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Table ronde 3 
Experimental Sciences and Mathematics : What mutual benefits ? 

 
Michèle Artigue, Université Paris-Diderot – Paris 7  

 
This round table addresses a crucial issue both for mathematics and sciences teaching: that of 
their mutual relationships. It is usual to stress the specificity of mathematics among the other 
sciences, by arguing of the abstract nature of its objects and of its specific deductive method 
of proof. Such visions tend to occult the constitutive role that mathematics have always 
played and increasingly play in scientific conceptualizations, and conversely the role that 
problems emerging outside its own domain play in mathematical developments. Such visions 
also present a very limited vision of mathematical activity which is far from being restricted 
to the elaboration of deductive proofs. They are very often reinforced by school curricula and 
practices where each scientific discipline appears as an isolated continent. Such situation 
serves neither the cause of mathematics, nor that of sciences. As President of the International 
Commission on Mathematical Instruction (ICMI), I was thus very happy when I was informed 
that, in this conference focusing on the teaching of sciences, a place would be open for 
discussing the issue of relationships between mathematics and sciences teaching, and what we 
can do at the European level for improving the current situation.   
 
Many questions immediately arise, and among these the followings: 

• What can be expected from improved connections between mathematics and sciences 
teaching and why?  

• How can these expectations be progressively achieved along the school grades, and 
what is needed for that? 

• How can Europe support efficiently such efforts? 
• What priorities, what agenda could make sense? 

 
There is no doubt that the reflection to be developed does not start from scratch. Educational 
research has already addressed the issue of relationships between mathematics and sciences 
teaching from a diversity of perspectives. Many experiments, innovations, institutional actions 
have already been carried out. What can we learn from these? How to think and manage the 
up-scaling of the existing successful experiments often of limited scope? 
Even if the question of relationships between mathematics and sciences education is not new 
at all, and can be traced in the history of mathematics and sciences education, there is no 
doubt that the technological evolution affects both our vision of it and the strategies and 
means at our disposal for addressing it. How can we put the digital world at the service of the 
required changes? 
Whatever be the affordances of technology, the key of evolution in that domain as in any 
educational domain is the teacher. How can teacher initial preparation and continuous 
professional development support the required changes?  
 
The round table is devoted to these questions. We will focus in it on compulsory schooling, 
having in mind that the mathematics and science teaching we consider aims at being 
accessible to all students, and make the success of all possible. Four experts have been invited 
to contribute. I will introduce them now, following the order in which they will speak.  
 
Manuel de Leon Rodriguez, who is the current Director of the Institute of Mathematical 
Sciences in Madrid and vice-President of the International Mathematics Union, will thus 
speak first, pointing out that a major difficulty in mathematics education consists in making 



our students perceive that mathematics is a living discipline, closely connected with the most 
relevant problems of the modern world. He will advocate that the connection between 
mathematics and sciences on the one hand, the transposition into primary and secondary 
schools of mathematical research practices on the other hand, can help us overcome this 
difficulty.  
 
Ola Helenius, who is Deputy Director at the National Center for Mathematics Education, 
University of Goteborg, will pursue the reflection, relying on ideas from a national project he 
is involved in, aiming at the improvement of mathematics education and co-operation 
between education in science, technology and mathematics in compulsory school. He will 
address the three following issues:  

• the role that concrete objects and contexts can play in the emergence of mathematical 
concepts and how this can be combined with the development of mathematical 
abstractions; the ways relationships between mathematics and natural sciences can be 
efficiently transposed into education for the mutual benefits of mathematics and 
science education, and the students’ diversity made a power not an obstacle.  

• the evolution of mathematical tools required by scientific and technological education 
along the grades. 

 
Celia Hoyles, who is professor at the London Knowledge Laboratory, University of London, 
and the current Director of the NCETM (National Centre for Excellence in Teaching 
Mathematics) will rely on her research experience on the use of technology for mathematics 
learning and on teachers’ preparation and professional development for approaching the 
issues at stake from the technological and the teacher perspectives. She will stress the 
potential offered by digital technologies for establishing productive connections between 
sciences and mathematics teaching, through modelling activities, but also the attention to be 
given to continuing professional development (CPD) for teachers if one wants this potential 
become effective, and she will present some ideas of effective. 
 
Finally, Volker Ulm who is professor at the University of Augsburg, and Head of the Chair of 
Didactic of Mathematics, adopting a systemic approach, will address the crucial issue raised 
by the successful development and subsistence of substantial innovations, pointing out the 
problems raised by the steering of complex systems such as educational systems are, and 
making suggestions for overcoming these at the European level inspired by the Pollen and 
SINUS programmes.  
 
After their presentations, the word will be given to the floor, and I invite you to prepare 
reactions to the contributions, comments and answers regarding the questions at stake, and 
also raise important points that we could have missed.   
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Les relations entre enseignement des 
mathématiques et des sciences

• Une question importante et complexe du 
fait : 
– des liens profonds qui unissent les 

mathématiques et les sciences, en tant que 
champs scientifiques,

– des perspectives et pratiques dominantes 
dans l’enseignement qui tendent à considérer 
chaque discipline scientifique comme un 
continent isolé, et à opposer les 
mathématiques aux autres champs 
scientifiques.



Une multiplicité de questions
• Que peut-on attendre d’une meilleure 

articulation entre enseignement des sciences et 
des mathématiques, et pourquoi ? 

• Comment ces attentes peuvent-elles être 
satisfaites, progressivement, au fil des niveaux 
d’enseignement, à quelles conditions et avec 
quels moyens ? 

• Comment l’Europe peut-elle soutenir 
efficacement de tels efforts ?

• Quelles priorités ? Quel agenda ?



Une réflexion qui ne part pas de 
rien

• De nombreuses recherches, expériences, 
innovations, actions institutionnelles ont 
déjà été développées. 

• Quelles leçons peut-on en tirer ? 
• Comment dépasser le caractère souvent 

local des expériences réussies, penser et 
organiser leur extension à plus grande 
échelle ? 



La technologie

• La question des relations entre l’enseignement 
des mathématiques et des sciences n’est pas 
une question nouvelle mais aujourd’hui les 
avancées technologiques nous la font percevoir 
différemment et nous donnent de nouveaux 
moyens pour l’aborder. 

• Comment mettre efficacement le monde 
numérique au service des changements 
nécessaires ? 



Les enseignants

• Comme pour toute question posée dans le 
domaine de l’éducation, aucune avancée 
durable ne peut être atteinte sans 
l’adhésion, la contribution, l’engagement 
des enseignants. 

• Comment la formation des enseignants, 
formation initiale et formation continue, 
peut-elle soutenir les évolutions 
souhaitées ? 



Les quatre experts contribuant à la 
table ronde

• Manuel de León Rodriguez, Directeur de 
l’Institut de Sciences Mathématiques de Madrid

• Ola Helenius, Directeur du Centre National pour 
l’Education Mathématique à l’Université de 
Goteborg

• Celia Hoyles, Professeur au London Knowledge 
Laboratory, Université de Londres, et Directrice
du NCETM

• Volker Ulm, Responsable de la Chaire de 
Didactique des Mathématiques à l’Université
d’Augsburg



Mathematics and 
Science

Ideas from a Swedish 
project

Ola Helenius, ola.helenius@ncm.gu.se
National Center for Mathematics Education, 
Göteborg University
Department of Science and Engineering, Örebro 
University
Department of Science Engineering and



I will touch upon three 
aspects proposed for our 

group discussion
• the role that “concrete” objects and contexts can 

play in the emergence of mathematical concepts, and 
how this can be combined with the development of 
mathematical abstractions;

• the ways the productive relationships existing 
between mathematics and natural sciences can be 
transposed into education for the mutual benefit of 
mathematics and sciences education, benefiting from 
students’ diversity thanks to the development of 
adequate pedagogical strategies;

• the evolution of mathematical tools required by 
scientific and technological education as far as 
this education progresses along the grades;



Mathematics:
An abstract and general science for 
problem solving and method development. 

Working with 
mathematics means 
using natural sense 
making powers.

Science:
Knowledge about: 
nature and human
scientific activity
how the knowledge can be used

Inquiry based - but with progression. 

Competence/proficiency 
based descriptions of 
what it means to know 
mathematics.



A relevance 
paradox

Mathematics is effective 
for solving many 
problems...
...but in many distinct 
situations it is more 
effective to do it 
without mathematics (if 
you do not already know 
the mathematics).

This is a problem when trying to 
use science to create relevance in 
mathematics...

...and maybe even a bigger problem 
when working inquiry based.

(“Without mathematics”: subtle 
distinction)



Separation of

•Progression in content 

•Progression of scientific 
thinking and working

•Progression in working with 
mathematics and in using 
mathematical tools



Example: Sowing 
seeds

(a phenomenon)

All four aspects can be varied from pre 
school level to university level 
independently of the others in this example. 

Biological questions:
How many sprout?
How fast do they 
grow?
Environmental 
dependencies?
basic (light, water) 
– advanced 
(photosynthesis, cell 
biology)

Scientific progression: 
How specific questions?
How advanced discussions?
How sure about results?

Doing mathematics 
Measuring (using ru
Coordinate systems
Mean values
More advanced stati
(significance etc)

Using mathematics: 
Graphical representa



Summary

• Inquiry based science teaching in three variants:
Based around phenomenon, concept or artifact.

• Very adaptive. Opens up for progression in many 
dimensions.  Can handle student diversity and still 
allow classroom discussions.

• Many different types of connections between science 
and mathematics
(math as tool - conceptual connections - working 
aspects (inquiry) - relevance).

• Takes the relevance problem of mathematics seriously.



Short summary 
 
Grenoble 15 min talk, Ola Helenius 
 
By taking some examples from an ongoing science*-mathematics collaboration project in 
Sweden I will discuss primarily the three first points proposed for our panel, namely the 
relation between concrete objects and mathematical abstraction, the relationship between 
mathematics and science and the co-progression of science and mathematics through the 
school system (grades).  
We characterize between a few different types of connections between mathematics and 
science, some related to the “content” and some related to what it means to work with the 
subjects. In an inquiry based approach, we identify three different ways of working: 
phenomenon centered, concept centered or artifact centered, that can be used for specific 
purposes. In an example from biology I will indicate how we can separate between four 
dimensions: content, “scientific thinking”, usage of mathematical tools and working with 
mathematical objects. In the same basic example, it is possible to vary each of these aspects 
from pre school level to university level. This does not only open up for possibilities to 
address pupils’ diversity while maintaining a base for classroom communication. I will also 
indicate how I think this can help in handling the relevance problem that mathematics is often 
plagued with.  
 
 
 
 
 
 
 
 
 
 
 
*Science is used in the same way as in the Rocard report, ie to mean the physical sciences, 
life sciences, computer science and technology. 



Science Learning in a Europe 
of Knowledge

Grenoble 8-9th Oct

Professor Celia Hoyles
Director of the NCETM



uniqueness of Mathematics
multliple faces of mathematics 

• core skill for all
• subject in its own right 
• service subject for science, 

technology & engineering (STEM)  & 
• ... more and more subjects & careers

each face has different demands for 
mathematics in terms of

• content & skill
• language & structure
• pedagogy & trajectory of learning



issues in teaching
mathematics …and STEM

reputation as compared to other subjects 
● more difficult 
● higher risk

setting means tendency for high expectations only 
of top set

negative attitude: dislike, boring & irrelevant 

stereotypes of success & limits on expectations

girls are 

• less likely to be confident & take risks

• stress enjoyment & coping rather than 
usefulness

• continue if they feel encouraged



more issues for STEM

invisibility of mathematics in STEM 
subjects

mathematics is ‘just a tool”

yet 

mathematics is the enzyme that 
catalyses STEM investigation & activity 

les mathématiques agissent comme
enzyme pour les matières 
scientifiques



Potential of digital 
technologies

can make it easier to connect with 
● learners’ agendas & culture

●goals in outside world 

● the STEM agenda
– explore a situation
– build a model & 
– share, discuss, improve model 



Modelling for STEM
examples

● energy & movement
– rolling marbles down a ramp, what for what angle does 

marble travel furthest? is it true for all marbles? predict & 
test for different marbles

● population growth
● predator/prey models
● disease
● poverty
● living graphs

modelling can be interesting, challenging & 
relevant for each component of STEM



but

need to agree the vision in STEM 
community
● joint planning
● iterative design        
● joint evaluation

ICT invariably serves as a catalyst for this 
collaborative engagement

but tools need to be learned

importance of time and space for 
professional development for teachers



The National Centre for Excellence 
in the Teaching of Mathematics 
(NCETM)
the Centre promotes a blended approach to 

professional learning through a 
combination of 
● funded by Government
●face-to-face national & regional activity 
● interactions with NCETM’s on line portal

see www.ncetm.org.uk



NCETM’s Professional Learning 
Framework

Resources

Courses and 
Events

Professional 
Self evaluationResearch

Mathemapedia

Communities

Blogs

Personal and 
professional

learning space



Resources
NCETM portal Micro-sites

Teachers Talking Theory in 
Action

Learning 
Outside the 
Classroom

Maths at Work: video clips “What mathematics would 
be involved in the work you have just watched?”



other initiatives in England

national network of Further Mathematics 
Centres. http://www.fmnetwork.org.uk/

every elementary school will have a 
mathematics specialist by 2012

http://www.fmnetwork.org.uk/


NCETM community
“Through the NCETM I have a sense that a real 

mathematical community is starting to be developed, 
nurtured and appreciated.  As a maths teacher for 
over 25 years I now have access to external support 
and dialogue, peer support, opportunities for learning 
and to build on my own expertise as a leader of CPD 
within my department.” Head of Mathematics in school

Can we foster a European community around 
Mathematics in STEM?



thank you

merci



 - 1 - 

Science learning in a Europe of Knowledge: a perspective from 
England 

 
Professor Celia Hoyles,  

London Knowledge Lab, Institute of Education, University of London, U.K. 
Director of the National Centre for Excellence in the Teaching of Mathematics 

NCETM 
In thinking about the role of mathematics in science learning it is important to consider all 
the different roles that mathematics has to perform: as a core skill, as a subject in its 
own right and as a service subject for science. engineering and technology  - as well of 
course for many other subjects. Each role places constraints on mathematics and the 
way it is taught. There are other issues that make teaching mathematics complex, for 
example, its reputation as being more difficult than other subjects, the stereotypes of 
success and the limits placed on expectations for example through setting, and  the 
negative attitudes often held towards the subject. All these factors have led to some 
groups of students not persisting with mathematics, a trend widely noticed among girls; 
even girls who achieve highly tend to express lack of confidence in their mathematics 
ability and drop out as soon as they can. 
Most concerned with science, would acknowledge the importance of fluency in 
mathematics but not an appreciation of the subject itself:  in general mathematics is just 
invisible if it can be ‘done’, it is ‘just a tool’, and little attention paid therefore to how best 
to introduce relevant mathematical expertise in science settings.  I suggested one 
avenue that might usefully be explored in interdisciplinary teams is through modelling 
with joint design, planning and evaluation. But for this initiative to have any chance of 
success, teachers must have time and recognition for professional development. 
I am Director of the National Centre for Excellence in the Teaching of Mathematics 
(NCETM). Earlier this year (2008), it was announced that in the latest Comprehensive 
Review of Government Spending, there would be £140m available over the next three 
years (2008- 2011) to improve mathematics and science teaching, an amount that 
includes continued funding for the NCETM. 

 
 
Figure 1: The NCETM’s Professional Learning Framework 
 
 
 
 

 

Resources
 

 

Courses and  
Events

 

Self-
evaluation

 

Research

 

Blogs

 

Personal 
learning 
space  

Mathemapedia

 

Communities

http://www.ncetm.org.uk/discuss
http://www.ncetm.org.uk/Default.aspx?page=22
http://www.ncetm.org.uk/blog
http://www.ncetm.org.uk/find
http://www.ncetm.org.uk/develop
http://www.ncetm.org.uk/develop
http://www.ncetm.org.uk/develop
http://www.ncetm.org.uk/develop
http://www.ncetm.org.uk/find
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This long term funding is evidence of Government support for mathematics as at the 
heart of so much of education across all phases, and recognition of the importance of 
professional development for teachers of. mathematics The NCETM promotes a blended 
approach to continuing professional development (CPD) though face-face-face activities 
and through interaction on our portal www.ncetm.org.uk. 
I showed and illustrated some of the parts of the NCETM’s Professional Learning 
framework (see Fig 1) through which we are seeking to build a community of 
mathematics teachers across the country. And I ended with a plea that we together 
foster a European community around Mathematics in Science. 
 
 
 
 
 
 
 

http://www.ncetm.org.uk


Innovations in Mathematics 
Education on European Level

–
A Systemic Approach

Volker Ulm, University of Augsburg



1. Deficiencies

2. Innovation: Invention and 
Implementation

3. How to change complex systems

4. Conclusion



Steering complex systems

on the meta-level

incremental-
evolutionary

analytic-
constructive

on the object level



Innovations in complex systems

on the meta-level

incremental-
evolutionary

analytic-
constructive

on the object level



4. What should be done?

• aiming at teachers
• very large European programme
• main areas of activity
• aiming at the meta-level
• networks of teachers
• strong leading consortium
• processes take time
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no
tio

ns
 o

f t
ea

ch
in

g 
an

d 
le

ar
ni

ng
 

pr
oc

es
se

s, 
in

 
th

e 
at

tit
ud

es
 

to
w

ar
ds

 
m

at
he

m
at

ic
s 

an
d 

in
 

th
e 

be
lie

fs
 

co
nc

er
ni

ng
 

ed
uc

at
io

na
l 

pr
oc

es
se

s 
in

 s
ch

oo
l. 

H
en

ce
 t

he
 c

ru
ci

al
 q

ue
st

io
n 

is
: 

H
ow

 c
an

 s
ub

st
an

tia
l 

in
no

va
tio

ns
 

in
 

th
e 

co
m

pl
ex

 
sy

st
em

 
of

 
m

at
he

m
at

ic
s 

ed
uc

at
io

n 
be

 
in

iti
at

ed
 

an
d 

m
ai

nt
ai

ne
d 

su
cc

es
sf

ul
ly

? 
 3.

 
H

ow
 to

 c
ha

ng
e 

co
m

pl
ex

 sy
st

em
s 

3.
1 

W
ha

t i
s a

 c
om

pl
ex

 sy
st

em
? 

 
In

 th
eo

rie
s 

of
 c

yb
er

ne
tic

s 
a 

sy
st

em
 is

 c
al

le
d 

“c
om

pl
ex

”,
 if

 it
 c

an
 p

ot
en

tia
lly

 b
e 

in
 s

o 
m

an
y 

st
at

es
 th

at
 n

ob
od

y 
ca

n 
co

gn
iti

ve
ly

 g
ra

sp
 a

ll 
po

ss
ib

le
 s

ta
te

s 
of

 th
e 

sy
st

em
 a

nd
 a

ll 

 
2

po
ss

ib
le

 tr
an

si
tio

ns
 b

et
w

ee
n 

th
e 

st
at

es
. E

xa
m

pl
es

 a
re

 th
e 

bi
os

ph
er

e,
 a

 n
at

io
na

l p
ar

k,
 th

e 
ec

on
om

ic
 sy

st
em

 o
r m

at
he

m
at

ic
s e

du
ca

tio
n 

in
 E

ur
op

e 
(M

al
ik

 1
99

2,
 V

es
te

r 1
99

9)
. 

C
om

pl
ex

 s
ys

te
m

s 
us

ua
lly

 a
re

 n
et

w
or

ks
 o

f m
ul

tip
ly

 c
on

ne
ct

ed
 c

om
po

ne
nt

s. 
O

ne
 c

an
no

t 
ch

an
ge

 
a 

co
m

po
ne

nt
 

w
ith

ou
t 

in
flu

en
ci

ng
 

th
e 

ch
ar

ac
te

r 
of

 
th

e 
w

ho
le

 
sy

st
em

. 
Fu

rth
er

m
or

e 
re

al
 c

om
pl

ex
 sy

st
em

s a
re

 in
 p

er
m

an
en

t e
xc

ha
ng

e 
w

ith
 th

ei
r e

nv
iro

nm
en

t. 
 

M
ay

be
 th

is
 c

ha
ra

ct
er

iz
at

io
n 

of
 c

om
pl

ex
 s

ys
te

m
s 

se
em

s 
a 

bi
t f

uz
zy

. B
ut

, n
ev

er
th

el
es

s, 
it 

is
 o

f 
co

ns
id

er
ab

le
 m

ea
ni

ng
. 

Le
t 

us
 r

eg
ar

d 
th

e 
op

po
si

te
: 

If
 a

 s
ys

te
m

 i
s 

no
t 

co
m

pl
ex

, 
so

m
eo

ne
 c

an
 o

ve
rv

ie
w

 a
ll 

po
ss

ib
le

 s
ta

te
s 

of
 th

e 
sy

st
em

 a
nd

 a
ll 

tra
ns

iti
on

s 
be

tw
ee

n 
th

e 
st

at
es

. 
So

 t
hi

s 
pe

rs
on

 s
ho

ul
d 

be
 a

bl
e 

to
 s

te
er

 t
he

 s
ys

te
m

 a
s 

an
 o

m
ni

po
te

nt
 m

on
ar

ch
 

le
ad

in
g 

it 
to

 “
go

od
” 

st
at

es
. 

In
 c

on
tra

st
, 

co
m

pl
ex

 s
ys

te
m

s 
do

 n
ot

 a
llo

w
 t

hi
s 

w
ay

 o
f 

st
ee

rin
g.

 
 3.

2 
St

ee
ri

ng
 c

om
pl

ex
 sy

st
em

s 
Th

e 
fu

nd
am

en
ta

l p
ro

bl
em

 o
f m

an
ki

nd
 d

ea
lin

g 
w

ith
 c

om
pl

ex
 s

ys
te

m
s 

is
 h

ow
 to

 m
an

ag
e 

th
e 

co
m

pl
ex

ity
, h

ow
 t

o 
st

ee
r 

co
m

pl
ex

 s
ys

te
m

s 
su

cc
es

sf
ul

ly
 a

nd
 h

ow
 t

o 
fin

d 
w

ay
s 

to
 

so
un

d 
st

at
es

.  
 

W
ith

 r
ef

er
en

ce
 t

o 
th

eo
rie

s 
of

 c
yb

er
ne

tic
s 

tw
o 

di
m

en
si

on
s 

of
 

st
ee

rin
g 

co
m

pl
ex

 
sy

st
em

s 
ca

n 
be

 
di

st
in

gu
is

he
d 

(M
al

ik
 

19
92

). 
Th

e 
fir

st
 o

ne
 c

on
ce

rn
s 

th
e 

m
an

ne
r, 

th
e 

se
co

nd
 o

ne
 th

e 
ta

rg
et

 le
ve

l o
f 

st
ee

rin
g 

m
ea

su
re

s. 
 Th

e 
m

et
ho

d 
of

 
an

al
yt

ic
-c

on
st

ru
ct

iv
e 

st
ee

rin
g 

ne
ed

s 
a 

co
nt

ro
lli

ng
 a

nd
 g

ov
er

ni
ng

 
au

th
or

ity
 th

at
 d

ef
in

es
 o

bj
ec

tiv
es

 f
or

 th
e 

sy
st

em
 a

nd
 d

et
er

m
in

es
 w

ay
s 

fo
r 

re
ac

hi
ng

 th
e 

ai
m

s. 
H

ie
ra

rc
hi

ca
l-a

ut
ho

rit
ar

ia
n 

sy
st

em
s 

ar
e 

fo
un

de
d 

on
 t

hi
s 

pr
in

ci
pl

e.
 H

ow
ev

er
, 

fu
nd

am
en

ta
l 

pr
ob

le
m

s 
ar

e 
ca

us
ed

 j
us

t 
by

 t
he

 c
om

pl
ex

ity
 o

f 
th

e 
sy

st
em

. 
In

 c
om

pl
ex

 
sy

st
em

s 
no

 o
ne

 h
as

 th
e 

ch
an

ce
 to

 g
ra

sp
 a

ll 
po

ss
ib

le
 s

ta
te

s 
of

 th
e 

sy
st

em
 c

og
ni

tiv
el

y.
 S

o 
th

e 
an

al
yt

ic
-c

on
st

ru
ct

iv
e 

ap
pr

oa
ch

 p
os

tu
la

te
s 

th
e 

av
ai

la
bi

lit
y 

of
 in

fo
rm

at
io

n 
ab

ou
t t

he
 

sy
st

em
 th

at
 c

an
no

t b
e 

re
ac

he
d 

in
 re

al
ity

.  
   

 In
 c

on
tra

st
 in

cr
em

en
ta

l-e
vo

lu
tio

na
ry

 s
te

er
in

g 
is

 b
as

ed
 o

n 
th

e 
as

su
m

pt
io

n 
th

at
 c

ha
ng

es
 

in
 c

om
pl

ex
 sy

st
em

s 
re

su
lt 

fr
om

 n
at

ur
al

 g
ro

w
in

g 
an

d 
de

ve
lo

pi
ng

 p
ro

ce
ss

es
. T

he
 st

ee
rin

g 
ac

tiv
iti

es
 tr

y 
to

 in
flu

en
ce

 th
es

e 
sy

st
em

ic
 p

ro
ce

ss
es

. T
he

y 
ac

ce
pt

 th
e 

fa
ct

 th
at

 c
om

pl
ex

 
sy

st
em

s 
ca

nn
ot

 b
e 

st
ee

re
d 

en
tir

el
y 

in
 a

ll 
de

ta
ils

 a
nd

 th
ey

 a
im

 a
t i

nc
re

m
en

ta
l c

ha
ng

es
 in

 
pr

om
is

in
g 

di
re

ct
io

ns
. T

he
 fo

cu
s 

on
 li

ttl
e 

st
ep

s 
is

 e
ss

en
tia

l, 
si

nc
e 

re
vo

lu
tio

na
ry

 c
ha

ng
es

 
ca

n 
ha

ve
 u

np
re

di
ct

ab
le

 c
on

se
qu

en
ce

s 
w

hi
ch

 m
ay

 e
nd

an
ge

r 
th

e 
so

un
dn

es
s 

or
 e

ve
n 

th
e 

ex
is

te
nc

e 
of

 th
e 

w
ho

le
 sy

st
em

.  
 Th

e 
se

co
nd

 d
im

en
si

on
 d

is
tin

gu
is

he
s 

be
tw

ee
n 

th
e 

ob
je

ct
 a

nd
 th

e 
m

et
a-

le
ve

l. 
Th

e 
ob

je
ct

 
le

ve
l c

on
si

st
s 

of
 a

ll 
co

nc
re

te
 o

bj
ec

ts
 o

f 
th

e 
sy

st
em

. I
n 

th
e 

sc
ho

ol
 s

ys
te

m
 s

uc
h 

ob
je

ct
s 

ar
e 

e.
 g

. t
ea

ch
er

s, 
st

ud
en

ts
, b

oo
ks

, c
om

pu
te

rs
, b

ui
ld

in
gs

 e
tc

. C
ha

ng
es

 o
n 

th
e 

ob
je

ct
 le

ve
l 

ta
ke

 p
la

ce
 if

 n
ew

 b
oo

ks
 a

re
 b

ou
gh

t o
r 

if 
a 

ne
w

 c
om

pu
te

r 
la

b 
is

 f
itt

ed
 o

ut
. O

f 
co

ur
se

 
su

ch
 c

ha
ng

es
 a

re
 su

pe
rf

ic
ia

l w
ith

ou
t r

ea
ch

in
g 

th
e 

su
bs

ta
nt

ia
l s

tru
ct

ur
es

 o
f t

he
 sy

st
em

. 

in
cr

em
en

ta
l-

ev
ol

ut
io

na
ry

 
an

al
yt

ic
-

co
ns

tr
uc

tiv
e on

 th
e 

ob
je

ct
 le

ve
l 

on
 th

e 
m

et
a-

le
ve

l 

St
ee

ri
ng

 c
om

pl
ex

 sy
st

em
s 



 
3 

Th
e 

m
et

a-
le

ve
l 

co
m

pr
eh

en
ds

 e
. 

g.
 o

rg
an

iz
at

io
na

l 
st

ru
ct

ur
es

, 
so

ci
al

 r
el

at
io

ns
hi

ps
, 

no
tio

ns
 o

f 
th

e 
ta

sk
s 

of
 s

ys
te

m
 e

tc
. I

n 
th

e 
sc

ho
ol

 s
ys

te
m

 e
. g

. n
ot

io
ns

 o
f 

th
e 

na
tu

re
 o

f 
di

ff
er

en
t s

ub
je

ct
s a

nd
 b

el
ie

fs
 c

on
ce

rn
in

g 
te

ac
hi

ng
 a

nd
 le

ar
ni

ng
 a

re
 in

cl
ud

ed
.  

 3.
3 

In
no

va
tio

ns
 b

y 
in

cr
em

en
ta

l-e
vo

lu
tio

na
ry

 c
ha

ng
es

 o
n 

th
e 

m
et

a-
le

ve
l 

H
ow

 c
an

 s
ub

st
an

tia
l 

in
no

va
tio

ns
 i

n 
th

e 
co

m
pl

ex
 s

ys
te

m
 “

m
at

he
m

at
ic

s 
ed

uc
at

io
n 

in
 E

ur
op

e”
 b

e 
in

iti
at

ed
 s

uc
ce

ss
fu

lly
? 

Th
e 

th
eo

ry
 o

f c
yb

er
ne

tic
s 

de
pi

ct
ed

 in
 3

.2
 g

iv
es

 
us

ef
ul

 h
in

ts
: 

 
A

tte
m

pt
s 

of
 

an
al

yt
ic

-c
on

st
ru

ct
iv

e 
st

ee
rin

g 
w

ill
 f

ai
l 

in
 t

he
 l

on
g 

te
rm

, 
si

nc
e 

th
ey

 
ig

no
re

 
th

e 
co

m
pl

ex
ity

 
im

m
an

en
t i

n 
th

e 
sy

st
em

. 
 

C
ha

ng
es

 o
n 

th
e 

ob
je

ct
 l

ev
el

 d
o 

no
t 

ne
ce

ss
ar

ily
 c

au
se

 s
tru

ct
ur

al
 c

ha
ng

es
 

of
 th

e 
sy

st
em

.  
A

cc
or

di
ng

 
to

 
th

e 
th

eo
ry

 
of

 
cy

be
rn

et
ic

s 
it 

is
 

m
uc

h 
m

or
e 

pr
om

is
in

g 
to

 
in

iti
at

e 
in

cr
em

en
ta

l-e
vo

lu
tio

na
ry

 c
ha

ng
es

 o
n 

th
e 

m
et

a-
le

ve
l. 

Th
ey

 a
re

 i
n 

ac
co

rd
 w

ith
 t

he
 

co
m

pl
ex

ity
 o

f 
th

e 
sy

st
em

 a
nd

 d
o 

no
t 

en
da

ng
er

 i
ts

 e
xi

st
en

ce
. 

N
ev

er
th

el
es

s, 
th

ey
 c

an
 

ca
us

e 
su

bs
ta

nt
ia

l 
ch

an
ge

s 
w

ith
in

 t
he

 s
ys

te
m

 b
y 

ha
vi

ng
 e

ff
ec

ts
 o

n 
th

e 
m

et
a-

le
ve

l, 
es

pe
ci

al
ly

 w
he

n 
th

ey
 w

or
k 

cu
m

ul
at

iv
el

y.
 

 4.
 

C
on

cl
us

io
n:

 W
ha

t s
ho

ul
d 

be
 d

on
e?

 
A

 s
ho

rt 
in

te
rm

ed
ia

te
 s

um
m

ar
y:

 W
e 

ha
ve

 s
ee

n 
th

at
 f

or
 s

ub
st

an
tia

l 
in

no
va

tio
ns

 i
n 

th
e 

ed
uc

at
io

na
l s

ys
te

m
 th

er
e 

is
 n

o 
la

ck
 o

f 
ge

ne
ra

l i
de

as
, p

ed
ag

og
ic

al
 c

on
ce

pt
s 

or
 d

id
ac

tic
 

to
ol

s. 
B

ut
 th

er
e 

is
 a

 w
id

e 
ga

p 
be

tw
ee

n 
th

eo
re

tic
al

 k
no

w
le

dg
e 

an
d 

pr
ac

tic
e 

in
 s

ch
oo

l. 
So

 
w

e 
ha

ve
 to

 d
ev

el
op

 s
tra

te
gi

es
 to

 b
rid

ge
 th

is
 g

ap
. T

he
 th

eo
rie

s 
of

 c
yb

er
ne

tic
s 

gi
ve

 u
se

fu
l 

hi
nt

s 
ho

w
 t

ha
t 

ca
n 

be
 r

ea
ch

ed
: 

A
ct

iv
iti

es
 a

re
 m

os
t 

pr
om

is
in

g,
 i

f 
th

ey
 a

im
 a

t 
in

cr
em

en
ta

l-e
vo

lu
tio

na
ry

 c
ha

ng
es

 o
n 

th
e 

m
et

a-
le

ve
l 

of
 b

el
ie

fs
 a

nd
 a

tti
tu

de
s 

of
 a

ll 
pe

rs
on

s r
el

at
ed

 to
 th

e 
ed

uc
at

io
na

l s
ys

te
m

 –
 e

sp
ec

ia
lly

 te
ac

he
rs

 a
nd

 st
ud

en
ts

. 
H

ow
 c

an
 th

is
 b

e 
do

ne
 c

on
cr

et
el

y?
 T

he
re

 is
 a

lre
ad

y 
ex

pe
rie

nc
e 

e.
 g

. f
ro

m
 th

e 
Eu

ro
pe

an
 

pr
og

ra
m

m
e 

Po
lle

n 
an

d 
th

e 
G

er
m

an
 p

ro
gr

am
m

e 
SI

N
U

S.
  

 (1
) T

he
 k

ey
 p

er
so

ns
 fo

r i
nn

ov
at

io
ns

 in
 sc

ho
ol

 a
re

 th
e 

te
ac

he
rs

. T
he

ir 
be

lie
fs

, m
ot

iv
at

io
n 

an
d 

ab
ili

tie
s a

re
 c

ru
ci

al
 fo

r e
ve

ry
da

y 
te

ac
hi

ng
 a

nd
 le

ar
ni

ng
 in

 sc
ho

ol
. O

ne
 sh

ou
ld

 se
t u

p 
a 

ve
ry

 l
ar

ge
 E

ur
op

ea
n 

pr
og

ra
m

m
e 

w
hi

ch
 d

ire
ct

ly
 a

im
s 

at
 t

ea
ch

er
s’

 w
or

k.
 I

n 
al

l 
co

un
tri

es
 i

n 
a 

fir
st

 p
ha

se
 a

 c
rit

ic
al

 m
as

s 
of

 a
t 

le
as

t 
8 

%
 o

f 
al

l 
sc

ho
ol

s 
sh

ou
ld

 b
e 

in
vo

lv
ed

. I
n 

th
e 

lo
ng

 te
rm

 o
ne

 sh
ou

ld
 re

ac
h 

at
 le

as
t 4

0 
- 5

0 
%

 o
f t

he
 sc

ho
ol

s. 
 (2

) 
A

s 
de

ve
lo

pm
en

ts
 s

ho
ul

d 
be

 in
cr

em
en

ta
l o

ne
 s

ho
ul

d 
de

fin
e 

m
ai

n 
ar

ea
s 

of
 a

ct
iv

iti
y 

lik
e:

 D
ev

el
op

in
g 

a 
ta

sk
 c

ul
tu

re
, a

ut
on

om
ou

s 
le

ar
ni

ng
, p

ro
m

ot
in

g 
st

ud
en

t c
oo

pe
ra

tio
n,

 
cu

m
ul

at
iv

e 
le

ar
ni

ng
 

an
d 

se
cu

rin
g 

ba
si

c 
kn

ow
le

dg
e,

 
le

ar
ni

ng
 

fr
om

 
m

is
ta

ke
s, 

in
te

rd
is

ci
pl

in
ar

y 
le

ar
ni

ng
, p

ro
m

ot
in

g 
gi

rls
 a

nd
 b

oy
s, 

ex
pl

or
in

g 
m

at
he

m
at

ic
s w

ith
 IC

T.
 

 

in
cr

em
en

ta
l-

ev
ol

ut
io

na
ry

 
an

al
yt

ic
-

co
ns

tr
uc

tiv
e on

 th
e 

ob
je

ct
 le

ve
l 

on
 th

e 
m

et
a-

le
ve

l 

In
no

va
tio

ns
 in

 c
om

pl
ex

 sy
st

em
s 

 
4

Pa
rti

ci
pa

tin
g 

sc
ho

ol
s 

sh
ou

ld
 fi

rs
t c

on
ce

nt
ra

te
 o

n 
on

e 
or

 a
 fe

w
 a

re
as

. I
t i

s 
no

t p
ro

m
is

in
g 

to
 a

im
 a

t t
ot

al
 c

ha
ng

es
 o

f 
m

at
he

m
at

ic
s 

ed
uc

at
io

n 
– 

be
ca

us
e 

of
 th

e 
co

m
pl

ex
ity

 o
f 

th
e 

sy
st

em
. 

H
ow

ev
er

, 
su

ch
 b

ou
nd

ed
 f

ie
ld

s 
of

 a
ct

iv
ity

 a
llo

w
 t

ea
ch

er
s 

to
 b

eg
in

 w
ith

 
su

bs
ta

nt
ia

l c
ha

ng
es

 w
ith

ou
t t

he
 ri

sk
 o

f l
os

in
g 

th
ei

r p
ro

fe
ss

io
na

l c
om

pe
te

nc
e 

in
 c

la
ss

. 
 (3

) S
in

ce
 d

ev
el

op
m

en
ts

 o
n 

th
e 

m
et

a-
le

ve
l o

f b
el

ie
fs

 a
nd

 a
tti

tu
de

s a
re

 e
nv

is
ag

ed
 it

 is
 n

ot
 

su
ff

ic
ie

nt
 o

nl
y 

to
 d

is
tri

bu
te

 g
ui

de
lin

es
 o

r m
at

er
ia

l. 
Te

ac
he

rs
 s

ho
ul

d 
ch

an
ge

 th
ei

rs
 w

ay
s 

of
 te

ac
hi

ng
 a

nd
 b

eh
av

in
g.

 F
or

 th
at

 te
ac

he
rs

 n
ee

d 
 

 
re

gu
la

r a
nd

 sy
st

em
at

ic
 te

ac
he

r e
du

ca
tio

n 
of

fe
rs

, 
 

st
ru

ct
ur

es
 to

 w
or

k 
co

op
er

at
iv

el
y 

w
ith

 c
ol

le
ag

ue
s i

n 
re

gi
on

al
 n

et
w

or
ks

, 
 

po
ss

ib
ili

tie
s 

to
 

ex
ch

an
ge

 
ex

pe
rie

nc
es

 
w

ith
 

co
lle

ag
ue

s 
on

 
na

tio
na

l 
an

d 
in

te
rn

at
io

na
l l

ev
el

 a
nd

 
 

th
e 

fr
ee

do
m

 to
 tr

y 
ne

w
 id

ea
s i

n 
th

ei
r o

w
n 

sc
ho

ol
.  

In
 re

ce
nt

 p
ro

je
ct

s 
lik

e 
SI

N
U

S 
an

d 
Po

lle
n 

ne
tw

or
ks

 o
f t

ea
ch

er
s 

on
 d

iff
er

en
t l

ev
el

s 
ha

ve
 

pr
ov

en
 t

o 
be

 f
oc

al
 p

oi
nt

s 
of

 p
ro

fe
ss

io
na

l 
de

ve
lo

pm
en

t. 
Th

ey
 c

an
 b

e 
re

ga
rd

ed
 a

s 
“l

ea
rn

in
g 

en
vi

ro
nm

en
ts

” 
fo

r 
te

ac
he

rs
. 

Te
ac

he
rs

 
ge

t 
ac

qu
ai

nt
ed

 
w

ith
 

cu
rr

en
t 

pe
da

go
gi

ca
l i

de
as

, e
xc

ha
ng

e 
ex

pe
rie

nc
e 

an
d 

m
ak

e 
st

ep
s 

to
w

ar
ds

 s
ys

te
m

ic
 in

no
va

tio
ns

 
co

op
er

at
iv

el
y.

  
M

or
eo

ve
r, 

ne
tw

or
ks

 o
f 

te
ac

he
rs

 a
nd

 s
ch

oo
ls

 a
re

 e
ss

en
tia

l 
m

ea
ns

 f
or

 d
is

se
m

in
at

io
n 

pr
oc

es
se

s 
(s

ee
 1

). 
Ex

pe
rie

nc
ed

 t
ea

ch
er

s 
co

ac
h 

co
lle

ag
ue

s 
fr

om
 s

ch
oo

ls
 s

ta
rti

ng
 w

ith
 

in
no

va
tio

n 
ac

tiv
iti

es
.  

 (4
) 

O
f 

co
ur

se
 s

uc
h 

fa
r 

re
ac

hi
ng

 e
ff

or
ts

 o
n 

Eu
ro

pe
an

 l
ev

el
 n

ee
d 

a 
st

ro
ng

 l
ea

di
ng

 
co

ns
or

tiu
m

 w
hi

ch
 c

om
bi

ne
s 

th
e 

ex
pe

rti
se

 f
ro

m
 d

iff
er

en
t 

st
ak

eh
ol

de
rs

. 
In

 p
ar

tic
ul

ar
 

sc
ie

nt
is

ts
 h

av
e 

to
 c

ar
ry

 a
nd

 d
is

se
m

in
at

e 
in

no
va

tiv
e 

id
ea

s 
an

d 
pr

ov
id

e 
th

eo
re

tic
al

 
ba

ck
gr

ou
nd

. 
A

dm
in

is
tra

to
rs

 s
ho

ul
d 

cr
ea

te
 l

in
ks

 t
o 

th
e 

po
lit

ic
al

 l
ev

el
; 

th
ey

 h
av

e 
to

 
en

su
re

 t
he

 o
rg

an
iz

at
io

na
l 

fu
nc

tio
ni

ng
 o

f 
al

l 
ac

tiv
iti

es
 a

nd
 t

he
ir 

in
te

gr
at

io
n 

in
 t

he
 

co
m

m
on

 e
du

ca
tio

na
l s

ys
te

m
. H

er
e 

w
e 

ha
ve

 to
 k

ee
p 

in
 m

in
d 

th
at

 e
du

ca
tio

na
l a

ff
ai

rs
 a

re
 

re
gu

la
te

d 
on

 n
at

io
na

l 
or

 e
ve

n 
re

gi
on

al
 l

ev
el

s. 
So

 f
ro

m
 e

ac
h 

(p
ar

tic
ip

at
in

g)
 E

ur
op

ea
n 

co
un

try
 s

ev
er

al
 re

pr
es

en
ta

tiv
es

 h
av

e 
to

 b
e 

in
te

gr
at

ed
 in

 o
rd

er
 to

 a
ch

ie
ve

 a
cc

ep
ta

nc
e 

an
d 

in
flu

en
ce

 o
f t

he
 in

no
va

tio
ns

 in
 th

e 
di

ff
er

en
t s

ch
oo

l s
ys

te
m

s. 
 

 (5
) A

s d
ee

p 
sy

st
em

ic
 d

ev
el

op
m

en
ts

 a
re

 e
vo

lu
tio

na
ry

, a
ll 

th
es

e 
pr

oc
es

se
s t

ak
e 

tim
e.

 T
hi

s 
se

em
s 

to
 b

e 
ra

th
er

 tr
iv

ia
l. 

B
ut

 o
ne

 c
an

no
t e

xp
ec

t r
ea

lly
 s

ub
st

an
tia

l i
nn

ov
at

io
ns

 in
 th

e 
Eu

ro
pe

an
 e

du
ca

tio
na

l s
ys

te
m

 w
ith

in
 th

e 
us

ua
l p

ro
je

ct
 fu

nd
in

g 
pe

rio
ds

 o
f 2

 –
 3

 y
ea

rs
. A

 
m

or
e 

re
al

is
tic

 ti
m

e-
fr

am
e 

co
ve

rs
 1

0 
– 

15
 y

ea
rs

. B
ut

 f
or

 th
at

 w
e 

ne
ed

 p
ro

sp
ec

tiv
e 

an
d 

fo
re

si
gh

te
d 

po
lit

ic
al

 d
ec

is
io

ns
 to

 fu
nd

 su
ch

 lo
ng

-te
rm

 in
no

va
tio

n 
pr

og
ra

m
m

es
.  

 
 5.

 
R

ef
er

en
ce

s 
M

al
ik

, F
. (

19
92

): 
St

ra
te

gi
e 

de
s M

an
ag

em
en

ts
 k

om
pl

ex
er

 S
ys

te
m

e,
 P

au
l H

au
pt

, B
er

n 
 

O
EC

D
 

&
 

Eu
ro

st
at

 
(2

00
5)

: 
Pr

op
os

ed
 

gu
id

el
in

es
 

fo
r 

co
lle

ct
in

g 
an

d 
in

te
rp

re
tin

g 
te

ch
no

lo
gi

ca
l i

nn
ov

at
io

n 
da

ta
, O

sl
o 

M
an

ua
l (

2n
d 

ed
.),

 E
ur

os
ta

t, 
Pa

ris
 

V
es

te
r, 

F.
 (1

99
9)

: D
ie

 K
un

st
 v

er
ne

tz
t z

u 
de

nk
en

, I
de

en
 u

nd
 W

er
kz

eu
ge

 fü
r e

in
en

 n
eu

en
 

U
m

ga
ng

 m
it 

K
om

pl
ex

itä
t, 

D
eu

ts
ch

e 
V

er
la

gs
-A

ns
ta

lt,
 S

tu
ttg

ar
t 
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