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technology education must teach students to think: stages of
development, variables and decisions, technological assessments,
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Technology is the knowhow and
creative process for using tools,
resources, environmental conditions
and personal capabilities in order to
realize objectives and change
conditions as well as help
individuals to overcome
contradictions in typical situations.
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Miinheer de Rector Magnificus,
Dames en Heren,

Forty years ago, | started my voca-
tional carreer as a motor mechanic
apprentice. | don't think it will cause in-
fringements if i say that - itwas a small
Opel contracted workshop in Cottbus,
near the border wiui Poland. With only
one foreman we had to do everything:
in the morning repairing engines, in
the afternoon. electrical engineering
in the evening, as a part of overtime to
earn extra money we worked with
sheetmetal and paint. It was long ago,
but with reference to today's subject, |
must say it was an integrated and in-
terdisciplinary learning experience.

Only some weeks ago, General Motors
started a new factory, in Thueringen,
one of the new areas of Germany, in
Eisenach where 180 thousand cars
per year, will be produced, but with
only 2.800 employees, which is half
the normal for similar companies in
Europe. The key is again anintegrated
and interdisciplinary concept. This
means all activities from fiber-optics
to hydraulics. from steering gear to
electronic ignition in the final cars, as
well as, the automatic tools have to be
adapted to suit the workforce.

In addition, now, production will in-
volvea groups.workingn paraliel. The

»

complexity of technological pro-
cesses, and interrelationships re-
quires an interpersonal group con-
cept with a high level of flexibility,
responsibility and ccmmunication.

What | would like to explain with the
following examples is that the ac-
cepted situation between humans
and their technological environment
is one of development relationships.
We see this notonly in the field of pro-
duction, but also in our |eisuretime, in
our safety aspects, in the areas of
sports, of communications and hospi-
tality. But the relationships between
humans and their environment are
irreversible. You can't omit some
stages, nor canyou ignore the existing
levels. Yet the main point is that ad-
vanced technology iiself is the result
of human activities with their social,
natural and physical interfaces. At the
same time, that the man-used and
man-made world is a result of both
theoretical and practical efforts, and it
is reflected in all aspects of our lives,
see Figure 1.

MateriabEnet gy/intormation
Physical Products,

Rese@ Developmert

actor

Tracde Traimng Sector

— Pracucat Ta Technolog Strategic 1aski-

Socio-0cological Progucton

Soaial Science and
and Accomodat.on Sector

Research Sector

Soci0-ecological
Enviranmant
.

Fig. 1. Technology and FHuman
Resource Deveiopment.




On the other hand, the reiationships
between humans and technology re-
lations are already curious. More and
more ideas are put into practice and
each generation finds it increasingly
more difficult to work with accumu-
lated experiences increasing ex-
ponentially in number and complexity.
The corsequences of this, the well-
known knowledge-time-problem, are
accepted; however, the later conse-
quences, the knowledge of technol-
ogy, from which other things came,
meals, safety, traffic, communications,
medical health, our future ecological
environment, is not yet accepted as a
part of general education everywhere.

And hereby we include not only the
young, butthe older people,the unem-
ployed as well as the daily workers
should be kept in mind. In reality, most
scientific resuits in the field of high
technology never reach the people in
practice. This raises questions about

the different views of society and the
purpose of manufactun.. And it in-
volves the ethics of technology and
the social responsibility of companies.
During the UNESCO Bangkok Con-
ference on Technology Education in
1989 this phenomena was explained
with the opposite term to technologi-
calliteracy,namely technologicalillite-
racy.

When we are looking for a starting
pointin order to explain the pedagogi-
cal dimension of the human techno-
logical interface and to understand
the changes, risks, laws and principles
of technology, we need to consult
Figure 2.

One outcome of this chart is the need
to know what general culture is and
which role technelogy plays in life. In
my opmion, general culture (which is
the basis of professional culture and
economical success too) must be a
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symbiotic complex of related know-
ledge and purposeful behavior that
enables people:

- to orient themselves to their envi-
ronment (in space and time);

- to adaptthemselves actively to that
environment;

- to protect her or his environment
and, finally;

- to develop themselves.

Nowadays, technological education
{which is synonyrous with Techno-
logical Capabilities and Techno'ogical
Literacy) is part of the general culture
without which it would not exisi. This is
not a technocratic view. On ‘he con-
trary, it reflects the fact, that illiterate
people can destroy our nairal envi-
ronment and society too. Therefore
the conditions of human liie and hu-
manity itself would be destroyed.
Technological literacy and the suc-

;ess of society as a whole are irrever-
sibly connected. Let me explain this
with a simple example. One part of
technological literacy concerns think-
ing in a hierarchical and time-oriented
manner. Shortsighted thinking has
conseguences which become appa-
rebt later, sometimes years later, as
shown in Figure 3.

Before | explain the ideas behind the
conceptof technological educationas
a part of general education, let me
highlight the paradigm changes in vo-
cationaltrainingand engineering sub-
jects. It is sometimes easier to solve
your own probiems if you know some-
thing about your colleagues.

In vocational eduction, companies are
using the so-called Synergetic Com-
petence Modecl as a starting point, re-
fers Figure 4.

Synergetic Competence Model




From this model, the demands on vo-
cational training have been listed in
Figure 5.

Thinking of the technological know-
iedge-time-problem in engineering
termsleads us directly to the structure
of key-qualification. The example from
BMW for instance compares not only
the differences between the nominal
profile of BMW and its trainees, but
also between it and the graduates
from colleges and universities too.

Now, I must come back to technologi-
cal literacy as a part of general educa-
tion.1think that the general standard of
technological education in our culture
will be a precondition for success in
the future and it will influence inves-

tors. This is especially important for
Eastern Europe and developing-

countries. In addition to natural re-
sources and the sccial structure of a
region the educational standard, the
suitability of technical skills will in-
fluence the desisions of investors.
Especialiy when we look at Eisenach,
the new General Motors enterprise, or
Jeneoptic (the former Carl Zeiss
Jena) or Chemnitz, Dresden and other
places in Eastern Europe, the educa-
tional standard was and wili still be an
importantdesisioncriteria. Thinkingin
terms of systems, hierarchies and
analogies, thinking in terms of vari-
ables, contradictions and com-
promises and being able to formulate
technological problems are common
denominators for a development-
oriented educational system. Let me
explain in more detail what are the
starting points for the conception of
technological education in the field.

DEMANDS ON VOCATIONAL TRAINING

TRAINING FOR

PRODUCTIVITY:

FLEXIBILITY:

special
qualifications

requires abilities that fullfill the
demands of the working ptace
(highly qualified and
specialized)

requires basic training for
different work places (wide and
applicable)

general
qualifications

ne2d 1o be ready for action,
efficiency. high-qualty work.
resistant to stress and tireless

reed to be adaptable. able to
2arn on the job. creative. ready
to work elsewhere, ready to
work In a team. analytic.
capable of independent
planning. descerning.
communicative and ready to
make a decision

PRODUCTIVE +

(PROFESSIONAL
QUALIFICATION)

FLEXIBLE

(VARIETY OF
DEPLOYMENT)

Fig. 5. Demands to the Vocational Education.
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Framework model (the theory of artifacts) and innovation

and designing. This means that we
The concept of technological capa- have to acceptacomplex andinterdis-
bilities is based on the pillars of  ciplinary situationinassociationwitha
generaltechnology,technical systems Metatheory, its language and struc-

Z Z : Current condition or situation

AZ : The process

Systems have inputs (1}

and outputs (O}. Between 1|
—and O are relationships

involving AZ

. Feedback (F) information

Simple system (aiternative(ly also material

P and/or energy) to the
system

Complex system

A

¥ Feadback

Technological system

Support streams
M E |

_LLi_ 1 Product

Eﬁaterial ) z {material and/or
ln?gr(r?\yation A energy and/or
- information)

By products
Fig. 7. Key elements of technological processes.
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ture. Therefore, we must be clear
about two things:

1. There are natural overlaps between
disciplines

2. The deveiopment of a framework
depends on interrelationships be-
tween disciplines and differences
between their perspectives and
approaches.

Metalanguage includes:
Function: The ability of technical skills

and technotogical condi-
tions to design processes.

System : Acomplex setof connected
components within a hier-
archy.

Systemborder, systemheart, sys-
temenvironment, structure and func-
tional principles, technological princi-
ples, are terms that indicate the kind of
thinking needed. The key to develo-
ping the ability to arrive at the correct
answer is to find the right starting
points; especially, for technological
subjects, the key to all technological
solutions are known from the terms Z
and A Z (see Figure 7).

Bisndow/Dyranfurth, 1991

Fig. 8. Hierarchical structure of production process.
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Keypoints for understanding technical
products and processes are the con-
dition or situation, the changing of
conditions or situations, the relations
between input, Hutput and feedback.
The pertinent question here is in fact
the key guestion. lt is not so important
to know what is being produced. Iri-
stead, the salient issue is what

changes and processes are being
used, this means on which levelwe are
processing. In other words, the profiles
and interaction between the levels
should be part of the technological
education. In reality, those key's inter-
aci on various pianes and levels (see
Figure 8).

FUNCTIONAL
SYSTEM

w.0.|S0. |TO. DO

EXAMPLE

TOOLS

DEYICES

SIMPLE
MACHINES

TRADITIONAL
MACHINES

NC - MACHINES

INTEGRATED
MACHINES

+

+

+|+

wo
SO0
TO0

GO.

WORKING ORGAN
SUPPORTING ORGAN
TRANSMITTING ORGAN
GUIDANCE ORGAN

Fig. 9. Hierarchy of technical systems.

DRIYING ORGAN
POSITION ORGAN
CONTROL ORGAN
OPTIMIZING ORGAN
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The structure shown in Figure 8 may
be used to describe, explain or ana-
lyze production in any of the areas
typically used by the learners. The
model is equally applicable to tradi-
tional paper, metal, wood or plastics-
industries, as well as, to food process-
ing including cheese, sugar, meat and
milk, or process industriec such as pe-
trochemicals, derated water or bio-
technology. Furthermore, although
less obvious the model clearly also fits
agriculture. The same situation is
shown in the hierarchy of technical
systems, shown in Figure 9.

Other models of conriecinig are avail-
able for the different levels and stages
in a so-called Life Cycle of Technical
Systems.

As a resuit of this attempt to make
sense of technology, it will be useful to
make a model to represent the range
of production, in the form of a matrix
withthree pillars (materials,energy, in-
formation) against the nature of

change (shape, structure, location,
time). it is shown in Figure 1C

If the principles of technological or-
ganization are included together with
the proceeding matrix, one arrives at
the principles of development for pro-
duction. This combination is depicted
in Figure 11 and it will become a most
useful tool to help us understand the
strategies needed for solving specific
technology/innovation problems.

First Consequences

The preceding analyses of techno-
logical systems and technical pro-
ducts led me to consider a modular
concept for Technology Education.
Figure 13 presents an overview of
such a concept. it shows the constants
of the problem-solving process at the
Human-Technology-Interface along
the X axis:the key objective of technol-
ogy along the Y axis; and the key tech-
nological processes along the Z axis.

Object Nature of Change

of work
Form/Shape Structure Location Time

Materiai Material Reconstituting Materials Aging. Wine.
shaping handling Patina

Energy Energy Energy Energy Half-life
processing conversion transfer

Information Information Information Communication | Obsolescence
handling processing

Blandow/Dyrenfurth, 1981

Fig. 10. Matrix of objects of work against nature of change.
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Sample goals
of process
operation

Implications of the Goals on:

Changing
conditions or
situations,
21,Z22,2Zn

The process,
AZ

L ocation and
point of time
characteristics

The technical
artifacts/
means

Minimization of
resources

Capitalization
on material
characteristics

{Material
structure]

Process
integration
WRT time

[Work hardening]

Production
timing
(continuous/
intermittent)

{continuous
casting. Just-in-
time organizing}

Energy supply
at point of use

{Solar telephone.
Integral wheel-
motors)

Increase of
variability

Substitution.
Alternative
sequences

[Recycled
material
aggregate]

Adaptation

[Photochromatic
glass]

Flexible
reactions

{Combine
threshing drum
pressure)

Standardized
components

[Microchip logic
elementsj

Increase of
stability

Feedback
systems

[Sensor
technolog. Dash
warning
indicators]

Networking.
optimization

[Feedback driven
control systems.
assembly line
buffers}

Onality
assurance

[Zero defect
programs}

Parallel/
redungant
structure

{Pilot/co-pilot]

Reduction of
production
cycle time

Activation
characteristics

{Catalysts.
hardeners)

Increase of
energy/work
density at the
work station

[halogen hights.
microcomputers}

Parallel
processing.
assembly lines

[automobile
manutacturing.
Matrix
computers|

Increase of
frequency

{Newspaper
production]

Reduction of
product
pianning and
setup time

Standardized
stock. modutar
construction
components

[Rolled steel.
4x8 nanels.
DIN paper}

Utihization of
standardized
(modular)
process
elements

|Canned cycles
in NC machines)

Modular
machines,
handling
systems

{Flexible
manuiacturing
systems)

Automatic tooi/
parameter
changing,
robots

[Computernzed
plant change
over}

Increase in
ecological
responsibility

Fig. 11. Implications and goals of process operations.
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Andnow, since luse it nearly every day,
the model has led me to consider both
education about technology and edu-
cation through technology.

As we continue to provide technology
education,itis possible to systematize
thisapproach, and to improve its relia-
bility and validity as weil as basic con-
sistency. It will include the following
areas:

- the laws and principles of technol-
ogy,

- the structure of technological pro-
cesses,

- the design of technical products
and

- the process and principles of inno-
vative thinking.

Also, with such a modular concept of
technology, innovation and work, we
have a framework for building a data-
base of examples which can be used
to support an integrated technological
education system that incorporates
schools, industry and work. Then we
will have an area for future researchin
order to help teachers set up techno-
logical projects. Let us go in to some
details.

1. When one combines the constants
of objectives with the constants of
technological processes, the planes
of an overall model are given. One
starting point is the invariants of
the human-technology-interface like
using, testing, serving, assessing, re-
cycling.

14

¢ AT,

2. The second plane is formed by
combining the constants of pro-
cesses, and objectives. Then, by ad-
ding the constants of technological in-
teraction sites, a three dimensional
model is produced that represents a
matrix of technological activity. Se-
lected contraversial examples might
include (see Figure 12):

- Energy transport in space

- Energy storage in water

- Material transport in hospitals

- Material forming in space

- Information storage in water

- Information processing factories.

Those are not merely academic mus-
ings or wishful thinking. Immediately
behind them are answers to questions
regarding the emerging possibilities
of technological capacity. For ex-
ampie, and rather practical than the
previous examples, are:

- Lasers as surgical tools

- Lasers as dynamic measuring de-
vices

- Electrophoresis gene identification

- Biotechnology for use in coal mines,
etc.

Furthermore, the emergence of such
technological possibilities brings with
it an opportunity to incorporate for-
ward-looking aspects of education of
curricula for technology and, to learn
at the same time, how to use heuristic
knowledge for mobilizing our thinking.

16




3. The constants in the Human-envi-
ronment relationship, such as using,
gvaluating, etc. can be checked
against other planes of the model in
order to study new interaction fields.

With this concept of modulai planes,
one has a useful methodoiogy for or-
ganizing the variety of technological
applications/examples; while on the
other hand, it enables teachers and

// /11

Fig. 12. Model planes: Constants of technological processes vs objects vs

interaction sites.




teacher trainers to generate thou-  teaching activities and the furthering
sa.'ds of ideas and examples for of innovative thinking.

Tlustration by
Tim Trogdon
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Second consequences

From the modular concept we can
think of other alternatives:

- The same function can be realised
through different structures.

- Correlations exist between function,
shape, manufacture and materials for
determining a compromise system
(see Figure 14).

- The numbers of processes can be
structured and classified according to

their characteristics (forming, trans-
porting, converting, warehousing,
storing erargy and processing infor-
mation}.

- All processes can be based on a
model of active principles in order to
change the operant conditions from Z,
to Z,.,, see Figure 15.

- The active principles can use an
analog or homolog as the starting
point of morphological frameworks for
product developments.
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duration of life
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relations A by production
function 45! “
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= material
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accuracy

principle of action
assembly methods

Fig. 14. Compromise System.
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- The typical levels like needs, target,
functioning principle, technical action
principle, technical principle, dimen-
sioning, can be used in processes of
composition and decomposition.

- The hierarchical structure for evalu-
ating user characteristics and techno-
logical assessment starts with the as-
sumptions:

- Ecological Cleanness = maximum
- Sureness = maximum
= Life Quality = maximum
- Environmental Reflection= minimum
- ldeal-Reality-Difference = minimum

To use these insights as resources for
pedagogical processes, we need
moreinsightinto the pedagogical situ-
ation itself. Therefore, not only we
have to structure the objective and

Operant
(object of chenge)

principles of the processes, butalso to
determine the capabilities of the hu-
mans themselves.

Technology Capabilities

All learning involves overcoming bar-
riers and the role of education is to
identify situations that help people de-
velop the abilities to overcome bar-
riers. it should be acknowledged, that
human-technology interactions are a
focus for development thinking. This
has beenagr2ed around the world, but
it was known at the time of the fable
about Icarus.

The example of Icarus illustrates an
important fact - that we should not
consicer the school as an exile or
prison,because he was forcedtolearn

Operant
(object of chenge)

MH—>
E——>
§—>

OPERATION BASED ON
ACTIVE
PRINCIPLES

— > N
—> Ej
—> s

Condition Z

Condition Zj + 1

OPERATOR

(REALISED OPERATION
ENERGY )

Fig. 15. The basic model to show an active principle.
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tosurvive - and to translate his wish for
freedom into activity. His vision of a
wider future, and seeing the freedom
of birds fiying over him, triggered him
to model their wings. The conclusion
is well known (lcarus went higher and
higher...). This example has a lesson
for today: it is shown in Figure 17.

When we ask for an answer, we must
be prepared to evaluate it too. Icarus
made wings and attempted to escape.
But before doing so, it was very im-
portant for him to have an objective, to
have a vision.

Problematic situation (thought
initiator) - Overcoming thought
barriers - imagining a vision of a
possible solution 5 model
development (resolution of
contradictions) - development of
approach strategies -
development of time and activity
plan - execution of the plan -
evaluation of the results - new
situation/problematic situation

The cycle is important today. The
example of the fabie shows us today,
asitdidinthe past, the relationship be-
tween the tangible world and our men-
tal concepts of it, in order to transiate
our ideas into practice via a syste-
matic strategy. In the following figures,
we depict these concepts albeit with
the addition of time and economics as
factors, see Figure 18.

But this example also shows us bar-
riers to our thought processes and
how difficult it is to overcome them.
The problematic situation was the
starting point/initiator for all the acti-

\%

4

v

P

V: Vision, H: Human, P: Purposc, E: Environment; S: Situation

Fig. 17. Basic relations for Starting points.
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vities. lcarus had no concept relating
to the warmth of the sun affacting his
ability to fly high. In order to properly
judge a situation, technological or
otherwise. we must be aware of all its
aspects.

However, we do not need to think of
lcarus to recognize the lesson of his
example. Consider the many ca-

lamities and problems that we have
experienced recently: The Tacoma
Narrows Bridge coliapsed in 1940;
various, dam disasters, the garbage
avalanche, chemical catastrophes
(Bophal), rocket explosions, Tiernobyl,
hormone scandals and airplane
crashes with a frequency that has al-
mostmade us become accustomed to
them. The world experiences a new

Human-intuitive
Mind

Multipticity in
Unity

<

Ideat lochnlca’L/

Ob]ocl/

IDRALIZAT!

Lighter

Time

OF ATECHNICAL OBJECT «—

—”‘_ Robuster
CONTRADICTIONS:, © | e e

Environment’

Human-

intellectual
Mind and

Dascnption methods and acld

IQ—-Eoonomnc determined actions ——4g»
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Blandow/Dyrenfurth/Schmidt, V., 199,

Fig. 18. Concrete - abstract - concrete - dynamic of technological competencies.
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lcarus daily! However, today, the con-  of technology, its consequences are
sequences of such failures affect  felt by all humanity. This new dimen-
many more people. Due to the power sion, namely that we are all involved,

Thought initiators,
stimuli, needs

Problemati

Situation Envisionin}
Possible

Activity
Plan

A.Need aim barriers E. Planning barriers

B. Solution barriers F. Executing barriers
C. id=al & contradiction barriers G. Evaluation barriers
D. Approach strategy barriers H. Weak point barriers

Stages in the problem solving/innovation process

Barriers to the problem solving/innovation process

Main (typical) path 1‘ Alternative paths

Blandow/Dyrenturth/Lutherdt, 1992
Stages of the innovation process and typical barriers.
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has consequences, that solving prob-
lems requires overcoming thought
barriers first. Such an approach needs
a wide awareness that cannot be ob-
tained solely at school - it necessarily

requires an active involvement with_

the problem and its whole environ-
ment. Given the problems, it becomes
clear that current education does not
develop awareness or make people
sensitive to potential effects of tech-
nology or associated systems.

How can we help people to develop
the skills for overcoming barriers? Ob-
viously by beginning with basic con-
cepts, considering the simplest prop-
osition that combines the objectives
between the starting point and the
process for achieving them.

Some typical barriers between the
stages are shown in Figure 19. Fur-
thermore, the entire processis setina
context that also colors/affects the
process itself. This is depicted in the
following illustration, Figure 20.

Together with the product levels (func-
tional principle, active principle, de-
signing,.. .} and the typical methods or
intellectual tools for changing over
from one level to another (Trend Ana-
lysis, Generation Tables, Need-Aim-
Integration, Determining Contradic-
tion. Setting up Compromises, ...) we
have got the concept of Figure 20. The
basic swvucture of the two step mode!
(Figure 20) involves the analysis steps
for everyone 1o use, abstraction,
evaluation. etc. Here we also find the

22

key for a teaching strategy. For ex-
amptie looking at students at the age
15+ years trying to find an alternative
energy source for a cycle lamp we
need an abstraction to the law of in-
duction and from there we can ask for
every alternative. But if we were to ask
for other energy alternatives, we can
change the active principles. Would
we change the system, the bycycle as
an element of a traffic-system, we
again have other alternatives. On the
grades 12 to 15.you can also work with
the strategy of explaning the black box
and its functional principles. (For
windmills, the same function can be
realised with different structures,
etc. .).

With the structure of the levelsand thie
intellectualtools togo fromonelevelto
another we have the preconditions for
defining technological capabilities,
see Figures 21 and 22. The competen-
cies (or capabilities) are oriented to
learning the appropriate knowledge
and technological behaviour. They are
based on:

- learning a metalanguage

- learning deconceptualising

- learning conceptualising

- learning contradiction and active
principles

- learning variables und compro-
mises

- fearning assessment and evalua-
tion
- learning workplace order.
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The sub-components of technologi-
cal education can be expanded ac-
cording to the age and interests of the
students.

implementation model

We may approach the basic principles
in various ways. Some specialists will
consider the activity as significant,
others will consider the systems char-
acteristics, while a thirc group could
emphasize the aspect of social rela-
tionships. We may (moreover, have to)
discuss it. We should, however, go be-
yond the debate and tolerantly look for
those viewpoints which are common. |
think those of my colleagues who
think within the framework of the basic
categories  matter-energy-informa-
tion and intellectual tool-system-
model would not deny the importance
of activity, construction and applica-
tion, and vice versa. Similarly those
colleagues who think within the
framework of the economical and so-
cial relationships of technotogy would
not deny the importance of aspects of
household economy, preparation for
life, or professional orientation, and
vice versa.lthink, only the stressis dif-
ferent, and they do not touch the very
essence of our common endeavour.

As ausefultool for the imptems:ntation
of technology as a school subject, we
have - as a result of the ERASMUS-
project Erfurt, Eindhoven and Leeu-
warden - developed the Morphologi-
cal Box, shown in Figure 23. This

26

model combines the possibility of
composition and decomposition of
projects. Combining of the stages of
cognitive development with the
stages of interests and activities
allows the subject area to offer a
strategy for thinking and acting. The
box helps reduce the world of com-
plexity to models of acceptance. The
box helps to adapt a general scientific
model to the actual problems. But
also, it helps to adapt it to the person
involved. Here, the term didactical
simplification for setting up meaning-
ful activities can be used.

From this model, we can visualize the
framework and the subjects needed
for the curriculaas describedin Figure
24, For setting up special projects, you
should see from Figure 25 that we
should start with user characteristics.
They are typical levels situated at the
human technological interface. Then,
we should go over to the structure of
the processes and the products them-
selves.

Towork with and inthe field of technol-
ogy, like all other subjects;it needs the
knowledge and the principles of the
subject area as preconditions for pe-
dagogical activities. To understand
the system compromises, the know-
ledge about the elements, the basic
contradictions, or the principles that
frame the solutions, will be the tools
needed. From the catalogue of know-
ledge elements and basic principles,
the most suitable principles are shown
in the conclusion.

8
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Manufacturing (making,
experanced orientad).

Structure of astifacts and
technological processas)
(functional and process

understanding oriented).

Technology innovation and
design {strategy and mathods

oriented). \

Technology and society/
economies (individual
significant.global and
historical oriented).

Selected topics from the framework model
(based on a modular concept)

- Working with paper
. wood, textites,
natural materiats

- Selecting and
handling tools
related to materials
and products

- Technology in our
houses

- Working with
construction Kits

- Making models of
Known things

- User characteristics
and evaluation

- Technology in our
life (environment,
traffic, repairing
and serving, ...)

- Function and
structure of
machines

~ Risks and resources
of technology

- Principles of
technology

- Life-stages of a
product

- Trend analysis and
succas parameter

- System analysis,
ideal product

- Lontradictions and
compromises

- Production and
recycling

- Sccial impacts of
Lechnology

- Standards and laws
in Europe

- Economy and
technology

- Traffic and housing
energy concepts

Fig. 24. Framevsork Model.
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Catalogue sheet: Principles of
Technology

1.

2

Principle of the effects of natural
laws.

Principle of the diversity of how to
realize purposes (homolegy).

. Principle of the multi-purpose na-

ture of special natural laws (anai-
ogy).

. Principle of the basic elements of

machines: Driving, control, opti-
mizing, supporting, transmitting
and working elements of ma-
chines for material-, energy- and
information processes.

. Principle of the conditional con-

straint (using, local, time, econ-
omical).

. Principle of transformation and in-

tegration of the function between
man and machine.

. Principle of reversible technologi-

cal processes (recycling).

. Principle of realizing the pro-

cesses through connected ma-
terials~, energy- and information
flows.

. Principle of combining partial

functions into a variety of func-
tional systems.

. Principle of contradictions and

compromises (relative optimum).

. Principle of changing the position

of partial functions within a hierar-
chic system.

. Principle of anhomogeneous de-

velopment, principle of the exist-
ence of weak points.

. Principle of using more and more

results from e microcosmos for

effects in macrocosmos.

. Principle of using functional-,
structural- and organizational
analogies from nature (also evol-
utionary).

. Principle integrating the flow of
materials, energy and information,
(functional integration).

. Principle of rhythm.

. Principle of the multiple use of
partial function elements.

. Principle of functional realization
through variation.

. Principle of time and space hier-
archy systems of oriented assess-
ment (user characteristics).

. Principle of realizing the main
function through combining func-
tional elements according to their
sub-functions.

. Principle of multiplication and mi-
nimization.

. Principle of higher density at the
working points.

. Principle of using all the charac-
teristics of materials, energy and
information.

. Principle of interdisciplinary de-
velopment of technological sys-
tems.

. Principle of process development
and flexible products

. Principie of benefitting from dis-
advantages.

. Principle of ideal products and
processes.

For furtherresearch,lwould like ic find
out the correlation between types of
activities in a subject area and the in-
teresis of students age 12to 15.Forthe
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group 15+ it would be very interesting
to start a course for young inventors.
The question is how to develop their
interests for technological subjects
via innovation-oriented optional sub-
jects.lhope thatwe will have achance
to influence the situation, that more
and more students will look for other
subjects than mathematics and/or
engineering subjects. But atthe same
time we should invite our Eastern Eu-
ropean Colleguages via Tempus Pro-
jects which will help them to reach a
better orientation and to restructure
their production- oriented framework.

Naturally, for such kind of work, you
need courage, spirit and many alter-
natives as well as open minds of col-
leguages. For the oppurtunity to ex-
perience these changes and to think
about them as a former Eastern Euro-
pean | must personalily thank the Col-
lege van Bestuur aan de Technische
Universiteit Eindhoven and the Stich-
ting Didactiek der Technische We-
tenschappen te Eindhoven. But | also
thank my wife and my son who have
had to do without a man in the home
for long periods of time. | thank Jan
Raat for his confidence, (refers his Af-
scheidscoliege) also thanks to the
Dutch students for helping me to
understand the local situation.

Thanks to my own Doctorial Students
for their creative and optimistic help.
And finally | would like to say thanks to
the international family of technologi-
cal teachers and educators who kept
in a high spirit in difficult hours.
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