactions. 

Thus the mechanical clock changed the relation between 
mankind and reality far beyond its original domain of 
application. It initiated the creation of a second nature 
totally reconstructing the first, exclusively admitting 
objective, mathematical laws, devaluing the authority 
of individual and collective (subjective) experience or 
insight. 

IV. Mathematics of social practice 
The above example confirms the truism that technology, 
and hence mathematics, pervade present day society, and 
to a degree far beyond the plain presence of the technical 
apparatuses which surround us. So we easily accept the 
following statement as a commonplace: "The ultimate 
reason for teaching mathematics to students at all educa
tional levels, is that mathematics is useful in practical and 
scientific enterprises in society" [Carss et al., p. 19]. 

As often with trivial wisdom, we do not really reflect on 
it. Otherwise we might note that it is more of a conjura
tion than a justification. For it does not help to explain a 
contradiction which has been with us for a very long time, 
namely 

no modern society can exist without mathematics, 
but 

the overwhelming majority of people in a modern 
society can and do live quite well while doing hardly 
any mathematics. 

In fact, the hand-calculator is the culmination so far of a 
development by which, while reality is being structured 
more and more by mathematics, the average individual is 
more and more relieved of the need to use mathematics. 
The old objection to learning mathematics-again and 
again nourished by common practice and proved by 
empirical research-that in general one does not really 
need the mathematics learned at school-seems more 
justified today than ever. 

It is true, of course, that an immeasurable amount of 
mathematical knowledge is available today and is rapidly 
expanding, and that there exist people who professionally 
use specific sections of this knowledge. However, the very 
scope of it and of its eventual specialisation puts it beyond 
general education, and, as R. Rischer [Fischer, 1984] 
points out, numerous agencies outside school fill in this 
gap, and they are much more prepared to provide special 
knowledge purposefully and effectively to those who need 
it. In fact, the need for high achievement in mathematics 
for all cannot be justified by this kind of argumentation. 
So what do we do about the contradiction between the 
increasing mathematisation of modern society and the 
potential demathematisation of its members [Chevallard, 
1988]? 

Demathematisation is brought about by the very exist
ence of the products of our technologically-structured 
environment: demathematisation is inherent in these 
products as it is in technology. 

If we turn back to an early technological achievement 
as represented by the clock, we immediately see that the 
original mathematical considerations which resulted in 
the conceptualisation of the clock and its eventual con-

9 



struction may be extremely far from the thoughts of an 
actual user of a watch who does not wish to miss his train. 
And so may be all the subsequent additions of mathemat
ical and technical ingenuity up to the quartz-crystal clock 
and digital equipment. They are all incorporated in the 
actual instrument-and yet, to use it appropriately, we 
need not have the slightest idea of them . 

Thus it is an effect of technology to be a suhstitute for 
our own imagination, mathematical knowledge, and 
technical skill; and even more; it summarizes the best 
talents of generations of specialists before us. It is con
ceived to replace them. 

Thus the quintessential product, which is in our hands, 
makes the enclosed mathematics implicit mathematics. 
Mathematics continues to be effective, but without 
requiring respondent capabilities on the user's side. That 
is how demathematisation takes place. Whereas explicit 
mathematics vanishes beyond the clouds in the summits 
of research and extreme specialisation, implicit mathe
matics makes mathematics disappear from ordinary 
social practice . 

From time to time flashes of lightning from the heights 
of explicit mathematics illuminate society. Scientific 
mathematics is the more met with respect the more it is 
wrapped in mystery and the more astonishing technologi
cal achievements it apparently inspires. On the other hand 
Jess attention is given to implicit mathematics-which is 
also how school mathematics reacts to these phenomena. 

v. Technology In school mathematics 
The pretence of the usefulness of mathematics as the 
ultimate justification for school mathematics must be 
viewed in a historical context. The period of the demathe
matisation of everyday social reality was preceded by a 
period of trivialisation of mathematics [see also 
R. Fischer, 1987]. Trivialisation resulted from both the 
more general use of mathematics in social practice and the 
didactical improvement of schools, which enabled mathe
matics to be taught at ever earlier stages; e.g. arithmetic 
shifted from university level to the elementary school. 
Whereas the importance of mathematics as a formative 
discipline decreased, the demand for socially useful 
mathematical training became more and more pressing. 

The argument of usefulness was readily adopted by 
educators, and in fact became their greatest asset in 
arguments in favour of general mathematics education. 
And it is still viewed as such by many educators, as the 
above quotation shows. In my opinion this position car
ries great risks. It is not difficult to foresee that the legiti
macy of general mathematics education will again be 
placed on the agenda. Already at the present time infor
matics rivals mathematics in its claim for social useful
ness, and already now the progress of demathematisation 
can hardly be overlooked. 

The argument of usefulness could easily prove to be a 
deadlock. lfthe claim of usefulness is upheld, the phenom
ena of demathematisation cannot be acknowledged, for 
demathematisation makes the usefulness of traditional 
general mathematics education fictitious. Thus if the idea 
of usefulness is upheld, the problems of mathematisation 

and demathematisation in modern society cannot become 
a matter for concern and appropriate response . And this 
is indeed what we observe in current mathematics edu
cation. 

How is technology dealt with in present day school 
mathematics? Technology is not a topic in mathematics 
education . There is no planned, purposeful treatment of 
the ends and means of technology . Although mathemati
cal techniques and technological constructs appear in 
school mathematics teaching in various ways, they serve 
quite different ends. They are mostly determined by 

- educational policies and their established claims 
("social needs"); 

-by didactical-methodological intentions (artificial 
tasks dressed up as "problems", "embodiments" of 
mathematical structures, the introduction of mod
ern technological equipment for various purposes); 

-by pedagogical conceptions in which technolog
ically-determined situations or subject matter play 
different roles. 

Among the latter, the following more influential tenden
cies expressly address technological phenomena. But they 
are not the only ones and they may occur in various 
blends. 

- There is still much impact from the old utilitarian 
conception of school mathematics which aims at a 
simple and direct correspondence between school 
tasks and those in social practice. The mere persist
ence of a body of such tasks has survived in many 
curricula far beyond any practical significance. By 
these tasks no understanding of technology is 
intended nor achieved. 

-In opposition to this approach other didactical 
moves have a compensatory intention. They also 
reiate school mathematics almost- exclusively to 
technologically-determined social practice, aiming 
however to back up the individual against the pres
sure of society. There is integrated mathematics 
teaching and project work, but mathematics is only 
dealt with as a means of problem solving, only the 
instrumental aspect is recognized, and the theoreti
cal level of mathematics, its systematic aspect, and 
that of technology are rarely attained: mathematics 
ends in "daily life" practice, as does technology. 

-Another approach attempts to combine methodo
logical or psychological demands, a social perspec
tive, and an (implicit) orientation towards mathe
matics and the sciences as theory. Mathematical 
concepts and theoretical insights are developed 
through teaching units which start out from techno
logically-determined situations. 

We may roughly state a progression-both historically 
and in the awareness of complexity-in the sequence of 
these approaches. Traditional instruction which mainly 
aims at practical skills is complemented by the goal of 
understanding the mechanisms, and to ensure this the 
conditions of cognitive development may in addition be 
observed. The claim of greater realism extends particular-



ized tasks to larger sections of social practice and, finally, 
pedagogical intentions may also envisage conveying an 
introduction to the theories of mathematics and the natu
ral sciences. 

These approaches either aim to master different activi
ties related to technological phenomena (with varying 
ideological undertones), or they refer to these phenomena 
for other purposes, e.g. for learning mathematics. Accord
ingly their concept of usefulness, rarely explicitly stated, 
varies from merely functioning in pre-determined social 
practices, to competence on a more general level of 
actively using mathematics and technology . 

None of these approaches explicitly responds to the 
dilemma of mathematisation and demathematisation. As 
the dilemma is at the same time a social problem - taking 
part actively in the process of mathematisation being a 
matter for professions with high social standing-it can 
easily be left to separate consideration along with tradi
tional problems of differentiation. 

Already today we may say that arithmetical operations 
as processes carried out within human brains have largely 
disappeared from vast areas of social practice. For rou
tine cases in specific jobs the necessary formulae are at 
hand and the operations themselves are executed by a 
machine. Under these circumstances, the maintenance of 
extensive arithmetical learning in mathematics education 
is either beyond justification ("you simply must know 
how to ... "), or founded in nostalgia ("at least once in 
one's life one should have done .. . "), or merely a relic in 
the syllabuses, or a formative enrichment like art and 
music which at best feeds into leisure time occupations . Is 
that usefulness? 

I would not criticize any such justifications if we could 
be sure that the respective organization of mathematics 
education would not miss truly essential requirements. 
However that, I fear, is what occurs. 

As we know, the increasing use of technology-that is 
to say, of rational devices in social practice-has not 
fostered a rational reconstruction of social processes. 
Instead, paradoxically, it has created further mystifica
tion. Ever more processes disappear into the black boxes 
of technological instruments, and in them the processes 
become ever less reconstructable-so far in fact as to 
definitely defy intellectual control, as happens with very 
complex computer programs involving a large group of 
specialists [Weizenbaum, 1967; Boo!l-Bavnbek, 1988]. 

At the level of daily life mystification is much more due 
to insufficient comprehension. And comprehension here 
not only refers to acquaintance with mechanical struc
tures, as didactical approaches mostly suggest, but also to 
understanding the significance of their use. 

VI. Another example of technology 
What I wish to say about this can best be illustrated ~Y 
another example. I propose to look at the economic 
instrument of double-entry bookkeeping. It is not an 
autonomous but a somewhat detached system which 
early on spread beyond the field in which it emerged to all 
economic areas. Its efficacy is based on three character
istics [Damerow et al., 1974]: 

- the entire calculation system of an enterprise can be 
organ ised acco rding to a single, uniform reference 
unit and relative to one function. The reference uni t 
is the capital invested; 

- it allows all the proces ses or events within the eco
nomic system to be formalized and thus to be oper
ated on in terms of mathematics; 

- as a result of the complete formalization of all the 
processes the mode l is an excellen t instrument for 
controlling and directing the enterp rise. 

Double-entry bookkeeping brought ab out two funda
mental innovations which initiated and fostered a devel
opment towards modern economic systems, but in turn 
only came to display the whole range of their possibilities 
and implications under the condt ions of more developed 
economic systems. One innovation was to treat all the 
processes of trading - both of transformation and change 
of value within a system-as detached from their real 
concrete properties, exclusively and uniformly according 
to the rules of the calculation model. The other innova
tion was to separate labour structurally from capital: 
within the system labour is necessarily treated as costs 
whereas added value and profits are allocated to capital. 

The development of this model can plausibly be 
explained by its origin: it really was a product of practice , 
not of theoretical construction. It originated from the 
business activities of the big trading and banking houses 
during the Renaissance, where all merchandise exchange 
was integrated within banking activities and hence all 
goods tended to be treated as having exchange value or 
capital value only, not in terms of their concrete signifi
cance or utility. 

Whereas the calculation model was well in accord with 
the practices and requirements of the banking houses, at 
the same time it offered a completely new interpretation 
of the economic process of manufacturing and of indus
trial production. By its transfer to these areas the eco
nomic model of capitalist calculation became an enor
mous stimulus and driving force for development. The 
word "capitalist" here does not emanate from philosophy 
or ideology but originally appropriately denoted~ capital
centered technological construct for controlling and 
directing economic processes. 

An important implication -if one may so so, the devil 
in the machine-is the fact that the orientation to capital 
is built in, implicit and eventually unnoticed. When apply
ing the machine this orientation is adopted , consciously 
or not, with all its consequences and implications. The 
logic of the machine produces arguments and seemi~gly 
obiective constraints which on the basis of other premises 
might look quite different. 

Inside this mechanism is mathematics-at the core of 
the technological system. It may give an idea of what 
implicit mathematics is. Because of its enormous diffu
sion the double-entry model penetrates practically all 
fields of social practice related to money. And like crystal
lisation in a liquid, which starting from one point expands 
over the whole surface, the calculation model sets going 
systematization and formalization all over the area w~ere 
it is applied. In industrial enterprises where for a long time 
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production followed its own traditional patterns, "scien
tific management" and "system analysis" ultimately led to 
the restructuring of all production processes in the most 
minute detail towards the goal of systematization and 
standardization in order to bring them under the control 
of the calculation model and its prescriptions. 

The balance of trade is the centerpiece of the technol
ogy of economics. It determines prices, taxes, wages every
where. This is the most obvious way in which the techno
logical system interferes directly with the daily life of all of 
us, and again and again challenges our competent reac
tion. Does mathematics education in any way contribute 
to the preparation of students to face reality, so as to 
improve their chances of meeting this challenge compe
tently? I do not think so. 

vu. school mathematics and the 
Intercourse of mathematics with reality 
I hope that the above example may have helped to sub
stantiate my previous statement about the mathematics 
implicit in technology. And it may have become clear that 
teaching mathematics as such-whether as extensive 
arithmetic or as advanced new mathematics, whether 
illustrated by tasks from social arithmetic and science or 
not - is not the solution of the problem and does not even 
address it. The problem is that of making implicit mathe
matics explicit and elucidating the significance of its 
application. That is to say: addressing the intercourse of 
mathematics with reality. 

The focus of all the elements of any technological con
struction is the mathematical model. In it mathematics 
and reality concur. It represents an intermediate level 
between mathematics and reality and hence requires 
translations and interpretations to relate it to the different 
sides. Mathematics has, and real objects and contexts 
must have, specific properties which enable them to 
merge into instruments for rational and purposeful act
ing. So it is crucial to understand these in order to under
stand technology [Skovsmose, 1987). 

On the mathematical side is its dual aspect: mathemat
ics as means and as system [Fischer, 1988). Mathematics
as-means is the instrumental, procedural, hence techno
logical quality of mathematics, whereas mathematics
as-system refers to its axiomatic order and systematic 
relations which represent the prerequisites and basis for 
mathematical acting, whether in pure mathematics or in 
applications. For mathematics the coincidence of both 
the instrumental and the systematic aspects are constitu
tive, as mathematical concepts are always means and 
system at the same time , and mathematical activity pre
supposes an awareness of this fact. 

Contrariwise, in the concretisation of a technological 
structure outside mathematics this balance tends to get 
lost: it is just in order to make do without the systematic 
background that the construction is undertaken. The 
mathematical process is encapsulated in the technological 
structure - the application is cut off from the require
ments of explicit mathematical knowledge, it has no 
regard for a posteriori deduction or understanding. 

On the side of a piece of reality and its context, which 
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has become the object of technological structuring, the 
concurrence with a matching mathematical model pre
supposes a theoretical conceptualisation of that part of 
reality in question. Theories about objects are inter
mediate steps of formalisation by which relevant elements 
or properties of the object are selected and their relation
ships determined. 

Only in very simple and uninteresting cases will we find 
a direct and obvious one-to-one-correspondence between 
model and object. This means that normally a model is 
not a model of reality as such, but a model of a conceptual 
system, created by a specific interpretation based on a 
more-or-less elaborated and more-or-less explicit theoret
ical framework. The establishing of conceptual systems 
takes place in different ways depending on the technology 
in question. 

The mathematical model provides a morphism to this 
conceptual system and reveals possibilities of applying 
mathematical techniques: If the model is based on an 
exact, verified scientific theory of the object, the validity 
of the model can be verified by empirical data. If the 
model is based on various contradictory theoretical 
approaches, it is necessary to analyze all the premises and 
assumptions of these approaches. 

The intentional orientation of a technological con
struction already influences the selection of theories 
about the object and the subsequent transforming of ele
ments of reality into the conceptual systems. Purposes 
and interests directly determine the process while they 
shape the construction, and finally intentions determine 
the uses of the structure which may be quite different from 
those originally envisaged. 

VIII. Conclusion 
Let me try to draw a few conclusions from these peculiar
ities of technology . The most obvious insight, I think, is 
that we cannot hope to provide a serious and appropriate 
approach to the phenomena of technology by treating 
them in a by-the-way manner , by incidental glances from 
a "regular" mathematics syllabus. We cannot expect to 
convey understanding by using mathematical applica
tions just for the illustration of mathematical concepts. 

Reconstructing technological instruments-not simply 
using them-requires, if not the same ingenuity (for we 
already know the results), but nearly as much understand
ing of the contexts and backgrounds, in both mathemat
ics and reality, as did the original construction. Under
standing technology demands full consciousness of the 
connections, relations and processes on different levels of 
application -a meta-level of knowledge, consideration, 
and communication. 

A major requirement to this end -a nd at the same time 
a major deficiency in present-day mathematics and 
education - is a very strong emphasis on reasoning, inter
preting, reflection and an experimental attitude. With 
respect to mathematics this in particular means stressing 
the systematic aspect of mathematics, and making the 
dual character of mathematics a subject of educational 
study. In fact one may state that the actual presence of 
applications in mathematics teaching tends to prevent 




